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ENGINEERING. 





THE STRENGTH OF DISHED ENDS. 


No entirely satisfactory method of proportion- 
ing the dished ends used for steam and water 
drums, and also for certain types of boiler, has yet 
been devised. Even formule based on tests to 
destruction may be misleading, since in service, 
these ends fail rather where the fatigue is greatest 
than where the stress is, and it is of interest in 
this connection to note that failures are far more 
frequent when such ends are used for fireless 
boilers, which are subject to wide variations of 
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pressure, than in power station practice. It has 
been usual to fix the thickness of a dished end 
by assuming that the major portion of the plating 
forms part of a spherical shell, the stress f on 


which would be given by the formula f= > 


where p denotes the internal pressure, R the radius 
of the shell, and ¢ its thickness. A large factor 
of safety has been used to cover the errors involved 
in this extremely rough assumption. The stress f, 
determined as above, may conveniently be referred 
to as the nominal spherical stress on the dished end. 
As a matter of fact failures in service never occur 
along a line which would have been formed part of 
a great circle of the above sphere, but along a ring 
co-axial with the axis of the end, and the really 
dangerous stresses are the bending stresses developed 
owing to the encastrement at the joint with the 
drum. Nevertheless, the form of the above 
equation has been retained in most of the attempts 
to improve on it, various coefficients being introduced 
to bring the results into better agreement with 
practice and experience. The whole matter has re- 
cently been exhaustively reviewed by Mr. E. Hoehn, 
chief engineer to the Swiss Association of Steam 
Boiler Proprietors,* who shows very conclusively 


* Résistance des fonds bombés, par E. Hoehn. Paris: 
Librairie Polytechnic Ch. Beranger. 




















the irrationality of formule based on the above 
hypothesis and claims that a much better agree- 
ment between calculation and experience is obtained 
by regarding such ends as approximating to a 
section of an ellipsoid. 

In general, dished ends are three-centred curves, 
such as represented in Fig. 1. Occasionally, the 
profile is a true ellipse along a meridional section. 
The latter form Mr. Hoehn claims to be the best, 
but if three-centred curves, sometimes known as 
‘ basket-handle ” profiles, are to be adopted then 
it is, he insists, important that the ratio of 
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the two radii of curvature shall be as large as 
practicable. 

With a given flange diameter and given depth, 
the proportions of an elliptic profile are fixed, 
but there are an infinite number of basket-handle 
curves having the same depth and the same external 
diameter. The form recommended by M. Hoehn is 
obtained as indicated in Fig 1. 

In this figure 6 denotes the depth of the dishing 
and a the radius of the flange. The two would thus, 
in the case of an elliptic profile, be respectively the 
minor and the major axes. Completing the rectangle 
A BCO, the diagonal A C is drawn, and the angles 
BAC and BC A are bisected, giving the point F. 
From F a perpendicular is dropped to A C and 
cuts CO produced, at the centre M from which 
the crown of the dish is struck. The line A O is cut 
at E. A circle struck from E will pass through 
both A and F, thus completing the profile. Denoting 


the ratio + by k, Mr. Hoehn shows that the 
VB+1— k 
; /2@+1-1 
and that this ratio is the maximum possible for 


given values of a and b. In practice, however, 
dished ends seem to be designed anyhow, and the 


value of A is in this instance equal to 


proportions of 5 vary between very wide limits. 





This no doubt has been a factor which has en- 
hanced the difficulty of fixing satisfactory rules of 
proportionment, since failures and tests relate to 
forms which, though possibly identical in diameter 
and depth really vary widely in shape. 

When a dished end is exposed to pressure the dish- 
ing deepens, and the “corner ” of the dish, that is 
to say the curve joining the crown section to the 
flange, flattens, as indicated in Figs. 2 and 3, the 
profile thus becoming more nearly elliptical. The 
conditions represented in Fig. 2 correspond to 
deformations within the elastic limit of the 
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material, whilst Fig. 3 shows the permanent set 
produced by a much higher pressure. Taking, 
at the flattened section, a circular fibre on the 
external face of the dish this is shortened as also 
is the corresponding fibre on the interior face. 
Taking next the section made by a diametral 
plane through the dishing, then in the neighbour- 
hood of the “corner” the fibres on the ex- 
ternal face are shortened, whilst on the internal 
face they are stretched. Several observers have 
measured the radial and ring strains suffered by a 
dished end when put under pressure. In order to 
determine from these measurements the corre- 
sponding stresses, it is necessary to deduce these 
from the well-known equations 


1 
Bago =~ sq 
Ee, =Q lp 
2 @— EF. 


where ¢, represents the measured strain on a dia- 
metral section, and e, the measured ring strain at 
right angles thereto, whilst P and Q are the corre- 


sponding stresses and = is Poisson’s ratio. Mr. 


Hoehn points out that as the radial and ring 
stresses are of opposite signs at the inner gur- 





face of the “corner” there must be heavy shearing 
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strains along directions making an angle of 45 deg. 

with the meridians, but observes that he has 
never known of a failure attributable to these. 
The cracks which do occur are always met with 
along a ring, so that the danger lies with the 
stresses in the diametral planes. The bending 
stresses on these “corners” are the heavier because, 
as is well known, when a curved bar is submitted 
to bending, the stress does not follow the straight 
line law as one passes from the compression to the 
tension sides of the beam. The curve representing 
the stress distribution has, in fact, a hyperbolic 





in millimetres. R is the radius at the crown of the 
dish, also expressed in millimetres ; p is the working 
pressure in kilogrammes per square centimetre ; 
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character, and the stress is very much greater at the H 
inner surface than in the corresponding case of a oie 22 ie 
straight beam. Hence it is not practicable to deduce 
the stresses on the interior surface of a dished end 
by measurements taken on the exterior surface. | 
Nevertheless it is by observations on the behaviour DDDD D 
of this external surface that continental engineers 608 6 sd 
have endeavoured to improve on the simple (1920.1) r > 
formula quoted above. "ENGINEERING 
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On the basis of experiments made by Messrs. Bach 
and Baumann, the following formula was used for 
some time in Germany, viz. :— 


In this, s represents the thickness of the metal 


x the factor of safety, generally taken as 4; and z a 
coefficient which depends upon the ratio of r 
(Fig. 1) to the diameter of the end. Values of this 
co-efficient are plotted in Fig. 4. K_ is the tensile 
strength of the plating, commonly taken as 47 kg. 
per square millimetre (29-9 tons per square inch). 
In the experiments on which this rule was based, 


attainment of the elastic limit was taken as coinci- 
dent with scaling off at the external surface of the 
end. Of the ends tested, six had a section with 
an elliptic profile, whilst another six were of the 
basket handle type. All had a diameter of about 
128 cm. (50 in.), the depth being about 32 cm. 
(12-5 in.) in the case of the elliptic ends, and about 
23 cm. (9 in.) in the case of the basket-handle pro- 
files. As was to be expected, in view of this great 
difference in the depth, the elliptic ends carried in 











general 3 to 4 times as high a pressure before scaling 
commenced as did the other type. Calculating the 
stress as if the ends formed sections of spheres, this 
‘nominal spherical stress” ranged, in the case of 
the ellipses, from about 1,700 kg./cm.? (24,200 Ib. per 
square inch), when the thickness was about 1} cm. 
(0-591 inch), up to over 2,183 kg./cm.? (31,000 Ib. 
per square inch), when the thickness was 2-47 cm. 
(0-973 in.). These tests were fairly comparable, 
inter se, since all the set had approximately the 
same profile. The nominal\“ spherical stress ” on 





the others was very much less, the highest figure 
recorded being 11,420 lb. per square inch, and the 
lowest, 6,260 lb. per square inch. There was, how- 
ever, considerable variation in the shape, as whilst 
all six had a major radius of curvature of about 
51} in., the corner radius ranged from as little as 
2-87 inches up to 4-53 in, 
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Further experiments made by Siebel and Koerber, 
at Dusseldorf, in 1926, led to the adoption of another 
formula, viz. :— 

s=Dy. srk +c, 

where s, K, » and 2 have the same significance as 
before, D is the external diameter (in millimetres) of 
the flanged edge, and y a coefficient tabulated below 
for various ratios of depth to diameter, whilst c is 
taken as 2 mm. for ends without manholes, and at 
3 mm. when a manhole is provided. The value of 
the factor of safety x is also varied, being 3-5 for 
ends without manholes, 3-75 when there are small 
openings such as handholes, and 4-25 when there 
are manholes in the centre of the end, and at some 
still larger figure when these are eccentric. 
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been due to these local tensions round a manhole.* 
The area over which they exist is very narrow, 
and the stresses are able to relieve themselves 
by plastic flow. Nevertheless, he suggests that 
where manholes are provided, the end should be 
cone shaped in their neighbourhood, as this is 
the form the metal tends to take there when 
exposed to a high pressure. He notes further that 
the length over which the strains were measured 
in the above experiments was rather large, being 
2-76 in. 

In his own experimental work he has measured the 
strains on a length of 20 mm. with instruments read- 


ing to — mm., and has been able to map out very 
completely the character of the stresses as developed 











at the external faces of ten dished ends. Of these, 
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of stress distribution are 
h Minimum value | reproduced in Figs. 5, 6, 7, 8, and 9. In these 
D y- te diagrams the ordinates represent the strains as 
D actually measured. The positions at which these 
rib = oa measurements were made being similarly numbered 
0-20 2-0 0-08 in the curves and in the key sections reproduced 
0-22 1-6 0-10 below them. The type of joint used is also shown 
He :¢ oa in the case of Figs. 6,7 and 9. The “nominal” 
0:5 0-55 0-5 stresses represented as 6,,q are shown as well as 


The figures given in the last column represent 
the minimum permissible value of the internal 
radius at the corner. 

The experiments on which the above rule was 
based were made on 13 dished ends without 
manholes, and on 19 with manholes. All were 
about 130 cm. (50 in.) in diameter, and the 
thickness ranged from 2 cm. up to 3-55 cm. 
(0-787 in. up to 1-37 in.). The strains were 
measured on the external surface, and the corre- 
sponding stresses deduced by the usual formule. 
It was found that when manholes were provided 
the stresses around them were three to four times 
as much as any observed in an end, of similar 
form and thickness, but unperforated. The experi- 
menters remark in this connection that the factor 
of safety is zero in ends having manholes if 
proportioned by the usual rules. It appears, 
however, the ends could carry before rupture about 
double the pressure at which these strains were 











observed, and Mr. Hoehn notes that no explosion has 


the strains. If these were obtained by multi- 
plying the measured strains by Young’s modu- 
lus, it will be seen that measurements were 
made not only on the dished ends, but on the 
adjoining portion of the shell. In each case the 
upper set of curves represent the strain or the 
“nominal” stress on a diametrial section, whilst 
the lower portion represents the corresponding ring 
strain or “nominal” ring stress. These nominal 
stresses are obtained simply by multiplying the 
corresponding strain by Young’s modulus, and from 





* Speaking at a meeting of the Institution of Electrical 
Engineers on November 29, 1927, Mr. C. E. Stromeyer 
stated that: ‘We were called in to inspect 32 boiler 
drums, and found 48 dished ends so badly grooved that 
they were atonce removed. A curious thing about these 
grooves and cracks is that, contrary to elastic theories 
which demonstrate that cracks are sources of weakness, 
they seem to give relief. We have nearly a dozen boilers 
which have been working for eight or nine years with 
short cracks at the roots of their flanges. We have watched 
them closely, but these cracks do not seem to extend, as 
long as they remain short the uninjured parts are safe.” 














them the corresponding true stresses can be deduced 
by the usual equations. 

In the first place it will be noted that the shell 
of the drum is subject to heavy strains, which near 
the joint are markedly greater than if calculated 
by the usual formulas for the strength of a cylin- 
drical shell. These observations are in accord with 
experiments of Mr. J. C. Spence on the strength of 
short boilers which were discussed in ENGINEERING, 
April 17, 1891, page 468. 

Mr. Spence found that the shells of these boilers 
when put under pressure distended more near the 
end than at the middle of the boiler. Mr. Hoehn’s 
experiments show that similar humps of stress 
extend into dished ends, and that the heavier 
stresses are associated with the smaller corner radii, 
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but this is subject to the consideration that the 
stresses are less when there is a steady and uniform 
transition from the smallest to the largest radius as 
is the case when the dished end is given an elliptic 
profile. Mr. Hoehn notes, moreover, that in actual 
practice the thickness of dished ends generally 
varies along a diametral section, and in many cases 
is not in accord with the drawings. In the case of 
the basket handle profiles experimented with, 
the ratio of the radii in only one instance ap- 
proached its maximum possible value, which 
Mr. Hoehn claims to be that most favourable to 
strength. 

To supplement his experimental results, Mr. 
Hoehn obtained particulars of over 500 cases of 
failure in service, but found on analysing these, no 
definite indication that the strength varied with 
the above ratio, nor with the thickness of the 
plating, and hence on framing a new formula for 
proportioning dished ends, he has fallen back on 
his own experimental results supplemented by those 
obtained at Dusseldorf. From the curves of which 
we reproduce samples in Figs. 5 to 9, he concludes 
that dished ends are in general subject to two stress 
maxima, which at the external surface correspond 
to a tension in the neighbourhood of the crown and 
to a compression at the corner. From the usual 
formulas of the mathematical theory of elasticity he 
calculates, from the strain curves, the true maximum 
stress along a meridian, and then compares this 
with the nominal spherical stress as already defined. 


Plotting the ratio of the two against values of z 


he finds the results distribute themselves with some 
regularity, as indicated in Fig. 10, and through 
these he draws the mean curve shown, for which 
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the ratio of actual measured stress to nominal 
spherical stress is given by the formula. 


r 
ae 
r 
20 —+1 
oR+ 


When r= 0, this formula requires the corres- 


for dished ends. For copper ends he takes K as 
2,200 kg. per square centimetre (13-7 tons per 
square inch) so long as the temperature does not 
‘exceed 100 deg. C. Above this limit the value 
'of K should be reduced by 100 kg. per square 
| centimetre for every 20 deg. C. of excess temperature. 
For steel castings he takes K as equal to 4,000 kg. 
per square centimetre (25-4 tons per square inch), 





ponding end to be three times as thick as if it formed | whilst for cast iron it may be 1,800 kg. per sq. 
part of a spherical shell. If, on the other hand, | centimetre (11-4 tons per square inch). 


z = 1, the end becomes hemispherical and the | 


thickness demanded by the formula is about! 
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All things considered, he suggests that the best 
ratio of > =k is 2-5. This corresponds to a 
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10 per cent. more than if the sphere were complete. 
Mr. Hoehn suggests that this allowance is justified 
in view of the bending stresses developed, when a 
hemispherical end is riveted to a drum. He 
proposes, therefore, to use the following formula 
for proportioning dished ends having _ basket- 
handled profiles. 
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r 
weet 
s = 1-65 Kz, ee 
20 R +1 
for cases in which k, the ratio of the depth of an end 
to half its diameter, is greater than 2. The radii 
should be taken as those of the mean fibre. As 
already noted the ratio of the two is a maximum 
when 
e /e+1—k 
RK” /#+1-1 


In the above formula, s denotes the plate thick- 
ness in centimetres, p the working pressure in 
atmospheres. The coefficient z is to be taken as 
unity unless there is a manhole in the plating. 
In that case its value should be diminished, but 
no actual figure is specified by Mr. Hoehn. 

The tensile strength K he takes as equal to 
3,600 kg. per square centimetre (22-8 tons per 
square inch) for the milder steels, and as 4,100 kg. 
per square centimetre (26 tons per square inch) 
for the harder of the boiler-making steels, but 
adds that very hard steels should not be used 
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height _—s 
diameter 0-2. 
thickness of the end will approximate to that of 
the drum, and with this ratio the making of the 
drum is easier than if k were equal to 2. 

He points out the importance of standardising 
the proportions of these drums, but in the meantime 
it will be necessary to accept other proportions 
than those he holds to be the best. In future, 
however, he proposes to reject any dished end 


With this ratio the 





ratio of 


in which k is more than 3-5 or iz is less than 0-04. 


When the profile of the end is a true ellipse, 
the formula above given should be replaced by 








the following— 
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This formula is valid for values of k up to 4:0, 
but Mr. Hoehn considers that it would be better 
not to exceed the value 3-5. 

In English units Mr. Hoehn’s formula for 
‘“‘ basket-handled ’” dished ends may be written 
as— 
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t= 





where ¢ is the thickness of the plating in inches, 
P the pressure in lb. per square inch, and D the 
diameter of the end in inches. As before & should 
be between 2 and 3:5. It represents, of course, 
the ratio of the “major” to the “ minor axis” of 
the dishing. The above formula applies to the 
case in which the end has no manhole in it, and the 
material is Mr. Hoehn’s soft steel. With a medium 
steel he allows the thickness to be reduced by 14 
per cent. 








THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from vol. cxxvii, page 811.) 
ENGINEERING DEPARTMENT.—(contd.) 


Road Research.—Measurements of the deforma- 
tion of selected concrete panels, 30 ft. by 15 ft., 
8 in. thick, in the Barnet by-pass road, made at 
three hours’ intervals during day and night, indicate 
a definite, though practically invisible, curling of 
the slabs with temperature changes. The motor- 
cycle side car, illustrated in Figs. 11 and 12 on page 
5, has been designed by Mr. J. Bradley, for skidding 
tests. It is fitted with a wheel which can be set at 
any angle to the direction of travel. When making 
a test, the driver sets this wheel in an inclined position, 
so that the motion is partly rolling and partly 
skidding. The mechanism automatically records 
on a chart the braking force, the sideway force 
(the thrust on the tread of the tyre of the special 
wheel perpendicular to its plane, divided by the 
load on the tyre), as well as the time and the revolu- 
tions of the front wheel and the side-car wheel ; 
when a special brake is applied, a record is also 
obtained of the retarding force. Tests, made on 
different road surfaces with different tyres at speeds 
up to 30 m.p.h. in various weathers, show that the 
resistance to skidding of some roads is, within 
limits, independent of the tyre tread shape and 
size and the speed. The resistance is not appre- 
ciably lowered on some roads when they become 
wet; the resistance to skidding may decrease with 
increasing speed or at low speed. Sometimes the 
reduction does not begin before the speed reaches 
15 miles ; the latter surfaces are considered danger- 
ous, because drivers find the road safe at moderate 
speeds. The influence of the shape of the tyre 
tread is not yet clear. A model four-wheel vehicle 
with a wheelbase variable up to 12 in. and solid 
rubber wheels, 3 in. in diameter, has also been 
constructed. Each of the four wheels, or combina- 
tion of the wheels, can be locked independently by 
an internal expanding brake. The vehicle is pro- 
jected at known speeds over various surfaces, and 
the path traced by the centre of gravity of the 
vehicle is obtained when one variable is altered at 
the time. 

As regards wheel size and impact, Mr. Hyde 
finds that the road vibrations, set up by motor 
vehicles fitted with solid rubber tyres, approaches 
a maximum on irregular roads when the radii of the 
wheel and of the hollow are equal. This holds 
when the tyres are not overloaded ; the effect of 
overloading is greater than that of the approach of 
the radii to equality. The vibrations were greatly 
increased when the overloading impaired the 
resilience of the tyres ; when a ridge is followed by 
a small depression the vibrations become very great. 

Keel Block Friction.—In connection with the con- 
struction of a new dry dock, Mr. Jakeman has tested 
the force required to keep the keel block wedges in 
place on a one-fifth size model, the wedges of hard 
steel being 12 in. by 2°7 in. with a slope of 1 : 12. 
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Two single wedges, with a double wedge between 
them, were mounted on the testing machine and 
loaded with 8 tons, while the middle wedge was 
forced out by a screw and calibrated spring. The 
wedges were first tested dry and smooth or lubri- 
cated, and then in the rusted condition. At first the 
high friction kept the wedges in place even when 
lubricated with thick or thin mineral oil. But after 
a while the surface appeared to improve, so that force 
was required to keep the middle wedge in place; 
the rusted wedges were held very tightly, but would 
still slide out when lubricated. With lanoline grease 
the friction coefficient fell from 0-053 clean to 0-031 
rusted, with light mineral oil it rose from 0-071 to 
0-083, and heavy mineral oils gave similar values. 
The behaviour of lanoline, which has been found 
to be the best rust-preventing grease, was rather 
unexpected. 

Heat transmission.—Observations of heat trans- 
mission through chromium-plated brass condenser 
tubes gave somewhat peculiar results. The tube was 
fixed in a steam bath and water passed through it. 
When the coating was internal, it improved the heat 


to 50 ft. It will have a wall thickness of 2} in. to 
withstand a pressure of 25 atmospheres. The 
working section of the tunnel will be 6 ft. in diameter. 
Model experiments, on one-fifth scale, showed that 
the difficulties of maintaining a uniform velocity 
distribution across the section increased considerably 
as the diameter was enlarged. 

The experimental wooden model is illustrated in 
Fig. 13, page 6. The tunnel is of the return-flow type, 
and consists of an outer cylindrical shell A, inside 
which is supported the intake B, the working jet 
C, the collector D and the outlet cone E. The jet 
passage gradually expands on the way from CO 
around to the intake; this form of intake, with the 
honeycomb at F, resembles that in use at Gottingen. 
The fan G is driven by the motor H, which is 
mounted on two points near the shaft axis for measur- 
ing the torque reaction. The speed distribution is 
measured by means of a Pitot tube and controlled by 
a Chattock manometer. The eight guide blades J, 
will be plain steel plates, 2 in. thick, sharp-edged 
at one end, are mounted radially and parallel to the 
longitudinal axis, in order to prevent spin of the air 




















Fie. 11. 


transmission ; applied outside, so that the chromium 
was in contact with the steam, the plating showed 
no improvement over plain brass tube. In connec- 
tion with tests of steam-pipe coverings, an arrange- 
ment of unusual type was tested by Mr. Jakeman. 
A 44-in. pipe was surrounded by five consecutive 
sheets of very thin aluminium foil, kept at distances 
of 0-4 in. apart by insulator rings, so that the pipe 
was jacketed with a series of large air cells; the 
efficiency of the covering proved to be 95 per cent. 
at temperatures between 300 and 400 deg. O. 


AERODYNAMICS DEPARTMENT. 


J Hquipment.—The construction of a compressed air 
tunnel was decided upon as essential for the study 
of scale-effect over the whole range between ordinary 
wind-tunnel models and full-scale machines. The 
law of similarity can only be applied to bodies 
moving submerged in a fluid for correspondence 
between model and full-scale so long as the Reynolds’ 
number V1/y remains constant. That implies that 
Vl should be constant, and that very high speed 
would have to be used, unless the kinematic viscosity 
ycan be varied. As »v varies almost inversely as the 
air pressure, so that by working in air compressed 
to 25 atmospheres the value of Reynolds’ number 
is multiplied by 25. Thus at this pressure a model 
made at ,',-in. scale could be tested at full-scale 
value of the Reynolds’ number if the wind speed in 
the tunnel were only half that of the actual flight. 
According to the design of Mr. R. McKinnon Wood, 
modified by the Department, the tunnel will be 
housed in a steel cylinder, 32 ft. long and 17 ft. 


in the annular passage near the intake. The mano- 
metric balance and relay, designed by Mr. E. F. 
Relf for the control of the wind tunnel speed, was 
illustrated last year on page 110 of our issue of 
July 27, 1928. We now supplement those illus- 
trations by a diagram (Fig. 14) of the device by 
means of which equilibrium is indicated at any 
point convenient for observation. The two fixed 
electromagnets MM form two arms of a bridge 
circuit, the other arms of which are the coils CC, 
wound upon a soft iron core, which provides the 
field of a moving coil galvanometer mounted across 
the bridge circuit, supplied with alternating current. 
The armatures of the electromagnets MM are 
fixed to the end of the balance arm; any move- 
ment of this arm disturbs the equality of the 
inductance in the coils MM, and an alternating 
current flows in moving coil of the indicator. Since 
the frequency is the same in the field as in the coil, 
the instrument behaves as an electro-dynamometer. 

The dashpot, illustrated in the Figs. 15 and 
16, has been designed by Mr. T. H. Fewster to 
damp out the oscillations in a balance for measuring 
the pitching or yawing moments produced in 
spinning experiments on a model aerofoil, due to 
continuous rotation about a wind axis in the tunnel. 
The dashpot had to be small so as not to interferewith 
the wind flow, and to be entirely encased in order not 
to spill any oil. The device consists of a casing and a 
two-part plunger. The casing A is soldered to the 
outer oscillating tube B of the balance. The inner 
non-oscillating tube C is connected with one of the 





do with the dashpot. Both the casing and the 
plunger are provided with thin labyrinth walls, 
with a clearance of 0-02 in. The faces of the 
plunger parts are fitted with ventilator slots, which 
the spring washer J keeps in contact. one with 
another. Part D of the plunger can be turned by 
means of its spindle K, by the aid of a screw-driver, 
after removing the nut L. A thin rubber diaphragm 
is attached, at its centre to the plunger extension, 
and at its circumference to the casing, to prevent 
splashing of the lubricant; glycerin is used by 
preference to oil. 

Fluid Motion.—An investigation has been made 
to ascertain if the Kutta-Jukowski relation L = 
e « Vo, where L is the lift experienced by unit length 
of a very long cylindrical body moving normal to 
its axis at velocity V, through a fluid of density p 
with the circulation « taken around a contour of the 
body, holds for the discontinuous type of fluid 
associated with an inclined plane of infinite span 
immersed in an air-stream. The experiments were 
made with a thin plate, 6 in. wide, inclined at 20 
or 40 deg. to the direction of an undisturbed wind. 








Fig. 12. 


The experiments showed that the Kutta-Jukowski 
relation between lift and circulation held closely, 
provided the contour around which the circulation 
was taken was large, and that it cut the trailing wake 
at right angles to the airstream. The air flow round 
a cylinder of 9 in. diameter, in a region where the 
boundary layer separates from the surface, has been 
studied by means of a very small Pitot tube, of in- 
ternal dimensions 0-0017 and 0-0053 in. at wind 
speeds ranging from 22 up to 71 ft. persecond. There 
was @ critical point on the cylinder surface where 
transition from a laminar to the turbulent state 
began, and this transitional region was marked by a 
rapid opening out of the boundary layer. The posi- 
tion of this critical point was determined with the 
aid of a hot-wire anemometer or a headphone. 

Mr. Johansen’s demonstration of flow through 
an orifice in a pipe was in a sense the inverse 
of the experiment of Sir T. E. Stanton and Miss 
Marshall, which we illustrated on page 795 of our 
issue of June 21. Water was flowing through a 
horizontal 2}-in. glass tube, fitted with a vertical 
partition, which was perforated at the centre, the 
stream meeting a sharp edge. Methylene blue was 
added to the water upstream of the diaphragm. 
At very low Reynolds’ numbers, the blue liquid kept 
in streamline flow, adhering closely to the diaphragm 
on the downstream side. Gradually a cylindrical 
jet developed, as the flow was accelerated, and then 
vortex rings were shed from the orifice edge at 
frequencies proportional to the speed of flow, while 
within the vortex train a high-velocity axial jet 
was seen; both this jet and the vortices remained 
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There was further return flow along the walls. 
The static pressure had a minimum slightly up- 
stream of the orifice and a maximum near the end 
of the vortex train. 

Pitot Tubes, Hot-Wire Anemometers.—In the cali- 
bration of Pitot tubes for the air speed range of 5 ft. 
to 20 ft. per second on the whirling arm, difficulties 
have been caused by the swirl which seems to be 
limited to a narrow band little wider than the 
diameter of the tube. This swirl was not elimi- 
nated by placing baffle vanes in the big room, in the 
path of the instrument, each vane having a slit 
sufficiently wide to allow the instrument to pass. 
A new whirling arm is now being made to rotate 
in an annular tunnel, 8-ft. in diameter, and 1 sq. ft. 
cross-section. Variations of speed in the boundary 
layers near the surface of bodies in the wind tunnel 
are explored by means of hot-wire anemometers. 
The wires must be very thin for low-speed measure- 
ments and their indications seemed to fluctuate. 
Properly secured to their supports, platinum wires 
of 0-003-m. diameter can, however, be calibrated 
and will remain reliable for long periods. 

Aerofoils.—Experiments on the pressure distri- 
bution over a yawed aerofoil, at incidences up to 40 
deg. and yaws up to 30 deg., show that below the 


Fig. 13. Pitot Tube.) 


> 


H 








be 
alt | 
m 








l 




















(#63-¢) dns.22 6 0 7 2 S3Feet -encineminc- 





Fig. 14, ELECTROMAGNETIC BALANCE INDICATOR. 
































(463.0) 


stalling angle the pressure distribution changes 
little with the angle of yaw, but above the critical 
angle the central wing section is stalled first, the 
stalled area increasing as the incidence increases. 
A special research has been made on the drag 
of symmetrical Jukowski sections. The velocity 
distribution in the boundary layer is determined by 
means of a very small Pitot tube, which is raised and 
lowered by an electromagnet within the aerofoil. 
The influence of slots on stability and control is 
being investigated both with slots all along the 
span and with tip slots only. The effect on the 
lateral stability of aerofoil sections of increased thick- 
ness is also being investigated; such sections had 
formerly appeared to be promising, but they are 
found to offer no advantages over the slot. 
Aeroplanes, Spinning, Interference, Drag of 
Engines.—Experiments by Messrs. H. B. Irving and 
A. 8. Batson on spinning, were mainly concerned with 
the behaviour of the tail unit in a spin. The provi- 
sion of an efficient fin surface is considered the most 
promising means of preventing dangerous spins. 
A general research on interference effects is in pro- 
gress. An appreciable fraction of the propelling 
power of an aeroplane is absorbed in turbulence of 
the air. Large improvements in performance would 
result if the design could be relied upon to give a 
drag of the order of perfect stream-line shape, but 
the parts of the craft interfere with one another, 
usually in such a way that the combined drag is 
greater than the sum of the components; but a 
case of body-wing interference was demonstrated, 
in which the drag of the body was actually negative. 
In the first series of these experiments on inter- 
ference effects rectangular and circular plates, each 
of area ,\th of the maximum cross-section of the 
stream line body and of about the same resistance, 
were attached to the body, normal to it and to the 
direction of the wind. When these plates were fixed 
within ,',th of the length of the body from the nose, 
the combined drag was smaller than that of the com- 








ponents separately ; in other positions the combined 
drag was greater, the worst position being just behind 
the maximum diameter, when the drag rose to 1°8 of 
the plate in free air. When the plate was replaced 
by a small streamline body, the combined effect was 
relatively smaller, but expressed as a percentage of the 
drag of the body causing the disturbance, the increase 
of drag was greater with the streamline body than 
with the plate. As regards the position of the wing 
roots, above or below the body or protruding 
from it, wing positions below the body were always 
found to be worse than corresponding positions above 
it, and the best position for both lift and drag 
was the horizontal median line of the body; even 
there the interference on drag was large. Bad 
wing positions could be improved by filling in the 
angle at the junctions of wing and body with circular 
fillets. 

Mr. H. C. H. Townend reduces the drag due to 
the radial engines in the nose, not by cowling the 
engines—which interferes with their accessibility— 
but by placing a ring round the nose, in front of 
the engines. Viewed along the axis, the ring may 
be circular or polygonal; it may vary much in 
section, from a thin cambered plate to a thick 
section which can be utilised as an exhaust pipe 
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or silencer. The ring acts like an aerofoil, pro- 


ducing a downwash past the cylinders and directed 
towards the body axis, which causes the flow to 
adhere to the body. The experiments were made 
with engines having from three to fourteen cylin- 
ders, in the latter case in two rows of seven cylin- 
ders. In the best case, the drag of the body and 
engine with nine cylinders was reduced to less than 
one half by the ring attachment. 

Autogyros, Airscrews, Windmills.—The general con- 
clusion drawn from the researches, for the present 
completed by Messrs. H. C. N. Lock, H. Glauert and 
Townend, is that for a high-speed racing machine, the 
advantage of the larger speed range of the autogyro 
might outweigh the lower drag of the aeroplane, but 
that the latter would always remain superior in rate 
of climbing, whilst in the autogyro all risk of loss of 
stability due to stalling is removed. As regards 
the nature of the flow round an airscrew in the 
vortex-ring state, previously explored in a water 
channel, experiments have been made with two- 
bladed screws, 3 ft. and 2 ft. in diameter, by fixing 
parallel wires to the body in the horizontal plane of 
the wind tunnel and attaching to these wires short 
cotton threads ending in little cotton balls. The 
diagrams, Figs. 17 and 18, have been prepared 
from photographs, and the arrows represent in 
direction and magnitude of the velocity corresponding 
to each of these streamers, the circular arc showing 
the range of oscillation. In the diagrams as shown, 
the tunnel wind was upwards, at right angles to the 
wires; Fig. 17 shows the steady flow in the normal 
state and Fig. 18, the turbulent flow in the vortex 








ring state. In the latter case the direction oscil- 
lated in some parts of the field was through 180 deg., 
and the flow through the air screw was against the 
direction of the general stream. The new theory 
of G. S. Sabinin, of Moscow, of the flow of air 
through windmills assumes that the wake is com- 
posed of fluid which has been sucked in from behind, 
in addition to the fluid which has passed through 
the windmill. This theory is acceptable in some re- 
spects, but consideration of the energy account shows 
it not to be applicable to the propulsive airscrew. 

Wing Flutter. The wing-flutter studies of Messrs. 
R. A. Frazer and W. J. Duncan have cleared up the 
general problem, and the reports published make 
definite proposals for its prevention. The demonstra- 
tions, given on the inspection day and on other 
recent occasions, showed how serious the flutter 
may become at critical speeds with slight changes 
in the mass and mass distribution and with other 
alterations. On biplanes the problem is very com- 
plex and has so far been successfully attacked only 
for unstaggered, equal wings. It has further been 
assumed for the sake of simplicity that the wing has 
rigid support at the roots, whilst the fuselage must 
move normally to the flight to some extent when 
the wings oscillate. 


FLOW AROUND AN AIRSCREW IN THE 
VORTEX RING STATE. 


= a ae 
z= 


Fig. 


4 4 


4 4 

















_ - + -. 2 
i 4¢ ft 34 ‘ 
A} _ - - 4 % 


NORMAL WORKING STATE. vin 0 UNCORRECTED-+0-143. 





AN 
t 











Fig 2. 





“ENGINEERING 
D UNCORRECTED--0-046. 


(463..) 
VORTEX RING STATE. 


Electric Strain Meter. In the course of a research, 
Mr. L. F. G. Simmons has modified the Moullin 
electric strainmeter in order to secure a linear 
relationship between the movement of the pole 
pieces and the energising current, and also to make 
the instrument lighter in weight for use on air- 
ships. The original instrument consisted: of two 
laminated iron wires of U-shape, wound with 
alternating current coils and facing one another, and 
two flat iron armatures sliding together in the 
gap between the pole faces. In the modified design 
the air gap, which was formerly varied, is kept 
constant, but the rectangular armatures, which can 
be moved through a range of 6 mm., are made 


trapeze shaped. 
(To be continued.) 








BRITISH TRADE WITH BELGIUM. 


Tue financial and economic condition of Belgium, 
so far as statistics are capable of revealing the 
situation, has now reached the final stage towards 
complete recovery, after passing through the 
convalescent stage following the stabilisation of 
the franc at 175 to the £ sterling in October, 1926. 

In the report on Economic and Trade Conditions 
in Belgium in 1928, by Mr. N. S. Reyntiens, now 
issued by the Department of Overseas Trade 
(price 4s. net), it is stated that, unless unforeseen 
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circumstances arise, complete and probably lasting 
recovery should be attained by the end of 1929. 
Statistics for the year ending December 31, 1928, 
show that the trade balance is more favourable, 
and the slight deficit is more than counterbalanced 
by the revenue derived from foreign securities. 
Practically all industries, with the possible exception 
of the linen industry, are flourishing and unemploy- 
ment is almost non-existent. Provision has been 
made in the 1929 budget for a reduction in taxation 
of 577 million francs, to be in greater part applied 
to the relief of the burden borne by the national 
industries. 

As far as the metallurgical industry is concerned, 
1928 was a most prosperous year, the production 
of steel, pig iron and zinc is continually increasing 
and order books are well filled. Belgium works 
have suffered comparatively little from French or 
German competition, but British competition, 
especially for foundry pig iron, has at times been 
keenly felt in export markets. The British market 
for No. 3 quality pig iron has been practically 
lost to Belgium owing to the inability of Belgian 
works to sell at prices which could compete with 
those quoted by British producers. The quantity 
of pig iron imported during the first nine months 
of 1928 was 379,796 tons (metric), of which 47,381 
tons were from Great Britain. The market for 
steel products during 1928 has been very good, 
Belgian manufacturers being able to sell at prices 
equivalent to those of foreign competitors. For the 
smaller sizes of bars and rods the demand exceeded 
thesupply. Although the capacity of blast furnaces 
has in general increased by about 50 per cent., 
several works in the Liége district propose to set 
up additional plant, as the production authorised 
under the steel cartel appears insufficient to supply 
the demand. Exports of rails show a decline, 
the quantity being 110,850 tons (metric) as against 
157,025 tons for the corresponding period of 
1927. Of this quantity 13,317 tons went to Great 
Britain (1927—12,833). 

The position of the constructional engineering 
industry, which has been unfavourable since 1922, 
showed some improvement in 1928. Large orders 
for railway material were obtained for Brazil, 
the Argentine, certain French colonies, the Congo, 
Siam and Turkey. Foreign competition continued 
to be very keen, and prices were not always suffi- 
ciently remunerative. 

The electrical industry has developed considerably 
and this is in no small measure due to the extended 
use not only of electric light but also of power, 
even in out of the way villages. The marked 
movement towards the re-establishment of home 
industries has also contributed towards this pros- 
perity. The network and distribution of electric 
power continues to spread all over the country. 
The construction of a high tension line between 
Louvain and Liége has completed the junction 
between the eastern and western parts of the 
country, whilst the line which links up the new 
central station of Schelle with those of the Charleroi 
basin is in process of construction. This line 
when completed will ensure the junction between 
the northern and southern parts of the country. 

Four central stations in the province of Hainault 
will be linked up by lines at 70,000 volts, and the 
construction of the high tension line between the 
central hydraulic station of the Warche and the 
stations belonging to the Linalux at Liége is in 
process of construction. This last centre will 
also be connected with a central power station 
at Auvelais by a line which will run partly through 
the Ardennes. 

Of permanent way (standard gauge) an additional 
60 km. is under construction. A considerable sum 
has been spent in renewals and maintenance, the 
whole of the signalling system is being entirely 
revised, and the German signal posts are being 
gradually replaced by Belgian standards. 

Much progress is being made in the carrying 
out of the public works programme, especially in 
regard to water communications, and much activity 
is expected during 1929 in the construction of 
main canals such as that from Brussels to Charleroi 
and from Liége to Antwerp. One of the outstanding 
events of the year was the opening of the new 
Kruisschaus lock at Antwerp. The lock admits 





vessels of all draughts to the new basins, whose 
area has been brought up to 300 hectares with 
27 km. of quays. The total cost of the work, when 
completed, is estimated at 500 million francs. The 
General Motors Continental Company are construct- 
ing installations on the new quays, as they intend 
Antwerp to become the assembling and distribut- 
ing centre for their motor cars for the whole of 
Europe. 

Improvements and upkeep of the system of roads 
will have cost the State nearly 400 million francs 
during the years 1928 and 1929. 

During the period under review one of the main 
features of industry has been the increasing tendency 
towards amalgamation, the conclusion of working 
agreements for improved economic production 
and the establishment of special sales organisations. 

It is satisfactory that imports from Great Britain 
have increased both in quantity and value. The 
general increase in wages in Belgium has increased 
the purchasing power of the individual and British 
trade should eventually benefit by this fact. Special 
taxation comes to an end in 1930 and there should 
then be a great improvement in exports from the 
United Kingdom to Belgium. 








THE WELLAND SHIP CANAL.—IV. 


Szction No. 3 of the Welland Ship Canal 
stretches from the end of Section No. 2 at Station 
No. 380, to Station No. 490, a distance of about 
2 miles. A unit-price contract was let for the work 
involved in this section in 1913, and as in other 
cases was later cancelled, cost-plus-percentage terms 
being arranged after the war. In 1922 the work 
was re-let on a unit-price basis, and has since been 
carried under the terms then arranged. Next, tc 
the South, comes Section No. 4, which extends as far 
as Station No. 597, also a distance of about 2 miles, 
and following this is a small section known as 
No. 4B, for which, for particular reasons, the contract 
was not let until as late as 1926. Work was com- 
menced on section No. 4 in 1921, when the demand 
for crushed stone made it necessary to obtain 
rock from excavation on this length. In addition, 
further work in this stretch of canal was necessary, 
consisting mainly of drainage and water supply 
works, and was designated Section No. 4A. An 
original contract for this was given as long ago as 
April, 1914, and the work, of no very great extent, was 
completed before the interruption due to the war. 

When the arrangements for the post-war unit- 
price contracts were made, it was decided to let 
the work for Sections Nos. 3 and 4 together as one 
contract. 

In some respects these sections are the most 
interesting of the Ship Canal. They involve such 
important works as the flight of three twin Locks, 
Nos. 4, 5 and 6 at Thorold, by which the major 
part of the escarpment is scaled ; a large pond and 
dam at the head of these locks with supply and 
regulating weirs, &c.; Lock No. 7, with supply 
and regulating weirs; guard gates structure and 
safety weir; various bridges; the crossing of 
the present canal, at one point, and further on the 
junction of the new and present canals, and various 
subsidiary drainage and other works, railway 
re-locations, &c. Besides this, as the alignment of 
the Ship Canal took the work through part of the 
town of Thorold, a good many buildings had to be 
moved, and even, the town’s water supply reservoir 
had to be re-located. 

Following our method of dealing with Sections 
Nos. 1 and 2, we propose first to describe the general 
work involved, proceeding along the canal from the 
north, southwards. This stretch of the canal is 
shown in the plan, reproduced on pages 8 and 9, as 
Figs. 62a, 62b and 62c. As noted in our last article, a 
bend in the canal at the junction of Sections Nos. 2 
and 3, results in the lie of the flight of three twin 
locks being practically due north and south. Above 
twin Locks No. 6, the canal swings slightly to the 
west, and this is accentuated at Station No. 490. 
Beyond this point, however, a very wide sweep is 
taken and the trace swings in again, and at the 
end of Section No. 4B is once more practically 
north and south. The canal prism is gradually 
enlarged as the end of Section No. 2 is left behind, 
until at Station No. 390 (a distance of 1,000 ft.) the 


bottom width is 260 ft. and the width at water level 
360 ft. Just about this point (Fig. 62a), the wings of 
the entrance walls for twin Locks Nos. 4 commence. 
These walls converge to the two lock chambers, 
separated by the central wall with a normal thickness 
of 60 ft. and terminating at the lower end bya taper- 
ing length, protected by fenders. The flight of locks 
will be described in more detail at a later date. 
At present it may be said that the structure embodies 
a centre wall about 3,340 ft. long, while the entrance 
walls on the sides extend the concrete work to very 
much greater length. In fact, on the west side, 
concrete work of one kind and another extends 
continuously from the north end of the entrance 
wall at Locks Nos. 4, to the south end of a dock at 
Thorold beyond Lock No. 7, i.e., from about 
Station No. 390 to about Station No. 492, a distance 
of close on 2 miles. Above Locks Nos. 6 the prism is 
again enlarged, but the sides soon after approach 
one another afresh in leading up to Lock No. 7. 
Beyond this structure the walls again diverge, and, 
just beyond Station No. 482, (Fig. 62b) the west wall 
is recessed to provide the dock at Thorold, being set 
back 247 ft. from the centre line, while, on the east, 
the embankment is also set far back, so as to provide 
a large turning basin at this point. Immediately 
beyond this is a guard gates structure and safety 
weir (see Fig. 65, Plate 1), and to the south of this 
point the prism resumes its normal section with a 
bottom width of 200 ft. and 300 ft. at water level, 
except at points where the banks are cut in for 
docks at the works of the Ontario Paper Company, 
and the Beaver Board Company. 

At the lower (north) end of Section No. 3 the 
normal water level is at El. + 382. Above Locks 
Nos. 6 the water level is El. + 521-5. The difference 
of 139-5 ft. is negotiated by the flight of three twin 
locks by two lifts of 47 ft. 11 in. in the case of Locks 
Nos. 4 and 5, and 43 ft. 8 in. in the case of Locks 
Nos. 6. Lock No. 7, with another lift of 46 ft. 6 in. 
brings the canal to summit level, nominally at 
El. + 568, though it is expected to work this reach 
normally with a water level of El + 569, or 1 ft. 
below standard low water level of Lake Erie. When 
the lake, as is usually the case, is above its low-water 
| level, it will be necessary to lock up from the summit 
| level to lake level at the guard lock No. 8, at 
| Humberstone to be referred to later. 
| It should be added, before proceeding further, 
‘that a decision has recently been arrived at to 
| locate a power-house at the foot of the twin locks 
‘in flight, for the generation of power for the 

operation of the Ship Canal. This will be situated 
|in the rear of the lower west entrance wall of twin 
‘Locks Nos. 4. The plant will consist of three 
5,000-h.p. turbines working under an available 
head of 186 ft. Tenders were accepted for these 
machines in December last, and others invited for 
the generators during the past spring. In order to 
make possible the early flooding of the reach below 
Locks Nos. 4, the work on the power-house [tail 
race was put in hand last winter and will be com- 
pleted this summer, though the final designs for the 
power-house itself have only recently been finished. 
The plant is expected to be ready by 1931. 

This brief outline gives little idea of the work 
actually involved. We referred, in our second article 
(page 415, vol. cxxvii), to the fact that at Thorold, 
the present canal makes a wide sweep and takes 
the rise of the Niagara escarpment by a run of 14 
locks. These lie to the east of the Ship Canal, but 
the present canal converges to the Ship Canal at 
Station No. 440 of the latter, immediately opposite 
Thorold. The old and new locks on the upper part 
of the escarpment, are shown in Fig. 62a, and in 
the aerial views Figs. 78 and 79, Plate IV. As will 
be seen the new works lie very close to the old, and 
special precautions have had to be taken to prevent 
damage to the existing waterway. The run of 
locks of the present canal north of this particular 
point will be embraced for a good part in 
the subsidiary works of the Ship Canal. For in- 
stance, on the present canal, pondage is provided at 
each lock, all being linked together by weirs. At 
Lock No. 24, the summit lock of the present canal, 
there is a bye-pass channel which will be recognised 
in Fig. 78. This leads over weirs to the pond- 
age areas for Locks Nos. 23, 22, 21, &c., the 








chain of ponds lying in the loop on the west side 
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of the new works. Pondage has already been 
referred to as being provided in connection with 
Locks Nos. 1, 2 and 3 of the Ship Canal. Similar 
provision is made for the flight of twin Locks Nos. 4, 
5 and 6, and also above Lock No. 7. That for the 
twin locks is provided in a large area to the east of 
the canal extending, as shown in Fig. 62a, between 
Locks Nos. 6 and 7, laterally back from the 
centre line a distance of about 1,000 yds. This 
pond covers an area of 84 acres, and is formed 
on the north side by a high dam extending 
from the back of the wall of Locks Nos. 6 to 
rising ground on the east. The dam, which has a 
maximum height of about 80 ft. and length of 
3,300 ft., terminates in a regulating weir and spill- 
way. The pond thus formed will submerge Lock 
No. 20 of the present canal and the present ponds 
for Locks Nos. 20, 21 and 22. The actual lock 
structures in the latter cases will not be submerged, 
but will simply form additional storage areas. 

Below the regulating weir and spillway at the 
impounding dam, the present canal works will 
simply be converted into waste channels fitted with 
weirs at lower elevations than those now connecting 
the present small ponds, and lower down some of the 
locks and reaches will be filled, the connections 
being only by way of the present ponds and their 
weirs. Lock No. 19 of the present canal will be 
completely filled in to coping level, and the short 
reach above will also be partly filled in by the dam. 
The spillway will run partly over the north end of 
the present Lock No. 19 to Locks Nos. 18 and 17, 
beyond which the bank will be cut and the water will 
find its way down the valley to Lock No. 3 of the Ship 
Canal. The spillway thus provided has, of course, 
to provide for the 139-5 ft. fall in level between 
Locks Nos. 6 and 3, and this will be done by making 
use for part of the way, as described, of the present 
canal small ponds in series. These ponds run 
alongside the present canal all down this stretch, 
and surplus water will follow the present route by 
way of them until the present canal, Lock No. 16. 
It will then flow down the valley to a point where 
juncture will be made with the large pond of 





150 acres provided on the upper level of the new 
Lock No. 3. The fall of level involved will necessi- 
tate the construction of two weirs with crest lengths 
of 110 ft. at Locks Nos. 18 and 17, and one with a 
crest length of 200 ft. at Lock No. 16, together with 
the lowering of existing weirs. It stands to reason 
that those parts of the new works which interfere 
with the use of the present canal, can be completed 
only during the last closed season, and for this 
reason no work has yet been done on them. 

The pondage provided at Lock No. 7 is much more 
irregular, following in the main a contour up 
the upper valley of Ten-Mile Creek. The area for 
which provision is made is from 22 acres to 33 acres 
according to water level, but the storage which can 
be drawn upon is increased by a long reach of the 
present canal, which will be disused, but still flooded, 
when the Ship Canal is brought into service. This 
stretch will be seen to run on the east side of the 
new canal, from Lock No. 7 to the turning basin. 
The pondage proper branches off from this reach, 
stretching due east, as will be noticed in Figs. 
62a and 78. At Lock No. 7, there will be 
a stop-log weir connection between the present 
and the new canals; the structure of Lock No. 24 
of the present canal will be abolished, and its place 
taken by a regulating weir. On the north (lower) 
side of this, the present waterway will be only used 
as a connection, controlled by weirs, between the 
upper supply, and the pondage for the twin Locks 
Nos. 4, 5 and 6 already dealt with. Lock No. 7 is 
the summit lock of the Ship Canal, and beyond it, 
towards Lake Erie, there are only the guard gates, 
and Lock No. 8, close to Humberstone and 
necessitated by the large fluctuation of the water 
level of the lake. The guard gates and safety weir, 
just south of the Thorold dock and turning basin, 
are provided to protect the canal to the north by 
controlling the summit level, 18 miles long from the 
guard gates to Lock No. 8, in the event of the head 
gates of Lock No. 7 being carried away. 

The guard gates structure (Fig. 62) has a single 
pair of -mitering gates. The walls are carried 
north a sufficient distance to form the piers for 





Bridge No. 9, and to form seats and recesses in 
which, if desired, a pair of gates may be set in 
the reversed direction for unwatering purposes. 
At the south end they extend far enough to accom- 
modate an emergency dam of the stop-log type. 
The whole structure is off-set 70 ft. to the west of 
the canal centre line, to allow of duplication on the 
east side, in the future, if necessary. Long entrance 
walls are provided, though the south-west approach 
wall is an open structure of piers and decking across 
the entrance to the channel leading to the safety 
weir. The latter extends west at right angles 
from the guard gates structure across the present 
canal, and will be provided with twelve Taintor 
gates. Beyond the guard gates, the present canal 
will become a dead end and idle stretch of water, 
and the site of the present Lock No. 25 and the guard 
lock will be flooded. This abandoned channel will 
connect with the old Welland Canal by means of 
a weir. 

On this stretch of old channel there are two 
service water reservoirs, one supplying Merritton and 
the other Thorold. The Merritton reservoir has not 
been disturbed by the new works. The original 
Thorold reservoir, however, came within the lines 
of the new undertaking, and a new service reservoir 
had therefore to be provided, the intake for this 
being in the bank of the new work just on the west 
side of the new safety weir at the guard gates. 

With regard to the canal prism south of the guard 
gates (Figs. 626 and 62c), there is little to remark at 
this point. Itis all plain excavation work withnormal 
slopes, except, as already stated, where dockage is 
provided. The present canal loop will remain as it 
is, except that it will be crossed by two embankments 
enclosing a ditch, to be referred to later. The area 
between the present canal and the new works 
is being utilised as a spoil ground. The old canal 
follows a winding course to the west of the present 
waterway along this stretch. A long section of the 
old canal and the lands between it and the present 
canal have been filled to a level 14 ft. above normal 
water level of the Ship Canal on this reach. The 
whole area made available for spoil extending 
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alongside the Ship Cana] between Stations Nos. 530} Section No. 5, to the south, while the part between 
and 630, stretches back from the centre line of the} the present and new canals has been filled with 
caual a distance of something like 2,000 ft. Of this} material from Section No. 4. 

area the part west of the present canal has been} The filling that has been done here, and the canal 
filled in with material excavated from the adjoining | works generally, have interfered with the natural 


drainage of the area through which this section 
passes, and provision has had to be made to meet 
the new conditions. As the upper part of Ten Mile 
Creek runs into Pond No. 7, no further provision was 
necessary in connection with this stream. On the 
east side of the guard gates, adjacent to the point 
where the present canal curves west and crosses 
the new trace, is an area of water known as Marlatt’s, 
Coniagas or Shriner’s Pond, shown in F g. 620, and 
to be seen as a dark area in Fig. 63, on paige 10. This 
drained into the Old Welland Canal, crossing under 
the present canal by means of a culvert, known as 
Shriner’s Culvert. It has been necessary to rebuild 
this culvert in connection with the new work. 
The new culvert is completely independent of the 
old, and, the new canal works and the turning 
basin having resulted in the obliteration of a pond 
forming a connecting link with the old culvert; the 
new one takes off from a different point, and is 
of very much greater length, having now to cross 
under the guard gates approach, the safety weir, 
and railway embankment. A key plan of the new 
work is shown in Fig. 65, on Plate I. The culvert, 
shown in section in Fig. 64, on Plate I, consists of 
two vertical shafts, with portals, and an under- 
ground tunnel connection 662 ft. in length, having 
an invert-level 52 ft. below the floor of the intake 
and discharge sills. The internal diameter of shafts 
and tunnel is 8 ft. 6 in. At the intake end, the 
forebay runs right up to the vertical shaft, but on 
the discharge side the shaft rises into a short 
length of tunnel, which finally emerges into an 
open cut. A view of the interior of the culvert 








during construction is given in Fig. 70, on Plate II. 
Further south is a stream flowing from east to 
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is actually a branch of the upper waters of Twelve- 
Mile Creek, which, it will be remembered, was 
followed by the first canal for a long distance from 
Lake Ontario. inland. The source of this stream is 
some 4} miles east of Thorold and the creek flows 
into Twelve-Mile Creek at a point known as Decew 
Falls. The creek drains an area of about 8 square 
miles, and the flow was carried, about 100 years 
ago, under the Old Canal in a masonry double- 
barrel culvert. Fifty years or so ago when the 
present canal was constructed, another culvert 
was provided to pass the creek under the new 
waterway. About 25 years ago powers were ob- 
tained to dam Beaver Creek at Decew Falls, for 
hydro-electric purposes. The works carried out 
resulted in the formation of a storage pond known as 
Lake Gibson. This had the effect of putting the 
two old culverts referred to above completely under 
water, and the impounded water extended to the 
east of the present canal, forming a pond call Beaver 
Dams Pond. Owing to the recent filling in of much 
of the low-lying ground between the present and old 
canals, the regulating effect of Lake Gibson and 
Beaver Dams Pond on the creek flow, east of the 
old canal, has been decreased and provision has 
had to be made to meet this effectively. The area 
and works are shown in Fig. 62b, and a longi- 
tudinal section to a reduced horizontal scale, with 
detail cross sections in Fig. 66 on Plate I. Fig. 67 
shows the most important part of the new work 
under the new canal. 

As stated, culverts have long been in existence here 
under the old and present canals, which are some 
distance at this point from the new channel. A 
new culvert has been necessary under the new Ship 
Canal, and under the Canadian National Railways re- 
located track. This work now consists of an intake 
or forebay (Fig. 67) on the east side of the new canal 
watertight embankment, and a length of high level 
culvert communicating with a vertical shaft, 88 ft. 
from the portal, and situated behind a dock wall 
built into the bank at this part. The shaft, 9 ft. 
by 7 ft., communicates with a low level culvert 
of the same internal dimensions, 25 ft. 6 in. below, 
which has a total length of 460 ft. This culvert is 
level for a length of 322 ft. 6 in., and then rises by 
an inclined length of 52 ft. 6 in., to a floor level 
some 9 ft. higher, finally emerging into another 
vertical shaft. From here on the flow is taken 
along an open cut, to be subsequently carried under 
the railway embankment in another culvert having 
a length of about 98 ft. This is again followed by 
a small pond beyond which the present canal is 
reached, where there is the arched masonry culvert 
already referred to, debouching into a second pond. 
When the present canal is put out of commission, 
the culvert underneath it will be abandoned and its 
place taken by an open cut between banks thrown 
across the present channel. These banks will be 
formed of material piaced in position without 
unwatering, and after completion of the banks, a 
line of sheet piling will be driven across the present 
channel along each embankment. Beyond the second 
pond the flow is carried under the old canal in the 
old double-barrel masonry culvert. The land 
between the present and old canals having now been 
filled in, the two old lengths of culvert under these 
works have been connected by means of a new length 
in reinforced concrete under the made ground. 
The construction of this length prior to filling in the 
area is illustrated by Fig. 71 on Plate II. 

In order to improve the discharge capacity of 
the long series of culverts under and between the 
present and old canal, it was decided to convert 
the culvert under the old canal into an open channel. 
To do this the old double barrel culvert (detail 
Section BB, Fig. 66), some 200 ft. in length, was 
uncovered, the masonry of the arches and centre 
wall was removed, and the whole converted into an 
open channel (detail shown as new section BB, in 
Fig. 66), with side slopes of 2:1. The slopes have 
been protected below present water level by rip rap 
or paved with stone from the demolished culvert. 
Figs. 75, 76 and 77 on Plate III shows this part of 
the work. The first shows the overburden being 
removed, looking west, and the second shows the 
double culvert opened up, and being destroyed and 
converted into an open channel. Fig. 77 shows the 
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finished channel, but looking in the opposite 
direction, i.e., towards the present canal bank. 

A third culvert a little further on is the Davis 
Culvert, near Station No. 600 (Fig. 62c). This area is 
shown in Fig. 69, Plate I. A creek at this point 
running east to west finally drains into the Hamilton 
Cataract Power Company’s canal, being carried under 
the present canal by means of an old culvert of 
short length. Since all the area between the old 
canal and the ship canal has been filled, this culvert 
has had to be extended west, all the way to-the 
Power Company’s canal, and on the east side an 
extension has been constructed passing under the 
Ship Canal. The first-mentioned extension was 
built in reinforced concrete and finished in 1915, 
before the area was filled in. It is shown nearing 
completion in Fig. 72, on Plate II, the bed of the 
creek it replaced being on the left of that view. 
The culvert under the Ship Canal consists as shown 
in the section, Fig. 68, of an intake, a vertical 
shaft, a low level stretch 359 ft. long, and a sloping 
length rising 30 ft. in a distance of 141 ft. The 
internal dimensions are 6 ft. by 4 ft., except where 
the tunnel joins the vertical shaft, where the 
height of the tunnel is increased. At the end of this 
length connection is made with the culvert built 
under the fill. The new culvert is fed by a collecting 
drain which serves two other streams in addition 
to that for which the original Davis Culvert was 
provided. 

Departing somewhat from our usual procedure, 
at this point we propose, as a matter of convenience, 
to dismiss the subject of these culverts at once, 
and therefore add to the general description the 
following notes on their construction. 

Shriner’s Culvert, just north of the guard gates, 
was commenced in 1923. The west shaft and tunnel 
were excavated and the shaft and 250 ft. of the total 
of 662 ft. of tunnel were lined with concrete by the 
next spring. The east shaft had to be sunk inside 
a sheet pile cofferdam. This was driven in 1923, 
and most of the excavation done by the spring of 





1924. The tunnel bore and the excavation of the 
east shaft were completed by May, 1924, and the 
concreting also finished in that month. The portals 
were completed by the end of the same 'summer and 
the culvert brought into commission in August. 
The old culvert, which the new one replaces, was 
situated somewhat to the west of the present one 
and, as already described, passed under the present 
canal, draining into the old canal. This culvert lies 
on the new alignment, and, in order to avoid all risk 
of water from the old canal penetrating from it into 
the Ship Canal prism when excavation broke into 
the old culvert, it was decided to seal its ends with 
concrete plugs. The end wells and barrel of the 
culvert were unwatered in 1925, and the wells filled 
with concrete to a level above the barrel crown. 
This was completed in August, 1925. 

Of the newer part of the Beaver Dams Culvert, 
the part first put in hand was a short length built 
at the point where it passes under the new Canadian 
National Railway, in order that progress might be 
made with the railway embankment. The shallow 
excavation and the concreting for this 98-ft. length 
were completed in the winter of 1921-22, and in 
the spring of 1922 the connecting lengths of open 
ditch were excavated. The main culvert was at 
a greater depth below the original ground surface, 
but at a sufficiently shallow level to make trenching 
possible, instead of tunnelling. The Ship Canal 
prism here is contained between high artificial water- 
tight banks. Under the circumstances, a trench 
was excavated at the west end by dragline, and 
timbered and braced. From this, excavation was 
continued in rock by drilling. This was carried 
out in 1923, being completed in 1924. The concrete 
structure was then built and put into commission 
in July of the same year. In 1925 the removal 
of the arch of the old double-barrel culvert under 
the old canal was accomplished by unwatering 
this culvert, after surrounding its ends with sheet 
pile cofferdams. The culvert roof was then removed 
and the open cut formed above it as already 
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described, this being completed in 1925. The work is 
shown proceeding in Figs. 75 and 76, and the 
finished cut, looking towards the culvert is shown 
in Fig. 77. On account of the liability to freshets 
and the impossibility of allowing much water to 
accumulate, this work had to be so arranged that 
the flow of the creek was stopped for not more than 
12 hours at a time. 

The cofferdam at the west end of the culvert is 
to be seen in Figs. 75 and 76, on Plate III. The other 
cofferdam was situated on the east side of the present 
canal, and is illustrated in Fig. 74 on the same 
Plate. 

The Davis Culvert was commenced in December, 
1926, and completed through rock in the summer of 
1927, by open trench work. This op:ration is 
illustrated in Fig. 73, on Plate II, the reinforced 
culvert being there shown under construction in 
the trench. This culvert connected up the drainage 
east of the canal with the culvert built under 
contract No. 4A, before the war, on the spoil area 
on the west side of the channel, and illustrated by 
Fig. 72. 

Turning now to the bridges involved in this 
section, of which there are five, the first, Bridge 
No. 6, is a double-track bridge at Locks No. 4, 
carrying the Canadian National Railways main- 
line track. Preparations for a bridge at this point 
were among the earliest steps taken before the war, 
and the substructural work was early started on, 
and completed so far as to make it possible to place 
two double temporary through-girder spans and two 
double deck-girder spans in position alongside the 
final location, and divert the railway track over 
these. This temporary accommodation, provided 

in 1915, will remain in service until the permanent 
bridge of the double-leaf roller-lift type is com- 
pleted and ready to be brought into commission. 
Bridge No. 7 crosses the head of Lock No. 7, in 
which its substructure is incorporated. This bridge 
is a highway bridge of 20 ft. road-width, spanning 
the lock of 80 ft. width. This is also of the roller- 
lift type. The next bridge, No. 8, is of the equal arm 
swing span type. This bridge is located at a point 
where formerly it was decided to place the guard lock. 
A more recent decision, however, to change the site 
of the latter to a point a little farther south, has left 
this swing-bridge isolated, instead of being, as was 
originally intended, protected to some extent by 
the guard lock structure. This has been corrected 
by the construction of gravity section guide piers 
built out from the pivot pier and splayed slightly 
inwards to the heavy concrete rest blocks. This 
bridge, completed in 1915, carries the Canadian 
National Railways (Niagara, St. Catherines and 
Toronto Electric line), over the Ship Canal. Bridge 
No. 9 is a further highway structure, and spans 
the 80-ft. width between the sidewalls of the guard 
gates structure. It is also of the rolling-lift type, 
and similar to Bridge No. 7, except that the road 
width is greater by 4 ft. Its substructure forms 
part of the lock structure. 

Still farther south is another railway bridge (No. 
10), carrying the relocated Welland Division of the 
Canadian National Railways over the canal. This 
line originally ran diagonally over the Ship Canal site 
from a point near Locks No. 4, to the turning basin 
just north of the guard gates, and in fact, for much 
of this distance was on the actual alignment of the 
prism itself. One of the first works was the reloca- 
tion of this line, which was completed in October, 
1915. The diversion now keeps to the west side of 
the canal, following the works closely to near the 
guard gates and safety weir. Here it diverges 
somewhat to the west, in order, further on, to take 
a sweep on a 5-deg. curve in towards the canal, 
which it crosses at about Station No. 550. After the 
crossing, the line again swings south with a 5-deg. 
curve, and joins up with the old track. This diver- 
sion involved a temporary swing bridge over the 
present canal, just west of the guard gates site, and 
a temporary trestle at the site of Bridge No. 10, 
with a temporary track diversion at this point, 
pending the completion of the permanent double- 
track bridge here, which is of the vertical lift 
type, of 219 ft. span, centre to centre of bearings. 
When the northern part of the diversion was com- 
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This cross-over traversed the site of the turning 
basin, joining with the original line immediately 
north of the present canal, and crossing on the 
original swing bridge. On the completion of the 
southern part of the diversion, this crossover 
was dismantled and the bridge was taken over by 
the contractors for use, on their service line con- 
necting Sections Nos. 3 and 4, over the present 
canal, 

(Zo be continued.) 





THE ROYAL INSTITUTION. 


On page 625 of our issue of November 16, 1928, 
we commented upon the circumstances which 
demanded serious consideration of the long-contem- 
plated alterations in the building of the Royal 
Institution, especially in its lecture theatre. Three 
manholes had been blown up nearly a year before 
in an electric cable conduit running outside the 
building. The Institution was in no way respon- 
sible; but its basement was damaged by the 
explosions, windows were broken and poisonous 
gases and smoke poured into the rooms. If the 
accident had taken place three hours earlier, it 
might have created a panic among the hundreds 
attending the juvenile Christmas lecture. The 
lecture theatre is still a model of its kind, as it was 
when built about 1800, and those concerned have 
been anxious not to disturb the hall which the work 
of Faraday and other eminent men has rendered 
famous. But the floor of the hall is not fireproof, 
the exits and wooden staircase from the gallery 
make it almost a death trap, and it was recognised 
that the improved means of access provided in 
recent years were insufficient to satisfy modern 
safety regulations for buildings such as the Royal 
Institution which, though private, admits the 
public. The Christmas lectures of last winter were 
delivered in the hall of the Institution of Electrical 
Engineers, but the other lectures continued as 
before in Albemarle Street. Members of the Royal 
Institution have been informed of the necessary im- 
provements, on which the authorities insist, and plans 
of the proposed alterations have been displayed. 

Last winter Sir William Bragg, Fullerian Pro- 
fessor of Chemistry, resident officer, and also 
director of the Davy Faraday Laboratory, which 
adjoins the Institution, spoke of a probable cost of 
75,0007. A plan, involving an expenditure of 
40,0001. was submitted to the London County 
Council, but was rejected. On June 3 members 
acquiesced in new and more extensive plans, and 
last Monday, July 1, the following resolution was 
unanimously passed, ‘ that the managers, provided 
they are satisfied that sufficient funds will be 
forthcoming for the purpose, including the sum of 
20,0001. already voted, be empowered to accept a 
tender for the reconstruction of the theatre and the 
additions to the buildings, at an inclusive cost not 
exceeding 80,0001.” The chairman, Sir Robert 
Robertson, who has succeeded Sir Arthur Keith as 
Treasurer, presided over the meeting, at which the 
architect, Mr. L. Rone Guthrie, and Sir William 
Bragg also gave explanations. The resolution, Sir 
Robert pointed out, was hypothetical in so far as 
it depended upon the financial security. But the 
resolution enabled the managers to go ahead; 
they would keep expense down, as far as possible, 
in the reconstruction while expediting the work to 
the utmost. 

An exchange between the Institution and the 
Davy Faraday Laboratory of some basement 
rooms against upper rooms, and further the sale of 
the America manuscripts (military reports from the 
War of Independence, 1776-1783), which have never 
been consulted by anybody in recent years, would 
bring some financial assistance. The rebuilt theatre 
will be fireproof, more comfortable, and better 
heated and ventilated than at present, with sound- 
suppressing walls as suggested by the National 
Physical Laboratory, with two new stairways and 
independent exits into Albemarle-street. From the 
extended ante-room to the theatre a long corridor 
will run to the Davy Faraday Laboratory affording 
a further new exit and enlarging the reception 
room. The laboratories will also be improved. The 
alterations may take a year, but it is hoped that 
the lectures and other activities will be maintained, 





pleted, a temporary crossover was installed, leading 
to the old railway track to the east of the canal. 








H.M. SUBMARINE DEPOT SHIP 
‘** MEDWAY.”’ 

THE latest addition to the auxiliary vessels of 
H.M. Navy is the submarine depot and repair ship 
Medway, which was laid down in April, 1927, under 
the 1926-27 Estimates, and has recently been completed 
at the Barrow-in-Furness works of Messrs. Vickers- 
Armstrongs, Limited. The vessel, of which an excellent 
photograph is reproduced on page 12, is propelled, 
at about 16 knots, by Diesel engines driving twin 
screws. The principal dimensions of the Medway are 
as follows: Length between perpendiculars, 545 ft. ; 
length overall, 580 ft.; breadth, moulded, 85 ft. ; 
depth, to upper deck, 42 ft. 6 in.; and draught, 
loaded, 23 ft. 

Only defensive armament is carried, and this consists 
of two 4-in. quick-firing guns and four 4-in. high-angle 
guns. In designing the vessel, however, particular 
attention has been paid to her protection against 
torpedo attack, and, for this reason, under-water 
protection has been provided. The double bottom 
is exceptionally deep, and advantage has been 
taken of this by arranging tanks, of about 2,000 
tons capacity, to carry oil fuel for the attached sub- 
marines, in addition to the vessel’s own bunkers. 
Large quantities of lubricating oil and of fresh and 
distilled water can also be carried for supplying the 
submarines with these commodities. For fuelling the 
ship, a complete filling system, having three connections 
on the deck on each side leading to the oil-storage 
tanks, has been installed; by these means the fuel 
can be taken on board at the rate of 600 tons per hour, 
The same system and deck connections are used for 
transferring oil fuel to the submarines, and similar 
systems, of smaller capacities, are fitted for dealing 
with lubricating oil, fresh water, and distilled water. 

The propelling machinery of the Medway has been 
illustrated and described in our columns on a previous 
occasion,* but we may here remind our readers that 
it consists of two sets of Vickers-M.A.N. two-stroke, 
double-acting engines, each rated at 4,000 brake horse- 
power. Each engine has four cylinders, of 27-6 in. 
bore, with a piston stroke of 47-25 in., developing 
the rated horse-power at 115 r.p.m. A_ particular 
feature of the ship is the large amount of electrical 
power required for the operation of the extensive 
workshop equipment carried, as well as for charging 
batteries of submarines moovred alongside and for operat- 
ing the various electrical ship auxiliaries. To supply this 
power, five Diesel-engine driven generators, with an 
aggregate capacity of 2,800 kw., are provided. Two of 
these sets have engines of the blast-air-injection type 
driving 800-kw. generators at 350 r.p.m. An inter- 
mediate set, driven by an engine of the Vickers four-cycle 
airless-injection type, has two generators, of 350-kw. and 
150-kw. capacity, respectively, coupled in tandem, and 
the two remaining sets, the engines of which are also 
of the airless-injection type, each have generators of 
350-kw. capacity; to meet the usual Admiralty 
requirements for machinery of this class, the speed of 
these sets has been restricted to 350 r.p.m. The 
engines used in the 350-kw. sets are the latest develop- 
ment of Messrs. Vickers’ submarine-type engine, and 
have eight cylinders. The columns are of cast steel, 
of light ribbed section, straddling the main bearings 
and connected at the top by forged-steel tie plates 
carrying the cylinders. The bedplate consists of a 
well-ribbed casting bolted directly on to the tank top, 
the whole forming a very rigid structure. The cam- 
shaft and cams are completely enclosed, and, the 
engines being non-reversible, ample bearing surfaces 
are provided. The whole of the valves in the covers 
are easily accessible for examination. Special attention 
has been given to the matter of weight reduction in 
these engines, and the fuel consumption, with the 
generator developing its full output, is given as 
0-375 Ib. per brake horse-power per hour; with a 
50 per cent. overload the corresponding figure is 
0-397 lb. 

An interesting feature of the vessel is that arrange- 
ments have been made to permit, if necessary, all 
the submarines for which she is responsible to 
be moored to her at the same time. This has been 
rendered possible by the provision of numerous bollards 
and fairleads on the decks, as well as a number of 
mooring plates in the sides. The submarines moored 
in this way would be arranged in groups, leaving 
one portion of the depot ship clear for access 
by tenders carrying stores, &c., or for any sub- 
marine requiring special attention. To moor the 
vessel herself with the submarines alongside, three 
anchors, each of 160 cwt., have been fitted at the 
forward end, and one of 60 cwt. at the stern. The 
anchors and cables forward are worked by an electro- 
hydraulic capstan gear, capable of lifting 45 tons at 
124 ft. per minute, or half the load at twice that speed. 
The stern anchor is operated by an electric capstan, 
capable of lifting 15 tons at 25 ft. per minute. 











to a certain extent at any rate. 





* See ENGINEERING, vol. cxxvi, page 270 (1928). 
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The store rooms provided have sufficient space for 
the accommodation of the provisions for 100 days for 
the crew of the depot ship and for the attendant sub- 
marines. In addition to these store rooms, cold and 
cooled chambers, of 10,000 cub. ft. capacity, are pro- 
vided for perishable stores. Provision has also been 
made for the stowage of ammunition and torpedoes 
for the submarines. For lifting the stores, ammuni- 
tion and torpedoes on board for stowage, and for 
transferring them to the submarines, four electric 
cranes, each with a lifting capacity of 2 tons, are 
provided, while for handling heavier stores and for 
shipping and unshipping guns and periscopes, a 6-ton 
derrick is mounted on the after side of the forward 
stump mast shown in the illustration. The derrick, it 
may be mentioned, gives a clear lift of 72 ft. above the 
water-line, this high lift being necessary for shipping 
and unshipping periscopes. On the after side of the 
main mast, a heavy derrick is provided for handling 
power-driven boats, and this derrick can also be used 
for handling heavy machinery, such as the armatures 
of the submarine propelling motors. A 1-ton derrick 
is fitted on the fore side of the main mast for lifting 
stores from the store rooms to the deck, and a 2-ton 
derrick, mounted on the bridge front, serves the hatch 
leading to the light machine shop. Stores can be 
lifted from the upper deck to the boat deck by davits 
mounted on the latter. 

All the derricks are operated by electrically-driven 
winches. These include two boat hoists, each of 
10 tons capacity, fitted in a separate compartment 
on the upper deck, but controlled from a con- 
venient position on the poop deck. Two 2-ton 
winches serve the forward 6-ton derrick, and two, of 
the same capacity, are provided for handling the 
boats on the boat deck. A 1-ton derrick, fitted on the 
upper deck aft, is also served by two 2-ton winches, 
and these are also used for handling the floating fenders. 
The latter, it should be explained, have been provided, 
in addition to fixed guards, to protect the propellers 
of the depot ship from damage by submarines either 
moored or manceuvring alongside. The floating fenders, 
which weigh about 7 tons, ere carried on board when 
not required. A complete equipment of bow protector 
gear, with the necessary davits, fair-leads, wire ropes, 
&c., is fitted, and two winches are mounted on the upper 
deck forward for recovery purposes ; these winches are 
also used for supplying stores to the light machine shop. 
Another 1-ton winch is fitted under the forecastle deck 
for hoisting stores and spare parts for submarine 
engines which are stowed below. 

To enable any repairs that are likely to be required 
by a submarine to be carried out efficiently and expe- 
ditiously, workshops fully equipped with the necessary 
machine tools and other appliances have been fitted 
up in the vessel. The shops include heavy and light 
machine, shops, tool room, coppersmiths’ shop and 
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foundry, plate shop and smithy, torpedo, ordnance and 
electrical shop, pattern shop, carpenters’ and ship- 
wrights’ shop, and plumbers’ and welding shop. 
Adequate arrangements for transporting work and 
material have been made by means of a system of 


overhead runways and travelling blocks. A separate 
compartment has been allocated to the examination 
and repair of periscopes, and, in this, spare periscopes 
are carried. There is also a separate room in which the 
accumulators supplying power for the under-water 
propulsion of the submarines can be repaired. Adjoin- 
ing this is the acid store, and arrangements are also 
made for the supply of distilled water for filling the cells. 

The accommodation of the Medway is of an unusual 
character for a naval ship, since it has been necessary 
to provide not only for the vessel’s own officers and 
crew, but also for the crews and spare crews of the 
submarines. These total about 135 officers and 1,600 
men, and all the former are accommodated in separate 
single-berth cabins. In every way the comfort and 
well-being of both officers and men has been carefully 
studied, and, as an instance of this, it may be mentioned 
that a large recreation space and a reading-room and 
library have been provided for both petty officers and 
crew. The weather decks have been kept as clear as 
possible for exercising the crews, and can all be com- 
pletely covered with double awnings and curtains when 
the vessel is in tropical waters. Arrangements have 
also been made for about 600 men to sleep in hammocks 
under awnings on the weather decks in hot weather. 

In view of the large personnel to be provided for, 
the boat equipment is on a particularly extensive 
scale. On the boat deck, three 35-ft. motor boats, 
one 30-ft. motor boat, two 32-ft. life cutters, and two 
27-ft. whalers are stowed on crutches under davits, 
while, on the poop deck, two 50-ft. motor pinnaces, two 
42-ft. motor launches, and one 30-ft. gig are located 
under the main derrick. In addition, a 16-ft. dinghy, 
a balsa raft, and six Carley floats are stowed in conve- 
nient positions on the weather decks. 

The navigating appliances are all in accordance with 
the best modern practice in H.M. Navy, and the 
wireless apparatus includes both main and auxiliary 
transmitting sets, in addition to direction-finding 
equipment. The steering gear is of the electro- 
hydraulic type constructed by the builders and con- 
trolled by a telemotor system supplied by Messrs. 
Brown Brothers. It would appear, from the foregoing, 
that the Medway marks a distinct advance on previously 
existing vessels of her class, and she will doubtless form 
a particularly useful addition to the Fleet. 








Atmanacs. We have recently received a large 
almanac from Messrs. Cochran andCompany, Annan, 
Limited, Annan, Scotland, and also one from Messrs. 
The Harland Engineering Company, Limited, 72-74, 
Victoria-street, Westminster, S.W.1. 



















THE EMPERGER REINFORCED- 
CONCRETE SLEEPER. 


AttHouGH timber is most generally employed for 
railway sleepers, attempts have been made for many 
years to find a more durable substitute, for both econo- 
mic and technical reasons. In certain countries, soft 
wood sleepers, which are, generally speaking, the most 
easily procurable, have obvious disadvantages, while 
hard woods are difficult to obtain in suitable quantity. 
Thus where the depredations of white ants have to be 
combated, in addition to deterioration due to climatic 
causes, iron or steel sleepers have been adopted on a 
large scale. In such countries, the pot sleeper was, at 
one time, very popular, while the pressed-steel type has 
also been extensively employed. In this country, as 
long ago as 1880, Mr. F. W. Webb laid stretches on 
the London and North Western Railway, with sleepers 
of rolled inverted flared channel, but the road was 
certainly noisy and considered to be lacking in resili- 
ence, and, after some years, their use was not extended. 

When reinforced concrete came prominently into use, 
and the idea became current that it could be readily 
adapted to any and every "aig and the threatened 
shrinkage of timber supplies prompted engineers to 
experiment with this material. Although full of 
promise, success has been difficult to achieve, and even 
to-day, after more than twenty years of effort, can hardly 
be said to have been attained. When the usual supplies 
of timber were interfered with through or after the 
war, the idea of employing reinforced concrete for 
sleepers received a considerable impetus, and the 
expectation of longer life, and the then high cost of 
timber made the proposition an economic one. In 
many cases, unfortunately, the expected life has not 
been obtained owing to disintegration, while the fall in 
the cost of timber has thrown the question again into 
another perspective. In some instances, mass produc- 
tion has reduced the cost of manufacturing, which is 
necessarily high, but other incidental disadvantages, 
such as weight and transport of the beam type, or cost 
of assembly of the block type, are still unavoidably 
present. 

The latest report to the International Railway 
Association, covering English-speaking countries, in 
fact shows that few of the types tried have proved 
satisfactory to an economic degree, and it appears to be 
undoubted that if reinforced concrete is to be employed 
in this way flexibility must be secured without the 
disintegration which often offsets to such an extent 
the promise of permanency otherwise characteristic of 
the material. 

Among the more recent applications of this nature 
is one by Dr. F. Von Emperger, of Vienna, to whose 
work we have several times referred in these columns. 
Dr. Emperger’s type of sleeper has been employed 
in the neighbourhood of Vienna, and we understand 





NNN aa SAT 


bei a ES Ter F 


fs 


See teenies tee 


sasciann 


Se a Se CS Ue 


ee a aa eae aa Se Oe Oe CU 


carbide lala RBar lb Ae ohaaghalcue 








JULY 5, 1929.] 


ENGINEERING. 








aioe....ammae 


THE EMPERGER 


SECTION A.A. 
136 


Fig.1. 










375 
3 






2 
















1368 





Fig. 2. 


Fig.3. SECTION B.B. 
| 360 














G 
G 


es 
Z 
S 


are 200 ----- 








Fia. 7. Movnp ror END BLOOoKs, 


is to be subjected to more extended trials. It is 
illustrated in Figs. 1 to 6 herewith, from which it will 
be observed that it is of the block type with relatively 
light tie-bars holding the end blocks to gauge. The 
blocks are reinforced with rectangular frames lying in a 
horizontal plane held together with: other loops at right 
angles, or approximately so. The rail seat is arranged 
between two lugs, also reinforced, and wooden blocks 
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Fig. 6. 












































Fie. 8. Frnisnep Biocks. 


are inserted in the concrete for the rail fastenings. The 
blocks are larger at the top than at the bottom, and 
pockets are provided in the sides. The form of the 
block is thus one which tends to good contact with the 
surrounding ballast, and to the prevention of end 
movement. 

Three reinforced-concrete ties couple the two blocks 
together, and hold them to gauge. Two upper bars 
are spaced apart as shown in Fig. 5, and one central 
bar is employed below. The upper ties consist of 
relatively deep rectangular beams, with only two small 
reinforcing bars brought together at the ends to form 
loops. The latter are coupled with corresponding 
loops projecting from the blocks, by means of two 
pins. The bottom bar is also rectangular, but for 
most of its length is practically square, while the 
reinforcement consists of two deep plates set well 
apart towards the vertical sides of the member. The 
ends of these plates are splayed out and forked. A 
bolt is inserted in the fork, and the nut holding it 
in place fits into a loop projecting from the concrete 
block, and can, within limits, be adjusted to length. 
The normal adjustment of the ties is shown on the 
left-hand block in Fig. 1, while the extreme positions 
possible are depicted in Fig. 6. The arrangement is 
claimed to provide the necessary flexibility without 
risk of disintegration of the sleeper due to bending 





or relative movement of parts. The photographs 
reproduced in Figs. 7 and 8 represent, in the first 
case, the mould for a block with reinforcement in 
position, and, in the second, a set of cast blocks of 
slightly different pattern from the type illustrated in 
the drawings. 

The sleepers can be conveniently cast in separate 
pieces at a central plant, and assembled at the site, 
where they are laid, which overcomes, of course, one 
common objection to concrete sleepers, namely that of 
the great weight to be handled by the permanent-way 


gangs. 


Tue W. E. Hicurtetp SHIELD CoMPETITION.—The 
seventh annual competition for the W. E. Highfield 
Shield has now been opened. The competition, which 
is held each year under the auspices of the Association of 
Supervising Electrical Engineers, is open to members 
and associates of the Association. Papers should have 
a length of about 1,000 words, and should deal with the 
electrical industry or the Association. That deemed 
the most meritorious by the examining board will entitle 
the author to hold the Shield for one year. Five prizes, 
the values of which range from four guineas to one 
guinea, are also offered. All papers should be addressed 
to the General Secretary, Association of Supervising 
Electrical Engineers, Chalmers House, 43, Russell-square, 
London, W.C.1, and should reach him not Jater than 
noon on September 2 next, 
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LETTER TO THE EDITOR. 


THE SUMMER MEETING OF THE 
INSTITUTION OF MECHANICAL 
ENGINEERS. 

To THE EpitTor or ENGINEERING. 


Str,—My attention has been drawn to the report in 
your issue of Friday, the 28th ult., page 825, in which 
you allude to a donaticn of 251,, made by the Whit- 
worth Society to the Coilege of Technology, Man- 
chester. The impression given to readers by your 
article is incorrect, and the facts of the case are that 
a cheque for 251. was handed over to the College of 
Technology, to be allocated in the form of a prize or 
prizes amounting to 5I., awarded each year for five years 
to meritorious students who undertake to compete for 
a Whitworth Scholarship. 

The object of the Whitworth Society, by means of 
these prizes, is to encourage young mechanical engi- 
neers throughout the country to compete for the 
Whitworth Scholarships. The Whitworth Society, 
which is composed of Whitworth Scholars, Exhibitors 
and Prizemen, hopes to extend this system of prizes 
in the future. The funds of the Society are not large, 
seeing that the membership subscription is only 5s. 
per annum. If, however, all Whitworth men were to 
join, much more might be done. 

Hoping that you will favour me by finding space for 
this letter in your next issue. 

Believe me, 
Yours faithfully, 
For and on behalf of the 
WuitwortH Society. 
E. R. Dorsy, 
Hon. Secretary. 

c/o The Institution of Mechanical Engineers, 

Storey’s Gate, Westminster, S.W.1, 
July 2, 1929. 

[The report given on page 825 of our last issue, to 
which Mr. Dolby refers, is a correct record of the 
proceedings. We did not mention the value of the gift 
or its manner of distribution, as these were not revealed 
at the meeting, but it was stated that the sum would 
be used for consolation prizes for runners-up.—Eb. E.] 


PSYCHOLOGICAL TESTS OF 
ABILITIES. 


In a report recently published by the Industrial 
Fatigue Research Board (Report No. 53. H.M. 
Stationery Office. 2s. 6d. net) an account is given 
of an investigation on the use of performance tests of 
intelligence in vocational guidance, which was con- 
ducted for the National Institute of Industrial 
Psychology. Most of the tests were applied to some 
600 London elementary school children on the point 
of leaving school, and their purpose was to ascertain 
the directions and relative extent of the children’s 
inborn ability, as distinguished from the resultant of 
their ability and the instruction and practice they had 
received in their education. In order to avoid the 
influence of mere verbal facility, the tests consist 
mainly of performing a variety of more or less complex 
acts which, without involving much or any manipulative 
skill, require intelligence to do correctly and quickly. 

The results obtained in this inquiry show that, as 
measures of intelligence at school-leaving age, these 
tests are only of limited value. It is thought, however, 
that the specific abilities which enter into them may 
have vocational significance, and to determine the 
extent to which this is the case it is necessary to compare 
the success of a person in the tests with his efficiency 
in some occupation in which the same or similar 
abilities are needed. Several performance tests 
were, therefore, applied to groups of apprentice fitters, 
carpenters, electricians and smiths, and the results 
compared with the trade proficiency of the individuals 
tested, as estimated by their instructors halfway 
through the course and as indicated by the passing-out 
examination. Correlated statistically, the results are 
said to show that the abilities measured in the separate 
performance tests may have had some connection with 
abilities in special trades, as distinguished from 
general intelligence. 

Though, as yet, no final tests seem to have been 
devised, a considerable variety of experience goes to 
show that, even now, most children stand a better 
chance of choosing a suitable profession if they have 
such guidance as the National Institute of Industrial 

ology is giving than if they have not. Probably 
— those who are familiar with their investigations 
and that of others working on the same lines can 
conjecture how soon final criteria can be reached, or, 
indeed, whether they are possible. Evidently they must 
depend, for one thing, on the accuracy with which the 
processes underlying each vocation are analysed. This, 





doubtless, will depend on the knowledge the examiners | 








possess of the vocation in question no less than on their 
competence as psychologists, and it may well be that 
the necessary insight could be obtained more quickly 
and certainly by the co-operation of persons from 
other professions than by the unaided efforts of psycho- 
logists. Another difficulty to which such investigations 
seem likely to be exposed lies in the fact that, if 
the tests are applied at an early stage when probably 
they would be of most value, they must be elementary, 
and the more intelligent and anxious youths may be 
able, by their zeal and intelligence, to undertake 
elementary tasks in subjects for which they have little 
inborn ability, and yet be unable to carry the handicap 
of their inaptitude when they are fairly launched on 
their profession and come across its major difficulties. 








TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W., particulars of 
tenders invited by various bodies in the British possessions 
and in foreign countries. The closing date of each 
tender is stated below. Details may be obtained on 
application to the Department at the above address, the 
reference number given being quoted in each case. 


Automatic Couplers.—The supply of cast-steel auto- 
matic couplers. The South African Railways and 
Harbours Board ; August 15 (Ref. No. A.X.8177). 


Water-Treatment Plant.—The supply of water-treat- 
ment apparatus for plants capable of adding mea- 
sured quantities of lime to water. The South African 
Railways and Harbours Board; August 18 (Ref. No. 
A.X.8175). 

Plate-Bending and Flattening Machine.—The supply 
of an electrically-driven plate-bending and flattening 
machine. South African Railways and Harbours Board ; 
August 15 (Ref. No. A.X.8164.) 


Pumping Plant.—The supply and erection of two Diesel 
pumping units, including engines, pumps, crane, genera- 
tors, building work, &c. Ministry of Public Works, 
Egypt ; August 10 (Ref. No. A.X.8169). 


Cooling-Water Tower.—The supply and erection of a 
cooling-water tank and structure, together with an 
electrically-driven 2-in. centrifugal pump. The Ministry 
of Public Works, Egypt ; August 10 (Ref. No. A.X. 
8174). 

High-Tension Overhead Transmission Lines, &c.—The 
supply of high-tension overhead transmission lines with 
appurtenant gear and step-down transformers. The 
Municipality of Bulawayo, Southern Rhodesia ; Septem- 
ber 13 (Ref. No. A.X.8181). 

Pumps and Motors.—The supply of pumps and motors, 
with starters, pipe work and float-control gear. The 
Municipality of Bulawayo, Southern Rhodesia; Septem- 
ber 13 (Ref. No. A.X.8181). 

Gypsum-Burning Machinery.—The supply of rotary- 
type gypsum-burning machinery. A firm in Cyprus 
(Ref. No. A.X.8180). 

Steam-Generating Plant.—The supply, delivery and 
erection of steam-raising plant, a 100-kw. steam-driven 
alternator, condensers, and a 6,600-volt transmission line 
and switchgear. The Municipality of Middleburg, South 
Africa ; July 29 (Ref. No. B.X. 5348). 








BOOKS RECEIVED. 


Minutes of Proceedings of the Punjab Engineering Con- 
gress, Lahore, 1929. ol. XVII. _ Punjab 
Engineering Congress. [Price 10 Rupees. 

siemnin >t: 7 a in the Street. Leech: 
Yorkshire Evening News. [Price ls. net.] 

United States Bureau of Mines. Bulletin No. 299. 
Metallurgical Lim Problems in Production. 
[Price 10 cents.] Economic Paper No. 2. Summarized 
Data of Zinc Production, Showing the Relation of 
Production in the United States to that of the World. 
By E. W. Pexrson. [Price 15 cents.] Technical 
Paper No. 441. Factors Governing the Entry of Solu- 
tions into Ores during Leaching. [Price 10 cents.] 
Washington : Government Printing Office. 

Department of Scientific and Industrial Research. Report 
of Test by the Director of Fuel Research on the Maclaurin 

lant Installed at Dalmarnock Gas Works, Glasgow. 


The 





Test carried out May 13 to 19, 1928. London: His 
Majesty’s Stationery Office. [Price 9d. net.] 
Manufatti Stradali. Vol. I. Muri di Sostegno, Sott 1, 





Controriva Parapetti, Palizzate, Barriere, Ponticelli a 
Piattabanda ed a Volta, Tomboni a Sifone, Ponti, Via- 
dotti in Muratura, Ponti a Travata in Cemento Armato. 
By E. Mtuzz1. Milan: Ulrico Hoepli. [Price 60 Lire.] 

Reports of the Progress of Applied Chemistry. Vol. XIII. 
1928. Issued by the Society of Chemical Industry. 
London : Society of Chemical Industry. [Price 7s. 6d. 
members; 12s. 6d. non-members. ] 

Madras Presidency. Public Works Department. Admin- 
istration Report for the Year 1927-28. Part II. Irri- 
gation. Madras: Government Press. [Price 5 rupees. ] 

American Concrete Institute. Vol. XXV. Proceedings of 
the Twenty-Fifth Annual Convention, held at Detroit, 
Michigan, Feb. 12, 13 and 14, 1929. Detroit, Mich. : 
Offices of the Institute. 

Einflusse auf Beton. Hin Auskunftsbuch fiir die Praxis. 
Part I. Edited by Prof. Dr.-Ing. A. KLEINLOGEL, 
Berlin: Wilhelm Ernst and Sohn. [Price 6 marks.] 

United States Bureau of Standards. Handbook. No. M 85. 
Specifications and Tolerances for Commercial Weighing 
and Measuring Devices. Washington: Government 
Printing Office. [Price 50 cents.] 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Business in Cleveland pig- 
iron is necessarily on a very limited scale. Second-hands 
have now very little to dispose of, and makers are still 
holding off the market, as they have no iron to offer until 
October, and will not commit themselves so far ahead. 
Prices show a marked upward tendency, and exceptionally 
high figures have been realised for small spot lots, but 
recognised market rates have not been actually advanced. 
The acute scarcity is causing rather less anxiety than of 
late, as forthcoming additional supplies of local ironstone 
and of coke will enable makers to increase, to some 
extent, the output of pig. Production, however, cannot 
be enlarged sufficiently to cope with the steadily-growing 
needs. No. 1 Cleveland is 75s.; No. 3 g.m.b., 7 bas 


ig Cas 
No. 4 foundry, 71s. 6d. ; and No. 4 forge, 71s. 
Hematite.—East-coast hematite quotations are slowly, 
but steadily, moving upward. Sales are still made at 
comparatively low figures, but parcels are not being 
forced upon the market so persistently as they were a 
little while ago. While customers claim that they can still 
place orders for ordinary qualities at 74s. 6d., makers are 
asking 75s. 


Foreign Ore.—Merchants have very little imported 
ore to offer, and further rise in prices has to be recorded. 
Market rates are now based on best rubio at fully 
238. 9d., c.i.f. Tees. Deliveries against running contracts 
are held up by shortage of steamers, and the freight 
Bilbao-Middlesbrough has moved up to 7s. 6d. 


Blast-Furnace Coke.—Durham blast-furnace coke, of 
good average quality, is selling at 21s. delivered to works 
in this district. Several batteries of coke-ovens are 
being restarted, but an announcement of preparations for 
a still larger output would be very welcome. 


Manufactured Iron and Steel.—There is a moderate 
business passing in finished iron, and firms are turning 
out a large quantity. Activity in the semi-finished steel 
department is more marked than ever, and production 
of finished steel is heavy. There are no quotable changes 
to report. Common iron bars are 101. 15s. ; best bars, 
1ll. 5s.; double best bars, 11/. 15s.; treble best bars, 
121. 5s.; iron rivets, 111. 10s.; packing (parallel), 81. ; 
packing (tapered), 107. ; steel billets (soft), 61. 17s. 6d. ; 
steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 2s. 6d.; steel rivets, 111. 5s.; steel ship plates, 
8. 12s. 6d.; steel angles, 8l. 2s. 6d.; steel joists, 
81. 2s. 6d. ; heavy sections of steel rails, 87. 10s. ; black 
sheets (No. 24 gauge), 101. 5s. ; and galvanised corrugated 
sheets (No. 24 gauge), 131. 15s. 

Imports of Iron and Steel.—Statistics issued this week 
show that the imports of iron and steel to the Tees from 
Holland, Belgium, France, Norway, Sweden, Finland, 
India, Germany, and coastwise, for the eight months 
ending June 30 last, totalled 119,616 tons, as compared 
with 151,037 tons for the same months a year ago, and 
47,944 tons for the corresponding pre-war period of 
1913-1914. 


Shipments of Iron and Steel.—Official returns give the 
total June shipments of iron and steel from the port of 
Middlesbrough at 88,555 tons. Of the 24,182 tons of pig- 
iron despatched, 7,485 tons went to coastwise customers 
and 16,697 tons to buyers abroad ; of the 5,242 tons of 
manufactured iron shipped, 1,928 tons went coastwise, 
and 3,314 tons went to foreign parts; and of the 59,131 
tons of steel cleared, 14,935 tons went coastwise and 
44,196 tons went overseas. Scotland was, as usual, the 
largest receiver of pig-iron, with 6,120 tons, while 
Belgium took 4,435 tons, Denmark, 2,860 tons, Italy, 
2,768 tons, France, 2,357 tons, and Germany, 1,378 
tons. Natal was the largest buyer of manufactured iron, 
with 1,024 tons, and the principal customers for steel were : 
Argentine, 9,288 tons, Cape, 8,273 tons, India, 6,156 
tons, Australia, 3,505 tons, Japan, 3,320 tons, Portu- 
guese East Africa, 2,100 tons, Natal, 1,955 tons, and 
Canada, 1,598 tons. 








Roap ConstRUcTION IN Hottanp.—A memorandum 
on road construction in Holland is procurable by firms 
on the Special Register of the Department of Overseas 
Trade, on application to the Department, 35, Old Queen- 
street, 8.W.1. Reference No. A.X. 8062 should be quoted. 





PrersonaL.—Mr. H. H. Fanthorpe, recently managing 
director of Messrs. Yates-American Machine Company, 
Limited, has joined the staff of Messrs. Thomas 
Robertson and Son, Limited, as their representative 
in the South-Eastern and Eastern Counties.—The 
formation of Messrs. Andrews Toledo, Limited, has 
resulted in the taking over, as a going concern, of Messrs. 
Jno. Hy. Andrew and Company, Limited, including 
works and all assets. The board of the new company 
consists of Messrs. J. F. Parker, G. St. J. Strutt, C.B.E., 
and Engineer Vice-Admiral Sir George Goodwin, K.C.B. 
The firm is embarking at once upon a policy of modern- 
ising the Toledo Steel Works, Sheftield.—Messrs. Agri- 
cultural and General Engineers, Limited, of Aldwych 
House, London, have entered into an agreement with 
Messrs. H. V. McKay Proprietary, Limited, of Sunshine, 
Australia, by which they will undertake the sole selling 
arrangements of Sunshine harvesting machinery in 
South America.—Messrs. Viozone, Limited, have advised 
us that they have changed their address from Cursitor- 
street to 88-90, Chancery-lane, W.C.2—We are informed 
that the Bureau of Information on Nickel of the Mond 
Nickel Company, Limited, is now located at Imperial 





Chemical House, Millbank, S.W. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The movement towards amalgamation 
of allied concerns in coal, iron and steel is gradually 
gathering force in this district. The latest proposal 
embodies a scheme which provides for the total amalga- 
mation of Messrs. Newton Chambers and Company, 
Limited, Thorncliffe Ironworks and Oollieries, near 
Sheffield, with the Hoyland Silkstone Coal and Coke 
Company, Limited, under the provisions of the Mining 
Industry Act, 1926. The principal aim is the more 
economical and efficient working, treating, and disposal 
of coal. The Hoyland Company’s colliery was closed 
owing to the impossibility under existing conditions of 
working it successfully as a separate undertaking. 
Though official quotations in pig iron and hematites 
show no variation, there is a distinct tightening in market 
conditions. Speculative buying is in evidence, and it is 
reported that contract renewals in pig iron are contem- 
plated at an advance on existing rates. The position in 
regard to heavy steel is unchanged. Furnaces are working 
at moderate capacity, and would be much better placed 
but for the weakness in acid steel consequent upon the 
continued paucity of orders from British railway com- 
panies. Buying from this source is by no means sus- 
pended, but, having regard to extended capacity at private 
works, coupled with the disposition among railway 
companies to produce a greater proportion of their own 
requirements, the gross tonnage specified in the orders 
received is insufficient to employ departments with any- 
thing like regularity. One of the most gratifying fea- 
tures in the heavy trades is the increased activity in the 
manufacture of steelworks machinery for installation 
both at home and abroad. Leading works are able to 
show better order books than for some years past, and 
despite tariff barriers and foreign competition a rising 
proportion of the work in hand is on foreign account. 
The cause is attributed to the realisation among steel- 
making firms that it is imperative to face the necessary 
financial outlay in order to introduce economies, hoping 
thereby to lessen production costs and keep plant at 
work. Fair movement is seen in structural steel. A 
record quantity of structural material of all classes 
is being absorbed in shop improvements and extensions, 
particularly in the drapery and general stores. Ti- 
cultural and chemical engineers rank among Sheffield’s 
leading buyers of steel specialities, and there is a steady 
run on foreign account on crushing and screening plant. 
More by-product plant has been ordered by British 
collieries. 

South Yorkshire Coal Trade.—Some suspense prevails 
in the coal export trade pending definite information 
respecting the future of the Central Collieries Commercial 
Association, whose operations have been highly beneficial 
to South Yorkshire. That the Association will continue 
in a modified form is an opinion widely held among local 
colliery owners and directors of the leading steelworks 
possessing colliery interests. Meanwhile inland con- 
sumption of industrial fuel continues at a fair rate. 
Supplies of both steams and nuts are ample to meet 
requirements, and there is a more generous surplus of 
washed smalls. Both blast furnace and foundry coke 
are in active request at recently advanced figures. 
House coal is easy, but the demand has not fallen below 
the usual seasonal level. Quotations :—Best branch 
handpicked, 27s. to 28s. 6d.; Derbyshire best brights, 
20s. to 23s. ; Derbyshire best house, 19s. 6d. to 20s. 6d. ; 
screened house coal, 17s. 6d. to 18s. 6d.; screened house 
nuts, 16s. to 17s. 6d. ; Yorkshire hards, 15s. 6d.to 16s. 6d.; 
Derbyshire hards, 15s. 6d. to 16s. 6d.; nutty slacks, 
6s, to 7s.; rough slacks, 8s. 6d. to 9s. 6d.; smalls, 2s. 
to 4s, 








THE Royat Soctety CONVERSAZIONE: ERRATUM.— 
In the account of the recent Royal Society Conversazione 
given on page 796 of our issue of June 21, with reference 
to one of the exhibits, it was stated by an oversight 
that manganese steel had “hitherto been unmachin- 
able.” We have since been reminded of the fact that 
some twelve months or so ago Messrs. Samuel Osborn 
and Company, Limited, of Sheffield, introduced their 
S.0.B.V. cutting alloy, which is being successfully 
employed on turning and drilling manganese steel. 

Water PowER IN NoRTHERN Mantrosa.—The rivers 
flowing into Hudson Bay, although of comparatively 
little value for navigation, are likely to become important 
in future years in connection with’ the development of 
hydro-electric energy. It is estimated that these rivers 
are, together, capable of developing no less than 5,000,000 
h.p., on the basis of a twelve-months’ flow, or as much as 
9,000,000 h.p. on the basis of the ordinary minimum 
flow. On the Nelson river, in particular, there are believed 
to be water-power sites at which more energy can be 
developed than existing treaty rights render possible at 
Niagara Falls. A company known as the British Domi- 
nion Power Corporation has recently been formed in 
London and is securing from the Government of Manitoba 
the right to instal a plant at White Mud Falls on the 
Nelson river, at which 300,000 h.p. will eventually be 
generated, for distribution to mining enterprises and 
to the towns of The Pas and Cold Lake in Northern 
Manitoba. The construction and equipping of the 
installation, it is anticipated, will involve a total outlay 
of about 50,000,000 dols. It is expected that from 
50,000 dols. to 75,000 dols. will be spent on preliminary 
investigations at the falls, and the first portion of the plant 
to be installed will have a capacity of about 40,000 h.p. 
The White Mud Falls are situated ‘almost directly north 
of Lake Winnipeg and approximately 350 miles from the 
City of Winnipeg. The site is also 170 miles east of the 
Flin Flon mine and a similar distance from The Pas; 
it is about 30 miles from the Hudson Bay Railway. 
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NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 

Colliery Combine.—Another great combine for the 
production and sale of Welsh coal is under negotiation 
and likely to reach finality this month. The project 
which has been under consideration for several months 
will, when completed, co-ordinate the production and 
distribution of more than half the steam coal produced in 
South Wales. Already the production and sale of 
anthracite has been brought under a single control, only 
about 20 per cent. of the output being outside the 
Amalgamated Anthracite Collieries, Limited. The new 
project will to a large extent depend on what happens 
to the Cambrian Combine pits for which offers were 
received by the Recsiver in the middle of last month. 
The fact has already been disclosed that Messrs. Guest, 
Keen and Nettlefolds, Limited, have put in a tender for 
the roperties, and if this secures the sanction of the 
Court, as is expected, then the way will be clear to the 
bigger project, which embraces an amalgamation of 
interests of Messrs. Guest, Keen and Nettlefolds, Limited, 
the Powell Duffryn Steam Coal Company, Limited, 
Messrs. Wm. Cory and Son, Limited, and Messrs. Gueret, 
Llewellyn and Merret, Limited, representing a capitali- 
sation in shares and debentures, etc., of over 30,000,0001. 
Names of other prominent enterprises are mentioned in 
connection with the combination, but there is reason to 
believe that for the present, at any rate, the project will 
be confined to the companies named, whose ramifications 
are world-wide and with whom are associated a consider- 
able number of subsidiary concerns. 


The Coal Trade.—Unsatisfactory conditions continue 
in evidence in the Welsh steam coal trade. The demand 
for large coal remains quiet and with suitable tonnage 
scarce, owing to a large number of vessels having been 
taken on time-charter for the Russian timber trade, it has 
been found impossible to move coal with sufficient 
rapidity to effect a clearance of loaded trucks and return 
empties to the collieries in numbers which will avoid 
temporary stoppages at the pits. The result is that 
practically all grades of large coal are freely available at 
the schedule of minimum prices based on 19s. 9d. per 
ton for Best Admiralty large. Smalls and sized descrip- 
tions are in good demand and adversely affected by the 


position of large, the output of which has been diminished,, 


a circumstance which has curtailed the production of small 
coal and also the make of sized varieties. In most cases 
colliery salesmen refuse to sell small without large, while 
buyers taking large can secure substantial discounts in 
the price of small which by themselves command about 
2s. over the minimum. Dry sized coals also find a ready 
sale up to 25s. for nuts, while washed duffs, too, are scarce 


tons more than in the preceding week, the advance being 
due to the increase of shipments at Newport from 40,770 
tons to 114,270 tons and at Cardiff from 297,760 tons to 
314,390 tons. 
to 59,620 tons was shown, and at Port Talbot from 51,800 
tons to 27,340 tons. Clearances to Egypt were increased 
from 16,490 tons to 27,270, tons, for Argentina from 44,200 
tons to 57,000 tons, and for France from 106,940 tons to 
148,060 tons, but for Italy, Spain, Portugal and Brazil 
reductions were shown. 








INSTITUTION OF ELECTRICAL ENGINEERS; MODEL 
ConDITIONs oF ContTRAcT.—It is announced that during 
the past six months revised editions of the following 


model forms of the general conditions for contract have' 


been issued by the Institution of Electrical Engineers : 
Form A (Home, with erection), Form B, (Export- 
delivery F.0.B.), Form' B, (Export, including erection 
or supervision of erection). 





Contracts.—Messrs. British Insulated Cables, Limited, 
Prescot, Lancs., have recently received orders for 
about 10 miles of super-tension cables for overseas and 
500 miles of steel-cored aluminium strand for use on 
the English “‘ grid ’”? schemes.—The order for the erection 
of the wireless station, which is to be built in the Vatican 
State, has been placed with Messrs. Marconi’s Wireless 
Telegraph Company, Limited, London. The plant 
installed will enable both telegraph and telephone com- 
munication to be established with all parts of the world 
on the short-wave system.—Messrs. the English Electric 
Company, Limited, Queen’s House, Kingsway, London, 
W.C. 2, have received an order for seven six-wheel, double- 
deck, top covered trolley omnibuses for the Maidstone 
Corporation. They will accommodate 56 passengers.— 
Messrs. Vickers-Armstrongs, Limited, Vickers House, 
Broadway, Westminster, have received an order from 
the Leith Harbour Commissioners for three 30-ton coal 
hoists for their Imperial and Edinburgh Docks. One of 
these will be equipped with a ‘‘ Norfolk Spade,” for the 
rapid discharge of small coal.—Messrs. Ruth’s Steam 
Storage Limited, Africa House, Kingsway, W.C.2, 
have received orders for accumulators from Messrs. 
Canning and Wildblood, Limited, Birmingham, and 
Messrs. Price’s Patent Candle Company, Limited, for 
their Bromborough Pool Works.—The Vatican authori- 
ties have concluded arrangements with the International 
Telephone and Telegraph Corporation of New York for 
the equipment of the Vatican City with an automatic 
telephone system. The exchange will have a total 
capacity of 1,800 lines, of which ‘500 will be put into 
service to begin with. Connection will be made with the 
Italian system by 30 lines, some of which will be operated 
automatically and the others manually.—The Premix 
Gas Plants, Limited, London, have recently received 
orders for installations with a total capacity of 291,350 
cubic feet of gas per hour. 





and tight on the basis of 14s. to:15s. for dry classes and 
16s. to 17s. for bituminous. Shipments of coal as cargo’ 
foreign in the past week totalled 523,420 tons, or 51,000 


At Swansea a reduction from 75,050 tons’ 





NOTICE OF MEETING. 





INSTITUTION oF Mrintnc ENGINEERS.—Wednesday, 
July 10, to Friday, July 12. Victoria Station Hotel, 
Nottingham. Wednesday, July 10, 11 am., ‘“‘ The 
Salts Lost by Sweating owing to High Air-Temperatures ; 
Sixteenth Report to the Committee on the Control of 
Atmospheric Conditions in Hot and Deep Mines,” 
by Dr. W. Hancock, Mr. A. G. R. Whitehouse and 
Dr. J. 8. Haldane. ‘‘ Work of the Committee of the 
Institution of Mining Engineers on the Control of Atmos- 

heric Conditions in Hot and Deep Mines ” by Dr. J. S. 
Fraldane. “The Flow of Air at Bends and in Straight 
Airways; Sixth Report of the Midland Institute 
Committee on the Ventilation of Mines,” by Mr. W. 8. 
Cooke and Mr. I. C. F. Statham. ‘“‘ Spontaneous Com- 
bustion in North Staffordshire. Part II.—A Record of 
Analyses of Air-Samples taken during the Combating of a 


Fire,” by Dr. T. D. Jones. ‘“ Electro-Magnetic Testing 
of Wire Rope,” by Dr. T. F. Wall. At 7.30 p.m., Insti- 
tution Dinner, Victoria Station Hotel, Nottingham. 


Thursday, July 11, and Friday, July 12, 9.45 a.m., 
Various excursions and visits to works. 








NOTES FROM THE NORTH. 


Guiascow, Wednesday. 


Scottish Steel Trade.—Conditions in the Scottish steel 
trade are a good deal better this week, as producers 
have quite a fair tonnage now on order. This state is 
very usual at this period of the year, owing to the 
approaching holidays, which commence, in the Glasgow 
area, on Friday of next week. All round, the bookings 
show an improvement, and some of them are for forward 
delivery, so that the outlook is again better. — Makers of 
sections have lately fixed up some very satisfactory 
contracts. The general inquiry shows signs of expanding. 
In the black sheet trade there is more business passing 
in light sheets and a fairly good run is assured, but the 
heavier gauges are still very dull and quiet. The follow- 
ing are the current market quotations :—Boiler plates, 
102. 10s. per ton; ship plates, 87. 12s. 6d. per ton ; sec- 
tions, 8/. 2s. 6d. per ton; sheets, }-in., 9/. per ton; 
galvanised corrugated sheets (No. 24 gauge), 13/. 17s. 6d. 
per ton, all delivered Glasgow stations. 


Malleable-Iron Trade.—No change of any importance 
has taken place in the West of Scotland malleable-iron 
trade over the week, and the outlook continues dull. 
The demand is small, and although a few extra orders 
have been secured this week, they are mostly for supplies 
to.ensure a. statt-fter the holidays. In the steel 
re-rolling’ branches, a quiet tone prevails, and makers 
are feeling the effect of Continental competition. Prices 
are unchanged, and are as follows:—‘‘Crown’’ bars, 
101. 5s. per ton for home delivery and 91. 15s. per ton for 
export ; re-rolled steel bars, 8/. per ton for home delivery 
and 7/. 15s. per ton for export. 


Scottish Pig-Iron Trade.—A dull state is general in the 
Scottish pig-iron trade, and fresh bookings are not very 
numerous. The home consumption is of small dimen- 
sions at present, and overseas buyers are not taking 
deliveries of very heavy tonnage. Deliveries of hematite 
to the local steel works are a shade better this week. 
Prices continue firm, and are as follows :—Hematite, 78s. 
per ton, delivered at the steel works; foundry iron, 
No. 1, 77s. per ton; and No. 3, 74s. 6d. per ton, both on 
trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 

ig-iron from Glasgow Harbour for the week ending last 
Raburtiay, June 29, amounted to 786 tons. Of the total 
757 tons went overseas, and 29 tons coastwise. For 
the corresponding week of last year, the figures were 
28 tons coastwise and 1,475 tons overseas, making a 
total shipment of 1,503 tons. 


Scottish Shipbuilding.—With the close of the half year: 
satisfactory activity has to be recorded in connection with 
the shipbuilding trade of Scotland. The output from the 

ards has continued to be steady, and a surprising total 

as been the result. The unfortunate thing in the 
industry is that while the output has been high, the 
number of new contracts secured by shipbuilders has 
been poor, with the result that there are many empty 
berths at present. The high cost of raw materials has 
militated against builders when quoting for new contracts, 
and in many cases shipowners are holding back mean- 








time. The output for the past month and for the half- 
year is as under :— 
June. Six Months. 
ae ee WN sre a area 
Vessels. Tons. Vessels. Tons. 
The Clyde ce 0 48,740 119 285,565 
The Forth rs 5 5,313 21 15,925 
The Tay P = os 2 1,135 
The Dee and 
Moray Firth 4 1,282 20 2,414 
40 55,335 162 305,039 


The Clyde total for the past month is the second highest 
monthly total for this year, and compares favourably 
with the month of June of the past few years. It 
brings the six months’ total up to 285,565 tons, which is 
the fourth highest since the war finished, and is only 
some 17,789 tons lower than the figure for the similar 
period of last year. On the whole, the output for this 
year:to date is very gratifying, and shows that many 
of ‘the yards have been quite busy. The number of new 
contracts reported during the past month was only II, 
but there are rumours of a few others, which may or 
may not yet have been finally fixed up. 
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WORKS OF THE METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED. 


(For Description, see Page 20.) 
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ENGINEERING. 
Offices for Publication and Advertisements, 


35 and 36, Bedford Street, Strand, London, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 


TELEGRAPHIO ) “ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TSLEPHONE NumMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
< the following rates, for twelve months, payable in 

vance :— 


oe — 











For the United Kingdom _.................... £3 5 0 
For Canada— 
Thin paper copies oo... £2 18 6 
Thick paper copies «0.00... £3 3 0 
For all other places abroad— 
Thin paper copies «0.0.0.0... £3 3 0 
Thick paper copies ................0 £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 

Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Post on Thursday. In consequence 
of the necessity of going to press early with 
a portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of publication. 


All accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “The National Provincial 
Bank, Limited, Charing Cross Branch.’ Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. . 


AGENTS FOR “ ENGINEERING” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney ; 

Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
.3.W. T. Willmett and Company, Townsville, North 

Queensland. W. C. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: K. F. Satchell, 86, Rue du Tabollion. 

CaNADA, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Limited, 91-93, Queen-street, East. 


























be the last Electricity Act. They may, in short, 


pace | be forgiven for thinking that the electricity supply 


The Strength of Dished Ends (Illus.)...........0..0c000 1| industry really thrives on legislation, and that to 
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IN MEMORIAM. 


NIXON.—On July 3, 1926, at Finchley, Frederick A. Nixon, 
M.Inst.C.E., M.I.E.E. As Chief Engineer in London for the 
Victoria Falls and Transvaal Power Company, Limited, 1911 to 
1926, he was responsible for the whole of the 1913-14 extensions 
at Brakpan, Simmerpan, Rosherville and Vereeniging, and was 
in entire charge of all the engineering work and scheme in con- 
nection with the new Witbank Power Station. He also planned 
extensions for the Wankie Colliery Company, Limited, and for 
the Chinese Engineering Company, Limited. 
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THE FUTURE OF ELECTRICAL 
DISTRIBUTION. 


It is among the res judicata of engineering that the 
electricity supply industry labours under the stress 
of a perpetual grievance. Notwithstanding the fact 
that in 1928 the amount of energy sold by’ the 
authorised undertakings of this country was 10-9 
per cent. greater than in the previous year, and 
that over the period of six years since 1922 the 
annual sales increased at an average rate of about 
660 million kw.-h. per annum (so that they now 
reach the not despicable figure of 7,602 million kw.-h.), 
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the members of that industry will be found, in 
season and out of season, maintaining with no little 
heat, that they are hampered on every side in the 
fight for existence. Considering these results, how- 
ever, many of those concerned with other branches 
of the great work of engineering will wonder wist- 
fully, whether the forging of some of the shackles, 
which the electricity supply industry apparently 
bears so lightly, on to their own limbs, might not 
bring with it a little of that prosperity which they 
have so long and so eagerly awaited. They will 
be confirmed in this opinion when they find that an 
important body of electrical engineers has recently 
enunciated, through its president, the outline of a 
policy which, to bring to fruition, will, it is stated, 
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require further legislation.’ They may remember, 
too, that when some two and a half years ago the 
Conservative Government, against the wish of many 
of its supporters, was pushing through a measure to 
reorganise Britain’s electrical generation on national 
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delivered by Mr. Nichols Moore, at the recent 
annual convention of the Incorporated Municipal 
Electrical Association, will lend some support to this 
view. Like the majority of those concerned with 
electricity supply, Mr. Moore accepts the 1926 Act 
as a fait accompli, and looks forward with resigna- 
tion, if not with enthusiasm, to the time when 
the 667 authorised electricity undertakings of the 
country will be receiving their supplies, either di- 
rectly or indirectly, from the Central Electricity 
Board. Each of those undertakings, however, he 
points out, will still retain its autonomy as a 
distributor in matters of policy and administration, 
and will be able to decide what rates it will 
charge, restricted only by the statutory maximum 


0) and by the common law of supply and demand. 


With a continuance of the present system, there- 
fore, it is conceivable that the benefits which 
should arise from the national scheme of genera- 
tion and main transmission and the provision of 
adequate bulk supplies of electricity, by means 
of the “grid” and secondary lines, may be de- 
finitely limited by the absence of a really co- 
ordinated scheme of distribution upon some 
national basis, as broad in its conception, and 
as practical in its application as that which now 
covers generation and main transmission. To 
bring about this co-ordinated scheme, Mr. Nichols 
Moore suggests that the business of distribution 
should be handled by administrative bodies of 
increasing size and controlling greatly extended 
areas, though he offers no decided opinion as to 
whether these bodies should be municipal or pri- 
vate in character, or a combination of both. He 
does, however, state that the whole question must 
be taken out of thé realm of local politics. 

Before we discuss this proposal in detail, we must 
be allowed a parenthesis. As we read the 1926 
Act, it is hardly correct to say that distributors are 
free to charge what they like, subject only to the 
restrictions mentioned by Mr. Nichols Moore. It 
appears on the contrary that if the undertaking is 
owned by a company, the charges must be related 
to the profits in a way, which has long been familiar 
in the gas industry, while if it is municipally owned, 
the sum that may be contributed to the relief of the 
local rates is limited, and any further surplus must 
be applied to a reduction of the charges. More- 
over, when the supply is drawn from a common 
source, the tendency must be towards a standardis- 
ation of tariffs, and a removal of those compli- 
cations and anomalies which were rightly criticised 
during the course of the recent Convention. 

Coming to the main proposal it should be pointed 
out that no exact analogy exists between the 
problem of improving electrical distribution and 
that which, it is to be hoped, has been solved by 
the 1926 Act in the case of generation and transmis- 
sion. The objects of that measure were stated con- 
cisely by Mr. Archibald Page in his Presidential 
Address to the Institution of Electrical Engineers in 
1927. They are the constitution of a complete 
system for the production and transmission of elec- 
tricity on a wholesale scale, so that the load may be 
correctly apportioned between stations of varying 
efficiency, and obsolete and unsuitable plant elimi- 
nated. By so doing it will be possible to use larger 
and more efficient plant, to build bigger stations, to 
reduce the amount of spare equipment, to utilise such 
auxiliary forms of power as waste heat and waterfalls, 

to stimulate railway electrification and to cut down 
the cost of secondary or regional transmission, 

by increasing the number of points at which the 
supply can be taken. In other words, as in the 

case of many commodities, it is considered that 

it will pay to manufacture in the style of Henry 

Ford rather than of. Rolls-Royce. 

Distribution, . however, is not a question of 

manufacture, but of marketing; and, as far as elec- 

tricity is concerned, the cost of marketing is not likely 

to be affected-in any important degree by reduc- 

















ing the number of middle men. Somehow or other 
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a connection must be made between the main or 
secondary lines of the Board and the ultimate con- 
sumer, whether that consumer is an electro-chemical 
works or a cottage ; and although for both commer- 
cial and technical reasons that connection will 
generally be made through a subsidiary undertaking 
there is no important advantage in having that 
undertaking especially large or, in a word, in replac- 
ing districts, urban or rural, by counties. It may be 
beneficial from the point of view of administration 
to draw the boundaries of the distribution authority 
wider than those of a parish without too much regard 
to the frontiers of existing local authorities, but 
in our view it is fallacious to argue that concentra- 
tion into fewer hands will of itself lead to the 
same advantages in the case of retail sales, as 
it is now agreed they will do in the case of 
production. 

This equally applies where technical problems are 
concerned. Mr. Nichols Moore argues that some 
of the technical considerations, which ought to 
be dealt with on a co-ordinated national basis, are 
the right uses of extra high tension and high tension 
feeders, the limitation of direct-current areas, the 
proper superimposing of alternating current dis- 
tribution systems, the prevention of the use of 
inadequate mains, the construction of overhead 
lines for supplying outlying suburban areas, the 
provision of industrial and domestic apparatus, 
the standardisation of methods of charge and the 
extension of supplies into rural areas. We agree 
that attention to these matters is desirable, in 
that it will prevent the commission of mistakes of 
a kind, which have been too familiar in the past. 
But many of them could be settled with the help of 
existing machinery, prior to the granting of the 
necessary order, and it is difficult to see how any 
scheme of gargantuan distribution areas would 
materially assist in solving the remainder. 

We may be forgiven for presuming that the 
suggestion we have criticised has been made in the 
hope that its adoption will result in the control 
of local authorities over the country’s electricity 
supply being strengthened. Mr. Nichols Moore, 
in fact, states as much, and we should be the last 
to underestimate the part that these bodies have 
played in electrical development. At the present 
time, however, when supply authorities are about to 
be relieved of the responsibility of generation, the 
formation of concerns operated by private enter- 
prise to sell electricity in areas which, up to now, 
have been without this facility, possesses a certain 
attractiveness. Signs are not, indeed, wanting 
that this is being recognised by financial interests, 
which are not always of British origin. From the 
point of view of the public, this is a matter of 
indifference, since, as we have said, the rights of the 
latter are adequately safeguarded and any further 
restrictions, which may be necessary to prevent 
exploitation, can be inserted in the Order. But 
from the point of view of those who wish to see 
an extension of municipal enterprise, it is anathema, 
and we are not surprised to find that methods, by 
which it may be defeated, are being sought. Whether 
this is really in the public interest may well be a 
matter of doubt. 

Though we have said that we see no great advant- 
age in the establishment of very large distribution 
areas or in the formation of administrative bodies 
to control them, it may be pointed out that if 
development along these lines is considered neces- 
sary, it could be carried out under the powers given 
by existing legislation. The Electricity Supply 
Act of 1919 provided for the establishment of 
Joint Electricity Authorities, representative of all 
electrical interests in a wide area, among whose 
powers and duties were the supply of electricity, 
especially in those places, where authorised under- 
takers did not already exist. It is ancient history 
that, in most parts of the country, these bodies 
were never established, because the interests 
involved could never achieve a sufficient measure of 
agreement to make their formation possible. But 
on paper, at least, they possess all the functions of 
the bodies, which Mr. Nichols Moore outlines as 
being necessary to undertake the work of distribu- 
tion on national lines. It would be interesting, 
therefore, to see if they could not be revived for this 
purpose, especially as such a revival would be a good 





answer to those who have expressed the cynical 
opinion that the electrical industry never agrees 
until it is forced to. There seems nothing to prevent 
this course ; and it would at least have the advan- 
tage of not requiring further legislation.’ Our latest 
Government are credited with the desire to increase 
the availability of electricity supply, but their 
assistance is more required on the financial side, and 
in matters of detail, than in anything grandiose. 








TRAINING FOR ADMINISTRATION. 


Last week we drew attention to a report on 
Education for Foremanship, published by the 
Association for Education in Industry and Com- 
merce. While the subject is fresh in the minds of 
our readers it may be opportune to refer shortly 
to the proceedings of the eleventh annual conference 
of this body, held this week, under the presidency of 
Sir Max Bonn. In the literal sense of the word, the 
Association is a body of amateurs. Few industrial 
institutions are more evidently the product of the 
affection of their members for their subject, and 
possibly none of equal importance is carried on so 
largely by voluntary aid, renting no offices, employ- 
ing no paid staff, and devoting its modest income 
entirely to advancing the educational objects for 
which it exists. Eminent as a financier, and well- 
known also in the practical study of juvenile 
unemployment and in many kinds of philanthropic 
effort, its new President is, in industry, an amateur 
in the more conventional sense of the word. He 
represents the financial, and non-technical, element 
by which, in these days of amalgamations and 
expansions, it is becoming increasingly necessary 
that industry should be fertilised. Yet the work 
of the Association is essentially practical, and is 
conducted by practical men. Its council includes 
representatives of old and distinguished firms of 
manufacturing engineers, one of whom is its chair- 
man, and both its publications and its proceedings 
are addressed to obtaining the most accurate 
information that the nature of the subject allows 
in regard to the manner in which modern methods 
of education, many of them as yet only in tentative 
or experimental use, are working out in practice. 
Economic conditions have long placed an ever- 
growing responsibility on industry and commerce, 
which may well call for revised methods of educa- 
tion. A similar need has arisen through changes in 
methods of manufacture and the increasing extent 
to which advantage has to be taken of mechanical 
assistance. 

It is of the utmost advantage to industry of 
all kinds that the results of attempts to provide 
such new methods should be watched closely, and 
recorded by practical men, so that the enjoyment 
of imaginative suggestions may be taken without 
the risks which would be inevitable, if they were 
not checked and controlled by practical experience. 

The proceedings of the conference illustrate 
very clearly the wide scope of the Association’s 
interests. The President’s address dealt not only 
with the history of the Association during the ten 
years of its existence, but also with problems of 
the future. On some of these he has arrived 
at a decided opinion, as, for instance, in his view 
that business on the instalment system is among 
the most effective modern developments of industry, 
though in this country it has by no means reached 
the limit of its beneficial development. On others, 
he was content with stating the problem and its consi- 
dérants, as when he instanced as among the gravest 
difficulties of management decision between the 
relative advantages to an organisation of pro- 
motion from within and importation from without 
—inbreeding and crossbreeding. On each subject 
his judgment or his statement of the case will be 
considered with attention, not least when it diverges 
from that ordinarily accepted. Another group of sub- 
jects had reference to the training of manual and other 
subordinate workers. The largest item in this was 
an extended edition of the report on the training 
of manual workers, prepared by a committee of the 
Association and published in 1923. This is mainly 
the work of Mr. Ian Garvie, of Messrs. Barr and 
Stroud, Limited, and Mr. C. A. Parker, of Messrs. 
G. and J. Weir, Limited, and now includes a large 
amount of American, French, German, Belgian and 
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Swiss experience. The methods described, mostly of 
modern introduction, may be compared with those 
adopted by the Admiralty for training dockyard 
apprentices, to which the Board of Education has 
drawn attention in a recent publication. The 
Admiralty scheme, which in various stages of develop- 
ment, has been in operation for nearly three-quarters 
of a century, is said to have been thoroughly satis- 
factory both to the Service and the apprentices, 
and includes a system by which every year the latter 
are automatically graded out according to their 
performance, and their further training regulated 
accordingly. As yet the Association’s report does 
not seem to be quite complete, and has been sub- 
mitted only to a private meeting, but it is evident 
that when published it will be a document of con- 
siderable importance, on which it will be possible to 
compare the various methods of training much more 
fully than has been hitherto feasible. A communi- 
cation of more restricted scope but with special 
interest was made in a paper read by Mr. Frank 
Pick, the managing director of the Underground 
group of railways, on the education and training 
given to wage-earners of all kinds in that under- 
taking, including, of course, the omnibus services. 
Those who can remember the apparent standard of 
efficiency that was normal in earlier days among the 
railway servants who came into personal contact 
with the public, cannot well have failed to remark 
the improvement which has occurred in recent 
years. Mr. Pick’s paper shows that this has not come 
about by itself, and the account he gives of the many 
directions in which the training of all grades is 
being pursued is undoubtedly a remarkable object 
lesson not only in the matter of training, but 
also in what Mr. Pick well describes as the sociali- 
sation of a great undertaking. That it works to the 
satisfaction of those whom it affects is seen among 
other things in the fact that out of the 41,000 men 
on its wages staff, the annual turnover is under 
5 per cent. 

In one respect, however, the most interesting 
part of the conference related to the information 
it gave as to what is being done in education for 
the higher posts. The provision of such education 
is of recent growth. Not so long ago it was often 
thought a sufficient qualification for the higher 
posts of a business to be the son or other relative 
of a proprietor. The method had the doubtful 
advantage of minimising the extent to which the 
appropriate training had to be considered, but it 
is admitted generally to be insufficient for the 
needs of modern industry. This recognition has 
left industry with the great problem of deciding 
what methods are most suitable for providing a 
sufficient training, a problem interesting both for 
its intrinsic importance and for its relative novelty. 
The body of experience available for appreciating 
the value of the available methods is necessarily 
far less than that gained with respect to manual 
training, and obviously the subject is one in which 
general formule are even less applicable. The 
conference has made two contributions of import- 
ance to the available data. Mr. Richard Burbidge, 
the general manager of Messrs. Harrods, Limited, gave 
a description of a scheme for a new Department of 
Business Administration connected with the London 
School of Economics, in which students would have 
exceptional practical commercial experience, in- 
cluding apparently opportunities of sharing responsi- 
bilities which have not been obtainable previously. 
The outcome of this scheme, put forward under 
auspices so authoritative, will be watched with 
great interest. Meanwhile Mr. Harold Rostron 
presented to the conference the second part of the 
report on Education and Training for Higher Posi- 
tions in Commerce, the first part of which was con- 
sidered at the Conference of last year. This will 
shortly be published, and consists of memoranda from 
nine Universities, with a general summary and con- 
clusions by Mr. Rostron himself. The experience 
recorded last year by a number of employers in 
respect to the effect of University training or 
suitability for industry and the criticisms they 
submitted were considered by the Universities in 
question, and the report contains their observations 
on these criticisms and a considerable amount of 
experience, with some figures, by which they support 





their views. 
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There seems to be no question that university- 
trained men are being absorbed more and more ex- 
tensively into industry. At Cambridge, for instance, 
the competition is so keen for Honours men in the 
Engineering Tripos that in any year all of them, pos- 
sibly about 100, are disposed of before the results of 
the Tripos are known, and it is believed that, if the 
present quality is maintained, double the number 
could be absorbed. It is not, moreover, in 
engineering alone that such men are welcomed. 
The secretary of a recently-formed cotton yarn 
association in Manchester is a Cambridge man 
with an engineering training. From more than one 
university, indeed, it is reported that, apart from 
strictly technical training, no difference in commer- 
cial efficiency is found between men according to the 
subjects they have taken, and the experience of a 
great oil company is quoted to show that not 
only they have built up a staff of unsurpassable 
efficiency from university graduates, but that the fore- 
most positions in all parts of the world, covering 


evidence to show that the greater part of the sum 
required should be subscribed by the supply side 
of the electrical industry. It is true that the 
original conception of the Department of Scientific 
and Industrial Research was that the Research 
Association should be a manufacturers’ concern, 
but experience has shown that many of the problems 
solved, and remaining to be solved, are of equal 
interest to the supply authorities, while some, such 
as the investigation into the heating of buried cables, 
are of chief importance to the latter branch. Never- 
theless, out of the Association’s present income of 
25,000/., only 5,000/. are subscribed by the supply 
authorities, though they have reaped the larger 
share of the benefit. 

Imagination, suitably stimulated, could supply 
a wealth of comment on such a situation, but 
we shall confine ourselves to stating that the work 
of the Association has enabled a saving of some 10 per 
cent. to be achieved on the capital cost of the over- 
head lines of the grid, amounting in figures to 
300,0007. per annum; and that similarly their 





the control of areas as large as India, North China, 
South China and so on, are held equally by 
men who have graduated in classics, history, 
law, economics, modern languages, and natural 
sciences. It appears, in fact, that in the prepara- 
tion for the higher posts of industry, the function 
of the university is not so much to impart any 
particular branch of knowledge, as to provide the 
education that comes partly from intensive and 
accurate work and readiness in using it, and partly 
from the practical human nature study imposed 
by university life. Some difference may be found 
in the results obtained from any commercial 
training, and several universities lay themselves 


investigations into the properties of insulating oils 
have resulted in a further yearly saving of about 
one-third of that amount. The researches that 
have been conducted to discover the best form of 
nozzle for steam turbines have increased the 
efficiency of discharge by 3 per cent., representing 
an annual benefit to the supply authorities and 
their consumers of some 140,000/. Probably 
also the cost of insulation breakdowns has been 
reduced by one-half during the past few years. 
It may be added that the annual revenue of the 
supply authorities is 45,000,000/., and that a con- 
tribution of 10/. for each 25,000/. of this sum would 


out to ensure this, according as it is given before or | serve, with the amount received from the manu- 


after the student has had experience of commerce. 
The balance of opinion seems to prefer that the 


facturers, to provide the necessary tonic effect to the 
Association. Stated in this way it seems almost in- 


student should come back for any commercial | conceivable that the supply industry should be so 


training after he has made a start in commer- 
cial work. 


blind to its own interests as to make necessary an 


In practically all instances, however, | appeal of this kind, and still more surprising is it that 


the replies leave no doubt that the correct selection | in this respect matters are as bad as they were a year 
of the right type of man is of vastly greater import- | ago. 


ance than the selection of subjects in which he is 


There are, however, two reasons for this: One 


trained. As a whole, the evidence concurs injis that the ultimate management of the supply 
displacing the belief, hitherto often entertained, | undertakings is largely in the hands of locally- 
that university training operates to diminish a/| elected representatives, who are not aware of the 
man’s efficiency in commerce. It points to examples | importance of research to electrical development, 
of university-trained men who have made good|and the other is that they are not told often or 


in many instances in the highest posts. 


As yet, | loudly enough how important research is. These 


however, there is much to be learned before the | representatives are guardians of the public purse ; 
precise type of training for particular purposes | and one way of reducing the flow from that purse, 


can be defined in general terms. 


It seems likely | is to cut off expenditure on items, of which they do 


that, when it is appropriate to its purpose, it gives | not see the utility. That they are not aware of what 
the student a better start than his competitor, | is being done is emphasised by the fact that of the 
who lacks it. It is not clear, however, how long that | 200 reports on researches that have been made, only 
advantage lasts, nor that a slight misfit in the train- | 40 have been published. We are informed that the 
ing may not counteract it. The information will be | representation of the supply authorities and of the 
studied with profit, and it seems to suggest that with | consumers on the Governing Body is to be increased. 
the lapse of a little time it may be possible to apply | This is a step forward, as it will open the door a 


a closer quantitative check on the limits within | little wider. 


But we regard it as still more essential 


which university training gives the best assurance | that, without harming any interests, there should be 
of an efficient or commercial future, and to define | still more publicity. We hope both that this aspect 
the adjustments necessary to ensure that the two|of the problem will be recognised and that the 


gear smoothly together. 
of Kipling’s lama probably applies to University 
training for commerce no less than to the more 
general education regarding which it was expressed. 








THE FUTURE OF ELECTRICAL 
RESEARCH. 


Meanwhile the conviction | appeal for funds will be successful. 








NOTES. 
THE RE-CONSTRUCTION OF THE GROSVENOR CANAL, 


AN interesting stage in the history of an ancient 
water-way was reached on Wednesday, July 3, 


ALMosT exactly a year ago we drew attention to| when the Grosvenor Canal, London, was formally 


an appeal by the British Electrical and Allied 


Research Association, for funds to enable it to| Major V. B. Rogers, D.S.O., M.C.). 


re-opened by the Mayor of Westminster (Councillor 
This canal, 


carry on its work. Sufficient money was required | though the name is now a misnomer, has its outlet 
to meet the then expenditure of 25.0001. per annum, | into the Thames at a point between the Chelsea 
though the hope was expressed that that sum might | Suspension Bridge and the bridges by which the 
be doubled in five years. This appeal was coupled | Southern Railway system approaches Victoria Sta- 


with the statement that, unless support was forth- | tion. 


It marks the eastern outlet of the West 


coming, the Association was likely to be short-lived. | Bourne, a little-known river which flows from Kensal 
We should be among the first to regret such a/| Rise through the Serpentine in Hyde Park, and was 
dissolution, as we are fully aware of the useful | originally constructed under a charter granted to the 


work the Association has done during the past| Chelsea Waterworks Company in 


1724. This 


nine years, but it seems from a letter, signed by | charter empowered the company to take water from 
Dr. R. T. Glazebrook, who it will be remembered | the Thames for supplying Chelsea and Westminster, 
is chairman of a conference appointed last year | and a lock and basin, which were then constructed, 
to consider the reorganisation of that body, that | enabled water to be impounded for that purpose. 
danger is not yet averted. Now the cure for|In 1824, the Earl of Grosvenor re-constructed the 





anemia of this kind is money ; and there is sufficient | canal and provided a tidal lock, so that the water- 


way could be used for commercial purposes, while the 
restrictions placed on the water supply companies 
in 1852 caused it gradually to be mainly used by the 
Vestry of St. George’s, Hanover-square, for barging 
away house and street refuse and for bringing in 
road and other material, especially when the enlarge- 
ment of Victoria station led to a considerable 
section of the upper part of the canal being filled in. 
In 1906, the Westminster City Council purchased the 
freehold of the canal and the adjoining site, and in 
1927, by which time certain leases had fallen in, 
decided to concentrate the work of treating and 
disposing of the whole of the City’s refuse on this 
site. In order to make this possible it was neces- 
sary to widen the lock entrance, so that the basin 
could be used by the largest Thames barges and to 
re-construct the Grosvenor Road Bridge. In addi- 
tion, a new lock has been constructed, to replace the 
one built in 1824, across which a swing bridge has 
been thrown to improve communications on the 
site. Other work includes the reclamation of the 
northern portion of the canal, covering some 8,385 
square yards, and the erection and widening of 
quays and roadways. Some 26,000 tons of material 
were excavated and used for filling in the reclaimed 
portions of the canal, while 22,400 tons of mass 
concrete and 380 tons of steel piling were employed in 
the construction of the new entrance, lock and quay 
walls. The results are that the total length of the 
canal and basin has been reduced from 1,310 ft. to 
490 ft. and the average width of the canal from 
76 ft. to 60 ft. On the other hand, the width of the 
river entrance has been increased from 21 ft. 10 in. 
to 35 ft., the length of the lock from 103 ft. to 140 ft. 
and the width of the lock from 19 ft. 7 in. to 25 ft. 
4in. The average width of the basin is now 130 ft. 
The consulting engineer for this work, which was 
carried out in twelve months, was Mr. G. J. Griffiths, 
M.Inst.C.E., engineer to the Thames Conservancy, 
while the contractors were Messrs. L. J. Speight, 
Limited, of Sardinia House, Kingsway, London, 
W.C.2. It is proposed to employ the reclaimed land 
as a central depot for the works department of the 
Council, for the erection of a refuse pulverising plant 
and for workmen’s dwellings. 


Jornt ENGINEERING MEETING aT NEWCASTLE. 


As readers of ENGINEERING will have no diffi- 
culty in gathering from our columns, the summer 
meeting season is now in full swing. It has, in 
fact, become the fashion for more and more technical 
societies to devote a few days or a week at this 
time of the year to visiting some town, which is 
more or less closely connected with their own 
interests. Sometimes these visits are entirely of a 
social character, but more often papers are pre- 
sented for discussion and we are therefore faced 
with the difficult task of finding space to deal with 
these communications. This task is not rendered 
easier when, as sometimes happens, the functions 
clash. We therefore feel inclined to congratulate the 
North-East Coast Institution of Engineers and Ship- 
builders and the Institution of Engineers and Ship- 
builders in Scotland on having decided, not for 
the first time, to hold a joint meeting. The meeting 
took place this week at Newcastle-on-Tyne, four 
papers on subjects with which these bodies are 
intimately concerned being presented. The first 
paper was by Mr. John Ireland, and dealt with ‘‘ The 
Applications of Monel Metal in Engineering and 
Shipbuilding.” Reference was made to the origin 
of this nickel-copper alloy, and its strength, tough- 
ness and mechanical qualities were compared with 
those of other metals. Its corrosion-resisting pro- 
perties, when exposed to sea water, were also dis- 
cussed, while its strength at high temperatures and 
its suitability for valves, valve seatings and turbine 
blading, when superheated steam is used, were 
dealt with. The methods of manipulating it were 
described and its use for welding broken iron cast- 
ings was mentioned. “The Story of Safety at 
Sea” was the title of a paper presented by Sir 
Westcott Abell. In this, the various steps that have 
been taken to secure the safety of the ship 
and of those sailing in her were detailed. The first 
of these criteria was covered by the Freeboard 
Regulations for Cargo Steamers and the Regulations 
for the Construction of Passenger Ships, and the 
second by the Rules for Life Saving Appliances. The 





historical development of these codes down to the 








present day was discussed, and, as an indication of 
their utility, it was pointed out that, while from 
1905 to 1914 44 British vessels, with a total gross 
tonnage of 185,400 tons, had been lost, the corre- 
sponding figures for the period from 1920 to 1927 
were 18, and 92,800 tons. In a paper on “ Develop- 
ment in the Uses of Electricity,” Mr. R. P. Sloan 
said that about 188,000 h.p. of motors were in use 
in the shipyards and engineering works connected 
to the Newcastle-on-Tyne Electric Supply Com- 
pany’s system, while the electricity consumed by 
them represented 48 kw.-hours per ton of shipping 
launched. The utilisation of waste heat from coke 
ovens, which had been rendered possible by co- 
operation, enabled some 150,000 tons of coal per 
annum to be saved. In the iron and steel works in 
the district there were some 100,000 h.p. of electric 
motors, including one 20,000 h.p. unit, while the 
collieries were consuming about 350,000,000 kw.- 
hours per annum, or about 7 kw.-hours per ton of 
coal raised. The aggregate continuous electrical 
rating of the winder motors installed was 25,000 h.p. 
The use of electricity for industrial heating was one 
of the most likely directions in which development 
would take place, as in many cases it meant greater 
economy, ease of control and cleanliness, with a 
reduction in the number of rejects. The load to 
be obtained in this way was some three or four 
times the power load. The advantages of increasing 
the use of electricity for traction purposes and in 
agriculture were also discussed. The last paper was 
by Mr. J. L. Adam on “ Some Notes on Damage to 
Ships.” We propose to deal with this more fully 
in a later issue, so that it need only be said here 
that it described the damage sustained by a ship’s 
structure under ordinary service conditions and 
drew attention to the difficulty of differentiating 
between wear and tear and corrosion initiated by 
improper design. In the course of the meeting, 
visits were paid to the North-East Coast Exhibition 
and to various works in the neighbourhood. 


THE SUMMER MEETING OF THE 
INSTITUTION OF MECHANICAL 
ENGINEERS. 


(Concluded from vol. cxxvii, page 826.) 


WE concluded the first portion of our account 
of the summer meeting at Manchester of the 
Institution of Mechanical Engineers by a reference 
to the programme of visits arranged for the after- 
noon of the opening day. The next day, Wednesday, 
June 26, was set aside for three whole-day visits. 
The first on the list was to the works of Messrs. 
Leyland Motors, Limited, at Leyland. Here, in the 
north and south works, the manufacture of motor 
omnibuses, touring coaches, and other commercial 
vehicles was followed through all its stages. Then, 
after being entertained to luncheon by the company, 
the party separated, one group visiting the Leyland 
foundry at Farington, and the other inspecting the 
subsidiary works at Chorley. Among the interesting 
demonstrations given at the former establishment 
was that of operating the tilting electric steel 
furnaces used in the foundry, while, at the latter 
place, a display of the Leyland-Metz automatic 
fire escape attracted much attention, the Chorley 
works being largely occupied on the production of 
motor-driven fire engines and like appliances. 
At both Leyland and Chorley the stock-keeping 
arrangements were noticeable for their extent and 
completeness. 

The alternative whole-day visits to works con- 
sisted, in the morning, of an inspection of the main 
departments of the works of Messrs. Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park. 
These works were recently described in a series of 
articles which appeared in ENGINEERING, vols. cxxv 
and cxxvi, and a bound reprint of these articles was 
presented by the company to each of the members 
in the course of the visit. As was to be expected 
from the great size of this works and the variety 
of its products, there were many points of interest. 
The visit to the high-voltage laboratory, for example, 
was a novel experience to most of the party; we 
reproduce photographs of parts of this laboratory 
in Figs. 2 and 3, page 16. There are two 500,000- 
volt transformers, of the company’s own design and 
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manufacture, which can be connected in series to 
give 1,000,000 volts. These transformers are 
shown in Fig. 2. The insulation of one tank, for 
500,000 volts to ground, is seen below the transformer 
in front. It consists of bakelite-paper cylinders, 
3 ft. 6 in. in diameter by 11 ft. long. These support 
a total load of nearly 50 tons. The two large drums 
above the same transformer form an air condenser, 
which is believed to be the highest voltage precision 
air condenser in existence. It is used up to 
1,000,000 volts for making measurements of abso- 
lute voltage and also for making bridge measure- 
ments of dielectric losses. 

The oil tank at the right of the figure is 25 ft. in 
diameter and has a capacity of 17,000 gallons. It 
is used in connection with tests on oil-immersed 
apparatus, at temperatures up to 90 deg. C. On 
the left is seen a large sphere spark-gap used in 
connection with voltage measurements. It has 
a motor-driven adjustment, provided with a micro- 
meter for accurate measurement of the gap. The 
equipment shown in the centre of Fig. 3 is a new 
feature of the laboratory and is believed to be the 
first of its voltage constructed in this country. 
It is an impulse generator for 1,000,000 volts, the 
periodic impulses giving a steep wave-front lightning 
effect discharge, and is designed for the study of the 
effect of lightning on outdoor transmission lines and 
other apparatus, a matter of considerable importance 
in view of the development of the grid system. 
In this connection it may be noted that equipment 
for reproducing varying atmospheric conditions is 
provided. At the right hand is seen a high-fre- 
quency transformer which gives damped oscillations 
with a frequency of 100,000 at voltages up to 
750,000. In the background of the figure is seen 
one of the two 500,000 volt transformers already 
alluded to. 

Another feature which aroused much interest 
was the turbine shown in Fig. 1, page 16. This, 
as will be gathered from the well-lagged steam 
pipes, was, at the time of the visit, under test, 
but it is necessary to point out that the generator 
shown in the illustration does not belong to 
the set but was used to provide a load. The 
turbine is to form part of the power station of a 
large chemical works, now under construction for 
Messrs. Synthetic Ammonia and Nitrates, Limited, 
a subsidiary of Messrs. Imperial Chemical Industries, 
Limited. It is designed to operate with steam at a 
pressure of 630 lb. per square inch, with a superheat 
temperature of 833 deg. F., and develops 12,500 kw. 
at 2,400 r.p.m. The service rating is, however, 
about 12,000 kw., at which output the turbine 
will exhaust approximately 12,870,000 lb. of steam 
a day at a pressure of 275 lb. per square inch, and 
a temperature of 662 deg. F. There are three of 
these sets, termed the primary sets ; two condensing 
sets of the same capacity, viz., 12,500 kw.; and 
three feed-heating sets of 6,000 kw., the eight 
alternators of which generate three-phase current at 
6,300 volts and 40 cycles. Two sets in each of these 
groups will be working when the station is on full 
load, the remaining set, in the first and third 
groups, being used as a stand-by. 

As will have been inferred from the high pressure of 
the exhaust steam of the primary turbines, mentioned 
above, this steam is utilised for manufacturing 
process work ; indeed, more than half of the total 
steam generated in the boilers is thus employed after 
having passed through these turbines. It will be 
led to a set of steam receivers, whence it will be 
distributed, the greater part being taken to various 
parts of the chemical plant. Of the remainder, 
some is taken to the last stage feed heaters, while 
the condensing and feed-heating turbo-alternators 
are also operated by it. The feed-heating turbines 
are designed to take superheated steam at a pressure 
of 260 Ib. per square inch and to exhaust at a pres- 
sure slightly below that of the atmosphere. This 
exhaust steam will be led partly to the first-stage 
feed-heaters, the remainder being supplied to the 
evaporating equipment. The condensing turbines are 
intended to act as equalisers for the system. The con- 
ditions of service do not permit of fluctuations of load 
being carried by either the primary or the feed- 
heating turbines, and all fluctuations in steam de- 
mand or electrical output, or both, will therefore be 





carried by the condensing turbo-alternator sets. This 
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installation, with a total capacity of over 80,000 
kw., on account of its unusually large scale, should 
form a striking and instructive example of the 
economical use of coal, first by obtaining electric 
power through turbo-generators and then by the 
utilisation of the remaining heat for process work. 

At the conclusion of the inspection of the works 
the party were entertained to luncheon by Messrs. 
Metropolitan-Vickers, in the course of which Sir 
Philip Nash said that though the organisation of the 
works might appear too elaborate it must be remem- 
bered that something like 27,000 to 30,000 individual 
orders had to be dealt with each year, of which the 
average value in money was 115/., though some, of 
course, ran to hundreds of thousands of pounds. After 
lunch, the party broke up into several groups for 
the inspection of other works on the Trafford Park 
Estate. One of these groups visited the Barton 
Electric Power Station and was thence transported 
back to Manchester by the Ship Canal. Others visited 
the works of Messrs. The Ford Motor Company, 
Messrs. W. T. Glover and Company, Messrs. The 
Carborundum Company, Messrs. The Superheater 
Company, or Messrs. Taylor Brothers and Company, 
according to whether the manufacture of motor-cars, 
electric cables, abrasives and refractories, super- 
heaters, or railway wheels, tyres and axles, made the 
strongest appeal. In each case, tea was provided by 
the company concerned. The third whole-day visit 
was designed for the ladies attending the meeting, 
and included a garden party at Combermere Abbey, 
by invitation of Sir Kenneth I. Crossley and Lady 
Crossley, as well as luncheon at Nantwich, by invi- 
tation of the Manchester Reception Committee. 

The Institution dinner was held in the evening 
at the Midland Hotel, and some 350 guests attended 
this successful function. In proposing the toast 
of ‘Manchester,’ Lieut.-Col. E. Kitson-Clark 
attributed the growth of the city largely to enter- 
prise and craftsmanship, which had their roots in 
the sound education which Manchester had provided 
from early times. The famous Grammar School 
was an old foundation, and Owens College a pioneer 
example of technical education. He referred to 
Mr. R. W. Bailey’s paper at the first meeting as a 
scholarly and instructive contribution of the greatest 
value. This toast was replied to by the Lord Mayor, 
Councillor Lieut.-Col. George Westcott, who pointed 
out the importance of the district to the industrial 
life of the country, there being a quarter of the whole 
population concentrated in a radius of 50 miles from 
Manchester. He concluded by making an appeal 
for a more optimistic outlook; the frequent depre- 
cation of the trading conditions now obtaining, 
he thought, was not justified. The Right Hon. 
Lord Colwyn proposed the toast of the Institution, 
and, in the course of his speech, referred to the debt 
owed by Manchester to the great-uncle and namesake 
of the President, for his strenuous work in the 
initiation of the Ship Canal scheme. While Man- 
chester was, on the whole, prosperous, they were 
passing through times in the cotton industry which 
were paralysing, and he appealed to engineers to 
continue research and seek for means of increasing 
production, as engineering was now the base of all 
industry. The President, Mr. Daniel Adamson, 
in reply, emphasised the value of efficient means of 
transport to industry, and pointed out that mechan- 
ical engineering itself was developed chiefly by 
the need for transport. The Institution must never 
forget its first president, George Stephenson, at its 
larger functions, and, in this connection, he was pleased 
to announce that Mr. Richard W. Allen proposed 
to present to the Institution a replica of the tablet 
recently unveiled at Wylam on the cottage in which 
Stephenson was born. Mr. Adamson also referred 
to a possible site in Manchester for a central build- 
ing to house all the city’s technical associations. 
He had had suitable plans prepared in 1922. The 
building would cost about 30,000/.,. and that of the 
land might be put at 20,0007. 

A wide choice of visits was available on Thursday: 
all of which were well attended. The London, Mid- 
land and Scottish Railway Company provided a 
special train, on which luncheon and tea were served, 
for a visit to its Newton Heath Carriage and Wagon 
Works, and to its Crewe Locomotive Works. This 
latter visit was of special interest in view of the paper 
on the reorganisation of the Crewe Works recently 
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presented to the Institution.* Messrs. Crossley 
Brothers received a party at their Openshaw and 
Erwood Park Works, where the development of the 
original gas engine to the most modern forms of 
internal-combustion engines operating on a wide 
range of fuels was illustrated in a most interesting 
manner. After luncheon in the Crossley Club, by 
invitation of the company, the party visited the 
works of Messrs. Crossley Motors, Gorton, at which 
motor-cars and omnibuses and other commercial 
vehicles are constructed. The chassis of one of the 
latter afforded the visitors an opportunity of a close 
examination of the ingenious rear-axle adjusting 
mechanism of the six-wheeled War Office type 
vehicle described in Captain Kuhne’s paper} before 
the Institution. 

Other parties inspected the internal-combustion 
engine and suction-gas plants in process of manu- 
facture at the works of Messrs. The National Gas 
Engine Company, Ashton-under-Lyne, or the 
making of Diesel type engines at those of Messrs. 
Mirrlees, Bickerton and Day, Stockport, in each 
case being entertained to luncheon by the company. 
Both parties then proceeded to Thornycroft Hall, 
Siddington, by invitation of Mr. H. N. Bickerton, 
and Mrs. Bickerton. A somewhat unusual, but 
interesting experience, was afforded those members 
who availed themselves of the invitation of Messrs. 
The Salt Union, Winsford, to inspect its salt mine 
and works. This party afterwards proceeded to the 
Percival Lane Electricity Works of Messrs. The 
Mersey Power Company, where, after an inspection 
of the plant, they were entertained to tea in the 
Power Station. Other manufacturing processes in- 
cluded in this day’s programme were steel-making at 
the works of Messrs. The Partington Steel and Iron 
Company, Irlam; gas-making at the Manchester 
Corporation Gas Works, Partington; the manu- 
facture of driving chains at Messrs. Hans Renold’s, 
Didsbury ; and the production of tyres, belting, 
hose, and waterproof garments at Messrs. Dunlop 
Rubber Company’s branch under Messrs. Charles 
Macintosh and Company. Hospitality in the form of 
luncheon or tea was extended by all these firms. 

Thursday evening was set apart for a Conver- 
sazione at the Municipal College of Technology, 
by invitation of the Manchester Reception Com- 
mittee. All the laboratories and workshops were 
thrown open to the members, and interesting demon- 
strations were provided by an attentive staff of the 
many activities of the College. 

On Friday, in addition to local visits to works, 
two long excursions were arranged, viz., through 
the Peak District, and to Chester, respectively. On 
the latter excursion, opportunities were provided 
for visiting the works of Messrs. Brookhirst 
Switchgear, and Messrs. The Hydraulic Engineering 
Company. The visits in the Manchester area 
attracted parties to the works of Messrs. Thomas 
Robinson and Sons, Rochdale, and the Dunlop 
Cotton Mills, Castleton; or to Messrs. Linotype 
and Machinery Company, Altrincham ; Messrs. The 
Churchill Machine Tool Company, Broadheath ; 
Messrs. George Richards and Company, and Tilgh- 
man’s Patent Sand Blast Company, Broadheath ; 
and Messrs. The Budenberg Gauge Company, Altrinc- 
ham. Other parties visited, first, the works of Messrs. 
Ruston and Hornsby, and then that of Messrs. Craven 
Brothers, both at Reddish, and yet another party 
visited Messrs. The Vulcan Foundry Locomotive 
Works, Newton-le-Willows. On all the above-men- 
tioned visits, every care was taken to make the 
visits interesting, and hospitality was provided in the 
form of luncheon or tea, according to the time of 
the visit, by each of the firms concerned. Although 
not on the official list of visits, a small party took 
advantage of the invitation of the engineers of the 
Mersey Tunnel to inspect the works at the Birken- 
head end of the tunnel. It should be pointed out 
that the list of works, mills, &c., which were open 
for members’ inspection during the week comprised 
seventy names. Some of these are included in the 
visits recorded above. Others, which lack of space 
prevents us from naming, were visited by individual 
members as their tastes dictated. 

The meeting was officially concluded by a cere- 
mony which is believed to be unique in the annals 
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of the Institution, namely, the conferring of a 
University Degree upon a President during his year 
of office. The members were received on Friday 
evening in the Whitworth Hall of the University 
of Manchester by the Chairman of the Council and 
Mrs. Worthington, and by the Vice-Chancellor 
and Mrs. Moberly. After the reception, the Presi- 
dent, Mr. Daniel Adamson, and Sir Henry Fowler, 
Past-President, were presented to the Vice-Chan- 
cellor and received at his hands the degree of Doctor 
of Science, Honoris Causa. The presentations were 
made by Honorary Professor 8S. Alexander. 

For many reasons, the Manchester meeting of 
1929 will be a memorable one, and the Reception 
Committee is to be congratulated on the excellence 
of its arrangements. Everything was carried out 
with the utmost smoothness, and this creditable 
state of affairs, no doubt, was largely due to the 
Chairman of the Executive Committee, Mr. H. L. 
Guy, and the joint honorary secretaries, Mr. Harry 
Richardson and Professor Dempster Smith, and the 
Institution’s permanent staff. 








GRAIN TEMPERATURE-INDICATING 
APPARATUS. 


Ir is a matter of common knowledge that grain, 
under certain conditions, is liable to spontaneous 
heating in the storage bins and is thus, not infrequently, 
a source of considerable anxiety to the owner. Probing 
with the object of detecting the heating is not satis- 
factory, as it is a troublesome operation and the hot 
part, if it exists, is quite likely to be missed. There 
are drawbacks also to the process of ‘‘ turning over ” 
the grain periodically, i.e., of moving it from one bin 
to another, since, in addition to the actual cost of the 
operation, a certain amount of the grain is lost. To 
overcome these objections, and to enable the tempera- 
ture of the grain in the bins to be determined at any 
moment with the minimum of trouble, Messrs. Spencer 
(Melksham) Limited, of Melksham, Wiltshire, have 
developed a system of distance thermometry for 
application to grain storage, several installations of 
which, we understand, are now in satisfactory operation. 

On this system, electrical resistances, in the form of 
small coils of wire, are fitted in the bins, the coils being 
located in the grain either 5 ft. or 10 ft. apart. The 
wires in the bins forming the electrical connections to 
the coils are enclosed in heavy steel tubes, designed to 
withstand the pressure of the grain and also the drag 
of the latter which occurs when the bin is being 
emptied. The tubes, it should also be mentioned, are 
supported in a special fitting at the top and the lower 
end is free to swing. From the tubes, the wires are 
led, in the form of a multiple cable, to a switchboard, 
located in any convenient position, and lever switches 
on the board enable any of the coils in the bins to be 
connected in one arm of a Wheatstone bridge. The 
switches are arranged to close the battery and galvano- 
meter circuits simultaneously, and as the galvanometer, 
which is actually a sensitive milli-voltmeter, is gradu- 
ated in degrees Fahrenheit or Centigrade, or both, the 
temperature of any of the coils, and consequently that 
of the grain in which the coil is immersed, can be 
determined at once by closing the appropriate switch. 

It is also possible, of course, to arrange for one of the 
coils in the centre of each bin to be connected to a 
recorder, so that a continuous record of the temperature 
of any grain which may have arrived, or is known to be, 
in a doubtful condition can be kept. The indicating 
thermometers can be operated by a dry cell, which, 
since the current consumption is practically negligible, 
should last for about a year. As already stated, a 
number of installations of the type described are now 
in operation, and, in one of these, the switchboard is 
designed for connections to 774 thermometer coils and 
has five indicating instruments. The latter are of the 
edge-reading type and are usually supplied with 10-in. 
scales. 








Royat Arr Force Arrcrarr APPRENTICES.—Six 
hundred aircraft apprentices, between the ages of 15 and 
17, are required by the Royal Air Force for entry into 
the Schools of Technical Training at Halton, Bucks, and 
at Cranwell, near Sleaford, Lincs. They will be enlisted 
as the result of an Open Competition and of a Limited 
Competition, which will be held in the near future by 
the Civil Service Commissioners and the Air Ministry, 
respectively. Successful candidates will be required to 
complete a period of twelve years’ regular Air Force 
service from the age of 18, in addition to the training 
period. At the age of 30 they may return to civil life, 
or may be permitted to re-engage to complete time for 
pension. Full information regarding the dates of the 
respective examinations, the methods of entry, and the 
aircraft apprentice scheme generally, may be obtained 
if early application is made to the Royal Air Force, 
Gwydyr House, Whitehall, London, 8.W.1. In this 
connection, the sons of officers, warrant officers and senior 
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LABOUR NOTES. 
In his presidential address to the annual conference 
of the National Union of Railwaymen, which opened at 
Southampton on Monday, Mr. J. Gore said that while, 
for the moment, the political side of their movement 
might have overshadowed the industrial side, they 
must be alert to the importance of the latter, as it 
could be safely predicted from past experience that, 
having received a setback politically, capital would 
seize each and every occasion to subjugate their hard- 
won rates of pay and conditions of service. Already, 
by a process of nibbling and distortion, their own 
national agreements of 1919 and 1920 had been reduced 
to a skeleton of the originals, though, fortunately, the 
skeleton contained their vital principles ; and it would 
require the whole of their trade union efforts to retain 
those principles intact. Since their last meeting, they 
had sacrificed 2} per cent. of their earnings. He trusted 
that it would not become part of trade union education 
that reductions in wages would assist industry. If 
railways, which were essential to the life of the nation, 
could not meet their obligations to the public and 
the employees without reducing wages to a level which, 
in many cases, deprived the workpeople of the right to a 
decent living wage, then the alternative was national- 
isation. Difficult times lay ahead, but they would 
be faced, he hoped, with the bold determination that 
had carried the National Union of Railwaymen to its 
present proud position. 





Speaking during the discussion at the annual confer- 
ence of the National Union of Railwaymen on the 
question of the Trade Disputes and Trade Unions Act, 
Mr. Cramp, the organisation’s Industrial Secretary, is 
reported to have said that the Labour Party knew 
perfectly well what the obnoxious clauses of the measure 
were. Until the exact contents and form of the 
amending Bill are known, it is, in our opinion, to take 
a risk to be definite, but, obviously, there are some 
clauses in the Act about which extremists make an out- 
cry, that even a Labour Government will be wise to 
retain for its own protection. The strength of the 
Trade Union element in the present Parliament may 
easily prove to be the Labour Government’s weakness. 





The Prime Minister, accompanied by several leading 
members of the Cabinet, has had interviews with 
representatives of the Miners’ Federation of Great 
Britain, and representatives of the Mining Association 
on the subject of the condition of the coal industry. 
The official reports circulated after the conferences did 
not indicate the particular phases of the question that 
were discussed, and, in these circumstances, it will be 
wise to defer definite conclusions until the Government 
declares its attitude. One thing is, however, certain. 
The industry, as it is at present organised, cannot 
concede the Federation’s demand for reversion to the 
seven hours’ day and national negotiations on wages, 
and the sooner that is realised by Mr. Cook and those 
who share his views, the nearer we shall be to a solution 
of the industry’s difficulties. 





The weekly official organ of the International 
Labour Office states that the Italian Ministry of 
Foreign Affairs has issued to the inspectors of 
emigration, the emigration delegates entrusted with 
the recruiting of labour for foreign countries, and the 
prefects of the provinces, a circular prohibiting any 
recruiting for foreign countries among workers in 
employment. The circular indicates that the object 
of this provision is to prevent the economic loss which 
the nation would suffer from the emigration of highly 
skilled workers possessing a knowledge of special 
processes of production, or even of workers who are 
in any employment. 


Russian newspapers are calling attention to a 
continual increase in the cost of living. It is pointed 
out that the index numbers of the cost of living, 
calculated on the basis of the minimum monthly 
budget of a worker, increased by 6-3 per cent. during 
the first half of the financial year 1928-29. The 
increase was 6-5 per cent. in Moscow and 7-4 per 
cent. in Leningrad. The highest increase, amounting 
to from 9 per cent. to 10 per cent. is shown in agri- 
cultural produce, while the prices of industrial 
products have risen by 2 per cent. The General 
Council of Trade Unions has examined the question 
and arrives at the conclusion that these figures do 
not give an exact indication of the position, since 
the consumers’ co-operative societies are only increasing 
to a relatively slight extent the prices of the products 
of which the workers’ minimum monthly budget is 
composed, while making much greater increases in 
other goods. According to TJrud, the minimum 
monthly budget of a worker includes a very limited 
selection of goods. Moreover, the Moscow worker 
has long ago replaced most of these goods by objects 
of better quality. For instance, the budget includes 
kitchen utensils of cast iron, while the worker prefers 
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aluminium; it includes the commonest quality of 
soap, and high boots, while the worker prefers’shoes 
and a better quality of soap. Again, the budget 
only makes provision for coarse woollen stufis, while 
the worker generally buys ready-made clothes. 





In Moscow the consumers’ co-operative society, 
between October, 1928, and March, 1929, increased 
the prices of shoes by from 10 per cent. to 30 per cent., 
those of kitchen utensils by from 7 per cent. to 14 per 
cent., those of clothing by 15 per cent., those of coffee 
by 150 per cent., and those of cheap preserves by 
15 per cent. Here again there is no question of 
luxuries, but of products of current use consumed 
by the worker, although not recognised by the budget. 
The co-operative societies have also increased the 
prices of certain products such as salt and oil. On 
an average, the selling prices of the co-operative 
societies increased by 10 per cent. up till the middle 
of March. The worker must spend from 10 per 
cent. to 30 per cent. more than is indicated by the 
index numbers of the cost of living, based on the 
worker’s budget, which no longer expresses the real 
situation. The rise in prices, according to the 
General Council of Trade Unions, may be explained 
partly by the growing difficulties of provisioning 
urban centres, and partly by the desire of many 
co-operative societies to take the fullest possible 
advantage of the present economic situation. The 
General Council urges the workers’ co-operative 
societies and the trade unions to devote special 
attention to the problem of the cost of living, since 
it is evident that the present state of things is having 
a serious effect upon the real value of wages. 





Addressing the annual conference of the National 
Federation of Building Trades Operatives, Mr. Thomas 
Barron, the president, said that no one at this time of 
day seriously questioned that trade unionism had 
been of enormous benefit to the workers in every in- 
dustry, and certainly of incalculable benefit to those 
in the building trades. One could go even further 
and state quite emphatically that, but for the work of 
the trade unions, the building industry would be a 
mere chaotic scramble, of use neither to those engaged 
in it, nor to the public whom it was supposed to serve. 
Trade unionism had been one of the greatest factors 
in any progress that industrialism had made, and had 
contributed more than any other to the general progress 
and stability of the country itself. 

The impartial historian of the past hundred years 
would give a high place, Mr. Barron added, among the 
institutions that had made for sane, ordered progress, 
to the trade unions. 


An Act of January 10, 1929, introduces in Italy, 
compulsory sickness insurance for seamen and airmen. 
Up till the present, The Ministry of Labour Gatette 
says, no general health insurance system has been 
established in Italy, and seamen have been protected 
by those sections of the Commercial Code, which provide 
that, in the event of sickness or injury during a voyage, 
a seaman is entitled to his wages and to medical 
attention at the expense of the ship. The new Act 
makes sickness insurance compulsory for all persons 
employed in civil, maritime, and aerial undertakings 
(exclusive of those employed in the administrative 
services of such undertakings), and represented by the 
National Fascist Confederation of Seamen and Air- 
men. Persons of foreign nationality are covered by 
the scheme, in so far as the legislation of the States 
to which they belong guarantees equivalent protection 
to Italian workers. The insured person is entitled either 
to free medical treatment and to his wages in accord- 
ance with the relevant sections of the Commercial 
Code (which are now extended to cover airmen), 
or to free medical treatment and a daily allowance 
in all cases of illness not involving the application of 
the provisions of the Code. 





In the event of the insured person’s death, a month's 
wages is paid to his widow or children. Maternity 
benefit is payable in respect of women covered by 
the new Act. The dependents of persons insured 
under the Act will be entitled to medical and maternity 
benefits either gratuitously or subject to an increased 
contribution by the insured person. Voluntary 
insurance is permitted under certain conditions for 
persons for whom the obligation to insure has ceased. 
The insurance funds are provided by contributions 
paid by employers, to cover the cost of the fulfilment 
of their obligations under the relevant sections of 
the Commercial Code, and by contributions paid 
jointly by employers and employed persons to cover 
the new benefits provided by the Act; the latter 
contributions must not exceed 4 per cent. of the 
insured person’s wage. The administration of the 
Act is entrusted to an incorporated institution known 
as the Sickness Insurance and Social Welfare Fund 
for Seamen and Airmen. 
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The General Council of the Trades Union Congress, 
at a meeting in London last week, reviewed the position 
created by the General Election, and passed a resolution 
welcoming the prospect of securing early legislation 
for the restoration of the law regarding trade unions 
to its position prior to the passing of the Trade Disputes 
and Trade Unions Act, 1927. The Council did not 
appoint their representatives on the joint committee of 
employers’ organisations and trade unions, which is 
to consider the question of industrial relations, as 
certain details have yet to be adjusted. 





At the Twelfth Session of the International Labour 
Conference at Geneva, Mr. Forbes-Watson, the British 
employers’ representative, alluded to the new attitude 
which the British Government had taken up towards 
the Washington Hours’ Convention. For his own 
part, he said, he still considered that if the Convention 
were not freed of all the difficulties and ambiguities 
it contained it would be difficult to carry it out. The 
considered view of British employers was that the 
Washington Hours Convention, whether with or without 
the London Agreement, was not an instrument cal- 
culated to bring about any appreciable measure of 
uniformity in the working hours of the various coun- 
tries. The employers still considered that its revision 
was necessary. 





New demands have been formulated by the Railway 
Labour Executives’ Association of the United States, 
which includes 22 railway brotherhoods. In their 
new programme, the unions ask for not less than one 
day’s rest in seven, a maximum eight-hour day, the 
amendment of existing legislation on hours of work, 
and a series of measures calculated to reduce unemploy- 
ment or short time and stabilise conditions of employ- 
ment. These include a minimum five-day week and 
six-hour day, with a progressive shortening of this 
period without reduction of wages; establishment of 
a minimum number of each class of employee with a 
minimum guaranteed annual employment for the 
ensuing year; improvement of methods of rationalisa- 
tion from the point of view of their social effects ; and 
increase in overtime rates, so as to discourage the 
overworking of a minimum number of employees, 
instead of employing a maximum number at straight 
time rates. 





On June 24, 1929, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,117,800. Of these, 763,900 were 
wholly unemployed, 276,000 were temporarily stopped, 
and 77,300 were persons normally in casual employ- 
ment ; 875,100 were men, 27,100 boys, 191,300 women, 
and 24,300 girls. Of 1,122,713 on the registers on 
June 17, 1929, 775,863 were wholly unemployed, 
271,111 were temporarily stopped, and 75,739 were 
persons normally in casual employment; 878,220 
were men 27,670 boys, 191,773 women, and 25,050 
girls. The number of unemployed persons on June 25, 
1928, was 1,192,564, of whom 959,085 were men, 
28,045 boys, 180,208 women, and 25,226 girls. 





A joint conference took place in Manchester on 
Tuesday between representatives of the Federation of 
Master Cotton Spinners’ Associations, the Cotton 
Spinners’ and Manufacturers’ Association, the Cardroom 
Workers’ Amalgamation, and the Operative Spinners’ 
Amalgamation, for the purpose of considering the 
application of the employers for a reduction of 12-82 per 
cent in the wages of all workpeople engaged at their 
mills, in accordance with the notice already given. 
Mr. F. Holroyd, president of the Federation, occupied 
the chair, and stated the case for the employers. 
Mr. H. Boothman, Operative Spinners’ Amalgamation, 
and Mr. Joseph Frayne, Cardroom Amalgamation, 
replied for the operatives, and definitely stated that 
they were unable to entertain the claim of the em- 
ployers. The result was not unexpected in view of the 
Government’s decision, made known two hours before 
the conference was due to begin, to hold an inquiry 
into the condition of the cotton industry. 





The strikes of members of the Transport and General 
Workers’ Union, which have taken place at several 
ports during the week, are expressions of an idea which 
may have inconvenient effects for the strikers. Under 
an agreement between the Shipping Federation and 
the National Union of Seamen, membership of that 
Union is a condition of employment, as seaman or 
fireman, on board vessels belonging to members of 
the Federation. The Transport and General Workers’ 
Union have formed a Marine Section, and in the course 
of developing it, are demanding the abolition of that 
condition. The strikes of dockers are ‘‘ sympathetic 
movements.” The agreement between the Shipping 
Federation and the National Union of Seamen embodies, 
of course, an ideal which every trade unionist is 
constantly striving to realise, and the principle is 
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not really affected by the action taken by the Trades 
Union Congress against the National Union of Seamen. 





The economically disastrous effects of repeal of 
the Mines Eight Hours’ Act were indicated last week 
by Mr. Spencer, the agent of the Nottinghamshire 
Industrial Miners’ Union. Nottinghamshire, he said, 
would suffer less by a return to a seven-hours day 
than almost any other coal-field, but in parts of Scot- 
land and in Durham, Northumberland, Lancashire, 
and South Wales it would mean an increase of from 
ls. 3d. to 28. a ton on the cost of production, which 
would be followed by the closing of-many pits. The 
effect of a national agreement in place of the present 
district agreements would be, he added, to pull down 
wages in Nottinghamshire in order to improve them 
elsewhere. The Nottinghamshire agreement was in- 
comparably the best in the country. The wages for 
the past twelve months had averaged 10s. 6d. a shift 
as compared with 7s. 4d. in Northumberland and 
78. 1ld. in Durham. 








THE NORTH-EAST ENGLAND 
ELECTRICITY SCHEME. 


In accordance with Section 4 of the Electricity 
(Supply) Act of 1926, the Central Electricity Board 
on June 26, published a scheme for North-East Eng- 
land,* which they had received from the Electricity 
Commissioners. This is the sixth scheme that has been 
published, since the formation of the Central Elec- 
tricity Board some two and a-half years ago, the others 
covering Central Scotland, South-East England, 
Central England, North-West England and North 
Wales, and Mid-East England respectively.t To 
complete the re-organisation for England it only 
remains to publish schemes dealing with South-West 
England and South Wales, and East Anglia, and we 
understand that this will be done before the end of the 
present year. Schemes covering Northern and Southern 
Scotland are also promised for 1930, and with the 
appearance of these the re-organisation envisaged by 
the 1926 Act will be completed on paper. As usual 
the scheme for North-East England was accompanied 
by a pamphlet of “‘ Supplementary Particulars,” which 
gives details of the financial and technical data, upon 
which the scheme itself is based. 

The area dealt with in the present scheme covers 
5,050 square miles, and its extent is shown on the map, 
on page 23, which also indicates the positions of the 
“selected” and “temporary” stations and of the 
lower voltage transforming stations, as well as the 
routes of the main and secondary transmission lines, 
The 132,000 volt transforming stations will all be 
situated at the “ selected ” stations. The population of 
the area at the last census was approximately 2,674,800, 
and it embraces densely populated industrial centres, 
dealing with coal mining, shipbuilding, iron and steel, 
engineering and chemical trades, as well as considerable 
tracts of grazing and agricultural land, most of the 
latter being without a supply. Both as regards popu- 
lation and area the scheme is therefore smaller than 
its forerunners. On the other hand, the electricity 
consumption in 1927-28 amounted to 247 kw.-hours 
per head of population, compared with 183 kw.-hours 
in Mid-East England, a state of affairs which may be 
mainly ascribed to the enterprise of the Newcastle- 
on-Tyne Electric Supply Company and its associated 
concerns. These undertakings have in fact to a large 
degree anticipated the kind of development, which it is 
the duty of the Central Electricity Board to foster, 
and this explains why the mileage of main transmission 
lines, which will have to be erected, is so short. The 
area is also interesting from the fact that contractual 
arrangements exist between the power companies and 
owners of waste-heat and private generating stations 
for the interchange of energy, and it has been assumed 
that these arrangements will continue. Further, in 
the greater part of the area supply is given at a fre- 
quency of 40 cycles and, in spite of the difficulties 
attendant on such a conversion, the Commissioners 
have taken the long and correct view that standardisa- 
tion should be affected. It is hoped that this can be 
done without detriment to the consumers, and at a 
cost which will be economically justified by future 
developments. A sum of 5,963,070I. is allowed for this 
purpose, which on the basis of 5 per cent. interest and 
34 per cent. sinking fund for forty years will mean an 
annual charge on the electricity supply industry of 
368,6781. 

The scheme itself specifies the area, the stations 
which are “ selected ’’ and the main transmission lines, 
which are to be erected by the Central Electricity 
Board. It lays down that standardisation of frequency 








* North East England Electricity Scheme, 1929. | Price 
ls. 6d. net.] Supplementary Particulars. [Price 3x. 6d. | 
London: H.M. Stationery Office. 

+ See ENGINEERING, vol. cxxiii, pages 584, 636 (1927) : 
vol. exxiv, page 464 (1927); vol. cxxv, pages 454, 811 
(1928); and vol. cxxvii, page 162 (1929). 
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is essential, and imposes on the owners of certain 
stations the obligation to work in accordance with 
the Board’s instructions as a temporary measure. 
The scheme is accompanied by five appendixes. 
The first of these describes the area. The second 
details the ‘“‘selected” stations and the extensions, 
which it is proposed shall be made to them. No 
new stations are scheduled. The third gives the 
proposed routes of the principal and secondary main 
transmission lines and transforming stations. The 
fourth details the authorised undertakers in whose 
areas the frequency is to be standardised, and lays 
down that no further 40-cycle plant is to be installed, 
while the fifth is a list of the “temporary” stations. 

According to ‘the Supplementary Particulars, the 
maximum load in the area in 1927-28 was 209,327 kw., 
and it is estimated that this will reach 356,628 kw. 
in 1935-36 and 494,000 kw. in 1940-41. During the 
same year the electricity sold amounted to 659-83 
million kw.-hours, or 247 kw.-hours per head of popula- 
tion. It is estimated that the sales will reach 1,100-15 
million kw.-hoursin 1935-36 and 1,531 million kw.-hours 
in 1940-41, these figures representing 410 kw.-hours and 
573 kw.-hours per head of population respectively on 
the basis of the 1921 census. The figures for growth do 
not include any increase that might occur, owing to 
developments in the use of electricity for traction. 

At the present time there are 15 public generating 
stations in the area, of which six have been “ selected,” 
as follows :—Carville A, Carville B, Dunston and North 
Tees (Newcastle-upon-Tyne Electric Supply Company 
Limited), Darlington (Darlington Corporation), and 
Sunderland (Sunderland Corporation). As far as 
possible, the base load will be dealt with by the first 
four of these stations. The scheme also provides for 
the operation of the following stations under “ tempo- 
rary arrangements”: the Close Station (Newcastle 
and District Electric Lighting Company, Limited), 
Grangetown (Cleveland and Durham County Electric 
Power Company), Manors (Newcastle-upon-Tyne Cor- 
poration), South Shields (South Shields Corporation), 
and Scarborough (Scarborough Corporation). 

The plant at present installed in the “ selected ” and 
“ temporary-arrangement ”’ stations in the area has a 
capacity of 404,280 kw., and extensions to it are 
contemplated as follows :—In 1932-33 a 25,000-kw. 
set will be installed in Carville A, while sets of the same 
output will also be added to this station in 1934-35 
and 1935-36. Dunston will be extended by 35,000 kw. | 





in both’1936-37{and 1937-38, while in the latter year 
a 25,000-kw. set will also be installed at Darlington. 
In 1938-39 a 25,000-kw. set will be added to Carville B 
and a 50,000-kw. set to Dunston, while the former of 
these stations will receive a 25,000-kw. set in both 
1939-40 and 1940-41. In the latter year a 25,000-kw. 
set will be also added to North Tees. Dunston will be 
further extended by 50,000 kw. both in 1941-42 and 
1942-43, and North Tees by 25,000 kw. in the latter 
year. Between now and 1940-41 it is proposed to 
withdraw 220,455 kw. of plant, so that the total capacity 
in the area at the end of that period will be 628,825 kw. 

The transmission system, which it is proposed te 
erect, is clearly indicated on the accompanying map 
and need not be further described, except to say that 
it is proposed that the carrying capacity shall not be 
less than 50,000 kw. per circuit at 132,000 volts and that 
ring mains will be an essential feature. The system com- 
prises about 132-5 circuit miles, and its erection will 
result in the release for revenue-earning purposes of 
about 80,000 kw. of plant now kept as spare, and 
representing about 1,360,000/. of capital. There are 
to be five 132,000-volt transforming stations, of which 
three will have a capacity of 60,000 kv.-a. and two a 
capacity of 20,000 kv.-a. In addition, there will be 
10 lower-voltage transforming stations varying in 
capacity from 31,000 kv.-a. at Darlington to 600 kv.-a. 
at Northallerton. 

The cost of the transmission system and sub-stations 
is estimated at 1,131,467/. It is further estimated that 
up to 1935-36 the full advantages of the scheme can be 
secured with a saving of 2,040,958/., as compared with 
the capital expenditure that would be necessary if 
the present system were continued. After that date 
the saving on capital expenditure will be progressively 
greater as compared with individual development. 
The expenses of the Central Electricity Board are 
averaged at 0-022d. per kw.-hour sold, and are to be 
capitalised, until the end of 1934-35. After that a 
sum of 98,1397. per annum is set down for capital 
charges. The expenditure of the Board is to be 218,2851. 
in 1930-31, 631,940/. in 1931-32, and 97,520/. in 1932-33, 
including capitalised interest. The estimated expendi- 
ture and revenue of the board indicates a progressive 
reduction in the annual cost of generation from 0-2956d. 
in 1931-32 to 0-2809d. in 1935-36, and a similar 
reduction in the charge per kilowatt-hour for electricity 
sold to authorised undertakers from 0-3268d. per kw.- 
hour in 1931-32 to 0-3167d. per kw.-hour in 1935-36. 


THE BRITISH ASSOCIATION. 


By this time most of the members, able to attend 
the South African meeting of the British Association, 
which is to be opened at Cape Town on Monday, July 22, 
will be on their way out by various routes. The pro- 
visional programme, journal and daily time table, with 
abstracts of papers, lists of visiting members, steamers 
by which they are proceeding and intend to return, and 
tours, in which they wish to participate, were issued 
a few weeks ago, and the compilation of this informa- 
tion must have given considerable anxiety to the 
officials over here and in Africa. The list of members 
contains 545 names, compared with 380 in 1905, when 
the British Association paid its first visit to South Africa. 
That visit ended in East Africa and Egypt, as will the 
present visit, forsome members. Those attending include 
members from the British Dominions, the Continent 
and America. The meeting will follow the precedent 
of 1905, when members of the South African Association 
for the advancement of Science, then in its third year— 
the British Association is in its 99th year—were 
enrolled as members of the Association of their guests. 
Though not announced as a jcint gathering of the two 
Associations, the meeting takes place at the invitation, 
supported by the South African Government, and, 
under the auspices of the South African Association, 
whose members will ipso facto be entitled to attend all 
the functions. Sectional transactions of the two bodies 
will be common; the sectional officers of the South 
African Association will act as local secretaries, co- 
operating with the presidents and recorders of the 
British Association. The International Geological 
Congress will also meet simultaneously with the Asso- 
ciation, at Johannesburg from Wednesday, July 31 to 
Friday August 2. 

In 1905 the sectional Proceedings of the British 
Association began at Cape Town and were continued 
at Johannesburg, receptions and lectures taking 
place, in the interval and after visiting Johan- 
nesburg, at Durban, Pietermaritzburg, Pretoria. 
Bloemfontein, Kimberley and Buluwayo. Cape Town 
and Johannesburg will again be the sectional centres, 
but there will only be additional lectures at Pretoria. 
At the inaugural meeting in Cape Town the Governor- 
General of the Union of South Africa, the Earl of 
Athlone, will welcome the British Association, Sir 
Thomas Holland, the President-Elect, will be inducted 
—the President of the year 1928-29, Sir William 
Bragg, is not with the party—and the Hon. Jan H. 
Hofmeyr will deliver his presidential address to the 
South African Association on Africa and Science, 
after which he will be presented with the South Africa 
Medal for Research, a bronze medal which the British 
Association founded in 1905 in commemoration of 
their visit. Sectional meetings will be held on the 
Tuesday, Wednesday, Thursday and Friday of that 
week. There will be a public evening discussion on 
Sciencé and Industry, introduced by Dr. F. E. Smith 
and Sir Daniel Hall, and lectures will be given by 
Sir Ernest Rutherford, on the Structure of the Atom, 
and by Professor Julian Huxley on Evolution. 
Saturday will be an excursion day, and on Sunday 
to Tuesday, July 28 to 30, members will proceed by 
train in two parties to Johannesburg via Kimberley, 
where the diamond mines will be visited. The 
sectional transactions will be resumed at Johannesburg 
on Tuesday, July 30, and conclude on Saturday, 
August 3. At Johannesburg Mr. R. V. Southwell 
(Cambridge) will lecture on the New Airship R.101 ; 
Sir Thomas Holland will deliver his address on the 
International Relationship of Minerals; the discussion 
on Science and Industry will be continued ; and there 
will be a lecture by Professor G. H. F. Nutall on 
Yellow Fever in South Africa. Further lectures will 
be given at Pretoria by Professor J. H. Priestley on 
the Growth of a Tree, and by Professor A. 8. Eddington 
on the Interior of a Star. On Saturday, August 3, 
the various tours (nine altogether) will make their 
starts for Victoria Falls, Zimbabwe, Kenya, Beira, 
Lourenco Marques, &c., to return by August 19 from 
Durban or later from other ports via the West Coast 
or East Cast. 

The arrangements for the meeting, the accommoda- 
tion of members and the tours have been made, in 
conjunction with the general secretaries, Professor J. L. 
Myres and Dr. F. E. Smith, and the secretary, Mr. 
O. J. R. Howarth, of Burlington House, London, by 
the executive committee for the meeting in South 
Africa, consisting of Professor J. A. Wilkinson, Messrs. 
C. Graham Botha, James Gray, Dr. C. F. Juritz, Messrs. 
H. E. Wood and H. A. G. Jeffreys, the last four gentle- 
men representing the South African Association. 

In Section G, Engineering, refrigeration, transport, 
power and electricity will be the chief matters under 
discussion. The president, Professor F. C. Lea, will 
deliver his address on Science and Engineering, at 
Johannesburg. At Cape Town, Dr. Ezer Griffiths 
will present a paper on the. Latest Refrigeration 
Work Research in Britain for the Food Investigation 








Board; his brother, Mr. E. A. Griffiths, will speak 
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on Recent Refrigeration}Work in South Africa, and 
Professor Duncan McMillan (local secretary, with 
Professor J. W. Walker) will deal with Alcohol Mixtures 
as Fuels in South Africa. Papers on road and town- 
planning problems will be read by Sir Henry Maybury 
(Recent Changes Affecting British Highways), Mr. H. H. 
Humphries (the Fundamentals of City Development), 
Sir Henry Fowler (Some Points in Motor Problems in 
Undeveloped Areas), Lieut.-Col. Philip Johnson (Trans- 
port Costs in Roadless Countries and Possibilities of 
Mechanisation), and Professor A. E. Snape (University 
Training in Structural Design and Practice). There 
are other papers by African members on road problems, 
railways and irrigation in their own country. At 
Johannesburg, the Hon. Sir Charles Parsons will outline 
Recent Progress in Steam Turbine Plant ; Mr. Bernard 
Price will discuss the Compressed Air Supply on the 
Rand; Dr. J. 8. Owens will describe Modern Crushing 
Machinery; Messrs. G. A. Watermeyer and 8S. N. 
Hoffenberg will discourse on Mining Operations and 
Machinery on the Rand; Mr. C. H. Merz will explain 
the National Scheme for Electricity Supply in Great 
Britain ; Professor E. W. Marchant will deal with 
Causes and Influences Limiting the Economical Trans- 
mission of Power; and there will be a joint discus- 
sion with Section I, on Problems Connected with 
Deep-Mine Ventilation. The recorder of the section 
is Mr. J. 8. Wilson, and Professor G. Cook is 
secretary. 

In Section A, Mathematical and Physical Sciences, 
new theories and spectroscopy, cosmical physics and 
geodesy will be prominent subjects. The president, 
Lord Rayleigh, will discourse on Some Problems of 
Cosmical Physics, Solved and Unsolved, in his address, 
and the Astronomer Royal, Sir Frank Dyson (Proper 
Motion in the Greenwich Astrographic Zone), Professor 
A. §. Eddington (Matter in Interstellar Space), Mr. S. 
Chapman (Cosmical Magnetic Phenomena), Mr. W. M. 
Greaves (Colour Temperature of Early Type Stars), 
Dr. H. Knox-Shaw (Hornby’s Meridian Observations 
at Oxford), and Professor de Sitter (Rotation of the 
Earth, and Satellites of Jupiter), will deal with other 
cosmical problems. Wave length and spectroscopy 
will be the subject of papers by Professor A. Fowler 
(The Extreme Violet, and Successive Ionisation Stages), 
and Mr.R. H. Fowler (Electron Emissions and Quantum 
Mechanics, and Application of A. Fowler’s Data to 
Astrophysical Problems), Professor J. C. McLennan 
(Spectroscopical Phenomena at Low Temperatures), 
Lord Rayleigh (Fluorescence of Mercury Vapour), and 
Dr. S. M. Naudé (Quadruplet Structure in the Mercury 
Spark Spectrum, Hg.II). Lightning discharges will be 
discussed by Mr. B. T. G. Schonland (of Cape Town), 
and the Mobility of Gaseous Ions by Professor A. M. 
Tyndall (Recorder of Section A, of Bristol) ; Professor 
Eccles will speak on the New Acoustics. Sir Ernest 
Rutherford will read a paper on the Origin of Actinium, 
and will open a discussion on Atomic Nuclei, which is 
to follow Dr. Aston’s paper on Recent Work on Mass 
Spectra. Dr. Ezer Griffiths will discuss some Aspects 
of Research Work in the National Physical Labora- 
tory ; Sir Gilbert Walker will speak on Metereology in 
Application, and also on Dynamics and Sport, and 
there will be joint discussions with Section B, on 
Quantitative Chemical Analysis by X-rays and its 
Applications, to be opened by Professor Hevesy, and 
with Section E, on Geodesy and Surveying. 

In Section B, Chemistry (Recorder, Professor C. 8S. 
Gibson), the president, Professor G. Barger, will open 
a discussion on the Relation of Organic Chemistry to 
Biology by his address, and there will be a joint dis- 
cussion with Section I on Vitamins, in addition to the 
joint discussion with Section A already mentioned. Of 
other centributions, we mention that of Mr. A. C. G. 
Egerton on the Influence of Antiknocks on the Combus- 
tion of Hydrocarbons, Professor E. C. Franklin on the 
Ammonia System of Compounds, Miss E. Semmens on 
Chemical Effects of Lunar Radiation, Dr. F. H. Con- 
stable on a New Dynamics of Surface Action, Mr. H. A. 
White on the Chemistry of Gold Extraction, Professor 
J. Smeath Thomas on Recently-Discovered Nitrate 
Deposits in South West Africa, and various papers on 
South African vegetable and other products. 

As already stated, Section C, Geology, will join 
the International Geological Yongress at Johannesburg 
after their own meeting at Cape Town. The subject 
of the presidential address by Sir Albert Kitson is 
the Utility of Geological Surveys to Crown Colonies 
and Protectorates of the British Empire. Section D, 
Zoology, will discuss many problems of particular 
interest to South Africa, as will most of the other 
Sections, particularly Section M, Agriculture, which 
will hold the latter part of its meeting at Pretoria 
(not at Johannesburg) in conjunction with South 
African bodies. Of the Transactions of Section E, 
Geography, which the president, Brigadier E. M. 
Jack, will address on Natural Surveys, will receive 
several communications of cognate nature, from 
Dr. Van der Sterr (Trigonometrical Survey in South 
Africa since 1905), Mr. G. T. McCaw (the African 
Are of Meridian), Mr. W. Whittingdale (Map-Making 
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in South Africa), Mr. H. G. Fourcade (New Method of 
Air Surveying), and, further, by Professor E. Walker 
(Effect of Relief on Settlement), Professor P. Serton 
(Economic Development Under Desert Conditions in 
the Western Karroo), Mr. R. J. van Reenen (Water 
Supplies in South Africa), Professor E. G. Malherbe 
(Soils of South Africa), and Mr. F. Debenham (The 
South African Section of Antarctica). 

The subject of the presidential address by Professor 
H. Clay, in Section F, Economic Science and Statistics, 
will be Public Regulation of Wages in Great Britain. 
Other labour problems will be discussed by Professors 





H. M. Hallsworth and R. Leslie. Mr. John Martin will 
speak on Group Control in the Gold Mining Industry, 
and Dr. S. H. Frankel on Road and Rail Transport in 
South Africa. Professor W. E. Dixon’s presidential 
address to Section I, Physiology, will be on Physiology, 
the Basis of Treatment. In Section J, Psychology, 
Mr. F. C. Bartlett wil] preside ; his address is on Experi- 
mental Method in Psychology. In Section K, Botany, 
the president, Professor A. C. Seward, will discourse on 
Botanical Records of the Rocks,and Dr. C.W. Kimmins, 
president of Section L, Educational Science, will deal 
with Modern Movements in Education. 
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THE CONTRIBUTION OF MANCHES- 
TER RESEARCHES TO MECHANICAL 


SCIENCE.* 
By R. W. Battery. 


MANCHESTER’s long and notable contribution to 
mechanical science is a record of which the City has 
every reason to be proud. Engineering science was 
cradled in Manchester, and for upwards of a century, 
favoured by a succession of scientists and engineers of 
the highest genius, a continuity of research has been 
maintained,which has not only provided the foundations, 
but also much of the structure of organised technical 
knowledge constituting the mechanical science of to- 
day. In,all branches of engineering invention, con- 
struction, and manufacture, Manchester has always 
occupied a leading position. Such names as Fairbairn, 
Nasmyth, Roberts, and Whitworth are a sufficient 
testimony to the accuracy of this statement, if any 
were needed. Its position in the development of 
engineering science is no less remarkable. Whereas, 
however, engineering construction and manufacture 
readily become known and identified with a place or 
area, the universal character of scientific knowledge, 
its unobtrusiveness, and its association with persons, 
frequently obscure altogether the place where a 
discovery or advance bas been made. Although a 
striking continuity is to be found in many of the 
subjects explored, Manchester researches may be 
regarded as falling broadly in two periods, the first 
represented by Dalton, Fairbairn, Joule and their 
contemporaries, and the second, extending down to 
the present time, magnificently opened by Osborne 
Reynolds. The first period was characterised by 
individual effort and a wealth of experimental work ; 
the second by the support of scientific institutions and 
technical bodies and, naturally, by a much greater use 
of analytical methods. 

John Dalton (1766-1844).—The early period may be 
regarded as opening with Dalton, who, in 1799, read 
a paper dealing with the transfer of heat in fluids. 
From his experiments, Dalton perceived that heat 
transfer depends upon both convection and conduction. 
In 1800, he read a paper dealing with the change in 
temperature produced by the compression and rare- 
faction of air. In it he recorded the result that the 
temperature of air mechanically compressed to one-half 
its volume was raised 50 deg. F. Dalton also investi- 
gated the expansion of gases when heated at constant 
pressure, and he obtained data very close to the values 
now accepted. Later in the same year he read a 
paper, comprising four essays, dealing with gases and 
vapours. The first essay proposed laws which adum- 
brated the law, named after him, of partial pressures of 
mixed gases; the second dealt with the saturation 
pressures and temperatures of vapours from water and 
other liquids, and clearly defined the partial pressures 
of air and a vapour under a condition of saturation ; 
the third dealt with evaporation of a liquid into 
surrounding “air,’’ and investigated the influence of 
motion of the air upon evaporation from a surface, also 
the influence of the temperature of the air and that of 
the liquid; the fourth paper produced further experi- 
mental evidence upon the expansion of different gases. 

To Dalton is due the credit of having discovered the 
law of equal expansion of gases. Gay Lussac, to whom 
it is often attributed, made known his discovery of the 
same law six months later than Dalton. In 1803, 
Dalton read a paper ‘“‘ On the absorption of Gases by 
Water and other Liquids,’’ in which he extended the 
work of Henry, his distinguished contemporary in 
Manchester and the discoverer of the law bearing his 
name, and dealt with the absorption of a mixture of 
gases by water; he showed that one gas can be 
partially removed from water in which it is dissolved 
by agitating the water in the presence of another gas, 
and indicated the extent to which the removal can 
occur. Thus, between Dalton, Henry, and Joule 
later, Manchester researches enjoy the distinction of 
having provided most of the laws of gases. From this 
time onwards, Dalton became absorbed in researches 
which led to his great discovery of the law of chemical 
combination in multiple proportions. His early 
researches upon gases and vapours, however, have 
provided principles of fundamental importance in 
several branches of engineering, notably in connection 
with steam-condensers. 

James Prescott Joule (1818-1889).—If there is one 
research conducted in Manchester that stands before 
all others in importance in its connection with mech- 
anical science, it is that which led to the discovery and 
determination by Joule of the mechanical equivalent 
of heat. Few engineers, however, are aware of the 
extent of the ground covered by Joule in reaching his 
epoch-making generalisation, nor of the difficulties he 
encountered in winning acceptance of his views. 





* Paper read at the Summer Meeting of the Institution 
of Mechanical Engineers, at Manchester, on Tuesday, 
June 25, 1929. Abridged. 





Joule provided the foundations upon which the structure 
of engineering thermodynamics has been built up. No 
more inspiring example of co-ordinated research over 
a wide field, culminating in as fundamental a generalisa- 
tion as the Law of the Conservation of Energy, is to be 
found in the annals of scientific discovery than Joule’s 
investigations in electricity and magnetism, and of the 
equivalence of heat and work. 

It was, however, many years before his conclusions 
were recognised as sound. The tardiness with which 
the results of Joule’s researches and his views won 
acceptance must be attributed in part to his consum- 
mate skill as an experimenter. His conclusions were 
frequently based upon quantities of a magnitude which 

is contemporaries would have to consider as com- 
parable with errors of observation. For example, in 
his paper “‘ On the Changes of Temperature produced 
by the Rarefaction and Condensation of Air,” he says, 
after describing the calibration of a very sensitive 
thermometer: “ When this was done it was found that 
ten divisions of the sensible thermometer (occupying 
about 4 in.) were nearly equal to the degree Fahrenheit ; 
therefore since by practice I can easily estimate with the 
naked eye one-twentieth of each of these divisions, 
I could with this instrument determine temperatures 
to the 4, part of a degree.” And in his paper ‘“ On 
the Effects of Magnetism upon the Dimensions of Iron 
and Steel Bars,” he refers to having employed an 
extensometer in which each division of the micrometer 
indicated a change in length of the bar of +,;';3; in. 
Sir William Thomson, writing to Mr. J. T. Bottomley 
in 1882, records the incredulity of Graham and Miller 
regarding Joule’s conclusions because they depended 
upon hundredths of a degree. Rankine likewise, 
although accepting Joule’s evidence upon the converti- 
bility of work and heat, was at first sceptical as to the 
accuracy of his values on account of the extremely small 
variations of temperature. Later, however, he stated 
that his reflections on the accuracy of Joule’s experi- 
ment “have convinced me that the uncertainty 
arising from the smallness of the elevation of tempera- 
ture is removed.” 

At the age of 18 years, Joule commenced his researches 
on magnetism and electricity which were the first steps 
in the path of great discovery. He was engaged in 
improving Sturgeon’s electromagnetic engine, and his 
second letter thereon, dated December 1, 1838, when 
he was 19 years of age, written to Sturgeon’s ‘‘ Annals 
of Electricity,’’ reveals his ion for measurement 
and experiment, and gives an inkling of the direction 
he was to take. Joule continued his researches in 
electromagnetism and electromagnetic forces with the 
object of improving the action of the electromagnetic 
engine, and on February 16, 1841, he gave a lecture at 
the Victoria Gallery, Manchester, entitled ““On a new 
class of Magnetic Forces,” in which he announced the 
discovery of the influence of the back e.m.f. of an 
electric motor and its relation to the speed of rotation 
and field strength. 

Contemporaneously with his researches upon electro- 
magnetism and probably arising directly out of his 
investigations of the behaviour of his electromagnetic 
engine, Joule was engaged in investigating the heating 
effects of an electric current, and a communication to 
the Royal Society, which was read in abstract on 
December 17, 1840, entitled ‘* On the Production of 
Heat by Voltaic Electricity,” gave his conclusion : 
‘that the calorific effects of equal quantities of trans- 
mitted electricity are proportional to the resistance 
opposed to its passage, whatever may be the length, 
thickness, shape, or kind of metal which closes the 
circuit.”” Then followed a series of investigations 
upon the heat evolved by the passage of an electric 
current through metallic and liquid conductors, in- 
cluding voltaic batteries, from which he was led to 
speculate upon the electrical origin of heat. His 
results were embodied in two papers, read before the 
Manchester Literary and philosophical Society. The 
conclusions’ given in the second paper show that 
Joule’s ideas of the convertibility of heat and work were 
beginning to take form. Three weeks later Joule 
wrote: ‘‘I am preparing for experiments to test the 
accuracy of this proposition.” These experiments were 
undertaken and their results were embodied in a 

per “ On the Calorific Effeets of Magneto-Electricity 
and on the Mechanical Value of Heat” read before the 
Chemical Section of Mathematical and Physical Science 
of the British Association meeting at Cork on August 
21, 1843. 

In the opening paragraph, Joule considers that if 
heat is regarded as a state of vibration there is no 
reason why it should not be induced by the mechanical 
action of revolving a coil of wire before the poles of 
a permanent magnet. Joule’s experiments comprised 
the measurement of the heat generated for measured 
current conditions when his generator was excited, 
and unexcited, with its armature short-circuited, in 
series with external resistance, and in series with voltaic 
cells both acting with and against the electromotive 
force generated. Corrections were made for heat loss 





and, indeed, for armature iron losses and for those due 
to sparks at the commutator. Comparisons were 
made between the heat evolved, as a result of the current 
generated, by electromagnetic action and of current 
produced entirely by voltaic batteries. Joule made 
allowance for the current wave-form of his generator 
which he recognised as a difficulty in comparing the 
heat evolved by the two means. His experiments led 
him to the conclusion that “the heat evolved by the 
coil of the magneto-electrical machine is governed by the 
same laws as those which regulate the heat evolved by 
the voltaic apparatus, and exists also in the same quan- 
tity under comparable circumstances” ; and as a result 
of his experiments employing voltaic batteries acting 
with and against the magneto-electric generator he 
wrote: “ We have therefore in magneto-electricity an 
agent capable by simple mechanical means of destroying 
or generating heat.” 

Having proved that the heat is generated by the 
magneto-electric machine “it became an object of 
great interest to inquire whether a constant ratio 
existed between it and the mechanical power gained 
or lost,” and further experiments were made in which 
the work done in driving the generator was measured. 
Joule found that, within the variation permissible, such a 
ratio did exist, and he wrote: “ At present we shall 
adopt the mean result of the thirteen experiments 
given in this paper and state generally that: the 
quantity of heat capable of increasing the temperature 
of a pound of water by one degree of Fahrenheit’s scale 
is equal to, and may be converted into, a mechanical 
force capable of raising 838 lb. to the perpendicular 
height of one foot.” Joule saw at once the application 
of his discovery to engineering, and he proceeds: 
“Among the practical conclusions which may be 
drawn from the convertibility of heat and mechanica. 
power into one another, according to the above absolute 
numerical relations, I will content myself with selecting 
two of the more important. The former of these is in 
reference to the duty of steam engines; the latter to 
the practicability of employing electro-magnetism as an 
economical motive force.” In connection with the 
former he makes what is the first calculation of thermal 
efficiency and arrives at a figure of about 10 per cent. 
for the best Cornish engines, and in the latter concludes 
that: ‘‘the electro-magnetic engine, worked by the 
voltaic batteries at present used, will never supersede 
steam in an economical point of view.” In a postscript 
to the paper he adds: “I have lately proved experi- 
mentally that heat is evolved by the passage of water 
through narrow tubes. My apparatus consisted of 
piston perforated by a number of small holes, working 
in a cylindrical glass jar containing about 7 1b. of water. 
I thus obtained one degree of heat ~ pound of water 
from a mechanical force capable of raising 770 1b. to 
the height of one foot, a result which will be allowed to 
be very strongly confirmatory of our previous deduc- 
tions. I shall lose no time in repeating and extending 
these experiments, being satisfied that the grand 
agents of nature are, by the Creator’s fiat, indestruc- 
tible, and that whatever mechanical force is expended, 
an exact equivalent of heat is always obtained.” 

Hitherto, except for the experiments upon fluid 
friction just mentioned, Joule had pursued his investi- 
gations by the medium of electrical and magnetic 
phenomena. He now gave his attention to a research 
which he recognised was of fundamental interest and 
importance to mechanical engineers in connection 
with the theory of the steam-engine, and set about 
determining the mechanical equivalent of heat be 
measuring the heat generated when air is compressed. 
It was in connection with this research that he con- 
structed his thermometer, already referred to, with 
which he read to 5}, of a degree F. Joule measured 
the heat evolved when air was compressed and the 
amount that disappeared when it expanded doing 
work on the surrounding atmosphere. His research 
included his famous experiment in which compressed 
air in one vessel was expanded into another vessel 
originally evacuated, whereby no external work was 
done, and no change in temperature was measured. 
These experiments were not only fundamental to the 
foundation of the dynamical theory of heat, but they 
led to an enunciation for the first time of the correct 
action of heat in the steam-engine. The results 
of this research were communicated to the Royal 
Society. Joule obtained values of the mechanical 
equivalent of heat of 823, 795, 820, 814, and 760, 
and as he regarded the last three as least liable to 
error, he took the mean to be 798 ft.-lb., which he 
stated was ‘“‘a result so, near 838 lb. the equivalent 
which I deduced from my magnetical experiments, 
as to confirm, in a remarkable manner, the above 
explanation of the phenomena described in this paper, 
and to afford a new and, to my mind, powerful argu- 
ment in favour of the dynamical theory of heat.” 

The accuracy with which he saw the application 
to the steam-engine of the principle he had discovered 
is revealed by the following extract from his paper : 
“‘The principles I have adopted lead to a theory of the 
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steam-engine very different from the one generally 
received, but at the same time much more accordant 
with facts. It is the opinion of many philosophers 
that the mechanical power of the steam-engine arises 
simply from the passage of heat from a hot to a cold 
body, no heat being necessarily lost during transfer. . . . 
We may infer that the steam while expanding in the 
cylinder, loses heat in quantity exactly proportional 
to the mechanical force which it communicates by 
means of the piston, and that on the condensation of 
the steam the heat thus converted into power is not 
given back. Supposing no loss of heat by radiation, 
&c., the theory here advanced demands that the heat 
given out in the condenser shall be less than that 
communicated to the boiler from the furnace, in exact 
proportion to the equivalent of mechanical power 
developed.” The paper was read before the Royal 
Society on June 20, 1844, but it was rejected for pub- 
lication in the Proceedings and was published in the 
Philosophical Magazine in May, 1845. 

Within twelve months, Joule made further experi- 
ments upon the mechanical equivalent of heat, this 
time by means of water in a calorimeter stirred by a 
paddle. - The results were communicated to the Cam- 
bridge meeting of the British Association, June, 1845. 
In a letter to the Philosophical Magazine, dated 
August 6, 1845, supplementing this communication, 
he summarises the values of the mechanical equivalent 
of heat determined by the various methods he had 
employed, and in speculating upon the quantity of 
heat in matter he discovered the existence and position 
of the absolute zero of temperature. In May, 1847, 
Joule gave a lecture in which he announced the law 
of conservation of energy, and in June of that year 
he presented a paper at the Oxford meeting of the 
British Association, in which he reported the results 
of further paddle experiments employing water and 
sperm oil. In these he found that the work required 
to produce heat sufficient to raise one pound of water 
1 deg. F. was 781-5 and 782-1 ft.-lb., respectively. 
A further contribution to the subject was made at 
the Swansea meeting of the British Association in 
August, 1848, when Joule gave the average value of 
the mechanical equivalent of heat based upon 40 deter- 
minations as 771 ft.-lb. a value which he believed to 
be within ;},° of the truth. 

On June 21, 1849, Joule’s classical paper entitled 
“On the Mechanical Equivalent of Heat”? was read 
before the Royal Society. This research upon the 
mechanical equivalent of heat is the one best known 
to succeeding generations of engineers. The research 
covered five series of experiments comprising one on 
water, and two each upon mercury and cast iron. 
Joule considered his results for water to be the more 
correct, and his paper ends with the conclusions :—“* Ist 
that the quantity of heat produced by the friction 
of bodies, whether solid of liquid, is always propor- 
tional to the quantity of force expended, and, secondly, 
that the quantity of heat capable of increasing the tem- 
perature of a pound of water (weighed in vacuo, and 
taken between 55 deg. and 60 deg.) by 1 deg. F. requires 
for its evolution the expenditure of a mechanical 
force represented by the fall of 772 lb. through the 
space of 1 ft.” A third proposition, stating that 
friction consisted in the conversion of mechanical 
power into heat, was suppressed at the wish of the 
Committee. 

Joule was then 31 years of age, and it may truly 
be said that he had completed the most valuable 
part of his life’s work. In a period of twelve years his 
researches had produced important discoveries in 
electricity and magnetism, he had established the 
dynamical character of heat, discovered the law of 
conservation of energy, discovered and estimated 
the absolute zero of temperature, provided a basis 
without which the thermodynamics of heat engines 
could not have been developed, made the first deter- 
mination of the thermal efficiency of a heat engine, 
and discovered the mechanical equivalent of heat 
which he measured with a skill in experiment un- 
approached in his day. From this time onwards 
Joule conducted a number of researches of importance 
in mechanical science. In 1855 he invented electric 
welding of metals anc proved its practicability. 
In 1856, he gave a paper to the Manchester Literary 
and Philosophical Society entitled ‘“‘ On the Fusion of 
Metals by Voltaic Electricity.” In this paper he 
not only foresaw that “in many instances the process 
would advantageously supersede that of soldering,” 
but he envisaged the possibility of electric melting of 
iron and estimated its cost. In 1859, Joule, in associa- 
tion with Sir William Thomson, made experiments 
upon the heat developed by friction in air, and it was 
discovered that the rise in temperature of the bulb of a 
thermometer whirled in air was proportional to the 
square of the velocity except at low velocities. He 
wrote: “‘ We surmised that this was owing to a sort 
of fluid friction different from the source of resistance at 
high velocities.”’ At the same period he was engaged 
upon research upon the thermodynamic properties of 





solids, verifying by experiment the predictions made 
by Sir William Thomson, and a little later short papers 
were presented to the Manchester Literary and Philo- 
sophical Society relating to the hydraulic testing of 
steam-boilers, the total heat of steam, upon the flow of 
air through pipes and orifices, and upon amalgams. 
An important contribution was made by Joule 
upon the subject of the surface condensation of steam, 
the results of his research being communicated to the 
Royal Society in 1860 in a paper “On the Surface 
Condensation of Steam.” Joule wrote that this 
research “left much to be accomplished. One of my 
chief objects was to obtain figures which might prove 
useful to practical men, and I have therefore confined 
myself to such tubes as were most likely to be generally 
used.” But its comprehensive character is shown 
by the fact that he investigated the influence of speed 
of flow of water, the effect of having the steam and 
water flowing in the same, and in opposite directions, 
the influence of the radial dimension of the water 
stream, which was formed between the steam tube 
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and a concentric outer tube, the influence of causing 
the water to flow spirally, the effect of surface con- 
tamination and of different metals, and the use of 
air as the cooling medium. During the next twenty 
years Joule published a number of papers, and it is 
very appropriate that the two of most note were 
concerned with redeterminations of the mechanical 
equivalent of heat, one was on the “ Determination of 
the Dynamical Equivalent of Heat from the Thermal 
Effects of Electric Currents,” and was presented at the 
Dundee meeting of the British Association, 1867, and 
the other entitled ‘‘ New Determination of the Mecha- 
nical Equivalent of Heat ’’ was read before the Royal 
Society on January 24, 1878. 

William Fairbairn (1789-1874).—Railway con- 
struction with all the pioneer work it involved (when 
almost every new work of any magnitude was largely 
an experiment), and the contemporary rapid increase 
in the use of metals for constructional purposes, brought 
with them an urgent need for knowledge of the pro- 
perties and behaviour of metals and structures. This 
necessity was felt acutely by the leading engineers 
of the day, and none appreciated it more completely, 
or did more to carry out or promote research to satisfy 
it, than Fairbairn. Fairbairn’s early researches in 
Manchester were concerned with the strength of 
cast iron, which was then the most important con- 
structional metal. He conducted numerous transverse 
tests upon cast iron drawn from practically every 
source in the country. He made an extensive investi- 
gation of the transverse strength of cast iron produced 
by the hot- and cold-blast processes, and presented 
his results in a paper read before the British Association 
in 1837. This communication included the results 
of some tests, made at Hodgkinson’s suggestion, to 
determine the influence of long-continued loads upon 





the deflection of cast-iron beams and a few tests of the 
usual short-time kind made at temperatures ranging 
from 10 deg. to 600 deg. F. 

Fairbairn at that time was in partnership with a 
Mr. Lillie in a millwrighting and general constructional 
engineering business at works in Mather-street. In 
1832, he dissolved his partnership with Lillie, and 
started a new works in Canal-street, Ancoats. It 
was at these works that he constructed and installed 
his single-lever testing machine which was used for 
much of the heavier testing done by him in Manchester, 
and which he generously placed at the disposal of Hodg- 
kinson. Indeed, it seems doubtful whether Hodgkinson 
could have made the researches we shall refer to 
later but for the material and financial assistance he 
received from Fairbairn. In 1838, Fairbairn, with the 
assistance of Hodgkinson, carried out the greater 
part of what was probably the first extensive investiga- 
tion of the strength of riveted joints. Except for some 
additions made the following year the investigation 
was suspended and not completed until about 1850, 
when the results were published. The research, 
which was divided into four parts, was undertaken 
specifically in connection with the construction of iron 
ships in the development of which Fairbairn had taken 
a leading part. 

The four parts were: (1) The strength of plates 
when torn asunder by a direct tensile strain in the 
direction of the fibre, and when torn asunder across it. 
(2) On the strength of the joints of plates when 
united by rivets as compared with the plates themselves. 
(3) On the resistance of plates to the force of compression 
whether applied by a deadweight or by impact. (4) On 
the strength and value of wrought-iron frames and 
ribs as applied to ships and other vessels. 

Fairbairn possessed another works at Millwall, 
London, intended principally for the construction of 
iron ships, and it was at this works that his tests 
upon models in connection with the Conway and 
Britannia bridges were made. This investigation was 
controlled by Fairbairn with headquarters in Man- 
chester. After having considered numerous schemes 
for a bridge over the Menai Straits, Robert Stephenson 
conceived the original idea of a huge tubular structure 
to be built up of riveted plates, and in April, 1845, 
he consulted Fairbairn for his opinion as to the prac- 
ticability of the scheme and the means necessary for 
carrying it out. From this time, Fairbairn became 
engaged with Stephenson, in dealing with the many 
problems associated with the projected construction, 
and in July, 1845, he made his first experiment upon 
the strength of a sheet-iron tube 18 ft. long, 12 in. 
diameter, and 0-0408-in. thick, tested as a beam upon 
a 17-ft. span. In September of that year, realising 
the need of expert assistance, Fairbairn obtained the 
benefit of Hodgkinson’s help. There is a little difficulty 
in assessing Hodgkinson’s position in the undertaking. 
According to Fairbairn, it was at first intended by 
Stephenson that a joint report upon the proposed 
bridges, signed by all three, should be made to the 
directors, but, actually, in February, 1846, three 
separate reports were made. 

Relying almost entirely upon tests, Fairbairn pursued 
his objective by a trial-and-error method, and doubtless 
was led into making many more tests, and upon a 
larger scale, than would have been necessary with a 
better use of theoretical treatment. Progress was 
reported regularly to Stephenson. In May, 1846, 
Fairbairn’s position was made definite, as the Directors 
of the Chester and Holyhead Railway appointed him, 
according to their Minute, “‘to superintend the con- 
struction and erection of the Conway and Britannia 
bridges in conjunction with Mr. Stephenson.” Between 
July, 1845, when Fairbairn made his first model test, 
until April, 1847, when he attained the results for which 
he had been striving, forty-one tests upon scale-models 
had been made. These models were of various forms ; 
the early tests were made upon cylindrical tubes and a 
few upon tubes of elliptical and rectangular cross- 
section. Failure by the crippling of plates under 
compressive stress was the great difficulty preventing 
the full utilisation of the strength of the material. This 
led to the reinforcement of the compression side and 
eventually to the use of a cellular construction there. 
The later experiments were made upon a model one- 
sixth scale, of the projected Britannia bridge. This 
huge model had a cross-section as shown by the annexed 
drawing and a free span of 75ft. The cellular construc- 
tion of the compression side will be observed. Nine 
series of load-deflection tests were made, starting with a 
cross-section, in which the tension side was purposely 
made deficient in strength. At every failure of this 
side the model was repaired and the tension side 
strengthened, until, in the final test, failure occurred by 
the crippling of the compression side. By this means 
the requisite balance in strength of the tension and 
compression sides and the maximum resistance of the 
tube were attained. Failure occurred under a con- 
centrated load of 86 tons and a maximum recorded 
deflection of 4-81 in. 
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Fairbairn has been credited with the invention of the 
tank type of locomotive, and in 1844, in conjunction 
with John Hetherington, he invented the Lancashire 
boiler. He had considerable interest in the construction, 
operation, and safety of steam-boilers, and we find that 
his expert opinion was frequently sought in connection 
with explosions, which at that time occurred in station- 
ary boilers with alarming frequency and disastrous 
results to life and property. Arising from an explosion 
of a locomotive boiler in which the firebox was com- 
pletely wrecked, Fairbairn, in making an investigation 
into the cause, carried out a number of useful tests 
upon the strength of screwed and riveted copper stays 
and the resistance of flat stayed surfaces. A similar 
full-size boiler was tested by hydraulic pressure to over 
three times the working pressure and its behaviour 
observed ; detail tests were made upon stays in plates 
and stayed flat surfaces, and finally tests were made 
upon a closed boiler, the rate of increase of temperature 
and pressure was measured, the law of increase was 
determined, and the time required to produce failure 
was estimated and found to be of the order that might 
easily occur. 

At that time and for many years later, mysterious 
causes were often suggested to account for boiler ex- 
plosions, instead of the simple one of excessive working 
pressure and stress, which was frequently the correct 
explanation. Conditions were so unsatisfactory that 
legislative restrictions would inevitably have been 
introduced if steps had not been taken voluntarily to 
provide for the regular inspection of boilers. The need 
for a scientific association to provide for the inspection 
of boilers and to carry out research necessary for their 
safety and economical operation must have occurred to 
Fairbairn, but no action was taken by him until a 
Mr. R. Johnson wrote suggesting the idea to him. 
Fairbairn interested Mr. Henry Houldsworth and Sir 
Joseph Whitworth in the matter, and it was decided to 
take steps to form such an association. A circular was 
issued over their signatures outlining the proposal for an 
“ Association for the Prevention of Steam Boiler 
Explosions, and the Promotion of the Economical 
Working of such Boilers.” An inaugural meeting was 
held in the Town Hall, Manchester, on September 19, 
1854, and the Association was launched, with the title 
of “‘ The Association for the Prevention of Steam Boiler 
Explosions and for Effecting Economy in the Raising 
and Use of Steam,” later being known as “ The Man- 
chester Steam Users’ Association for the Prevention of 
Boiler Explosions and for the Attainment of Economy 
in the Application of Steam.” 

From this time onwards, Fairbairn’s published 
researches reveal his increasing interest in matters 
relating to steam-engines and boilers. In 1856, he read 
a paper giving the results of his investigation of the 
strength of wrought-iron plates and rivet iron at 
different temperatures. The research was an extensive 
one covering the range of temperature from 0 deg. to 
410 deg. F. and 435 deg. F., in the case of plates and 
rivet iron, respectively, with the addition of tests in 
each case at a low red heat. The results showed that, 
in the case of plates, no fall in strength occurred up to a 
temperature of 395 deg. F., and in the case of rivet iron 

there was an appreciable accession of strength over the 
range of experiment except at red heat, the maximum 
strength being obtained at 325 deg. F. In these tests 
the extension was measured, and it may be mentioned 
that the proportions of the test-pieces employed in the 
case of rivet iron corresponded closely with the British 
Engineering Standards Association test-piece ‘C” 
employed to-day. At the joint’ request of the Royal 
Society and the British Association, Fairbairn carried 
out his famous researches into the collapse of cylindrical 
vessels under external pressure, his paper thereon 
being presented in 1858. On account of the scale of the 
parts to be tested, special facilities in the way of pumps 
and lifting appliances were necessary, and these were 
found at the Longsight engine house of the London 
and North Western Railway Company, whose directors 
gave permission for their use. 


upon thin cylindrical tubes ranging in diameter from 
4 in. to 12 in., and in length from 19 in. to 60 in., the 
maximum that could be accommodated within the 
testing chamber. These tubes were made from plate 
0-043 in. thick joined by a longitudinal seam by riveting 


and brazing, and the ends of a tube were constrained | tour of the London Students’ Section of the Institution of 
by being riveted and brazed to cast-iron discs. Two | Electrical Engineers will take place from August 3 to 
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diameter and 0-25 in. thick, stiffened by Adamson rings | area. An insulator factory will be visited in Rheims, 
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tested to ascertain the influence of departure from the may be obtained on application to the honorary secret 
cylindrical form upon the resistance to collapse, and/y, ,, g. Crutch, 15, Mundania Road, East Dulwich, 


cases were taken, (a) where axial movement of the end 
discs was free to take place, and (6) where this move- 


orcaulking ring. Twosteel tubes of elliptical form were 


tested. Many of Fairbairn’s researches in strength of 
materials were of a confidential character carried out for 
: - the Government in connection with ordnance and 
Thirty of the forty-two tests carried out were made | armour plate, and the data obtained therefore have not 


tubes under internal pressure. Two of these were made 
upon lead pipes, their purpose being to throw light 
upon the question of how far the ends of a cylindrical 
vessel afford support against bursting. The result of 
this investigation was the derivation of Fairbairn’s 
well-known formula for the strength of wrought-iron 
tubes subjected to external pressure, and a very con- 


internal flues, such as his own or Lancashire boilers. 

Joule and Thomson’s work upon gases, which showed 
that in the region of saturation the specific volume 
would be expected to depart considerably from that 
determined from the laws of a perfect gas, and Rankine’s 
determination on the same subject in 1855, impressed 
upon Fairbairn the need for experimental determina- 
tions to be made of the specific volume of saturated 
steam over such a range of pressures as engineers 
employed. In conjunction with Tate, he carried out a 
research upon this subject over a range of pressures 
from 2-5 to 70 lb. per square inch, the results of which 


in 1860. The principle of the apparatus employed was 
ingenious, and the results obtained marked an important 
advance upon earlier data. The question whether 
metals retained their physical properties when under 
stress in service was a matter that had already received 
some attention. Fairbairn in his investigation of cast 
iron had made a few tests upon the action of prolonged 
loads. Tests had been made by others upon the action 
of repeatedly applied loads and impact, and some ideas 
upon the condition of safety in the case of cast iron 
had been obtained, but no research of any consequence 
had been carried out upon what has become known as 
** fatigue.” 

The matter was one of very considerable importance, 
and at the request and with the support of the Board 
of Trade, Fairbairn carried out what was probably the 
first systematic investigation of the endurance of 
wrought-iron not in the form of small test-pieces, but 
upon a built-up girder. A single lever was used for 
loading the girder under test at the middle of its span, 
and the load was periodically removed at about eight 
times per minute by means of a connecting link driven 
by gearing which raised the end of the loading lever, 
and thereby relieved it, and consequently the girder of 
load. The girder tested was supported on piers 20 ft. 
apart, and the load applied, namely 2-96 tons, was 
considered to be one-quarter of the breaking load. 
After more than half a million applications of this load 
had been made without any sign of fracture, the load 
was increased to 3-5 tons or two-sevenths of the static 
breaking weight, and the number of applications of 
load from the commencement of the test was brought 
up to one million, but without any sign of failure 
occurring. The load was increased again to 4-68 tons, 
or two-fifths of the breaking weight, and after sustaining 
a further 5,175 applications of load, the beam failed 
by tension a short distance from the middle. The beam 
was repaired and the tests continued. A load of 2-96 
tons, one-quarter the breaking load, was applied over 
three million times without any apparent damage, after 
which it was increased to one-third the breaking weight, 
and failure ensued after just over 300,000 applications. 
Fairbairn concluded from his tests that a tensile 
stress of 7 tons per square inch, repeatedly applied, is 
unsafe for wrought iron, but one of 5 tons per square 
inch, the maximum fixed by the Board of Trade, 
provides ample safety. Indeed, allowing for the area 
occupied by rivet holes, he concluded that a wrought- 
iron bridge would be perfectly safe for a long series of 
years with a stress of 6 tons per square inch, or one- 
fourth the static breaking weight. To Fairbairn is due 
the credit of having initiated systematic investigation 
of fatigue, and although, in the meantime, the pheno- 
menon has been largely and very properly dealt with 
by means of test-pieces, there are many cases to-day 
where, to obtain useful results, actual parts must be 


been published. 
(To be continued.) 








INSTITUTION OF ELECTRICAL ENGINEERS.—The summer 





seven tests were made to determine the strength of | London, S.E.22. 


MODERN GLASS-FORMING 
MACHINERY. 


Ir is not an exaggeration to say that the glass industry 
has been completely revolutionised during quite recent 
times, and that the various machines which have been 
developed for the mechanical forming of glass have 


siderable advance in the design of steam-boilers having | brought the industry very definitely into the enginee 


sphere. The remarkable outputs obtainable from these 
modern machines have resulted in concentration of 
production to a degree which would have been impos- 
sible in the old days when glass was exclusively 
fashioned and worked by manual labour. One of the 
more striking features of a modern glass works is the 
small amount of operating labour which can be seen, 
semi- or fully-automatic machines having been de- 
veloped to a high degree of efficiency. 

Glass-forming machines can be divided into two 
broad divisions: those for hollow-ware and those for 
sheet and plate glass, respectively. The machines for 


were presented in a paper read before the Royal Society | working up hollow-ware comprise presses for articles 


such as tumblers, nappies, jellies, &c., bottle machines 
for wide-mouth and semi-wide mouth containers of 
all kinds, as well as every kind of narrow-mouth bottle, 
and, finally, the machine which has been evolved for 
working up very thin-walled hollow-ware, such as 
electric lamp bulbs and (a recent development) tumblers. 
Included with hollow-ware machines, although really 
in a class by itself, may be grouped the Danner tube- 
drawing machine. Glass tubing in any length and size 
may be drawn on this machine, and also glass rod and 
cane. The second broad class of glass-forming machi- 
nery comprises the drawing machines for ordinary 
window glass and the casting and rolling machines for 
plate glass, as well as the new drawing machines for 
the continuous plate-glass process. 

Dealing first with machinery for working up hollow- 
ware, the simplest machine which has been evolved 
for this purpose is the press machine, which, owing 
to the simplicity of its working and construction, has 
been used from quite early times. The essential parts 
of a press machine are the press mould and the plunger. 
The required amount of glass at the working tempera- 
ture is dropped into the press mould, and the plunger, 
which is shaped so that its outside dimensions corre- 
spond with the inside dimensions of the article, then 
descends and presses the glass so as to conform to the 
shape of the mould. The working temperature is about 
1,000 deg. to 1,100 deg. C., glass at this temperature 
having a sufficiently low viscosity to be fairly plastic. 
Obviously, the widest diameter of the bottle must be 
at the top, as otherwise the plunger cannot be with- 
drawn after the article has been pressed, while if a 
one-piece press mould is used, the outside shape of the 
article must be such that the mould is not under-cut, 
otherwise the article would not be able to leave the 
mould. If a two- or three-piece mould is used, articles 
of a simple shape inside but of quite a complicated shape 
outside, may be pressed. All the early types of glass- 
working machines were arranged to be fed with glass 
by hand; modern machines work, however, in con- 
junction with a feeder mechanism. 

In the early type of press machine known as a side- 
lever press, the downward movement of the plunger 
was effected by manual labour, through a lever 
situated at the side of the machine, and operating 
through a suitable mechanism. One mould was fitted 
on a machine of this type. The glass was first pressed 
in the mould, the finished article removed, and the 
mould again filled with glass, ready for the next 
operation. Such machines are slow in operation, 
and have only a small output. The machine is now 
quite superseded, as ware cannot be produced on it 
nearly as cheaply as on the modern automatic presses. 
However, this simple press is of distinct interest, as it is 
typical of its class, and the modern automatic machines 
have been directly evolved from the side-lever press. 

Automatic press machines have their plunger 
mechanism actuated by compressed air, the plunger 
being directly actuated by the piston of a compressed- 
air cylinder. To attain a large output, a number of 
moulds are used, generally up to ten, these moulds 
being spaced at equal distances round the edge of a 
circular mould table. This table is rotated inter- 
mittently by a suitable mechanism, each movement 
being a fraction of a complete revolution, equivalent to 
the distance between two consecutive moulds. Thus, 
if before the movement any particular mould was 
directly beneath the plunger, then, after one movement, 
the next mould in succession will be beneath the 
plunger. This intermittent rotation thus brings each 
mould in turn beneath the plunger and beneath any 
other given point. After each movement the table 
pauses for a few seconds, while the glass is being fed into 
one of the moulds, and in another mould the plunger 
is descending and pressing a charge of glass. The other 
moulds will either be empty, or will contain ware which 
has been pressed, and which is being left in the mould 
for a few stations so as to set, before being taken out. 





Thus, at any given moment on the automatic press 
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machine, one article is being pressed, whilst in another 
mould a charge of glass is being fed. 

A modern press machine is shown in Fig. 1, on this 
page. This is the model of the type of machine con- 
structed by Messrs. Wm. J. Miller, Inc., of Swissvale, 
Pa., U.S.A. The machine accommodates eight moulds, 


and: possesses several special features. The plunger to | 


be seen to the left is driven from the cylinder through 
a crosshead, working on two columns. Careful support 
and design of the plunger travel mechanism is neces- 
sary, because otherwise the plunger may get out of 
alignment with the press mould, and inferior ware may 
be produced. The position of the stroke of the plunger 
may be varied, to suit the particular ware being made, 
by means of the hand-wheel working on a vertical shaft, 
which can be seen at the extreme left of the machine. 
In the lower left-hand corner there is an air-operated 
toggle mould lock and a safety lock for the table. These 
come into operation when the table is stationary and 
the ware is being pressed. Since the mould table is 
alternately brought to rest at one station and started 
again to move round to the next, a considerable amount 
of stress is thrown on the rotating mechanism. This is 
very marked in large modern machines, owing to the 
great weight of the moving parts, and good design and 
workmanship are necessary to ensure satisfactory 
operation. In the Miller press, with which we are 
dealing, the table is driven by an electric motor through 
the medium of a Geneva mechanism. With this motion, 
the mould table is gradually brought to rest, and then 
after a short pause is gently started up again. The 
method of feeding the moulds with molten glass is not 
shown in Fig. 1. This feature of this and other machines 
will be referred to later. The machine is completely 
automatic in operation, and has a productive capacity of 
about 22 articles per minute. 

A further machine of the press type is illustrated 
in Fig. 2 annexed. As shown in the figure, the 
moulds have been removed so as to expose the air 
cooling arrangements. The machine is built by 
Messrs. The Miller Machine and Mould Works, of 
Columbus, Ohio, U.S.A. In addition to making 
straight pressed ware, the machine may also be 
used for making semi-wide mouth ware, such as 
fruit jars, gas and lantern globes, shades, vases, 
&c. When operating on semi-wide mouth ware, the 
machine works on what is known as the press and blow 
principle. The machine may be considered for a 
moment solely as a press machine; press and blow 
machines will be dealt with subsequently. The machine 
can mount 16 one-piece press moulds for simple ware, 
or eight moulds, open and shut, for pressing more 
complicated ware. In the latter case, and also when 
working on the press and blow principle, the opening, 
closing and locking of the moulds is automatic. As 
will be seen from Fig. 2, the plunger of this machine 
operates through strong helical springs. This feature 
is also incorporated in the machine illustrated in 
Fig. 1, but is shown somewhat more clearly by Fig. 2. 
The purpose of these springs is to allow the plunger 
to be gradually brought to rest in the mould, at the 
end of its travel, without shock. The springs also 
allow some latitude in the position of the plunger at 
the bottom of its stroke. It is difficult always to 
ensure that exactly the same quantity of glass is 
placed in the mould, and the employment of the springs 
permits of the plunger giving to any small excess of 
glass, and so prevents damage. A final purpose of 
the springs is that by allowing the travel of the | 
plunger to be greater than its descent into the mould, 
the excess movement being taken up by the springs, | 
the plunger rests momentarily in the mould at the | 
end of its stroke, before being withdrawn, which | 
improves the quality of the ware. This machine is | 
completely automatic in operation, is served by a} 
feeder, and is equipped with a device for automatically | 
taking out the ware. It is capable of making ware 
ranging in capacity from 8 to 64 ounces, and is| 
entirely operated by compressed air, both the plunger | 
travel and the rotation of the table being carried out | 
by this agent, while the air service is also used to cool | 
the moulds, the discharge pipes being clearly seen in | 
Fig. 2. Press machines may be sed not only for pressing | 
hollow ware, but also for pressing solid articles, sueh | 
as glass insulators, knobs, lenses, lids, &c. The broad 
lines of operation of these insulator presses are the 
same as for the press machines considered above. | 

Where a special finish is to be applied to the top of 
the bottle, and the mouth partly closed in, as in the | 
case of fruit-jars, milk bottles, &c., the ware cannot | 
be simply pressed, but requires a somewhat more | 
complicated operation, which is carried out on what are | 
known as press and blow machines. With such | 
machines, two different sets of moulds are used. In | 
the first, the parison or press mould, the charge of 
glass is pressed, as in a press machine, and the top | 
of the bottle is completely finished. The parison is 
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pressed by the plunger into a conical-shaped form, | blow or finishing mould. In this mould a current | finishing mould. Early type press and blow machines, 
which allows the plunger to be withdrawn easily ; | of ‘compressed air is blown into the parison, which | and a great number of present designs are built on 
after the pressing the parison is transferred to the | is distended, and conforms to the shape of the| what is known as the two-table principle. With such 
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machines all the parison moulds are mounted on one 
table, and all the finishing moulds on another. The 
parison being taken from the press mould to the finish- 
ing mould by a transfer device. 

Fig. 3 above, shows an early type Miller press and 
blow machine. This machine is shown in operation, 
working on two-pound jam jars, and in the figure the 
conical shaped pressed parison may be seen, about the 
centre of the figure, in course of transfer. As will be 
seen, the rim of the jar has been completed in the 
pressing operation. The figure shows a finishing mould 





open, and the finished bottle standing ready for taking 
out. A modern example of a two-table press and 
blow machine is that built by the Messrs. O’Neill 
Machine Co. of Toledo, Ohio, U.S.A. and designed for 
producing tumblers. The machine is relatively fast in 
operation, and is capable of producing up to 24 thin 
blown tumblers per minute. It is entirely automatic 
in operation. 

Development in the design of press and blow machines 
used for making large ware, such as milk bottles, jam 
jars, &c., has been in the direction of mounting all the 





moulds on one table. With this practice, the blank 
or press moulds alternate with the finishing moulds. 
The Miller combination machine, shown in Fig. 2, 
can be used either as a press machine as already 
described, or as a press and blow machine. This is 
made possible by fitting a transfer device and a blow- 
head on the machine; when operating as a press and 
blow machine, eight parison and eight finishing moulds 
are mounted; the two sets of’ moulds are alternated 
on the mould table. Reference has already been made 
to the air-cooling arrangements shown in Fig. 2., which 
are necessary since, on machines of this kind, which 
work at a high speed, the parison moulds get very hot. 
In addition to this arrangement on press, and press 
and blow machines, working at a high rate, the plunger 
also must be kept cool; this is effected by water 
cooling. A single table press and blow machine, 
manufactured by Messrs. Miller Machine and Mould 
Works, Inc., of Columbus, U.S.A., for wide mouth 
and semi-wide mouth ware, such as milk bottles, &c. 
is shown in Fig. 4 annexed. This is an eight mould 
machine, and has a speed of up to about 23 per minute 
according to the weight of bottle being made. The 
machine is driven by an electric motor through a Geneva 
movement. The illustration shows the machine in- 
stalled at the furnace, and the feeder through which 
moulten glass supply is fed to the moulds. Details of 
the feeder arrangements we will refer to later. 

The above machines are all capable of operating 
on wide mouth and semi-wide mouth ware ; for narrow 
mouth ware a different design of machine is employed. 
It is not possible to produce narrow mouth ware on a 
press and blow machine, as the plunger, which could 
not be larger than the neck of the bottle, would have 
to be made impracticably small from the point of view 
of forming the parison for the body. The chief points 
of difference between a narrow mouth bottle machine 
and a press and blow machine are the method employed 
to introduce the charge of glass into the parison mould, 
and the method for forming the top of the bottle. 
In the case of the press and blow machine, the parison 
moulds are wider at the top than at the bottom so 
that the charge of glass easily falls into the press mould. 
In the narrow mouth bottle machine, no pressing 
mechanism proper is employed to form the mouth of 
the bottle. These machines are all designed to work 
on the turnover-parison system. The tip, which 
corresponds to the plunger of the press machine, 
and forms the neck of the bottle, is held in position in 
a ring mould, which is in contact with the parison 
mould. The parison and ring moulds are made in 
halves, and the parison mould is left with an opening 
at the bottom. When a to receive the charge of 
glass, the parison mould with the ring mould and tip 
in position is held upside down, and the charge of glass 
is dropped through the opening in the bottom. The 
glass fills the mould, and flows all round the tip, thus 
forming the neck of the bottle. A small amount of 
compressed air introduced round the tip, chills the 
glass locally, and allows the tip to be withdrawn from 
the parison. The parison mould is then swung right 
way up. 

the case of the two-table flow machine—and it 
may be said that at present practically all the narrow- 
mouth gravity-flow machines work on this principle— 
the parison moulds will be mounted on one table, 
and the finishing moulds on another table, the two 
tables being geared together. As explained above, 
after the parison mould has been filled and the neck 
of the bottle formed, the parison mould is turned 
tight-way up. During this process the table is 
rotating and the mould has moved away from the 
filling position. The parison mould, which as before 
mentioned is split, is opened, the ring mould being, how- 
ever, still kept closed, thus gripping the parison. At this 
stage an open finishing mould will have been brought, 
by the rotation of the machine, opposite to the parison 
mould on the other table. The ring mould is then 
moved transversely, carrying the parison with it, 
until it is above the finishing mould. The parison 
is thus carried inside the finishing mould, which 
then closes round the glass blank. The ring mould 
next opens to release the top of the bottle, and travels 
back to join its parison mould, which is then carried 
round by the rotation of the machine to receive a 
fresh charge of glass, and form a fresh parison. After 
the release of the parison by the ring mould, a blow- 
head descends on to the finishing mould, and a 
current of compressed air is blown into the parison, 
which is thereby expanded to take the shape of the 
finishing mould. After the lapse of a short time 
to allow the bottle to set rigidly, the finishing mould 
opens, and the finished bottle is released. This repre- 
sents the complete cycle of operations. A number of 
moulds are moun on the machine, as in the case 
of the machines considered above. To effect the 
transfer and other operations, the machine is rotated 
intermittently, and is driven by a compressed air 
cylinder through a rack and pinion. 

(To be continued.) 
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INVESTIGATIONS OF WARM-AIR 
FURNACES AND HEATING SYSTEMS. 


Srxce 1918, the University of Illinois and the National 
Warm-Air Heating Association have been engaged in 
determinations of the efficiency and capacity of com- 
mercial warm-air heating furnaces, both piped and 
pipeless, when working under the conditions of actual 
installations, with respect to heat losses, insulating 
materials, friction losses, proper sizes and locations of 
ducts and registers, &c. A third report, dealing with the 
same subject and drawn up by Messrs. Arthur Willard, 
Alonzo Kratz and Vincent Day, is contained in Bulletin 
No. 188 of the Engineering Experiment Station, Urbana. 

The main furnace plant used is of the air-supply or 
recirculating type in general use in the country, and is 
erected in a three-storey steel structure, which serves as 
a working skeleton of a house and carries the ten leaders 
and stacks (horizontal, inclined and vertical warm 
air ducts) and the registers for the various floors. A 
single cold-air return drops from the level of the first 
floor down to a very wide cold-air shoe connected to 
the back of the casing. The rectangular stacks are 
single or double-walled; the ten leaders are covered 
with one layer of asbestos paper. The four types of 
furnaces, all having 23-in. grates and 25-in. fire pots, 
were installed in this main testing plant and fired 
with anthracite or other coal. There is an elec- 
trically-heated auxiliary plant, insulated by air spaces 
and magnesia, for the tests of the leaders, stacks and 
registers; the air flow is by gravity and is controlled 
with the aid of anemometers and thermocouples. It 
is not easy to summarise such a report, but some 
conclusions may be indicated. The capacities of the 
furnaces, when equipped with the most advantageous 
size of casing, suggested that the resistance of the plant 
was nearly constant for all the best sizes of casings, and 
indicated a relation between the optimum frictional 
resistance and the best performance of the plant; but 
this relation could hardly be formulated. The pitch 
of the leaders was found to have little influence on the 
heating effect of a pipe system for fixed heights between 
furnace and register. Air-cell insulation of the leader 
pipe offered some slight advantage at low combustion 
rates, but the insulation did not seem to be of 
importance, except with very long exposed pipes. In 
selecting floor or wall types of register combinations, 
preference should be given to systems which offer the 
least resistance from elbows or angles. 

A fourth report, published subsequently to the above, 
in Bulletin No. 189 of the Engineering Experiment 
Station at Urbana, deals with the work done in the 
so-called research residence which was completed in 
December, 1924. This residence is a two-storey building 
of the standard frame dwelling construction, with one 
room on either side of the entrance hall and a kitchen 
on the ground floor, three bedrooms on the floor above 
and three attics under the plain gabled roof ; there are 
four front windows on the ground floor. The house is 
equipped and occupied. The heating is all central; 
no cooking is done in the kitchen. The heating plant 
was arranged to duplicate the main plant in the 
laboratory, but various changes were made in the 
cold-air returns, which were successively modified in 
aix installations. The research residence is intended to 
give information concerning the effect of wind and of 
the external temperature, the relative values of inside 
and outside air supply and of inside and outside chim- 
neys, the significance of relative humidity in the house, 
the temperature distribution, the proper location of 
ducts and registers and other features, which are too 
inter-dependent to enable concise general conclusions 
to be drawn from the many tables compiled. The 
furnace was fired at four regular periods, 8 a.m., noon, 
6 p.m. and midnight. The air return, it would appear, 
should be from near the cold walls. In elaborate return 
systems, friction and turbulence may very seriously 
reduce the furnace efficiency, which does not depend 
upon the cross-sectional area of the ducts alone. An 
increase of 5 or 10 miles per hour in the wind velocity 
required an increase of about 5 deg. F. in the register 
temperature to maintain the house temperature. In 
the coldest weather, sunshine on the roof raised the roof 
temperature by 30 deg., and the temperature in the 
attics under the roof by 8 deg. In mild weather (with 
about 20 deg. difference in the indoor and outdoor tem- 
peratures), the respective figures were 50 and 12 deg. F. 
Ouly in extremely cold weather was the flow of heat 
outward through the rocf while the sun was shining ; 
for external temperatures exceeding 17-5 deg. F. 
(outdoor-indoor temperature difference 52-5 deg. F.) 
the flow of heat was inward with the sun shining. 
When the sun was not shining, the flow of heat was 
or The rg of the relative humidity was 
studi y exposing three types of evaporati in 
different parts, the base, the front a 
furnace. Frosting of windows was only observed when 
severe cold suddenly followed mild weather. With the 
ordinary single-thermostatic temperature control, over- 
heating of the furnace sometimes occurred. In this 
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control, a single bimetallic element was mounted at the 
breathing level of the dining room, and this element 
closed the circuits of the motor actuating the draught 
damper. The dual control system, afterwards tried, 
employed, in addition a second bimetallic element, so 
mounted in the bonnet of the furnace that the element 
was exposed to the flow of warm air and to the 
radiation from the hot castings; this second system 
usually takes control. The data relating to the value 
of ceiling insulation and other matters is not easily 
summarised in brief form. 








CORK-SEALED PISTON RING. 


EXPERIMENTS have shown that about half the total 
mechanical losses in an internal-combustion engine are 
due to piston friction. When the rings are in good 
condition, the proportion of friction due to the rings is 
small, but it may be considerably increased by gas 
pressure behind the ring, or by the latter becoming 
gummed. Many efforts have been made to improve on 
the simple split ring, but the majority of these have 
been directed with a view to reducing the gas leakage 
past the slot. It is probably of more importance to 
prevent leakage behind the ring, and with this object 
in view, Messrs. The Cork-Sealed Piston Ring Company, 
of Denver, U.S.A., have designed and placed on the 
American market a ring which is fitted with a soft 
fibrous backing. This backing, in the form of a 
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gasket, is made from powered cork. In the process of 
manufacture, the gasket is subjected to great pressure to 
consolidate the material, and is treated with chemicals 
to make it heat resisting. A section of a piston with 
ring and gasket fitted is shown in the annexed figure. 

Two grooves are cut inside the cast-iron ring, and 
on the outside of the gasket there are corresponding 
projections, which fit into the grooves and increase the 
contact surface between the ring and the gasket. The 
gaskets are made in strips of different thicknesses ; 
they are laid in the piston groove, and the ring sprung 
into place in the usual way. The action of the cork 
can readily be followed. No pressure can get behind 
the ring, and any wear is taken up by the expansion of 
the gasket. It has been found that rings fitted in this 
way give full compression with very low wall wear and 
prevent carbon deposit behind the rings, and it is also 
claimed that they eliminate the knock on the piston 
caused by a too early ignition. The rings have been 
tested on a Buick and a Willis-Knight car. The engine 
was opened up for examination after 37,000 miles’ 
running in the former case, and after 31,000 miles’ 
running in the latter. It was found that the rings 
showed no appreciable wear in either case, the only 
attention necessary being the renewal of the gaskets. 
The rings are, of course, suitable for use on other types 
of engine, and can also be employed with advantage in 
compressors. 








CANADIAN STANDARD SPECIFICATION FOR STEEL 
Castines.—The Canadian Engineering Standards Asso- 
ciation has recently published a standard specification for 
carbon-steel castings. The publication is d on 
specification No. A 27—24 of the American Society 
for Testing Materials, which covers steel castings for 
general service and for ships. To the Canadian specifica- 
tion, however, has been added a special new section 
embracing castings subject to heavy duty, such as rotors 
in electric generators, housings, and the like. This 
special section has been prepared with the object of 
giving useful information ‘to designing engineers, pur- 
chasing agents, inspectors and foundrymen. The first 
draft specification was prepared in November, 1927, and 
revisions for the final draft were approved at a meeting 
of the Committee on Steel Castings, held in Montreal on 
November 23, 1928. Final approval with authority to 
publish was received in April last. The specification is 
designated No. G 28—1929, and is obtainable, price 
25 cents, from the Secretary, Canadian Engineering 
Standards Association, 303, Bryson Building, 178, 
Queen-street, Ottawa. . It may be of interest to add that 
the Canadian Standards Association was incorporated 
by Dominion Charter in 1919, and that it acts as the 
advisory committee for Canada of the British Engineering 
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CATALOGUES. 

Piling.—The Pressure Piling Company, Limited, 119, 
Victoria-street, London, S.W.1, have issued a pamphlet 
describing their patented method of reinforced-concrete 
piling for the foundations of buildings, walls, and heavy 
machinery, by making a bore hole and filling it under 
pressure. 

General Engineering.—The technical review issued by 
Messrs. Sulzer Brothers, 31, Bedford-square, London, 
W.C.1, describes some of the work of the company in 
central heating for large buildings, marine oil engines for 
passenger and cargo craft on the Swiss lakes, and bore- 
hole pumps. 

Compressors.—Some large compressors made by 
Messrs Borsig, of Berlin, are described in the Borsig- 
Zeitung, a copy of which has reached us from Messrs. 
Leistikow, Allison and Lyon, 19, Southampton-buildings, 
Chancery-lane, London, W.C.2, who represent the 
Borsig firm. 

Gyroscopic Apparatus.—The Sperry Gyroscope Com- 
pany, Limited, 15, Victoria-street, London, 8.W.1, have 
sent us a further issue of their house journal containing 
particulars of the gyro instruments, including navigation 
compasses, stabilisers, pilots and helm indicators, and also 
of the searchlights made by the company. 


Motor Cars and Aero Engines.—We have received a 
copy of the March issue of the Bulletin published by 
Messrs. Rolls-Royce, 14, Conduit-street, London, W.1, 
containing illustrations of motor cars and of aeroplanes 
equipped with their petrol engines, and also including 
some excellent views of picturesque places at home and 
abroad. 

Power-Plant Equip Foster Wheeler 
Limited, Aldwych House, London, W.C.2, have sent us 
copies of the house journal issued by Messrs. The Foster 
Wheeler Corporation, U.S.A., containing descriptions of 
water-cooling plants, condensers, water-tube boiler 
furnaces, superheaters, pulverised-coal firing equipment, 
and other products of the firm, 

Clocks and Signalling Apparatus.—Messrs. Gent and 
Company, Limited, Leicester, have sent us a catalogue 
of turret clocks, with descriptions of some very large ex- 
amples which they have installed at Glasgow, Liverpool 
and places abroad. A catalogue of bells and signals for 
power mains, battery circuits, mines, railways and indus- 
trial establishments has also come to hand. 

Electrical Equip t.—Messrs. A. E. G. Electric 
Company, Limited, 131, Victoria-street, London, 8.W.1, 
have sent us a copy of the March issue of their house 
journal Progress, describing the products of the German 
company. The text is in English, and the descriptions 
relate to various special types of electric motors, portable 
and bench tools, workshop vehicles and cranes, and 
electric clocks. 

Gas Firing for Melting Furnaces.—The application of 
pressure gas to a number of re-melting furnaces in the 
die-casting shops of Messrs. F. H. Adams (1926) Limited, 
at Handsworth, is illustrated and described in the bulletin 
issued by the British Commercial Gas Association, 28, 
Grosvenor-gardens, London, 8.W.1. In this case, the 
ordinary town gas, under enhanced pressure, has dis- 
placed an oil-burning equipment. 

Regulating Instruments.—Messrs. Drayton Regulator 
and Instrument Company, Limited, West Drayton, 
Middlesex have issued two new catalogues, one of 
which deals with thermo-gas instruments for gas-heated 
vessels, drying ovens, rooms, &c. The other relates to 
electric switches operated by temperature or by pressure. 
Both act automatically on a comparatively small varia- 
tion from the required conditions. Prices and particulars 
are given. 

Electrical Machinery.—The Westinghouse Electric 
International Company, 150, Broadway, New York, 
U.S.A., have sent us a copy of their bulletin for April- 
May, in which appear descriptions of their products, 
including road and rail passenger cars, large electric 
generators installed at Conowingo, Pennsylvania, 
brickmaking machinery, and the electrical equipment 
for the new buildings of the Army and Navy Stores in 
London. . 

Coal Cleaning.—The Birtley Iron Company, Limited, 
Birtley, Co. Durham, are issuing a new quarterly journal, 
named Fuel Preparation, for circulation amongst colliery 
owners. The first number contains a preface by Sir Hugh 
Bell and information about the cleaning, sorting, and 
sizing of coal, including descriptions of the dry cleaning 
or pneumatic-separator plant made by the Birtley Iron 
Company. One of these plants now working at the 
Thorne Colliery, near Doncaster, deals with 130 tons of 
slack per hour. 

Oil Engines.—Messrs. Marshall, Sons and Company, 
Limited, Gainsborough, have issued two catalogues of 
oil engines. One of them, known as type H, is a horizontal 
single-cylinder four-stroke cycle engine igniting by 
pressure, and is made in six standard sizes, ranging from 
15 b.h.p. to 50 b.h.p. The others, known as type M.V., 
are vertical, two-stroke cycle engines, and are made in 
17 sizes, with 1, 2, 4 or 6 cylinders, developing from 30, 
b.h.p. to 450 b.h.p. Both types will run on crude, 
refined, or residual oils. 

Electrical Engineering Work.—The heating of electrically 
driven trains, a turbo-generator set supplied to Colombia, 
South America, rack locomotives for a Bpanish mountain 
railway, and an electric motor for driving a pneumatic 
power hammer are the products of Messrs. Brown, Boveri 
and Company, Limited, Switzerland, selected for descrip- 
tion in the March number of their house journal. The 

ublication is in English, and is distributed by Messrs. 
British Brown Boveri, Limited, Trafalgar House, Waterloo- 
place, London, S.W.1. 
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NOTES ON NEW BOOKS. 


Motorshipping, by Mr. A. C. Hardy, is a large 
page work on the Diesel-engined modern ship. In 
a prefatory note, the author, referring to his former 
work, Motorships, claims that the present study 
begins where the other left off; in other words, that 
whereas Motorships dealt with the why and wherefore 
of the Diesel ship, Motorshipping seeks to show and 
chronicle the change which has come about in water 
transportation. This progress invites a popular study 
of the case, and the author’s presentation of it is eulo- 
gised in advance by two forewords, respectively, by 
Lord Kylsant and Sir Frederick W. Lewis. Chapters 
III and IV, dealing respectively with the performance 
of motorships and their saving in fuel, contain 
some instructive and useful comparative data, while 
Chapters VII, IX and X, which discuss respectively 
small fast passenger motorships, the construction 
of the Diesel-electric drive and the problem of the 
converted motorship, represent the more debatable 
issues in ship propulsion. Mention is made of two 
3,500-5,000 h.p. 15-17 knot twin-screw passenger ships 
built in 1926 for the German Ministry of Transport’s 
service between the Polish Corridor. The engines are of 
the four-cycle Diesel-type, with super-charging blowers 
driven by exhaust-gas turbines at 7 lb. per square inch. 
Discussing the progress of the Diesel-electric system 
and turbo-electric power, the author attributes the 
seeming preference for the latter to the excessive weight 
of the Diesel plant, though the Diesel-electric drive is 
more economical than the turbo-electric drive. Some 
interesting data and figures are given, indicative of the 
economy from either of these electric drives. Chapter 
XI discusses the points for and against standardising 
ship power units, and may be regarded as supplementing 
the points of the previous chapter on the converted 
motorship. Chapter XII deals with Diesel engines and 
naval craft, the author deducing from the data given 
that there is a definite field for Diesel engines up to 
about 1,500 h.p. units for the smaller types of naval 
craft. A large number of photographs are reproduced, 
and useful size drawings illustrate the text; there is 
also a very complete index. The publishers are 
Chapman and Hall, 11, Henrietta-street, Covent 
Garden, W.C., and the price is 15s. net. 





The ADB. Werkzeugmaschinenblatter of the Arbeits- 
gemeinschaft deutscher Betriebs ingenieure of the 
Verein Deutscher Ingenieure constitute a new venture, 
which will serve the interests of the student and young 
engineer, for whom the publications are primarily 
intended, as well as those of the manufacturer and the 
trade. The volume before us is a folder containing 
40 loose sheets in a form which the Verein Deutscher 
Ingenieure has found very convenient for the D.I.N. 
(standardisation) publications. The sheets are num- 
bered and each is complete in itself, so that one folder 
may suffice for a group of students. On the first sheet 
we find an illustrated description of the essential 
parts of a lathe with instructions regarding its use, 
written not in the style of a trade catalogue, but 
after the manner of an engineer’s pocket-book, or 
a course of introductory college lectures. Planing 
machines, slotting, drilling and polishing machines, 
&c., in their various types are similarly treated on 
other sheets. The illustrations do not represent the 
most recent styles of the respective tools, but 
are diagrams of approved types. Warnings are 
given about the wrong use of the machine, as well 
as hints as to the most profitable speeds, feeds, 
set-ups, &c. The editor, Professor E. Toussaint, 
Dr. Ing., of Berlin, prepared the text and illustrations 
in co-operation with local groups of engineers-in- 
charge. The folder, of about 12 in. by 9 in., is pub- 
lished by the Beuth-Verlag, G.b.m.H., Berlin, 8.14, 
Dresdenerstr, 97, at the price of 9 marks. The loose- 
leaf form offers the additional advantage that altera- 
tions and additions can be made without necessitating 
the expense of a new edition. 





While granting that the determination of the con- 
centration of the hydrogen ions (or hydrions) has 
become as important in the general chemical laboratory 
as it has long been in electrochemical and physiological 
research and in the dairy and brewery, and that the 
hydrogen ion is beginning to be of service to the 
engineer in his tests, we confess that we do not quite 
understand why an elementary treatise on electrode, 
indicator and supplementary methods with an indexed 
bibliography on applications, need run to 717 pages, as 
does The Determination of the Hydrogen Ions, by Dr. W. 
Mansfield Clark, Professor of Physiological Chemistry, 
the Johns Hopkins University, Baltimore [London: 
Bailliére, Tindall and Cox ; price 30s. net]. We should 
note, however, that the present volume is the third 
edition of a book which was first published in 1920. The 
methods are varied, and much depends upon the details 
of the apparatus and processes. Yet we think that 
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the book would have gained by being more concise. 
Passages such as “ Like the gods who personifieé the 
virtues, we, having embodied the acidic and the basic 
properties, have lifted to our Olympus the hydrogen 
and the hydroxyl ions, H+ and OH-. Furthermore, 
the current conception of the nature of acids and bases 
bears the imprint of the age of electricity,” might 
profitably have been dispensed with. Again, 85 pages 
of bibliography, titles of books and papers in alpha- 
betical order of the authors, is more than ample 
allowance considering that the text does not contain 
references to a good many of these entries, and that 
they are by no means particularly concerned with 
applications, as the sub-title seems to indicate. 





As the fundamental ideas of the nature of electricity 
get deeper, the knowledge of the student follows 
slowly in the wake of the pioneers. Even some 
beginners nowadays can talk of electronic emission, 
electrostatic fields or displacement currents with no 
small measure of intelligence ; whereas a few decades 
ago the fluid theories were earnestly debated by 
professors. In electrical engineering particularly the 
widening scope necessitates greater and greater 
specialisation. It is natural that one branch of 
specialised research should be the electro-magnetic 
field, and that it should produce its own literature. 
The Spanish work before us, by Professor J. A. Pérez 
del Pulgar, Teoria de los Campos electromagnéticos 
(Madrid: ‘‘ El Financiero”’ Co.), has been designed 
for the use of higher-course students specialising in 
this direction. The subject leads off from vectors 
and their properties, and the several theorems of 
Gauss, Laplace and others. The mathematics are not 
unduly difficult: only the elements inseparable from 
such a subject are necessary. The author adduces 
as much physical explanation as is needful for a clear 
understanding of the natural foundations of the 
theory. Not much is given in the way of practical 
application. Unfortunately the electromagnetic field 
as it occurs in practice is rarely susceptible to other 
than approximate numerical methods, and this fact 
probably accounts largely for the comparatively 
vague appreciation of such fields. This book may 
assist readers of Spanish who are interested in a more 
exact knowledge of the subject. 





Volume IX of A Comprehensive Treatise on Inorganic 
and Theoretical Chemistry, by Dr. J. W. Mellor, F.R.S. 
{[London: Longmans, Green and Company, price 
63s. net] deals with the elements of the group arsenic, 
antimony, bismuth, vanadium, columbium and tan- 
talum. Several of these elements, relatively rare, 
have acquired considerable practical importance of 
late after giving the chemists a good deal of trouble. 
An apparently new element was isolated from a Massa- 
chusetts mineral in 1801 by Hatchett, of the British 
Museum, and was called by him columbium. A year 
later Ekeberg discovered, after tantalising difficulties, 
another element in Finnish ores, which he named 
tantalum. Some chemists considered the two new ele- 
ments identical, and in 1844, Rose found in Bavarian 
tantalites a third element, niobium, possibly confounded 
with the other two. Later investigations showed the 
identity of niobium and columbium and the non- 
existence of several similar elements, and both the 
names remained in use, columbium in British books, 
niobium among the Teutonic workers. Such con- 
troversial matters are fully explained by Dr. Mellor, 
whose momentous compilation is perhaps best charac- 
terised by the dedication: ‘‘ Dedicated to the Privates 
in the Great Army of Workers in Chemistry. Their 
Names have been forgotten, their Work remains.” 
The volumes are, as we have stated before, probably 
unique in the completeness of their references to 
investigation of the properties and peculiarities of the 
respective elements and their compounds. With alpha- 
betical arrangement the work would be a dictionary 
rather than a treatise ; the good subject matter index, 
added to the 967 pages of text and references, help 
materially to justify the title treatise. 





Dr. Curt Ehlers, manager of a Hamburg mineral 
oil works, compiled his volume on Schmiermittel und 
thre richtige Verwendung (Leipzig: Otto Spanner; 
price 8 marks) for the purpose of providing manufac- 
turers, works’ engineers and oil merchants, with 
information regarding the essential properties of 
lubricants to be looked for when selecting an oil, as well 
as information on the points that may be safely dis- 
regarded. The selection of an oil should, of course, be 
made with reference to the machine it is to be used on. 
How this is to be understood he explains in his chapter 
on Oil Purchase. The user should not be guided 
merely by analyses which may be misleading or be 
misunderstood. He should give the supply firm the 
fullest information as to his requirements. Manufac- 








turers have frequently reason to complain that they 


are not informed of the duty to be performed until 
something has gone wrong. Dr. Ehlers first discusses 
the general properties of natural oils from various parts 
of the world and the physical and other properties 
which admit of determination by definite tests. Oili- 
ness is not one of the properties he mentions ; the few 
words he says about Schmierfihigkeit would probably 
come under this heading. The real test of the suit- 
ability of an oil for a particular machine would be by 
a dynamometer test with determination of the rise of 
temperature. Dr. Ehlers has not a high opinion of oil- 
testing machines. He therefore gives, in the main 
chapter of his volume, particulars about special applica- 
tions of oils, the characteristics of lubricants for steam 
cylinders, electromotors, compressors, gas engines, 
turbines, gearings, watches, signal switches, &c. 
There are further remarks on greases, and on additions 
to mineral oils (graphite, vegetable oils, fats, wax, &c.). 
A volume of 112 pages, though concise and to the point, 
cannot deal very fully with the problems of the applica- 
tion of lubricants; but the advice given, on the whole, 
seems sound. The subject index might well have been 
more complete. 





If a well-stocked library has any virtue, there will 
soon be as little excuse for the industrialist to plead 
ignorance, where questions of works management are 
concerned, as there now is for the cost accountant to 
attempt to justify archaic methods of apportioning 
overhead charges. Books ofall kinds on works manage- 
ment are becoming available, the latest to hand being 
entitled Industrial Management, by Professor Lans- 
burgh (New York, John Wiley and Sons, Inc. ; London, 
Chapman and Hall, Limited, 11, Henrietta-street, 
Covent-garden, W.C.2. Price 22s. 6d. net.) This book 
is in its second edition, this being a slight enlargement 
of the first. It is arranged in forty-seven chapters and 
eight parts, the subjects treated covering Organisation, 
Plant and Working Conditions, Standardisation, Job 
Study, Wages, Personal Relations, and Controlling 
Operations. While engineering production is promi- 
nent, there are many references to other industries. 
Apart from the usual chapters on motion study and 
systems of payment, which are worth perusal, those on 
lighting, air conditioning and material handling make 
useful reading. There are many works, even to-day, 
where the lighting conditions are exceedingly bad in 
every respect, but especially so in their physical 
reactions upon those forced to work under them— 
either in glare or semi-darkness—and also in the direc- 
tion of the slowing-down effect upon production. 
Similar remarks can with justice be applied to the 
general question of ventilation and heating, although, 
in this respect, education of the workers themselves 
is at least as necessary as improvement in the conditions 
concerned. One of the new chapters, on organised 
labour and management, is devoted to the change in 
the attitude, which, during recent years, has taken 
place between labour and management. The attitude 
of trade unions to time study is the principal subject 
of the chapter, the change which has come about in 
this respect being most significant. Altogether, the 
book offers a fairly complete review of most of the 
questions which arise in the management of a works, 
and can hardly fail to interest any industrialist seriously 
concerned with the efficient use of either labour or plant. 








Royat AGRicuttuRAL Society TRacToR TRIALS.— 
Under the auspices of the Royal Agricultural Society 
of England in conjunction with the Institute of Agri- 
cultural Engineering, University of Oxford, a series of 
world agricultural tractor trials will be held during the 
summer of 1930. Tests will be carried out between 
June 1 and September 1, and, in addition, a public 
demonstration will take place from September 16 to 19, 
1930. Both the tests and the public demonstration will 
be held on sites within 20 miles of Oxford. All entries 
must be made on forms which may be obtained on 
application to the secretary, Royal Agricultural Society of 
mgland, 16, Bedford-square, London, W.C.1, from 
whom further particulars may also be obtained. 





PERTH-ADELAIDE AIR SERVICE.—A passenger, mail, 
and cargo air service was recently inaugurated by the 
West Australian Airways, Limited, between Perth, 
Western Australia, and Adelaide, South Australia. 
The route is via Kalgoorlie, Forrest and Ceduna. The 
length of the route is 1,450 miles, and the longest stage 
is that between Kalgoorlie and Forrest, a distance of 
400 miles, the other three stages are each 350 miles in 
length. The machines employed are _British-built 
De Haviland ‘‘ Hercules’’ triple-engined air liners, 
which will carry fourteen passengers, in addition to 
luggage, goods, and mails. Passengers leave Perth on 
Tuesday morning and arrive at Adelaide at mid-day 
on Wednesday. In the other direction, the machine leaves 
Adelaide on’ Sunday morning and passengers arrive 
at Perth on the following day at 1 p.m. The stop for 
the night is, in each case, made at Forrest, where hotel 
accommodation is provided. The cabins of the liners 
are warmed by means of exhaust gases in winter, and are 
cooled in summer, and electric light is installed. The 





aeroplanes have a wing span of 79 ft. 6 in. 
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LANOLINE RUST PREVENTERS. 
THE preservation of the bright steel parts of 
machinery in store is often a matter of considerable 
economical importance. A few years ago a pre- 
liminary enquiry was made at the National Physical 
Laboratory into the relative suitability of a number of 
preservatives, and the results of the investigation were 
embodied in a report and published in these columns.* 
It was found that, in general, greasy preservatives 
are more satisfactory than hardening pastes or 
varnishes, and that, of all the substances tested, lanoline, 
whether brushed on or deposited from a solution, 
forms the best coating, and has very great adhesion 
to steel even at high temperatures. 

Under the supervision of the Engineering Co- 
ordinating Research Board of the Department of 
Scientific and Industrial Research, investigations have 
since been carried out at the Laboratory to determine 
the best solvents for use in lanoline mixtures, having 
regard to initial cost, safety in use, and efficiency. 
The investigations are not yet wholly completed, as 
life tests which have been in progress for nearly four 
years are to be carried on for a longer period, but a 
report by Mr. C. Jakeman has now been published, 
giving the principal results so far obtained. f The 
material coated consisted either of strips of }-in. 
cast-steel gauge plate, mild-steel cylindrical test 
pieces, and other steel test pieces (presumably also of 
mild steel) used for dipping tests. The life tests still 
in progress are being made on bright bolts and nuts 
drawn from store. Five samples of lanoline have been 
employed, varying considerably in acidity. In the 

revious report it was shown that the best solvent 
ie lanoline is benzine, which dries off quickly and 
leaves a uniform film of grease on the metal. The use 
of this substance, however, is not recommended, as 
it is difficult to apply without considerable danger 
to the health of the operators. A number of other 
solvents, such as petrol, paraffin, turpentine, gold 
size, boiled or raw linseed oil, and castor oil, do not 
hold permanently in solution the lanoline they take up, 
and coatings deposited from them ultimately fail as 
preservatives, most of them after a few days. The coat- 
ing from tetralin, though the lanoline seems well dis- 
solved, does not adhere readily to metal surfaces, was 
found to fail after a few weeks. The non-flammable 
solvents Westron and Westrosol, though relatively ex- 
pensive, were satisfactory, but each of them gives off 
fumes dangerous to health. The net result of the investi- 
gation has been to show that the only satisfactory sol- 
vents tested were solvent naphtha, which is a mixture 
of toluene and xylene, or a petroleum product specified 
by the British Engineering Standards Association as 
white-spirit. Illustrations of cast-stee] test strips, 
cleaned with petrol, coated with lanoline dissolved in 
a variety of these substances, and exposed to the 
weather, bear out these conclusions. 

To reduce the difficulty of making sure that rust 
preventers applied by brush cover the whole of the 
surfaces some experiments were made with the addi- 
tion of colouring matter, to see whether it affected 
the adhesion of the grease film. In these tests, solu- 
tions of lanoline of 51 per cent. by weight in white 
spirit and 49 per cent. in solvent naphtha were used, 
with a number of dyes soluble in oil. These coatings 
were applied as before to cast-steel gauge plates, 
and exposed for 150 days to the weather. Generally 
it was found that the coloured solution had permitted 
very slightly more corrosion than the uncoloured, but 
with two of the dyes (blue and black) in naphtha 
solutions, even this difference was not found. In 
either case, however, only a few isolated specks could 
be detected. The colours chosen, though apparently 
permanent even when stored in glass bottles and 
exposed to daylight, fade when the coated articles are 
ex to sun and weather. As the colour is wanted 
only as a guide when applying the preservative, the 
subsequent fading is of no consequence. 

Another series of experiments was directed to the 
possibility of hardening the coatings, which for some 
days or weeks after being applied remain tacky and 
liable to be partly removed by handling, the pre- 
servative effect being thus weakened. It had already 
been found that additions of beeswax reduced the 
preservative effect, and experiments were therefore 
made on the effect of various additions of paraffin 
wax, ceresin and carnauba wax, used both in white- 
spirit and in naphtha solutions of lanoline. These 
were applied by dipping to cylindrical test pieces, 
which were exposed to the weather for 131 days. The 
result was to exclude the use of carnauba wax, and to 
gad pic oe in which the other two waxes could 
be in white-spirit and naphtha solutions respec- 
tively (paraffin wax up to 10 per cent. and ceresin 
up to 3 per cent. in white-spirit solution, and ceresin 





* ENGINEERING, 1925, vol. cxx, 123 to 125. 

+ Department of Scientific an dustrial Research. 
Engi ing Research: Special Report No. 12. H.M. 
Stationery Office. ls, net. 








up to 5 per cent. in naphtha solution). In these 
proportions the preservative effect did not appear to 
be reduced, while the coatings were harder and stood 
handling better than coatings without wax. The 
additions increased the cost of the solutions. 

A number of tests were made to ascertain the cause 
of corrosion, and in particular the effect, if any, of 
acidity in the lanoline. The superior tenacity of lano- 
line to metal is explained by the fact that it can absorb 
a very small quantity of moisture, which substances 
such as petroleum grease cannot, and if, therefore, it 
is sufficiently free from water it adheres satisfactorily 
to metal surfaces from which the last trace of moisture 
have not been removed. Excess of water in the 
lanoline appeared, therefore, in some tests on coated 
cast-steel plates to reduce the preservative effect of 
the coating, but the effect of wide variations in the 
acidity seemed in some tests to be slight or imper- 
ceptible. There appeared, however, for some unex- 
plained cause to be a difference in the resistance of 
different plates. The relatively slight effect of the 
acidity was confirmed by the results given on exposing 
a number of dipped test pieces. 

Although the life tests are not completed, a number 
of interesting practical results have been obtained. A 
large crankshaft at the National Physical Laboratory 
—presumably stored under cover—was coated with 
lanoline grease nearly four years ago, and shows no 
failure in the protection. A number of mild-steel 
test pieces were sent on a four months’ sea voyage 
on a Union-Castle steamer in boxes so packed as to 
allow the contents to slide and roll, and with the sides 
perforated so as to expose the contents to the local 
atmosphere, and at times to water, so simulating the 
conditions of a broken and badly packed case of goods. 
Each box contained 32 mild-steel test pieces, four of 
them unprotected, half of the remainder wrapped in 
paper and half not wrapped. Of the protected pieces 
22 were covered with lanoline grease or with one to 
three coats of lanoline solution, and six with a specially- 
purified petroleum grease. One box, which was lined 
throughout with a single thickness of brown paper, 
was placed on the top of a tank below the engine room 
floor, and exposed to the continual running of water 
over the top of the tank when the ship rolled. The 
exposure in this position was, therefore, severe, and no 
system of protection that had been tried had saved 
the tank top from becoming corroded. The other box 
was placed in the engine room store, where the tem- 
perature was high and the atmosphere moist. At 
the end of the voyage the unprotected pieces in both 
boxes were partly covered with rust, the immunity of 
the unrusted parts being due apparently to protective 
coatings taken up by contact with coated pieces. A 
careful examination of the coated pieces showed that 
their surfaces had remained uniformly bright, except 
for occasional spots where specks or small patches of 
rust were to be seen. These were attributed to the 
disturbance of the coating by particles of grit con- 
tained in the water, or possibly of rust dislodged from 
the unprotected pieces. There was some evidence 
that the lanoline grease had stood the test a very little 
better than the petroleum grease, though the latter 
had been refined regardless of cost, and was of much 
higher quality than anything that could have been 
obtained on the market. The conclusion drawn from 
this experience confirming the laboratory results is 
that, with reasonable care in packing, a thin coating of 
the lanoline preservatives used in the tests will preserve 
bright steel during an extended sea voyage. 

The life tests carried out in Admiralty and War 
Office stores, which are not yet concluded, have 
consisted in placing about 72 bolts and nuts in each 
of six open wooden boxes, distributed among two 
War Office and one Admiralty stores, the bolts and nuts 
having been dipped in various lanoline mixtures and 
examined periodically. This procedure implies a 
probability that the protective coatings may have been 
partly removed in the course of the periodical examina- 
tion, and thus have become liable to cause local failure. 
Any pieces found defective were returned to the 
Laboratory for examination. Up till now only ten 
such pieces have been found, all occurring in two 
boxes placed in a War Office ammonium-nitrate store, 
and most of these turned out to have been coated with 
material which through excessive acidity or moisture 
had previously been shown in the laboratory teste 
to be relatively unsatisfactory. Two boxes from 
another store were returned after 18 months, and out 
of the 149 pieces they contained 106 were quite un- 
affected, including 10 coated with a solution of the high- 
acid lanoline. The remainder, which showed small 
dull patches, had been made either with a solution of 
the acid lanoline in tetraline, or with the high-moisture 
lanoline. The results of these observations, therefore, 
so far as they have gone, confirm the conclusions 
suggested by the laboratory tests. 

Lanoline may be used either as a grease or a solu- 
tion. As a grease it should be-well rubbed in with a 
rag, and will adhere more readily and in a thinner coat 


if it is mixed with about 10 to 15 per cent. of white- 
spirit. As a solution it may be applied by a brush 
or used for dipping, the solvent being either white- 
spirit or solvent naphtha free from benzene. Mixtures 
of 50 per cent. by weight with either solvent are 
satisfactory for use at temperatures between 40 deg. 
and 80 deg. F., and the lanoline dissolves readily at 
140 deg. F. It is usually sufficient to clean the metal 
with a dry cloth before either dipping it or applying 
the solution, but with very fine work, such as gauges 
or safety razor blades, it may be desirable to clean 
the metal thoroughly with petrol before applying a 
white-spirit solution, or with naphtha for a naphtha 
solution. Bolts machined with soluble oil as a cutting 
fluid may fail to take a lasting coat, but machined 
with lard oil take it readily. A gallon of mixture, 
corresponding to about 1-9 gallons of preservative, 
will protect about 1,200 sq. ft. of surface. As between 
the two solutions, both of which are equally effective, 
that made with white-spirit dries less rapidly than the 
naphtha solution, but is less inflammable. The effect, 
however, of the inflammable vapour given off from 
either solution after a few hours drying is negligible. 
A half of 1 per cent. of oil-soluble aniline scarlet BB or 
of $ to ? per cent. oil-soluble aniline blue are suitable 
colouring materials. In small quantities these pre- 
servatives cost about 2s. 8d. per gallon uncoloured, 
and 3s. 4d. per gallon coloured, but in large quantities 
are very much cheaper. 








BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosions Acts, 
1882 and 1890, inquiries have been conducted by 
the Board of Trade officials into a number of explosions. 
Reports of the investigations have been published 
recently, and of some of these we give brief summaries 
below. 


Explosion of an Expansion Tube of a High-Pressure 
Heating Boiler—At the works of Messrs. Abrafract, 
Limited, Owlerton, Sheffield, erected last year for 
the manufacture of abrasive materials, the oven for 
the treatment of emery wheels, &c., is heated to a 
temperature of about 232 deg. C. by a pipe circuit 
connected to a coil boiler formed of lap-welded iron 
tubes about {-in. bore with an outside diameter of 
1; in. The coil boiler and the pipe circuit are kept 
filled with hot water at about 1,250 lb. pressure. 
Included in the arrangement was a vertical iron 
expansion tube of 4-in. bore, 6 ft. 4 in. long, placed 
above the highest point in the circuit. This expansion 
tube ¥ in. thick had a flat end 4 in. thick welded in. 
In the early morning of August 16, 1928, a slight 
knocking sound was heard, and the pressure for a 
time was allowed to fall to 1,000 lb. It was then 
again raised to 1,200 lb. when a loud report was 
heard and the furnace house was filled with steam. 
After the steam had cleared away it was found that 
the flat end of the expansion tube had been blown 
out through the roof of the building. As a result 
of the inquiry a new expansion tube with a hemi- 
spherical end instead of a flat end, and of heavier 
scantling, has been fitted. The opinion of the 
surveying officer was that “the failure was due to 
the tube being worked at a pressure for which it was 
not suitable, especially in respect of the flat end, 
allowing severe stresses to be set up at its junction 
with the body of the tube.” 


Explosion of a Cornish Boiler—The report of the 
explosion of a Cornish boiler at a farm on the Island 
of Canna in the Hebrides, an accident which caused 
the death of John Shaw, who for more than forty 
years had been employed in the working of engines 
and boilers in small coasting vessels, is, in these days, 
strange reading. That a boiler with shell plates of $-in. 
thickness should be used intermittently over a period 
of 35 years without having any repairs is itself 
unusual, but that the bursting of the boiler should 
be directly due to the failure of a mechanic of long 
experience to discover the state of the boiler when 
entrusted with its examination, and that he himself 
should lose his life makes the case an extraordinary 
one. The owner, Mr. Thom, anxious to know the 
state of the boiler gave implicit instructions to Shaw, 
the best man obtainable, to examine the boiler 
‘inside and out, inch by inch,” and suggested a 
water pressure test. Shaw made the inspection, 
reported the boiler in excellent conditions, said there 
was no need for any test, proceeded to raise steam 
and, to show his confidence, put extra weights on the 
safety valves. The explosion took place on 
September 1, 1928, early in the forenoon, the boiler 
then having 60 lb. to 70 lb. pressure in it. Suddenly 
the shell plates gave way, the boiler was blown some 
60 yards away, the engine-house wrecked, and Shaw 
fatally injured. The inquiry showed that where 
Shaw had thought the plates sound they were wasted 
away to y in., while leakage had only been prevented 
by accumulations of rust. 
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THE SURFACE FINISH OF HOLES. 
By Dr..O. ScHurere. 


THE issue of ENGINEERING, October 12, 1923, 

. contains an article : on “‘ The Effect of Scratches and 
of Various Workshop Finishes upon the Fatigue 
Strength of Steel,” by W. N. Thomas, in which is de- 
scribed a useful method of measuring the depth of 
toolmarks and scratches on finished surfaces. 
The importance of giving a high finish to bearing 
surfaces has long been recognised, and led, years 
ago, to the planishing of locomotive crank pins, 
whilst holes have also been finished internally by 
forcing through them, by means of a broaching 
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BEFORE Press FINISHING. 





press, a hardened planishing tool. The matter has 
been discussed by Bonte, of Karlsruhe, in a paper 
published in the Zeitschrift des Vereines deutscher 
Ingenieure, 1915, page 1033, and since then experi- 


ments made in Germany have demonstrated the | 


advantage of a high finish on sliding surfaces. 
Thomas’s method of measuring the depth of grooves 
by taking a cast of the surface in gelatine has been 
adopted by Berndt in experiments on flat plates of 
a 35-ton steel, finished in various ways. Some 
of his results are given below. 

Type of Finish. 

Rough turned 


Finish turned 
Ground 


Depth of Groove in Millimetres. 
0-03 to 0-05 
about 0-01 
wes or about 0:0013 

In the case of a surface polished after grinding, 
the depth of the defects proved too small for 
measurement by the gelatine-cast method. 

In his work entitled “Grundziige der Schmier- 
techik”” Falz states that: With bearings the mini- 
mum thickness of the oil film and the load carried 
depend on the depth of the grooves on the surface 
of spindle and hole. The minimum film thickness 
must always be larger than the sum of the depths 
of the grooves on both surfaces if semi-liquid 
friction is to be avoided. From a physical point of 
view, he adds, it should be possible to operate with 
a film thickness of only 0-0001 mm. (0-00004 in.) 
or even less, if sliding surfaces of a corresponding 
high polish could be produced. In this way the 
intensity of pressure on bearings could be increased 
or their dimensions diminished. 

The writer’s own experiments have been made 
on holes. These are generally made in the first 
instance by twist drills, and the quality of the 
surface left depends largely on the material operated 


are generally smoother than holes in copper. 
Smoothness would be promoted by low speeds and 
small feeds, but this is usually uneconomic, 
and hence holes are generally finished by reaming. 
This is often effected in two stages, a roughing reamer 
being followed by a finishing one, which takes 
a very light cut. Such reamers wear small after 
finishing a limited number of holes, and moreover 
tiny chips are apt to be entrained, between the 
reamer and the metal, thus roughening the surface 
and rendering the hole oversize. 

For securing a higher degree of accuracy 
and a higher polish, internal grinding machines are 
now used, which give excellent results, especially 








on. Those drilled in cast iron or the harder steels 
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with materials such as hardened steel, but the 
operation is an expensive one. 

Another way of increasing accuracy of bore and 
smoothness of surface in holes is by what is known 
in Germany as the “ press-finish-method.” In this 
case the hole, after drilling and reaming, is brought 
to size and finished by forcing through it a hard 
and high-polished steel-ball. The balls are very 
slightly oversize. They increase the diameter of 
the hole through which they are forced and give a 
very smooth finish, at the same time work-harden- 
ing the surface. 

Whilst better than drilled holes, reamed holes 
have generally a dull surface, the grooves left 
in them being visible to the naked eye. Press- 
finished holes, on the other hand, show surfaces 
as smooth as a mirror, similar in aspect to a 
cleaned gun-barrel. It seemed of interest, therefore, 
to measure the depth of the grooves left on 
the surface of holes finished in different ways. This 
seemed the more desirable as the makers of the 





balls claimed that reaming was unnecessary, 
and that, as demonstrated by repeated tests, the 
balls would produce a satisfactory finish on merely 
drilled holes. It was found by the writer, how- 
ever, that with soft materials such as open hearth 
steel, the grooves left by the twist-drill were so 
deep that the press-finish balls did not remove 
them, although the ridges between them were 
squeezed flat. Nevertheless the grooves persisted, 
and were actually deeper than those left by a 
reamer. Anexample is illustrated in Fig. 1, where 
the grooves left after “ press finishing” a drilled 
hole are still clearly visible. The same result was also 
obtained with harder materials finished by boring. 




















OF THE GELATINE SECTIONS. 


The depth of the grooves left is too small for 
measurement by any ordinary form of internal 
micrometer, and resort was accordingly had to 
gelatine casts, as described by Thomas, loc. cit. 
supra. 

Following Thomas’s recipe, the casts were 
made from a material formed by dissolving 20 
grammes of gelatine in 100 c.c. of a mixture, 
consisting of 4 parts of glycerine and 96 parts of 
distilled water. The solution was subsequently 
heated for some hours to a temperature of about 
40 deg. C. It should be noted that when dissolving 
the gelatine, the temperature must not exceed 
70 deg. C. Otherwise, steam-bubbles will be formed 
in the gelatine and make it useless for casting pur- 

es. 

Produced as described, the mixture is very fluid 
and in making the cast the metal was heated to a 
temperature such that it could just be touched 
by the hand. After cooling, which takes about an 
hour, the cast can be easily removed. At room 
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temperature it has the consistency of a jelly. Before 
cutting sections from the casts with the microtome, 
they were hardened by steeping them for about 
24 hours in a 10 per cent. solution of formaline. 
This also rendered the cast less subject to bacterial 
attack and less liable to dry-up or shrink in the air. 

After hardening, the casts had a horn-like texture, 





and were cut by the microtome into slices perpen- 
dicular to the grooves on the surface. Thomas 
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Fie. 4. Microtomse-Cuts or GELATINE-CASTINGS 
TAKEN OFF METALLIC SURFACES. 




















| 
No. | Designation. | Specimen. Material. | Finish. 
a | Steel- 
1 b ruler | 
c 
d 
2 | Holes in | Soft | Twist-drill 
—|—_—_—-_| iron-plate | ingot-iron |—_——----—————__ 
| | Rough reamed. 


3 | | 


4 l/abecd ef| 


| Finish-reamed by 
| | hand. 
| 
| 





mounted his specimens on cork, to which they | __ 


were fixed by Seccotine and subsequently cut. The 
author adopted a different procedure. The casis 
were divided into smel] blocks by a sharp knife. 
On those sides of these blocks, which had been 
in contact with the mould, the finest irregularities 
were visible to the naked eye. After many trials 
it was found best to cut out the casts into wedge 
shaped plates or sectors about 4 millimetres thick, 
as indicated in Fig. 2, and to facilitate reference 
and to eliminate the possibility of error the shortest 
side was always that of the cast surface. 

These small gelatine blocks were then cut into 
slices about 0-01 mm. thick by means of a freezing 
microtome, such as is used in biological laboratories. 
The freezing was effected by a stream of CO, dis- 
charged from a steel bottle under high pressure. 

Biological preparations are easily made, since 
all that is required are plates thin enough to be 
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transparent, but greater care was necessary in the 
present case, since it was essential that the cast 
surface should not be damaged by the microtome. 
A very sharp razor had, therefore, to be used and 
watched constantly so as to check any notching of 
the edge to be examined. The cut should be made in 
a direction parallel to this edge, as indicated by the 
arrow in Fig. 2. For greater security the author 





used the following method: As soon as the gelatine- 


Fig.5. 
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Fie. 5. Microtomse-Cuts or GELATINE-CASTINGS 
TAKEN OFF METALLIC SURFACES. 












































{ i] 
No. | Desie- Object. Material) Finish 
aaa ; a 
5 | a 
b Holes in The | Finish-reamed. 
— flat-plate same |-—+- 
6| a | finished in hole | | Press finish, 
| O | stages casts |— | Ingot- | 1 ball. 
a a and b. The iron, |— 
71 «a same | Press finish, 
|; 6 hole. | 2 balls. 
8 a | | | Finish-reamer. 
es | 
~ — en 
9 a | Press finish, 
b | 1 ball. 
10! a | Press finish, 
b | | | 2 balls. 
11 | Hole in flajt-plate | | Press finish, 
| | 


| | 9 balls. 
| } | 





block on the table of the microtome froze, the side 
with the profile in question was wetted with a drop 
of water. Under the block was a scrap of damp 
blotting paper, and owing to surface tension, the 
drop added as described, rose above the surface of 
the profile, thus covering it with a thin, hard crust of 
ice. This crust formed a counter-profile to the 
gelatine profile, following closely the finest irregulari- 
ties, and thus prevented any deformation of the 
gelatine during the cutting operation. It should be 
noted that there is an optimum time for freezing the 
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gelatine. If too short the gelatine is not sufficiently 
frozen, and it is more difficult to cut, whilst if over 
frozen it becomes as brittle as glass. There is then, 
moreover, a liability to the formation of ice crystals 
within the gelatine which makes it impossible to 
cut coherent plates. 

Thomas added a little Eosin to his gelatine 
solution, thus reddening his casts so as to facilitate 
the subsequent microscopic examination of the 


* Fig. 6. 
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Fie. 6. Microtome-Cuts or GELATINE-CASTINGS 
TAKEN OFF METALLIC SURFACES. 





















































No Specimen. | Material. Finish. 

12 | Open hearth steel | 
ki | Perlite cast iron 

14 | Bronze Twist-drill. 
15 | Holes in White metal 
16 | evlindrical Open hearth steel 
“17 | test-parts. Perlite cast-iron Finish-reamer. 
“18 | Bronze By hand 
19 | White-metal 

20 | Open hearth steel | Press finish, 
a | ‘ | 9 balls. 
a2 | Ball damaged | Steel | — 

23 Hole damaged | Ingot-iron Press finish, 

9 balls. 








specimens. The present author found, however, 
that with casts from steel specimens, irregularities 
were then apt to appear, and the metallic surface 
became coloured owing to some kind of chemical 
action. This, moreover, caused the casts to stick, 
and hence uncoloured gelatine was used. The 
trapezoidal blocks cut from the casts were put 
immediately into a solution of carbolic fuchsine, 





which gave them a red colour, and they were then 
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washed in many changes of water. For microscopic 
examination the microtome cuttings were mounted 
between a slide and cover glass, and were sealed 
from air and moisture by melted paraffin. The 
examination was made with a micrographic camera ; 
but instead of photographing the profiles they were 
in most cases drawn by hand on tracing paper, laid 
on the screen of the camera. A few photographs 
were, however, also taken, of which specimens 
are reproduced in Fig. 3. 

As a preliminary test of the method, casts were 
made of a workshop rule divided into millimetres 
with the result shown by la and 18, Fig. 4, and in 
1 and 2, Fig. 3. It will be seen that the distance 
between the neighbouring millimetre-lines corres- 
ponds very well with the scale of a Zeiss object- 
micrometer, which was projected afterwards (No. 3 
of Fig. 3). In tracings la and 18, Fig. 4, the en- 
largement was about 1 : 17 and 1 : 37 respectively, 
whilst in the photographs a ratio of about 1 : 18 
was employed. 

In tracings No. Ic and ld of Fig. 4 and in the 
photographs Nos. 4 and 5 of Fig. 3, the profiles of 
several millimetre-lines of the scale of the ruler 
are shown with an enlargement of 1 : 125 and 1 : 225 
respectively. The scale lines were intentionally 
placed side by side, as otherwise they would not 
appear in view at the same time. 

Three different casts were taken and the results 
are shown: viz., tracing No. Ic of Fig. 4, No. 1d of 
Fig. 4, and photographs Nos. 4 and 5 of Fig. 3. 

In the tracings, the gelatine is marked by hatching, 
in the photographs by dark colouring. Thus, the 
light profile always corresponds to the tested 
surface. After many tests a good agreement in the 
results was found: The deviations in the distance 
between the millimetre-lines never exceeded 2} per 
cent. over size. The depth of the lines engraved on 
the surface of the rule was found to be only 0-02 mm. 
If the rule, set vertically on edge, was inspected 
directly by the microscope, the profile of the 
millimetre-lines was found to correspond with that 
of the casts. 

In the same manner, casts of the walls of several 
holes, finished in different ways, were made. 

The impression of the surface of a hole, as drilled 
in a plate of soft ingot iron (No. 2 of Fig. 4), shows 
very distinctly the irregular grooves and ridges on 
the surface of the hole. To measure their size, 
after drawing their profile on the tracing paper, 
the projected scale of the Zeiss object micrometer 
was drawn, on the same tracing. This plan 
was followed throughout, and it will be seen that 
the grooves left by the twist drill have a maximum 
depth of about 3 to 4 hundredths of a millimetre. 

It is, therefore, evident that the press-finish ball, 
which should not be oversize by more than about 
2 to 3 hundredths of a millimetre, cannot smooth 
out such grooves in its passage through the hole. 
Referred to the diameter of this, the grooves are 
about 6 to 8 hundredths of a millimetre deep, 
since the microtome slices show only the radial 
variations. 

It seems, therefore, that the claim, that 
if ball planishing is used, reaming is unnecessary 
is not always justified. The omission is only 
permissible if the depth of the grooves left by 
the drill is below a certain limit. Otherwise, the 
finish is unsatisfactory, for the diameter of the 
hole is increased but little by the passage of the 
ball. 

The following tracings of the profile and the 
microphotographs were taken from the surfaces of 
holes as left by a twist drill. 





Fig. | Description. No. | Material. 





” 13 Perlite cast iron. 
14 Bronze. 
15 White metal. 











Open hearth steel. 
Perlite cast iron. 
Bronze. 

White metal. 


eae ADAH 


ae 
a 
: | ee 


Caro 


” ” 


Contour ae es 1 12 Open hearth steel. 








The microphotograph No. 10 of Fig. 3 shows the 
scale of the Zeiss-object-micrometer at the same 
enlargement of about 1:225. The distance of 
two neighbouring millimetre lines corresponds to 
one-hundredth of a millimetre. 


Experience shows that twist-drilled holes in 
bronze and white metal, not subsequently reamed, 
are smoother than those of the same size in different 
kinds of steel. This experience is borne out by 
the microphotographs, for the profiles have but few 
sharp ridges in the case of bronze and white metal 
(Nos. 8 and 9 of Fig. 3), whereas with steel, deeper 
ones appear in Nos. 6 and 7 of the same figure. 
Nevertheless, the absolute depth of the grooving 
is still large, as shown by the figures tabulated 
below. 

Tracing No. 3 of Fig. 4 shows the profile obtained 
from a hole in ingot iron, which was reamed after 
being drilled. The grooves having the depth of 
nearly 0-01 mm. were clearly visible. In a further 
experiment on the same material a hole was drilled 
very carefully in four stages as follows: (1) rough 
drilling a hole 10 mm. in diameter with a twist- 
drill; (2) increasing the diameter of the hole to 
19-50 mm. with a twist drill; (3) reaming the hole 
on a machine with an adjustable reamer to the 
diameter of 19-94 mm.; (4) reaming by hand to 
the diameter of 20-00 mm. 

The walls in this case were very smooth and of 
a slightly dull aspect, and the size of the hole was 
very accurate. Measurement showed, in fact, that 
the departure from the circular form was negligible, 
and the bore was nearly absolutely parallel. Casts 
were taken off the surface of this hole, of which 
the tracings obtained from the microtome slices are 
seen in No. 4a to 4f of Fig. 4, and further in the 
microphotograph No. 11 of Fig. 3. In the six 
sections lettered a, 6, c, d, e, f, the very narrow 
grooves limited by relatively sharp ridges are visible, 
into which the contact pin of a measuring instru- 
ment, such as an optimeter or a minimeter cannot 
enter. These narrow grooves cause the characteristic 
dull aspect of the walls of the hole by the reflection 
of the rays of light. 

For comparison, reamed holes in other materials 
were tested. The profiles of their surfaces are 
seen in :— 











Fig. Description. | No. | Material. 

6 Contour tracing .. st 36 Openhearth steel. 
6 os ps 17 Perlite cast iron. 
6 ” ” 18 | Bronze. 
6 ” ” 19 White metal. 

ing 3 Microphotograph é = Open hearth steel. 
3 ” ” 3 9 ” ” 
3 re "= 14 Perlite cast iron. 
3 a = 15 Bronze. 
3 mh pe 16 White metal. 














* The scale of the object-micrometer is also reproduced in this 
photograph. 

The similar character of the profile will easily 
be recognised. The walls of the holes were nearly 
all smooth and of a dull aspect. 

As contrasted with the reamed holes, the walls 
of press-finished holes were, as above mentioned, as 
smooth as a mirror after the passage of the first ball. 

Two holes were also drilled in a plate of ingot 
iron. They were then reamed and casts taken off 
their surfaces are shown in the tracings Nos. 5 and 8 
of Fig. 5 (two each casts a and 6). These profiles 
show the characteristic features of reamed holes. 
Next, a ball was pressed through the holes and 
further casts taken, of which the profiles will be 
seen in tracings Nos. 6 and 9 of Fig. 5, as well as 
two each of casts a and 6. The improvement 
effected is clearly visible. After pressing another 
ball through the holes and then making new casts 
the profiles shown in No. 7 and 10 (Fig. 5) were 
obtained. These show a further amelioration of 
the quality of the surface. The profile of a hole 
drilled in the same material, viz., ingot iron, which 
was press-finished nine times, is given by tracing 
No. 11, Fig. 5, which may be regarded as perfectly 
smooth. 

Following these researches casts were taken of 
press-finished holes in cylindrical test specimens, 
which were also pressed by balls nine times. The 
profiles obtained are shown in the next table. 

Some of the grooves left by the drill were deeper 
than when smoothed by the balls, eg., No. 19 
of Fig. 3. Otherwise, the irregularities, so far 
as they are visible, are much less pronounced. 
The sudden ridge-like transitions of the grooves 





to the smooth internal cylindrical surface are 


missing, such as are obtained with reamed holes. 
These transitions appear here to be more gradual 
and smoothed out. 

It should, however, be noted that the limits of 
the method of measurement are found here. It is 
impossible by this to make visible smaller irregu- 














Fig. | Description. | No. | Material. 
| 
6 Contour tracing .. - 20 | bias hearth steel. 
6 ” 1” 21 ” ” 
3 microphotograph 17 
3 ” 9% 18 | Perlite cast iron. 
3 | ” ” 19 | Bronze. 





larities than those of about 1 to 2 microns. The use 
of greater enlargements seems to be to no purpose, 
for it is impossible to cut coherent gelatine leaves 
thinner than 5 microns to 10 microns, and because 
there is no edge free from notches. 

The results of the measurements of the maximum 
depth of the grooves below the ridges are given in 
the following table :— 








4 » Maximum Groove 
Worked By Material. Depth in Microns. 
Twist-drill .| Ingot-iron About 30. 
- ae ..| Open hearth steel oe 
” a ..| Perlite cast iron .. » 45 
” ee --| Bronze... on » a2 
” ea ..| White metal aa = 
Reamer, machined ..| Ingot-iron ee o 8 
a by hand 
most carefully Be 2 as ae 9» 5 
Reamer, by hand ..| Open hearth steel fe 6 
a os .| Perlite cast iron .. « 
” ” Bronze ie “a - 5 
” as White metal ? a 5 
Press finish-ball .| All materials .| About 1 to 2 
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Carbonisation Technology and Engineering. By JouNn 
Armstrong. London: Charles Griffin and Company, 
Limited. [Price 36s, net. ] 

THE author of this work describes himself as an 
engineer, who for the last 40 years of his profes- 
sional life has had unique opportunities of studying 
the problems that have arisen in the development 
of coal carbonisation. Through the experience 
gained in designing and constructing furnaces and 
apparatus for various purposes, including those for 
metallurgy, brickmaking, glass manufacture, and 
carbonisation, together with many years spent in 
practical experimental and research work on fuel, he 
has found himself able to solve successfully some 
of the problems in connection with the construction 
of coke ovens and the recovery of by-products. In 
the present work, he has therefore endeavoured to 
place the knowledge so gained as concisely as 
possible at the disposal of his engineering readers. 
On the chemical aspect, he professes to have touched 
only where it has been necessary. Having regard, 
however, to the importance of fire clay in the con- 
struction of ovens, furnaces and apparatus con- 
nected with carbonisation, he has included a chapter 
on refractories. He has also given a short resumé 
of what he regards as some of the more important 
processes in low-temperature carbonisation, and 
added a few remarks on the economical consumption 
of fuel and the abolition of smoke. The whole is 
intended to be a practical exposition of the processes 
employed in the carbonisation of coal and wood by 
high and low-temperature methods, with an account 
of the by-products obtained. 

This is a comprehensive programme, and in 

endeavouring to carry it out, the author has dealt 

with a considerable number of subjects. He 
begins with an account of the geology and palacon- 
tology of coal, the classification of its several 
varieties, and some facts in regard to its composi- 
tion. On this, and the account of refractories, 
follows a chapter on the preparation of coal by 
picking, washing, flotation, and charging into ovens. 

An account of the theory of coking goes also in 

some detail into the products obtained in the 

process. A chapter on charcoal includes both the 
theory and so much of the practice as is described. 

A few introductory pages on the carbonisation of 

coal are succeeded by a detailed account of the 





development of the beehive oven, and of results 





36 





[JULY 12, 1929. 





ENGINEERING. 





obtained by it. Two chapters deal respectively 
with the carbonisation of coal in horizontal and 
vertical coke ovens, and another describes methods 
of discharging and quenching coke and briquetting 
coke, and otherwise disposing of coke breeze, with 
some information on its impurities. A long chapter 
deals with the bye-products of coal carbonisation, 
and another with plants for gas manufacture. The 
final chapters include a short account of low-tem- 
perature carbonisation, and the author’s remarks 
on the economic combustion of fuel. The book, 
throughout, is amply illustrated. 

Taken as a whole, it must be commended rather 
to readers who are interested in the history of the 
several arts concerned than those who wish for a 
succinct account of modern practice. This is not to 
say that it does not contain any description of 
modern work, in particular in regard to coke ovens. 
Relatively considerable space is given to descrip- 
tions of inventions by the author himself, dating 
back from 1904 onwards, which appear to have 
considerable interest. Rather too much space 
seems, however, to be given to quotations from 
works that, at the present time, would be regarded 
as out of date, and many types of apparatus and 
subjects are omitted which would be necessary to 
a complete treatment. The account, for instance, 
of the carbonisation of charcoal seems to be taken 
largely from Percy’s Metallurgy, from which 
honoured, but hardly recent, work numerous quo- 
tations are to be found at great length in other 
parts of the book. When, again, it is remembered 
how imperfect present knowledge is admitted to be 
in regard to the products formed in the distillation 
of coal and the extreme importance of discovering 
not only what they are, but when, and under what 
circumstances, they are formed, two whole pages 
given to a long list of these compounds seems out 
of place in a work of this kind, when they are taken 
from a book published in 1889. The account, 
again, of coal preparation and of the types of low- 
temperature carbonisation plant is remarkably in- 
complete, and no account is given of the important 
methods in the disposal of coke that are carried out 
dry. Speaking plainly, the book would probably 
have been very much better if it had been much 
shorter, and had confined itself more strictly than 
it has to matters of fact within the author’s know- 
ledge, and of modern interest. As a record of his 
personal experience, it would probably have more 
value than any that is likely to be found in it as a 
text-book. 


The Theory and Design of Structures. By E.S. ANDREWS, 
B.Sc. Fourth Edition (new impression.) London: 
Chapman and Hall, Limited. [Price 13s. 6d. net.] 

THE fact that it has continued in regular demand 
for more than 20 years past indicates very clearly 
that this text-book meets the requirements of a large 
number of engineers and students. The author's 
aim has been to present the subject in a manner 
sound, as regards the theory, and yet sufficiently 
practical and free from advanced mathematics as 
to make it of direct use to the majority of draughts- 
men and engineers engaged in constructional work. 
In this, he has succeeded in a marked degree. 
Although written largely from the graphical stand- 
point, a mathematical treatment of many of the 
problems has been given, and the work will be 
found useful for students reading for the Institution 
examinations and the University degree examina- 
tions in engineering. For this purpose, the worked 
examples throughout the text, as well as the 
exercises at the end of the book are a very valuable 
feature. 

The book is well arrenged and illustrated, and 
includes chapters on beams, framed structures, 
columns and struts, suspension bridges and arches 
and structures of masonry and reinforced concrete. 
The theory of curved beams, the formulae for 
deflections and for fixed and continuous beams, and 
the chapter on reinforced concrete might be referred 
to as examples of particularly clear exposition. The 
latter portion of the book deals with the design of 
steelwork for buildings, the design of roofs, and of 
bridges and girders, and a number of working 
drawings, several of which are on folding plates, 
have been introduced to illustrate more clearly the 
process of preparing an actual design. Additional 








matter of an important character, such as the 
modern theory of wind pressure, the strength of 
reinforced concrete, and the strength of columns, 
has been added in the form of appendices in later 
editions, and errors and discrepancies have been 
corrected. The book can be safely recommended 
for its intended purpose. 


Maste und Tiirme in Stahl. 
Berlin: W. Ernst & Sohn. 


By P. StuRzENEGGER, 
[Price 23 marks.] 


| ENGINEERING students have hitherto devoted 


much of the time allotted to ‘‘ Materials” in 
designing steel bridges or roof-trusses. The present 
book makes it evident that the design and con- 
structional details of electrical transmission-line 
towers, radio masts, and railway overhead-line 
supports should also have an important place in 
the curriculum, alongside the older and more ortho- 
dox studies. The treatment here given to the 
subject is principally descriptive, and the author 
has done his work pleasingly and with thorough- 
ness. Towers for transmission lines take up a 
considerable portion of the work. Critical descrip- 
tions of types, their construction, erection, and 
protection against corrosion are all dealt with. 
Many line drawings are used, all of them of 
admirable clarity. Some half-tones are also in- 
cluded, and as a general rule these are well-repro- 
duced and informative. Brief mention of methods 
of design is made, but no thorough treatment is 
attempted. In a section of special value, space is 
devoted to suspension insulators and the methods 
of assembly and erection. The author also deals 
with steel constructional details on electric railways, 
anchoring, foundations, and methods of erection. 
Some data are also given on open-air high-voltage 
substations and switch posts. 

The book can be heartily recommended to those 
requiring a detailed survey of constructional steel- 
work from the electrical standpoint. 


Exhaust Steam Engineering. By CuHartes §S. DarR.ine. 

London : Chapman and Hall, Limited. [Price 30s. net. | 
It is well known that the greatest source of loss in 
the working of a steam plant is that due to the heat 
rejected to the condenser and subsequently dissipated 
in the cooling-tower. This loss amounts to about 
60 per cent. of the heat in the fuel burned, and 
represents a quantity of heat three or four times as 
great as that actually converted into useful work. 
But the question naturally arises as to whether 
some of this heat, which is usually labelled “ not 
available for the production of work,” cannot be 
recovered and utilised for heating or manufacturing 
purposes. There is no reason whatever why the 
two problems of power production and _ heating 
should not be considered in combination, instead of 
separately, as is too often the case at present. The 
enormous saving rendered possible by utilising the 
exhaust steam from an engine or turbine for heating 
and process work, instead of taking live steam 
direct from the boiler, is not generally recognised. 
The heat efficiency of the large turbine in the most 
modern super-power station may reach 24 per cent., 
whereas in any industrial works where it is neces- 
sary to have energy for both power and heat it is 
possible, with only mediocre plant, to obtain a total 
thermal efficiency of 50 per cent. or 60 per cent. 
It is a matter of considerable surprise that manu- 
facturers and steam users generally remain in 
ignorance of the advantages which might be 
obtained from a proper system of combined power 
and heating. In this respect, there is undoubtedly 
ample scope for the book before us, and the author 
has rendered good service in bringing together, for 
the first time, much valuable information not 
hitherto available, except in scattered form in 
various papers and publications. He claims to 
have treated the subject from the view point of 
the user and the consultant, rather than from that 
of the designer and engine builder, but we venture 
to think that all engineers engaged in power produc- 
tion will find the book useful. 

Commencing with a brief statement of the laws of 
thermodynamics, the heat ranges for power and 
heating demands are next discussed, followed by a 
chapter on regenerative cycles, the economical limits 
for feed heating, and for single. two, and three-stage 





heat extraction. The sections on back-pressure 
working in private plants, pass out turbines and 
engines, exhaust turbines, and the steam accumu- 
lator, may be said to deal effectively and efficiently 
with the fundamentals of exhaust steam engineering. 
The steam accumulator, which, it may be said, lies 
at the root of the whole scheme of modern thought 
in exhaust steam engineering, has been treated very 
fully, the correct method of dimensioning and the 
application of a proper system of control being 
clearly explained. There are many factories in this 
country where heating plants have been installed, 
and the power needed for the works generated 
separately or purchased from outside, when all the 
power required, and more could, have been obtained 
for the same fuel cost by means of back-pressure 
engines using modern boilers and steam accumu- 
lators. The book closes with an investigation of 
capital expenditure and fixed charges in industrial 
power plants, and a number of examples of modern 
back-pressure plants are given in which the methods 
adopted to obtain maximum efficiency are clearly 
described. 

The book is well illustrated with many useful 
diagrams and details of construction, and numerous 
worked-out examples are given throughout the 
text. It is to be hoped that it may serve its 
intended purpose of demonstrating that, in many 
industries, the utilisation of exhaust steam is the 
determining factor of economic production. 








DEEP FOUNDATIONS FOR HIGH 
BUILDINGS. 


By Frank W. Skinner, M.Am.Soc.C.E. 


A Type of foundation very different from those 
on sand and soft ground recently described in 
these columns,* are those that are carried down 
to a great depth in rock. An example is given by 
the 200-ft. by 425-ft. office building for the New 
York Life Insurance Company. Although not the 
tallest, this is one of the largest office buildings 
in the world, providing 22 acres of floor-space on 
its 38 floors, and rising to a total height of 610 ft. 
above the street, while there are five basement 
storeys below it. 

As speed was of great importance in the con- 
struction of the substructure, the George J. Atwell 
Company, Inc. installed three one-yard steam 
shovels at street level, long before the demolition 
was completed of the well-known old Madison- 
square gardens which had previously occupied 
this site. These shovels, working day-shifts only, 
soon removed about 33,000 yards of debris, old 
masonry and earth down to the irregular surface of 
the rock from 10 ft. to 30 ft. below street level. 
They delivered directly to a fleet of 50 or more 
5-ton motor lorries, which entered and left the 
excavation by a ramp in one corner, dumping the 
refuse into barges at five different points on both sides 
of Manhattan Island. As fast as the rock surface 
was reached, instead of installing an elaborate system 
of steel sheet piling that would have been itself 
very expensive, besides requiring costly and in- 
conveniently long inclined or cross-bracing, the 
contractors decided to build a permanent rubble and 
concrete retaining wall, which would be suitable also 
for vault walls. This contained more than 1,000 
yards of concrete. 

An electrically-driven compressor plant with a 
capacity of more than 1,200 cub. ft. of air per 
minute at 100-lb. pressure was installed on the 
surface of the ground at street level and delivered 
through receivers into a ring supply main encircling 
the excavation pit. 

The large capacity of the 12,000 ft. of 4-in. to 
8-in. supply main, provided a material addition 
to the equalising and storage value of the receivers, 
and to this main there were connected a large 
number of vertical down pipes terminating at the 
bottom with valve connections to manifolds, each 
having several outlets for flexible hose supplying 
an equipment of more than 40 hand-operated 
pneumatic drills. Each drill averaged from 
80 linear ft. to 100 linear ft. per eight-hour shift 
of 2-in. holes about 12 ft. deep. These were 





* ENGINEERING, vol. cxxvii, pages 317, 447, and 631 
(1929.) 
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Fie. 3. Excavatep SITE ENCLOSED By Heavy Retarnina WALLS. 


charged with 40 per cent. dynamite and usually 


fired early in the morning, at noon, and at night, 





In order to expedite to the utmost the removal 
of the excavated material, eight large stiff-legged 


breaking the rock into sizes easily handled by the | derricks were installed at approximately equidistant 
steam-shovels. Before firing, the holes were covered | points around the exterior of the area. These had 
by a number of 12-ft. by 12-ft. or 14-ft. by 14-ft.| 70-ft. and 80-ft. booms, and were operated by 


wire rope mattresses weighing 2,500 Ib. and 3,500 1b. | two-drum hoisting and slewing engines. 


each, which prevented all danger arising from flying 
fragments of rock. Two machines and four men 
were kept constantly busy sharpening about 6 tons 
daily of the six-point bits used for drilling. 

A sketch of the general working arrangements 
adopted is given in Fig. 1. Excavation was 
carried down to a depth of 44 ft. over the entire 
area of the site, and afterwards extended at one 
end to a depth of 72 ft. over about one-third of the 
area. A total of nearly 120,000 yards of rock 
excavation was involved, besides what was required 
for the small foundation pits excavated about 
4 ft. below the general subgrade for the numerous 
column piers. 





These 
derricks, placed at street level, were supported 
at first on the surface of the ground, and then, as 
excavation was continued, were carried on short 
timber towers, being eventually seated on the surface 
of the bed rock below which, remaining temporarily 
unexcavated, formed solid buttresses supporting 
the derricks until the remainder of the excavation 
was completed. The derricks were then dismantled 
and the buttresses were removed. In the deeper 
part of the excavation two of these derricks were 
supported on systems of cantilever I-beams carried 
on and anchored into the concrete retaining wall, 
and somewhat overhanging the excavation below, 
as shown in Fig. 2. All of the spoil from this part 
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of the excavation was hoisted by these derricks, 
assisted by a third derrick seated on the bottom 
of the 44-ft. ‘pit and delivering to lorries at 
that level. The latter eventually left the excava- 
tion over a timber ramp which replaced the earth 
ramp when this was cleaned out. 

The derricks were equipped with a large number 
of 2-yard steel scale boxes, which, loaded by 
hand and by the steam shovels, weighed about 
7,000 Ib. each, and were hoisted at a rate of 325 ft. 
per minute, three hoists being required to fill 
a 5-ton lorry body. The best record of a single 
derrick was 200 hoists in eight hours, the average 
duty being more than 840,000 lb. per derrick 
per day. The derricks handled as much of the 
soil as possible, commanding the entire area of 
the lot except for a narrow longitudinal strip in 
the centre where all of the spoil was loaded by 
hand or by the steam shovels. 

The steam shovels were especially efficient, 
handling 5,870 3-yard loads of rock in 91 working 
days at a cost of only 122 dols. for repairs to the 
shovels. Each shovel consumed about 1 gallon 
of lubricating oil, 2} lb. of grease, and 1} tons of 
coke per eight-hour shift. Much ground water and 
seepage were encountered and removed from two 
sumps by one 4-in. electrically-driven turbine pump 
and two 3-in. petrol-driven pumps operating at 
a maximum head of about 55 ft. 

Although excavation was not continued at 
night, the site was brilliantly illuminated by 








eight 1,000-watt flood lights that made for safety 
and facilitated the continuous pumping. The 
maximum force employed was 325 men, and the 
rock was removed at a rate of as much as 1,400 
yards in a single eight-hour shift. 

In contrast to this type of open excavation, 
in Chicago, the foundation piers for many tall 
buildings have to be carried through plastic clay 
to hard stratum at a depth of 50 ft. to 100 ft., 
this being usually accomplished by what is termed 
the Chicago well method, in which circular pits, 
as fast as excavated, are lined with a sheathing of 
short vertical wooden staves, assembled like lagging, 
outside of sectional horizontal steel stiffening rings, 
which are bolted together through inside flanges. 
This method was adopted for what is believed to 
be the deepest open pit foundations in the world, 
carried down to a maximum of more than 250 ft. 
below the original surface of the ground. 

The case we may now refer to is that of the Union 
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Terminal Building in Cleveland, Ohio. This 52-storey 
building rises to a height of 708 ft. above the street, 
below which there are two additional storeys. It 
occupies an irregular site of 71,500 sq. ft. area. It 
is 306 ft. by 260 ft. in extreme dimensions, and 
its 17,000-ton steel superstructure is carried on a 
substructure consisting of 87 cylindrical concrete 
piers. These are from 4 ft. to 10 ft. 4 in. in dia- 
meter, and they extend to hard stratum, which 
was found at from 170 ft. to 255 ft. below the 
curb. The soil penetrated varied from hard clay 
to water-bearing sand. The original surface, slop- 
ing considerably towards the Cuyahoga River, was 
first excavated to a maximum depth of 50 ft. by 
Marion and Erie steam shovels, delivering to dump 
cars on a service track. The vertical sides of the 
main excavation were retained by heavy walls of 


In each well, according to size, from 1 to 
4 men excavated the clay with pneumatic 
spades, and shovelled the spoil into buckets. 
These were hoisted, in the small wells, by 
2-h.p. electric caisson winches mounted on 
the inclined legs of timber tripods on the 
surface of the ground. In the 16 deep 
wells, of from 8 ft. 8 in. to 10 ft. 4 in. 
diameter, much larger buckets were operated 
by 50-h.p. electric hoists. 
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The tops of the wells were covered, a 











few feet above the bottom of the general — 
excavation, by inclined dumping platforms, 
as shown in Fig. 4, through which the 
bucket hoist-lines passed. As the full 
buckets approached the surface, a pair of 
counter-balanced doors were opened, per- 


concrete, to be seen in Fig. 3, on page 37, the mate- | mitting the bucket to ascend, and the doors 


rial being distributed to all parts of the work by 
chutes from a Insley steel hoisting tower 240-ft. high, 
with counterweight truss. The large amount of 
surface water and ground water encountered was 
drained from the excavation through a 3,000-ft. 
ditch to the Cuyahoga River, which also disposed 
of great quantities of water pumped from the deep 
wells. 

The wells shown in the illustrations, Figs. 4to 9, 
were all commenced with square pits excavated by 


picks and shovels, and sheeted down to ground | 


water level with 3-in. horizontal curb planks. | 
Below ground water level they were sheeted to the | 
clay stratum with 12-in. Lackawanna steel sheet | 
piling driven by a double-acting steam hammer which 
was suspended from the boom of a steam shovel. 
Below the surface of the clay, the pits were | 
circular, and were sheeted with hardwood tongue | 
and groove staves from 2 in. to 3 in. thick, and 4 ft. | 
or 6 ft. in length. These were assembled on the | 
exterior of two or three 4-in. by 1 in. round-edge | 
tyre steel rings, made in halves, fastened together | 





were closed. The attendant then tripped 

the bail latch, permitting the bucket to dump 
automatically on to the incline from which the spoil 
was shot to the ground, being thence removed by 
the steam shovel and dump cars. When the doors 
were again opened, the bucket was permitted to 
descend, and they were closed after it. The buckets 
were hoisted by four-strand Manilla cables, treated 


| with paraffin, and operated at a speed of about 
| 300 ft. per minute for the small buckets, and 200 ft. 


per minute for the large sizes. 

Although the vertical faces of the clay were at 
first stable, after exposure to the atmosphere they 
commenced to move inward, exerting a powerful 


| pressure on the cylindrical lagging which had to be 
| resisted. 


Whenever this reduced the diameter as 
/much as } in., adjustable wooden drums, 20 in. 
| deep, were inserted. These were each made in 
| two segments of solid timber, framed with parallel 
| chords, separated by 8-in. by 8-in. struts, and had 
| 15-ton jack screws at each end. Sufficient clearance 
was allowed for hoisting the buckets. This arrange- 


with one or two connecting bolts through inside | ment is shown in Figs. 6 and 7. 


flanges. About 50 tons of these rings were required, 


and were spaced either 2 ft. or 4 ft. apart, and, | successively in a single shaft. 
in the| were connected by vertical guard strips.nailed to 
|them to prevent the buckets from catching against 
|the timbers. The drums were carefully watched, 


with the staves, were left permanently 
ground. The steel sheet piling was firmly wedged 
against inside wales made with 8-in. channels, 


Sometimes as many as 22 such drums were placed 
The sets of drums 


having their overlapping webs placed horizontal,|and the jackscrews adjusted as frequently as 


and bolted together at the corners. 


| necessary. 


When the pits were concreted, the lower 
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drums were kept within 6 ft. of the concrete. Rope 
ladders were provided for emergency, but ordinarily 
the workmen ascended and descended in the spoil 
buckets. 

Large amounts of ground water were encountered. 
This was removed by steam pumps down to a depth 
of 75 ft., beyond which electrically-driven 3-in. 
centrifugal pumps were suspended in the well, the 
lower one being as close as 8 ft. to the bottom, and its 
discharge pipe delivering to the suction of a second 
pump about half-way up the shaft. These pumps 
were found very reliable for long continuous 
service and handled the gritty water without diffi- 
culty. Each pump was mounted in the same rigid 
frame that carried its 10-h.p. motor At irregular 
elevations, towards the bottom of the wells, large 
quantities of marsh gas were encountered. Pilot 
holes, 6 to 10 ft. deep were bored by a 4-inch earth 
auger in the bottoms of the well to detect in advance 
the presence of gas and water-bearing seams, and 
often the bottom of the well was allowed to remain 
covered with water so as to cause a noticeable 
bubbling if gas rose up through it. The wells were 
illuminated with electric lamps and in each well 
a Wolf safety lamp was maintained, which indicated 
the presence of gas by a long flicker and was auto- 
matically extinguished when the quantity of gas 
rose to a proportion sufficient to be fatal to human 
life. These lamps, which could be safely lighted in 
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a gaseous atmosphere indicated about one-quarter 
of the minimum amount fatal to life. 

The gas was removed chiefly by ventilation, 
air being supplied through a 3-in. pipe with 
openings at the bottom and in the mid-portion of 
each well. The air, at 101b. pressure, was provided 
by a blower of 10,000 cub. ft. per minute capacity. 
This ventilation was supplemented by the effect 
produced by the operation of the large hoisting 
buckets, 4 ft. in diameter which were continually 
ascending and descending. If large quantities of 
gas accumulated, the men were withdrawn from 
the wells until the gas was displaced by an extra 
large supply of fresh air. 

The precautions taken prevented any accidents 
in the wells, but on one occasion, while the pumps 
were being installed, water entered so rapidly that 
it could not be removed by baling, and gas filled the 
well, and, extending above the surface of the ground 
was accidentally exploded. This resulted in nine 
men being burned, all of whom, fortunately, sub- 
sequently recovered. Gas masks, oxygen tanks, 
a stretcher, first-aid appliances and a trained, 
four-man rescue gang, were maintained in each shift 
in constant readiness in case of an emergency, which 
fortunately, never occurred; no casualties were 
sustained except for the single incident already 
mentioned. When the wells reached the rock sur- 
face, exploration holes were drilled 10 ft. into the 
rock by jackhammers, testing it for soundness. 

Concreting was carried on simultaneously in six 
wells at once, and the concrete required was mixed 
at a maximum rate of 700 yards in 24 hours. The 
work was executed by Messrs. Spencer, White and 
Prentiss, of New York, who, notwithstanding serious 
labour troubles, including a 21-week strike, com- 
pleted the work in about 9 months, substantially in 
schedule time. The maximum force was 250 men who 
worked continuously in three 74-hour shifts. 








THE TORSION OF A CRACKED SHAFT. 
By W. M. SuHErPHerp. 


THE object of this paper is to investigate the 
effects on the torsional properties of a shaft, of a 
crack in an axial plane extending from the surface 
a short distance towards the axis. To do this it is 
necessary that the boundary of the cross-section 
should consist of one or more fairly simple curves 
whose equations are known.* 

The shape of the cross-section near the lips of the 
crack will have little effect on the torsional properties 
of the shaft. The important part is at the inner end 
of the crack, where the stresses become very large. 

The curve chosen to represent the boundary of 
the cross-section is the cardioid shown in Fig. 1. 
As will be seen, the general shape of the curve is 
circular with an indentation which ends in a sharp 
cusp, the two tangents at this point being coincident. 
The equation in polar co-ordinates (r, 6) referred to 
the cusp as pole, and the line of symmetry as 
initial line, is r = a(1 — cos 8). 

The radius of the circle which most nearly coincides 
with the boundary has radius ate approximately. 

The displacements and stresses are given by 
the following equations (see A. E. H. Love, “ Mathe- 
matical Theory of Elasticity,” Chapter XIV). 

The axis of z is parallel to the axis of the shaft 
through the cusp, and the axes of x and y are in 
the plane of the section. 


Displacements :— 
uU=—wWwYyz v= +Ww2zr7%, W=wF. 
Stresses :-— 


oo Od a 





* In a notable paper published in the Phil. Trans. for 
1899, Prof. L. N. G. Filon, F.R.S., gave the solution of 
the torsion problem for a great variety of sections built up 
of cenfocal ellipses and hyperbolas. As a limiting case, 
he gave the solution when the hyperbola degenerates 
into a crack. Prof. Filon’s solutions involved the use 
of complicated infinite series. The reduction in the 
torsional rigidity due to a crack found by Prof. Filon is in 
good agreement with Mr. Shepherd’s result, The solution 
obtained by Mr. Shepherd for another type of crack is 
remarkable in that it consists of only two terms. Simple 
solutions of problems in the mathematical theory of 


The function ¢ satisfies the equation 
Fo, FG _ 
Oa2 " Oy? 
y is the function conjugate to ¢ so that 
oe. by Oe. oe 


ox Oy Oy § Ox 


0. 


Then 


yv = $r° + constant on the boundary. 
A function satisfying these conditions is 
a\? 
y=2 (5) rt sin $0 — 4arcos 0. 
Then ¢ is given by 


a 


$= (oy cos 40 + darsin 6. 
These give 


so (4) *7-# con 40, 
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The stresses are 


3 
zz2=pw { ($) or Feos 9 — rsin @ }: 
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Il 


yz ww {()ir tein go + 40+ reas}. 


It will be seen that the stresses may be divided into 
three types 


(a) A stress yz = $4 wa constant over the whole 
cross-section, 


(8) A stress zz = —PwYy, y2= LwU, or 


— 


720,02 = pwr, 


which vanishes at the cusp and increases in magni- 
tude with the distance from the cusp. 


4)! 1b og 46, 


(y) A stress = po ($ 





elasticity are exceedingly rare.—Ep. E. 


The resultant stress is of magnitude 4 (3 ) 4, 
which becomes infinite when r is zero. 

In practice the crack does not end in an infinitely 
sharp line of cusps, so that to find the effect of the 
crack we must examine the stress for a small but 
not zero value of r. 

The second diagram, Fig. 2, shows a small circle 
with its centre at the cusp of the cross-section. Over 
this circle r is constant. P is a point on this circle, 
and Q is the point on the circle on the line of the 
crack produced. On this circle the stress (7) is the 
most important. This stress is constant in magni- 
tude, and acts along Q P for values of 6 between 0 
deg. and 180 deg., and along PQ for values of 0 
between 180 deg. and 360 deg. 

It is reasonable to assume that if the crack extends 
it does so in the direction of the maximum resultant 
shearing stress. 

The stress (x) is next in order of magnitude on 
this circle. The stresses (x) and (y) are of constant 
magnitude at all points of the circle, but (y) varies 
in direction. The maximum stress will occur 
where these two stresses are in the same direction. 
This is the point where the line of the crack meets 
the circle, that is at Q. 

This seems to indicate that if the crack increases 
its depth under torsion it does so without altering 
its direction. 

Torsional Rigidity. 

The torsional rigidity 


~ 0 {[ [+++ 288-928 lacey 


oy 


= 27 nas = = 0844 pat x. 


| 


The radius of the corresponding circular section 
is =. giving a torsional rigidity = » (5)" $r=u 
1-2a*x approximately. It appears that a crack 
penetrating to a depth of about 1/7 diameter 
reduces the torsional rigidity to about  three- 


quarters of its normal value. 








INTERNATIONAL ROAD CONGRESS, WASHINGTON, 1930.— 
The Congress of the United States has issued.an invitation 
to the Permanent International Association of Road 
Congresses to hold the next Congress in Washington in 
October, 1930. The British Government are members 
of the Association and hope to be represented at the 
Congress. Numbers of highway authorities and associa- 
tions concerned with roads and road transport likewise 
expect to be represented at this international gathering, 
when important problems of road construction and 
finance, as well as traffic, will be discussed. Previous 
congresses have been held in Paris, Brussels, London, 
Seville and Milan. A number of prominent British 
engineers have been invited by the Association to colla- 
borate in the preparation of the British’ Reports to be 
presented at the Congress. 





THE Roya METAL TRADES PENSION AND BENEVOLENT 
Socrety.—Owing to unexpected mortality amongst 
the Society’s pensioners during the past four months, 
it has been decided to admit to the pension this month all 
accepted candidates, who will thus be saved the expense 
and anxiety attendant upon a contested election. This 
step has been taken solely on account of the situation 
arising out of the unusual number of deaths which have 
occurred. 262 persons are now in receipt of the pension 
and during the past year, 7,232/. has been distributed in 
pensions and grants. The average amount of the 
individual pension is 10s. weekly. The board are anxious 
to increase this as funds permit, but to do so increased 
support is necessary. The address of the Society is 
195, Upper Thames-street, E.C.4. 





THE NeEwcoMeN Society.—The Summer Meeting 
of the Newcomen Society will be held, in conjunction with 
the Devonshire Association, at Dartmouth, from July 
23 to 26, to commemorate the bicentenary of the death of 
Thomas Newcomen. After arrival at Dartmouth on 
the 23rd inst., the party will be received by the Mayor 
in the Subscription Rooms, Victoria-road, and will later 
proceed to the Newcomen Memorial in Town Gardens, 
when a eulogy will be delivered by the President, 
Mr. L. Pendred. In the evening, Dr. G. P. Bidder, the 
President of the Devonshire Association, will deliver an 
address. On the 24th inst. visits will be paid in the 
morning to Holbeam Forge, Bovey Heathfield clay and 
lignite beds, and Hay Tor, and in the afternoon to Green- 
way House, birthplace of Sir Humphrey Gilbert. On the 
25th inst. a visit will be paid to the Saltash Bridge, and 
in the evening a lecture will be given by Eng.-Captain 
E. C. Smith, on ‘‘ Thomas Newcomen; Two Hundred 
Years of Steam Power.” On the 26th inst, a visit will 
be made to Holme Bridge Iron Mill, dating from 1609, 
Vennford Reservoir, and Week Ford old smelting house. 
Further particulars may be obtained from Mr. H. W. 





Dickinson, the Hon. Secretary, at the Science Museum. 
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THE ROYAL AGRICULTURAL SHOW) weight of 8 tons, and is driven by a single-cylinder, 


AT HARROGATE 


| two-stroke engine designed to operate on crude oils, 
|having a calorific vaiue of not less than 19,000 


THE annual show organised by the Royal Agri- | B.Th.U. per lb., and a specific gravity not exceeding 
cultural Society affords an exceptional opportunity 0-9. The cylinder is horizontal, and is combined 
of studying developments in agricultural machinery, | with the engine bed to form a single casting in such 


the comprehensive nature of the exhibits of this 
type being indicated by the fact that the total 
length of shedding in the implement yard is usually 
of the order of two miles. The number of exhibits 
at Harrogate, where this year’s show opened on 
Tuesday last, is slightly below the average, but the 
frontage of 10,851 ft. may be regarded as decidedly 
satisfactory in view of the state of the industry. 
We had occasion to comment on the difficulties 
with which manufacturers were: faced in our issue 
of March 15 last, and then suggested that the best 
hope for the industry lay in increasing our export 
trade. The somewhat controversial question of the 
future of the home industry need not be entered 
into here, but it may be stated with some confidence 
that even should the persistent tendency to lay 
down more land to grass be checked, either by 
Government assistance to farmers or by a change in 
economic factors, no marked expansion of the home 
market is at all likely for many years to come. On 
the other hand, there appears to be no sound reason 
why manufacturers of agricultural plant should not 
secure considerably more than the meagre 7 to 8 per 
cent. which represented our contribution to world 
trade in 1928. In the article to which reference has 
already been made, we ventured to suggest the more- 
promising lines of progress, and may now confine 
ourselves to the consideration of a factor of recent 
origin which may have a very appreciable influence 
on the future of the industry. 

Since the last show at Nottingham, it has become 
apparent that the high-speed, airless-injection, 
engine must be seriously considered as a possible 
prime mover for the heavier classes of agricultural 
machinery, and we confess ourselves as not alto- 
gether satisfied with the present position of home 
manufacturers in this connection. While it is 
true that several British firms have recently de- 
veloped engines of this type which appear to be 
satisfactory, the majority are either designed 
primarily for stationary work, or are too large for 
anything but the heaviest tractors. As is well 
known, the difficulty of obtaining a good perform- 
ance from engines of this type increases rapidly with 
a reduction in cylinder dimensions, but there are 
indications that engines of relatively low power 
will shortly be successfully produced on the Con- 
tinent. It is, of course, an open secret that experi- 
ences in Germany with commercial-vehicle engines 
of this type have not been altogether happy, but 
we are not among those who believe that the diffi- 
culties encountered will not be overcome, and it 
would be regrettable if the tendency of the past 
year or two for British implement makers to rely 
on continental designs for the heaviest classes of 
machinery should extend to lighter models if and 
when such models are developed. It need not be 
suggested that British makers are not alive to the 
issue, as more than one promising engine of home 
manufacture is at present on test for road work, and 
one of these engines is actually on exhibit at the show. 
It is useless to maintain, however, that our position 
in this respect compares favourably with that of 
Germany, in particular, and it is to be hoped that 
the leeway that exists will be made up in time for 
us to secure a sound position in the colonial markets, 
which offer the best prospects of trade expansion. 
Apart from this development, there have been no 
striking departures from accepted practice since 
the last show, althougk a number of implements 
are being shown which represent an advance on 
earlier models either from the point of view of 
economy, or a simplification of design without the 
sacrifice of efficiency. 

We may commence our description of the actual 
exhibits by referring to two new machines which 
have been recently introduced by Messrs. Marshall, 
Sons and Company, Limited, of the Britannia 
Iron Works, Gainsborough. The first of these, 
which we illustrate in Fig. 1, on Plate V, is an oil 
driven road roller, in which several of the leading 
construction features of the firm’s well-known steam 
rollers are retained. The roller has a nominal 





a way that the cylinder casing is supported through- 
out its length. Crank-case compression is employed. 
The cylinder is fitted with a separate liner with 
the usual provision for expansion, and of sufficient 
thickness to permit of re-boring when required. 
The lubrication of the main bearings is effected by 
oiling rings, while pressure feed is provided for the 
piston and gudgeon pin, and combined pressure 
and centrifugal lubrication for the big-end bearing. 
The governor is of the usual spring-loaded centri- 
fugal type and varies the length of the fuel-pump 
stroke. The engine is started by compressed air, 
the receiver being charged by the engine itself. 
Three speeds forward and one reverse speed are 
provided, all the gear wheels being of cast steel 
with machine-cut teeth with the exception of the 
final drive main spur ring and pinion, which operate 
at a low speed. The friction drums for engaging 
the gears are faced with Ferodo. The driving 
axle is of oil-hardened steel, and runs in cast-iron 
boxes fitted with gun-metal bushes. The boxes 
are bolted and spigoted to machined faces on the 
mainframe. The latter is built up from steel plates, 
as shown in the illustration, and embraces the fore 
carriage, the engine bed, and the fuel and water- 
tank supports. The water-circulating pump is 
of the plunger type, and is driven by an eccentric 
mounted on the first intershaft. The fore-carriage 
head is of cast-steel, and forms a distance-piece 
between the side plates of the main frame, in addition 
to incorporating the silencer. The arrangement of 
the steering will be clear from the figure. A Ferodo- 
lined strap brake operates on a large drum on the 
rear axle, and is controlled by a hand lever. A 
similar brake, operated by a pedal, engages with the 
surface of one of the clutch drums, and functions in 
either direction of travel whichever gear is engaged. 
Both front and rear rolls are of the type used on 
the firm’s steam rollers. In the rear rolls, the hub 
and spokes are combined in a single steel casting, 
semi-steel being employed for the same purpose 
in the front rolls. 

The second of Messrs. Marshall’s exhibits to 
which reference has been made is a single-cylinder 
airless-injection engine of the horizontal type, 
suitable for a wide variety of stationary drives. 
The engines are made in sizes ranging from 15 to 
50 b.h.p., and will operate on a wide range of fuels. 
The fuel consumption varies between 0°48 and 
0:42 Ib. per brake horse-power-hour, depending 
on the size of engine. The engines operate on the 
four-stroke cycle, and, as will be clear from Fig. 2, 
on Plate V, which shows the one exhibited at Harro- 
gate, the valves are operated from a side shaft 
which also serves to drive the fuel pump and 
mechanical lubricator. As in the case of the roller 
engine, the engine bed and cylinder casing are in 
one piece, giving support to the casing throughout 
its length. The cylinder is fitted with a separate 
liner, and a long trunk piston is employed. The 
cylinder head is of simple form, designed to avoid 
unequal expansion with the concomitant danger of 
cracking. The water spaces are readily accessible 
for cleaning. The inlet valve is carried in a separate 
cage which, on removal, allows ready access to the 
exhaust valve. The remaining parts of the engine 
hardly call for particular mention, as they are gene- 
rally similar to those employed in the firm’s vertical 
engines which have been frequently described in 
our columns. It may be mentioned, however, 
that an oil heater is fitted to the exhaust pipe to 
enable any fuel to be heated to a suitable viscosity, 
and that the engine is started up on compressed air. 

The majority of British makers who have placed 
tractors on the market have relied on a relatively 
high-speed engine for the power unit, but consider- 
able success has been achieved abroad with low- 
speed engines running on crude oil. It may be 
recalled that the Lang Bulldog tractor, which we 
described on page 77 of vol. cxxiv of ENGINEERING, 
is fitted with an engine of this type, and in our 
description we pointed out the advantages resulting 
from the employment of such a unit, The tractor 





has proved very successful, and this year, Messrs. 
The Locomobile Engineering Company, Limited, 
68, Victoria-street, S.W.1, who handle the machine 
in this country, are showing the modified design 
illustrated in Fig. 3, on Plate V. Although the 
general appearance of the tractor is very similar to 
that of the earlier model, a number of changes have 
been made with a view to increasing the efficiency 
without sacrificing the simplicity which is the 
outstanding feature of the tractor. A two-stroke 
horizontal single-cylinder engine has been retained, 
but the new model, having a bore of 8{ in. and a 
stroke of 10} in., is capable of a continuous output 
of 30 b.h.p. against 22 b.h.p. in the previous model. 
In place of the earlier four-speed gear box, in which 
all the speeds were for forward drive, the reverse 
being obtained by reversing the engine, a box with 
three forward and one reverse motion has been 
fitted. As before, the tractor is marketed as either 
a field or road model, but the respective weights are 
now 2 tons 10 cwt. and 3 tons 7 ewt. Thermo- 
syphon cooling is retained, but the water is now 
passed through a radiator, mounted on the side of 
the engine, the radiator being cooled by a fan. 
Other features of the new model are that the clutch 
is fitted with Ferodo-lined shoes, and that lubrica- 
tion is on the pressure system throughout. 

In addition to those we have described, engines 
of both the portable and stationary types are 
being shown by a number of other firms, but the 
majority of these exhibits have already been 
described in our columns. Two models with which 
we have not previously dealt, are, however, being 
shown by Messrs. Ruston and Hornsby, Limited, of 
Lincoln. These engines are illustrated in Fig. 4 on 
Plate V, and 5 on Plate VI, and it will be seen that 
the first is a horizontal single-cylinder model opera- 
ting on the four-stroke cycle. This engine may be 
said to lie between the firm’s well-known light oil and 
airless-injection engines, as it is of the medium-com- 
pression type. The model illustrated is of 10 brake 
horse-power, but a complete range is available in 
powers ranging from 6} brake horse-power to 
40 brake horse-power. They are normally started 
up by the use of a blow lamp, but can be arranged for 
either compressed air or petrol starting, either of the 
latter arrangements giving an immediate start from 
cold. The consumption varies between 0-48 and 
0-6 lbs. of fuel per brake horse-power-hour, according 
to the size of engine. The governor is driven through 
machine-cut gears from the camshaft, and operates 
by controlling the stroke of the fuel pump. The 
latter delivers the fuel to a valve box mounted 
above the vaporiser, as shown in the figure, the oil 
being injected into the vaporiser at a sufficiently 
high pressure to ensure complete atomisation. The 
lubrication of the engine has received careful 
attention. Sight-feed lubricators supply oil to the 
gudgeon pinand piston. Ring lubrication is provided 
for the main bearings, and for the side-shaft bearings 
in the larger engines, while the big end is fed from a 
sight-feed lubricator through a centrifugal oiler. 
Oil throwers are provided on the crankshaft to 
prevent oil creeping along the shaft to the flywheel, 
pulley or belts. 

The second of Messrs. Ruston’s engines, which is 
illustrated in Fig. 5, is a totally enclosed petrol 
model of 2 brake horse-power, selling at a very 
moderate price. It is specially designed for driving 
elevators or other machinery where the atmosphere 
is impregnated with chaff, dust or dirt. As will be 
clear from the illustration, the valve gear, magneto, 
and all other wearing parts are completely protected. 
Disc flywheels are fitted to prevent straw or other 
loose material from accumulating round spokes, 
which frequently occurs where the latter are 
incorporated in the design. The engine runs at 
650 r.p.m. and is supplied either on wooden skids, as 
shown, or on a low truck fitted with a drawbar. 
The exhaust valve is operated by a push rod and 
the inlet valve is automatic. The main and big- 
end bearings are lubricated by grease cups, and the 
piston and small-end bearing by splash lubrication. 
The engine is fitted with a Wico magneto. 

A third exhibit on the stand of Messrs. Ruston and 
Hornsby, with which we have not previously dealt, is 
the Paragon beet lifter, shown in Fig. 6, on Plate VI. 
As will be seen from the figure, the two wheels with 
which the implement is provided are mounted on a 
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swinging bracket coupled through a rod to a quad- 
rant lever, so that when the latter is pushed forward 
the wheels are lifted clear of the ground. A spring 
catch.is provided on the lever for holding the wheel 
bracket in the required position. It will be clear 
that, as the wheels are adjustable for height, the 
beet lifter can be kept in an upright and convenient 
position when turning at the headlands, and that 
no mechanical alteration to the machine is necessary 
when travelling from field to field. The wheels 
are fitted with dust-proof bushes. The form of 
the beam, which results in ample clearance when 
dealing with heavy tops, will be clear from the 
figure. The share is renewable, and both it and the 
slipe are chilled to reduce wear to a minimum. In 
addition to the machines described, Messrs. Ruston 
and Hornsby are showing a wide range of other 
engines and implements, the majority of which 
have already been described in our columns. 

Messrs. John Fowler and Company (Leeds), 
Limited, Leeds, are showing a 150-h.p. M.A.N. 
airless-injection engine, as fitted in their cable 
ploughing engines, a 6-7 ton steam wagon, an 8-ton 
three-wheeled heavy-oil road roller, concrete mixers, 
winches, and a road spraying and resurfacing plant. 
The greater part of these exhibits have already been 
described in our columns, the heavy-oil engine 
ploughing gear having been dealt with on page 75 of 
vol, cxxiv, the steam wagon on page 855 of vol. exviii, 
and the concrete mixers and winches on page 28 of 
vol. exxiv. The most recent product shown by the 
firm is the road-spraying and resurfacing plant, 
which we illustrate in Fig. 7, Plate VI. This plant 
is claimed to give a very even distribution of binding 
material, and is arranged with a high-pressure 
delivery with a view to penetrating all cracks and 
interstices in the road. Immediate application of 
the grit, while the binding material is still hot, is 
obtained, and is followed immediately by consolida- 
tion with the roller. The plant is mounted on the 
firm’s compound steam roller, which is too well 
known to require description. The gritting machine 
is hauled immediately behind the roller, as shown in 
the illustration. The tank in which the binding 
material is carried is located under the boiler barrel, 
so that the heat of the boiler assists in keeping up the 
required temperature. A rotary pump forces the 
material through pipes to a row of spraying jets at the 
back of the roller. The jets cover a maximum working 
width of 7 ft. 6 in., and any number may be turned 
off to reduce this width, as required. The gritting 
machine is fitted with a distributing gear for spread- 
ing the stone evenly over the surface. The plant 
may be used either for spraying and gritting roads 
to preserve the existing surface, or for resurfacing 
roads with new road metal on the penetration system. 
When not required for these purposes, the roller may 
be used for ordinary rolling, scarifying, and other 
road work. 

In connection with the last show, held at Notting- 
ham, we described two tractor ploughs exhibited by 
Messrs. Ransomes, Sims and Jefferies, Limited, 
Orwell Works, Ipswich. These two ploughs, of 
which the description will be found on page 69 
of vol. exxvi. of ENGINEERING, are again being 
shown at Harrogate, and form part of a complete 
range of ploughs for tractor use. The latest addi- 
tion to this range is called the “ Multitrac” by the 
makers, and is specially designed for operation in 
conjunction with a powerful tractor. In the photo- 
graph reproduced in Fig. 8, on Plate VI, it is 
shown as a four-furrow implement, this represent- 
ing a conversion from a three-furrow model. It 
is of adequate strength for the heavy work it 
may be called upon to perform, and has adjust- 
ments for width from 8}in. to 10}in., and for 
ploughing depths up to 9 in. The plough is con- 
structed almost entirely of high-carbon steel, and 
is provided with disc coulters, as shown in the 
figure. As it is generally similar in construction 
to the two-furrow model shown at Nottingham 
last year, and already described, we need not 
repeat the descriptive details. In addition to these 
and other ploughs, Messrs. Ransomes, Sims and 
Jefferies are showing the electrically-driven thresh- 
ing machine described on page 43 of volume 
xxiv, a compound traction engine, and such 
implements as cultivators, potato diggers and 
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Although hardly falling within the class of engin- 
eering products, the poultry house ventilation system, 
demonstrated on the stand of Messrs. Boulton and 
Paul, Limited, of Norwich, is of sufficient interest 
to justify a brief description. As poultry farmers 
are only too well aware, it is by no means easy to 
devise a system of ventilation for poultry houses, 
which will provide a constant flow of fresh air without 
draughts, but the difficulty appears to have been 
successfully overcome by the “‘ Venturi” ventilator. 
The apparatus does not readily lend itself to illus- 
tration, but it may be explained that the usual ridge 
opening is arranged to discharge into the throat of a 
Venturi-shaped slot in such a way that, whatever the 
direction of the wind, a definite suction is produced 
through the opening. The precise form of the 
ventilator has been determined by tests in the 
company’s aerodynamic department. It should be 
explained that effective means are provided to ex- 
clude snow or rain from the interior of the house. 
In addition to this ventilator, Messrs. Boulton and 
Paul are showing a number of their standard pro- 
ducts with which we have dealt previously. We may 
mention, in particular, the “ Electrolite’” plant, 
described on page 44 of volume cxx, the portable 
pumping set described on 704 of the same volume, 
and the firm’s water elevators to which we have 
referred on several occasions. 

In the transport section of the show, the majority 
of the vehicles exhibited are in the heavier classes, 
both steam and petrol lorries being well represented. 
The absence of light vehicles, which are of particular 
interest to the small farmer, appears to us to be 
regrettable, and we suggest that the regulations 
governing the exhibition of such vehicles might 
well be modified in the case of this particular show. 
A good example of recent development in steam- 
lorry design is afforded by the rigid six-wheel 
vehicles shown on the stand of Messrs. The “ Sen- 
tinel ”? Waggon Works, Limited, of Shrewsbury. 
We described an articulated six-wheeler manu- 
factured by this firm on page 693 of vol. cxvi, of 
ENGINEERING, but the three models exhibited at 
Harrogate are all of the rigid type. The three 
vehicles differ only in the type of body fitted, 
and we have selected one with a tipping body, 
shown in Fig. 9, on Plate VII, for illustration. This 
has a load capacity of 12 tons, and will run about 
17 miles per cwt. of fuel. The body can be tipped 
to either side or to the rear, the tipping being 
effected by means of a hydraulic cylinder and ram. 
The operation is carried out by opening a by-pass 
valve, when the boiler-feed pump, driven by the 
engine, pumps water from the feed tank into the 
tipping cylinder. As regards details of the lorry 
itself, the boiler is mounted ahead of the front 
axle, in accordance with standard Sentinel practice, 
the engine being arranged horizontally with the 
cylinders parallel to the frame, the crank and gear- 
shafts being thus across the frame. The drive is 
taken from either end of a layshaft in the gearbox 
through a differential, also incorporated in the gear- 
box, and thence by two silent roller chains to the 
leading rear axle, the second rear axle being driven 
by independent chains from the leading rear 
wheels. In addition to a hand-operated side brake, 
there is a sensitive but powerful steam brake. 
Each brake operates on four wheels, so that a very 
effective braking system is available. Tests have 
shown that when the vehicle is travelling on a 
good road with a load of 15 tons at a speed of 
12 miles per hour, it may be stopped dead, without 
skidding, in 22 ft. Great care has been taken to 
reduce the unladen weight to a minimum without 
the sacrifice of strength, aluminium and other light 
alloys being employed wherever possible, and all 
the axles, shafts, &c., being made from high- 
tensile steel. A certain degree of flexibility is 
allowed for in the frame, which is built up from 
8-in. channels, as the makers have found from 
experience that any attempt to produce complete 
rigidity introduces a liability to fracture. The 
frame is, however, adequately braced against 
twisting stresses. The engine and gearbox are 
suspended under the frame, and are carried on 
spherical bearings -to isolate them from frame 
flexure. The front springs are pivoted to brackets 
riveted to the side frame members. At their 
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rearward ends, the springs work against spring pads 


on the underside of the frame members, the springs 
being guided by side cheeks. Crossbolts are fitted 
between these cheeks, which, while not constraining 
the spring in any way under normal action, prevent 
it from leaving the spring pad altogether. The rear 
springs are supported at both ends by similar 
pads, the guiding of the axle being carried out by 
the radius rods and bogie arms of the six-wheeler 
bogie. The pads in this case are extended to 
provide a bearing for the secondary springs with 
which the rear axle is fitted. 

Another six-wheeled steam lorry fitted with a 
tipping body is being shown by Messrs. Fodens, 
Limited, Elworth Works, Sandbach. This machine, 
which is illustrated in Fig. 10 on Plate VII, is one of 
the firm’s undertype models and is capable of 
carrying a load of 12 tons. It is designed for a road 
speed of 12 miles per hour. The boiler is of the water- 
tube type, the outer shell and firebox being in two 
portions and flanged. By uncoupling the flanges, 
the firebox can be disconnected and dropped for 
cleaning the tubes or for inspection. The working 
pressure is 250 Ib. per square inch, and the total 
heating surface in the firebox and tubes is 65 sq. ft. 
Firing is effected from the footplate, and not through 
the top of the boiler. The superheater is made from 
solid-drawn steel tubing, and is fitted in the smoke- 
box. The engine is placed horizontally across the 
frame, the two cylinders being double-acting and 
having a bore of 7 in. The piston stroke is 10 in. 
The steam and exhaust valves are operated by a 
camshaft which can be moved horizontally to give 
three forward movements, stop, and reverse. The 
camshaft is driven from the crankshaft through 
spiral gears, and the crank and gear shafts are 
mounted on roller bearings. The drive from the 
crankshaft is by cast-steel gear wheels to the pro- 
peller shaft, and from the latter to both rear axles 
through enclosed worm gearing running in oil. 
The rear-axle suspension is by double half-elliptic 
springs mounted on castings having spherical seat- 
ings on the axles. The steering is of the Acker- 
mann type, operated through worm gearing, the 
front wheels being pivoted centrally to give a light 
action. 

Another six-wheeled tipping waggon is being 
shown by Messrs. The Yorkshire Patent Steam 
Wagon Company, Hunslet, Leeds. The boiler and 
engine in this model are similar to those employed 
in the firm’s 6-ton four-wheeler, of which a descrip- 
tion will be found on page 81 of vol. cxxii of ENat- 
NEERING. There is an independent propeller shaft 
driving on each rear axle, the final transmission being 
through worm gearing. The latter is ofthe overslung 
type, giving a good road clearance. The rear axle 
springs are 4 ft. 6 in. long, anchored at the front end, 
and sliding at the rear end. The torque is taken 
through separate torque members, so that the 
springs are only required to carry the load and thrust 
stresses. The rocking members are arranged to 
give a vertical motion up to 8 in. The wheels can 
be detached without disturbing the articulation. 
The ends of the rocking members are fitted with 
ball joints, and hold the axle firmly in any position. 
As regards the brakes, each wheel is provided with 
four fabric-lined shoes, and either the hand or 
foot brake acts directly on all four wheels. The 
reverse on the engine can also be used as an emer- 
gency brake. The tank has a capacity of 200 galions, 
sufficient for a run of 30 to 40 miles fully laden, 
and the bunker will hold 7 cwt. of coal. On good 
roads, the wagon can carry a load of 10 tons up a 
gradient of 1 in 6, and, with a load of 14 tons, it can 
climb a gradient of 1 in 8. 

The firm of Messrs. Richard Garrett and Sons, 
Limited, Leiston Works, Leiston, are exhibiting 
a wide range of machines, including a 54-in. 
thresher, Burrell and Garrett traction engines, and 
a rigid six-wheeled steam wagon. The first three 
of these products have been on the market for some 
considerable time, and are now too well-known to 
need description, while we dealt with the steam 
lorry on page 40 of vol. cxxvi of ENGINEERING. 
Among the smaller products we noticed a mealie 
sheller, which is of some engineering interest as wood 
has been entirely eliminated in its construction. 
This machine is illustrated in Fig. 11 on Plate VII, 
from which it will be clear that it is of compact 





design. It has a capacity varying between 20,000 
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and 40,000°lb."per day, according to the nature and 
dryness of the crops. It may be driven by a small 
oil engine of about 4 h.p., the driving pulley being 
10 in. in diameter and the running speed from 500 
r.p.m. to 600 r.p.m. After removal of the stalks 
and husks, the cobs are fed into the hopper, visible 
at the top of the machine in the figure, and then 
pass into a revolving steel barrel fitted with steel 
pegs. The latter shell out the mealies, which then 
pass through a perforated steel cylinder into a 
hopper at the bottom of the machine. In this 
hopper they are cleaned by a draught of air induced 
by a fan, driven by belt from the main spindle, 
and finally pass into the delivery spout. After 
passing along the cylinder, the stripped cobs are 
delivered into a bin by the spout shown in the 
figure. An adjustable slide is arranged at the end 
of the cylinder next to the outlet, by means of 
which the cobs can be retained in the cylinder 
sufficiently long to ensure that all the mealies are 
stripped off. 

A tractor primarily designed for mole draining, and 
other cable, work is being shown by Messrs. The 
Auto-Mower Engineering Company, Limited, 
Norton St. Philip, Bath. ‘This machine, in con- 
junction with a mole plough, has been entered 
for the Society's Silver Medal. The tractor, which 
is illustrated in Fig. 12, on Plate VII, is provided 
with a winding drum, and it is claimed that a 6-in. 
drain can be laid at a depth of 26 in., in suitable 
soil, at the rate of 14 miles ver hour. The method 
of operation is as follows : On entering the field, the 
plough is placed at the spot where the first drain is 
to be commenced. The cable is attached to the 
plough and the tractor is driven forward, the cable 
being payed out until the required length is reached. 
The anchor is then lowered, and the winding drum 
put into operation. The tractor then digs itself in 
until the anchor reaches the limit of its movement, 
when the anchorage is sufficiently secure to draw 
the plough. When the latter reaches the tractor, 
the whole operation is repeated, and, on completion 
of the drain, a lever on the plough releases the mole, 
which automatically emerges from the earth. The 
main drain is cut before the minors, and a specially 
shaped bar is provided for piercing into the mains, 
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which avoids the necessity for digging at the 
junctions. 

In cases where the ground contour is irregular,%a 
plough with a 20-foot beam is provided, a heath | 
sufficient to bridge a normal furrow and give a| 
straight drain below the uneven surface. As regards 
the tractor itself, the engine is a four-cylinder 
Coventry Climax model, developing from 20 to 50 
brake horse-power, and is mounted across the centre 
of the chassis as shown in the illustration. It forms 
one unit with the gearbox and clutch, the latter 
being of the single-plate type. The gearbox 
motions give three forward speeds and a reverse, 
and the drive is taken from this unit to a secondary 
shaft by duplex Coventry roller chains running in oil. 
A sliding dog is provided on the secondary shaft, 
by means of which the latter may be coupled either 
tothe rearaxleor tothe windingdrum. It will thus 
be seen that three drum speeds are available. The 
drive to the rear axle is by roller chain. There is 
no differential, but the rear wheels are provided 
with driving pins. In front of the drum shaft | 





there is a second spindle on which aZbelt pulley 
is mounted, and a sliding pinion on this shaft can 
be engaged with the drum spur wheel. All the 
gears, including those for the winding drum, are 
machine cut. An external contracting brake, 
operated by a pedal, is provided on the rear wheels, 
and there is also a hand brake with screw engagement 
for holding the drum. As shown in the illustration, 
pneumatic tyres are fitted on the front wheels 
and solid tyres on the rear wheels, but the tractor 
can also be supplied for field use with faced steel 
wheels on both axles, the rear wheels being fitted 
with detachable ring-type streakes. 

A petrol-driven roller, manufactured by the same 
firm, is illustrated in Fig. 13, on this page. The 
machine is intended for sports grounds or light road 
work, and can be supplied either in tandem form, as 
shown in the figure, or as a three-roller machine. In 
the former case, the rolling width is 4 ft., and, in the 
latter, 5 ft. 8 in. The three-roller type is suitable 
for rolling close up to fences or walls. The weight, 
in either form, is approximately 2} tons. The front 
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rolling units for the two types are interchangeable. 
The engine can be supplied for either air or water 
cooling. In the former case, a 600-c.c. single-cylinder 
J.A.P. model is fitted. From the engine, the 
drive is taken by chain to the clutch shaft; this is 
provided with two plate clutches, one for forward 
and the other for reverse motion. In the case of the 
forward motion, the drive is taken from the clutch 
member direct to a second-motion shaft by a roller 
chain. For the reverse motion, a jockey pulley is 
introduced into the drive, and this enables the 
back of the chain to be taken over the driving 
sprocket, thus giving the reverse. From the second 
motion shaft, a third chain is taken to the rear 
roller. No radiator is fitted, as the steering head is 
utilised for the cooling tank, and this has ample sur- 
face to ensure that the water is kept at a sufficiently 
low temperature. Steering is by worm and wheel 
operating directly on the king pin, and the whole 
machine is of similarly simple but sturdy construc- 
tion. 

The custom of using proprietary engines is very 
widespread in the implement industry, and un- 
doubtedly leads to a reduction in first cost, while 
giving a more reliable product. The engines 
manufactured by Messrs. R. A. Lister and Com- 
pany, Limited, Dursley, Gloucestershire, appear to 
be particularly favoured when a prime mover of 
relatively low power is required, and examples of 
this firm’s products are to be seen on many of the 
stands. Apart from their engines, Messrs. Lister 
also manufacture a number of complete units, such 
as their well-known auto-truck, pumps and lighting 
sets, and examples of these products are to be seen 
on their stand, in addition to a range of agricultural 
and dairy implements. We have selected one of 
their lighting plants, shown in Fig. 14, on page 42, 
for illustration. Four such plants are shown on 
the stand, the one illustrated being a new 800-watt 
direct-coupled unit, designed to run without a 
storage battery. The dynamo is wound for 110 volts, 
and the control switches are arranged for the plant 
to be started and stopped at will, in contradistinction 
to automatically starting up when a light is switched 
on. The makers claim that the arrangement 
adopted avoids a certain amount of needless running, 
as a light may easily be switched on accidentally. 
It is unnecessary to describe the engine in detail, as 
it is generally similar in construction to that de- 
scribed on page 85 of vol. cxxii of ENGINEERING. 
The standard equipment for the unit includes two 
distance-control switches, for installation in the 
building being lighted, in addition to that on the 
plant, and further distance switches can be provided 
if required. The switchgear is of a simple type, and 
the whole plant is designed to give reliable service 
with a minimum of attention. The cost is, of course, 
lower than that of a plant of equal capacity in which 
storage batteries are employed, and is particularly 
suitable for buildings in which the lighting installa- 
tion is only required at irregular intervals, as it 
avoids the necessity for regular battery maintenance. 

Several other firms are showing engines of 
various types, which have already been described in 
our columns. Messrs. Davey, Paxman and Com- 
pany, Limited, Colchester, for example, are exhi- 
biting the 120-138 brake horse-power three-cylinder 
heavy-oil engine described on page 224 of vol. cxxv. 
The firm are also showing an example of their well- 
known Economic type boiler. The latest 
product shown by Messrs. Petters, Limited, West- 
land Works, Yeovil, is the Atomic cold-starting 
engine, described on page 223 of our last volume. 
In addition to this engine, they are showing a wide 
selection of oil and petrol engines of both the 
stationary and portable types, together with 
lighting plants. Practically the whole of these 
products have been dealt with from time to time 
in our columns. Messrs. Blackstone and Company, 
Limited, of Stamford, are also exhibiting a wide 
range of engines, and also a number of agricultural 
implements. The majority of the engines shown 
operate on the “spring-injection” principle, for 
which reference may be made to pages 21, 60 and 
638 of volume cxviii. The engines exhibited 
include an example of a hopper-cooled spring- 
injection engine. The harvesting machinery shown 
by Messrs. Blackstone includes examples of hay- 
makers, swath turners, rakes and stackers. We 


noticed that, in the new combined side-delivery rake 
and swath turner, all the working parts of the 
machine are nearer to the point of draught than in 
the older models, with a view to producing a lighter 
running implement. They are also in front of the 
driver, rendering the machine easier to manage. 
Adjustable sliding swath-turner bars are fitted, 
enabling the machine to be used for light or heavy 
crops. 

One of the most interesting exhibits entered for 
the Society’s Silver Medal is the Pioneer bottle- 
washing machine shown by Messrs. Barford and 
Perkins, Limited, of Peterborough. 

With this machine, which is illustrated in Fig. 15, 
on page 42, the inside of the bottle is washed on a 
single revolving brush, but the outside of the neck 
and the bottom of the bottle are thoroughly washed 
by means of brushes without the operator holding 
the bottles in position. This leaves both his hands 
free for other purposes, enabling him to change the 
bottles at the rate of between 40 and 50 per minute, 
or approximately 2,000 to 3,000 per hour. Power 
for operating the mechanism is supplied by a small 
steam turbine, revolving at speeds up to4,000r.p.m., 
and using steam at a pressure of 5 lb. per square 
inch. Attached to the spindle of the turbine is a 
bottle brush for cleansing the inside of the bottle. 
The outer brushes are contained in the cast iron 
casing, the brushes being secured to the casing. 
The brushes are so shaped that the outside of the 
bottle and the end are thoroughly scrubbed when 
the bottle is turned owing to the friction set up 
by the inside cleaning brush. 

The brushes at the right and left of the bottle 
are mounted on loose spindles and revolve owing to 
the contact with the bottle turning on theinner brush. 
This action thoroughly cleans the outside of the 
bottle. The bristles of the lower brush are formed 
to fit the bottle closely, and are sufficiently stiff 
to ensure that the bottle will rest parallel to the 
turbine spindle. The upper brush which can just 
be seen in the figure, helps to keep the bottle in 
alignment with the turbine spindle. Generally 
speaking, the two latter brushes are for positioning 
the bottle, although they do not clamp it in any 
way, but, on the contrary, permit it to rotate. 
A metal cover is fitted over the brushes to prevent 
the cleansing fluid from being projected on to the 
operator, and is held down by two spring catches. 

In addition to the washer described, Messrs. 
Barford and Perkins are showing a complete model 
dairy, and on the stand of Messrs. Aveling and 
Barford and Perkins (Sales) Limited, Aldwych 
House, W.C. 2, a selection of steam and motor 
rollers is displayed. These include the roller, fitted 
with an airless-injection engine, described on page 
147 of our last volume. 


(To be continued.) 








BOILER RECONSTRUCTION AT THE 
WORCESTER POWER STATION. 


THat pulverised fuel firing can be most success- 
fully applied to boilers of large output is a state- 
ment which is generally true, but in a particular 
instance it seems to be contradicted by some results, 
which have been obtained by Mr. C. M. Shaw, City 
Electrical Engineer of Worcester, in the power station 
under his control. These results are the more in- 
teresting, since the plant has not been manufac- 
tured by firms expert in the production of this parti- 
cular class of equipment, but is largely of Mr. Shaw’s 
own design, and was constructed mainly by direct 
labour in the Electricity Department. The design was 
based on the opinion that, properly handled, pulverised 
fuel firing provided an excellent method of reducing the 
costs of production, even when the units concerned were 
comparatively small. It was this conclusion, in fact, 
which led to the decision, some seven or eight years 
ago, to make use of that form of firing, when extensions 
to the boiler house at the Worcester station became 
necessary. This view was confirmed by a visit paid by 
Mr. Shaw to America. On the other hand, an inspec- 
tion of a number of pulverised-fuel plants in this 
country led him to the opinion that they were adapta- 
tions, rather than new designs, and that in consequence 
the best results were not being obtained. Instead, 
therefore, of employing what may be called standard 
products, Mr. Shaw set to work to incorporate in his 
boilers certain details, which experience has shown, 





have rendered them admirably fitted for the work 





they are called upon to do. As will be seen, special 
attention was paid to the arrangement of the tubes, to 
the design of the water walls, and to the details of the 
air supply. 

These developments, which took place in stages, 
were based on two Stirling boilers and their accessory 
plant, which were purchased by the Electricity Depart- 
ment from the Government Disposal Board as long ago 
as 1922. Simultaneously, the Department bought a 
B.T.H. 3,000-kw. turbo-alternator from the same source, 
and this machine was rewound for 6,600 volts in place 
of the 3,300 volts, for which it had been designed. 

At the start of these extensions, only one boiler, that 
known as No. 7, was completely erected and put to 
work, the other being left in skeleton form for comple- 
tion when required. The heating surface of this boiler 
was increased from 6,327 sq. ft. to 8,136 sq. ft. by 
lengthening its tubes, while the superheater tubes were 
also lengthened in order to maintain the same degree of 
supetheat with the greater volume of steam. A Riley- 
type nine-retort Underfeed stoker was also fitted. The 
arrangement of this boiler, after modification, is shown 
in Fig. 11, on page 45. The boiler is of the five-drum 
pattern, and the alterations enabled its original evapo- 
rative capacity of 27,000 lb. per hour to be raised to 
40,000 lb. per hour actual without undue forcing. This 
plant was put in operation in 1923. It supplies steam 
at a pressure of 205 lb. per square inch, and a total 
temperature of 640 deg. F. 

Within a short time of this plant going on load 
the continued increase in the demand made it 
necessary to extend the generating capacity of the 
station. A 7,500-kw. B.T.H. turbo-alternator was 
therefore purchased, and arrangements were made to 
bring the second of the boilers mentioned above into 
commission and to fire it with pulverised fuel. Mr. 
Shaw’s investigations had led him to the conclusion that 
in this case the cost of the bin-and-feeder system would 
be prohibitive. He therefore decided to employ the 
unit system, using two Atritor pulverisers, made by 
Messrs. Alfred Herbert, Limited, of Coventry, each of 
which had a normal output of 2 tons of coal per hour, 
and @ maximum output of 2:5 tons. Each of these 
mills supplies a Riley turbulent-type burner, whose 
maximum capacity is 3 tons per hour. The arrange- 
ment of the burner is shown in Fig. 3, on page 44. 

Farther reconstruction of this boiler, which is known 
as No. 8, was also effected, the present arrangement 
being as shown in Figs. 1 to 5, on page 44, while one of 
the burners is illustrated in Fig. 12, on page 48. Con- 
siderable care was taken in the design of this new boiler 
with a view to eliminating the troubles that had been 
experienced by other users of pulverised fuel. As a 
result a combustion chamber measuring 15 ft. by 14 ft. 
by 23 ft., with a superficial area of about 1,532 sq. ft. 
was adopted, the tubes were lengthened as described 
above, so that the total heating surface in the super- 
heater was increased from 1,075 to 1,476 sq. ft., and 
a new type of water wall, the design of which is due 
to Mr. Shaw, was used. This last modification was the 
outcome of a determination to obtain this feature 
of modern boiler operation in a simple form and at a 
low cost. 

These water walls, the general arrangement of which 
will be clear from Figs. 1 to 5, have a total tube 
area of 988 sq. ft. and an effective heating surface 
of 853 sq. ft. The combined effective heating surface 
of the boiler and water walls as reconstructed, is 
8,989 ft., compared with 6,327 sq. ft. in the original 
unit. The floor consists of old boiler tubes, con- 
nected to ducts through which air is circulated, a 
special cast-iron tile having been devised to lie ou top 
of the tubes and to make close contact withthem. The 
water walls at each side of the furnace consist of a series of 
vertical tubes, the lower ends of which are connected 
to a longitudinal header. This header is in turn con- 
nected by a branch piece and tubes to the front 
lower drum. The upper ends of most of the tubes form- 
ing the water wall are connected to the front upper 
drum and the remainder to a header, which is in turn 
also connected to the front upper drum. In the 
former case, the tubes are expanded into the holes, 
which would ordinarily be employed for connecting-up 
steam or water circulating tubes. As shown in Fig. 3, 
the small upper and lower headers are connected by 


cing pipes. ; 

The boiler is equipped with Liptak hollow walls 
and passages below the firing floor level, from which 
air is supplied to the pulverisers for drying purposes. 
A second series of passages above the firing floor enables 
a supplementary hot air supply to be given for the same 
purpose. The method of obtaining this hot air supply 
forms the second main modification in the design of 
the boiler, and may next be described in detail. Its 
arrangement will be clear by reference to Figs. 6 to 10. 

A portion of the air from the forced draught fans 
passes along a 22-in. pipe under the boiler house floor 
and up a 16-in. diameter pipe, placed at the left hand 
front corner of the boiler, into an air box which runs 
along the top of the furnace, as shown in Figs. 8 and 9, the 
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BOILER RECONSTRUCTION AT WORCESTER POWER 


MR. C. M. SHAW, M.I.E.E., CITY ELECTRICAL ENGINEER. 
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Fig.1i, SECTION THROUGH CENTRE OF BOILER 
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particular air circuit with which we are now concerned 
being marked A. On leaving this box it passes down 
between the rear pair of rolled steel joists, which support 
the arch, and after flowing over the top of the flat arch 
enters the 22-in. diameter pipe, shown in Figs. 8 and 9, 
which is situated in the centre of the front of the boiler. 
This pipe is connected to the front of the two upper- 
most passages in the hollow wall. 

At the entrance to these passages, the air is divided 
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into two streams, one flowing to the right, and 
the other to the left and so passes along the front 
walls round the side walls, next entering 16-in. 
diameter pipes, which runs down each side of the boiler, 
as shown in Fig. 8. It then passes through transfer 
pipes, enters the hollow walls again at the sides and 
traverses the side passages, until it reaches the front 
corners of the boiler. Here it joins up with the air, 
which has flowed through the second circuit marked B, 
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and enters the suction pipes leading to the pulverisers, 
as shown in Fig. 9. 

The second portion of the air after passing through 
the 22-in. pipe under the boiler house floor is led into 
a 14-in. pipe, which runs along the left hand side of the 
boiler. It then passes into the hollow back wall at the 
firing floor level, as shown at B in Fig. 7. After 
flowing through a series of three ducts, as indicated 
in that drawing, it enters the right or inlet sides of the 
furnace floor tubes. These tubes terminate in a similar 
duct to that on the left hand side. The air then rises 
through two ducts in series on the front wall, where it 
meets the air that has traversed circuit A, as shown at 
B in Figs. 8 to 10. 

Yet a third portion of the air, after passing along the 
22-in. and 14-in. pipes, is led into a 7-in. pipe, as 
indicated at C in Fig. 8. This air, enters the floor 
circuit at the back left hand corner of the boiler, and, 
passing from front to back through three ducts in series, 
as shown at C in Figs. 9 and 10, joins up with the inlet 
duct of the furnace floor tubes at the right hand front 
corner of the boiler. As has already been mentioned, 
when the boiler is being started up hot gases can be 
withdrawn from the furnace through a separate pipe 
shown at D in Fig. 9. This supplementary means of 
heating is also occasionally used at times of light load, 
when it is desirable not to cool down the brickwork by 
drawing excessive quantities of air through the hollow 
walls and air passages in the floor. 

The primary air, which has been heated in the way 
just described, is supplied to the burners by the pul- 
veriser fans at a temperature of from 250 to 350 deg. F. 
This temperature can be raised to 500 deg. F. by using 
the auxiliary heating device shown at D in Fig. 9, so 
that coal containing a high percentage of moisture can 
ke fired. The secondary air is drawn from the boiler- 
house basement and pump house, the latter being 
hermetically sealed, except for openings in the roof and 
sides through which the flow can be controlled. 

The burners, which are of the Riley turbulent flare 
type, are lighted up by feeding the ignition tube with 
paraffin through a }-in. pipe, the opening for which is 
shown in Fig. 3, and applying a torch. The pulverisers 
are then started up. This operation takes about 
3 min., while in approximately 10 min. the boiler will 
begin to raise steam and the working pressure of 
205 lb. per square inch can be obtained in some 30 min. 
to 40 min. It may be added that at present the ash is 
dealt with by raking it out into barrows, and that its 
friability is so high that there has been little difficulty 
in handling it. 

As regards performance, Mr. Shaw informs us that 
the steaming capacity of this boiler has reached 
57,000 lb. per hour, the superheat ranging from 200 
deg. to 250 deg. F. He has every reason to believe, 
however, that this output could be increased. At 
this loading the water level remains quite steady, 
and the boiler generally shows no signs of forcing. 
The CO, content varies from 12 to 16 per cent. It 
may be pointed out that the above rating is equal to 
16,850 B.Th.U. per cubic foot of furnace space per hour, 
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and that this could be increased to 18,600 B.Th.U. 
were the coal consumption increased to 4 tons per 
hour. The evaporation would then be 62,000 lb. per 
hour. The above calculations are based on an average 
net calorific value of 10,000 B.Th.U. per lb. with a 
moisture content of 10 per cent. The coal used is 
Warwickshire smudge, of which less than 2 lb. are 
consumed per kilowatt-hour generated. Such results 
can be described as very satisfactory, though the 
criticism might be made that putting air ducts in the 
floor will give rise to air infiltration, owing to the 
breathing of the brickwork. This was, however, realised 
at the time, and the arrangement was specially adopted, 
so that this point could be watched. It may be added 
that the boiler has been carrying the whole load of the 
station for some time. 

The turbulence produced by the burners is such that 
balanced draught is obtained at the centre of the com- 
bustion chamber, while the maximum effect is at the 
bottom, the result being that the flying dust is drawn 
back into the furnace. As regards slagging, a portion of 
the brickwork on the line of the burners is built out to 
act as a protection to the water wall tubes, and it is 
found that slag bridges over these arches, as shown in 
Fig. 14, which is a view of one of the side walls. The 
maximum thickness of the deposits thus formed does 
not, however, exceed 6 in. to 8 in., after which the slag 
ceases to build up and falls off. A view of the deposit 
on the wall above the burners is given in Fig. 15, while 
Fig. 13 allows an idea of the appearance of the rear 
wall after seven weeks’ continuous operation to be 
obtained. It may be added that this slag has been 
found suitable for making the concrete required on 
various works about the station. 

The furnace loading of this boiler, though it has been 
considerably increased, has probably been limited by the 
size of the original damper, which was retained when 
the changes described above were made. It is intended 
to overcome this difficulty by providing a larger 
damper, after which it is hoped that it will be possible 
to utilise the maximum capacity of the pulverisers, 
é.e., 5 tons per hour, and thus to obtain an increase in 
steaming capacity. 

Owing to the satisfactory results which have been 
obtained by converting No. 8 boiler to pulverised 
fuel firing, it was next decided to use the same system 
on a third (No. 9) boiler and further to modify 
the design by lowering the front lower drum, thus 
lengthening the first and second rows of tubes in 
the main part of the boiler. This arrangement, Mr. 
Shaw states, has the advantage that the heating 
surface is increased in that portion of the boiler, which 
is nearest to the hottest part of the furnace, and thus 
allows the output to be raised. It is also possible to 
materially reduce the back wall, while the smaller gas 
volumes permit @ corresponding reduction in the areas 
of the gas passes. As a result of the experience 
gained with the water walls on the second boiler, it is 
now proposed to extend the two front banks of 
tubes on this boiler to at least 22 ft. between the 
drums, and to replace the flat brick arch of the com- 
bustion chamber by two additional rows of staggered 
water roof tubes. These tubes will be expanded into a 
header, which will be supported along the front of the 
furnace and covered and insulated by suitable brickwork. 
The drums will also be spaced out to provide room for 
the larger superheater, which will be necessitated by the 
greater volume of steam generated. This may, it is 
hoped, raise the evaporating capacity of this third boiler 
to 90,000 Ib. per hour, and to effect this in a shell, 
which was originally designed for 27,000 lb. only. It 
is also proposed to equip No. 7 boiler with water walls 
and to use pulverised fuel firing for boosting purposes, 
- that its output may be increased to 55,000 lb. per 

our. 








THE LATE MR. H. N. ALLOTT. 


Weregret to record the death of Mr. Henry Newmarch 
Allott, which occurred at Stretford on Wednesday, 
June 19, at the age of 60. He was the senior member 
of the firm of Messrs. C. S. Allott and Sons, consulting 
engineers, of Mancheste", who, among other activities, 
were responsible for the civil engineering work in- 
volved in the construction of the generating stations at 
Stuart-street and Barton, Manchester. At the time 
of his death he was also engaged with Dr. S. L. Pearce 
on the constructional work for the new Battersea 
station of the London Power Company. 

Mr. Allott was born on July 26, 1869, and received his 
early engineering education at Owen’s College and the 
College of Technology, Manchester. Having served a 
three years’ pupilage under Mr. William Hunt, he 
joined the staff of Mr. C. S. Allott, who was then 
engaged in the design of the superintendence duri 
manufacture of the constructional ironwork or 
machinery for three large cotton mills in Brazil, as 
well as for the dock sheds at Santos Harbour. He 


was taken into partnership in 1898, being, to begin 


of warehouses for the Great Central Railway and for 
the South Yorkshire Navigation. He was also respon- 
sible for the superintendence during manufacture of 
large quantities of steelwork for the Great Northern 
Railway, in the design and construction of new 
engineering works for Messrs. Royles, Limited, and 
in the carrying out of renewals and alterations to five 
bridges for the Salford Corporation and to the South- 
port Pier. He also designed and carried out the con- 
structional work on a number of other bridges, one of 
the most important of which was for the Corporation 
of Eccles. 

At the time of his death, Mr. Allott was a member of 
the Council of the Institution of Civil Engineers, 
and was a holder of the Watt Medal. He was also a 
member of the Liverpool Engineering Society and of 
the Manchester Association of Engineers. 
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TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W., particulars of 
tenders invited by various bodies in the British possessions 
and in foreign countries. The closing date of each tender 
is stated where possible. Details may be obtained on 
application to the Department at the above address, the 
reference number given being quoted in each case. 
Street Paving.—Tenders are being called for for the 
paving of the streets of the city of Barranquilla, Colombia. 
(Ref. No. 8212.) 
Structural Steelwork.—The South African Railways 
and Harbours are calling for tenders, to be submitted by 
August 22, for the supply of structural steelwork for a 
new machine shop. (Ref. No. 8198.) 
Power Station Plant.—The Municipality of the City 
of Port Elizabeth, South Africa, are calling for tenders 
to be sent in by August 22, for the following :—Section A, 
One 10,000-kw. turbo-generator and condenser; Section 
B (Part 1), boiler, coal hopper, coal conveyor, and boiler 
house, (Part 2) steam and feed-water pipes ; Section C, 
one overhead travelling crane. (Ref. No. B.X.5430.) 
Rolling Stock.—Tenders will shortly be invited for six 
narrow gauge (760 mm.) railway wagons, by a local 
Department in Yugoslavia. (Ref. No. A.X.8197.) 
Tyres.—The South African Railways and Harbours 
are calling for tenders, to be presented by August 22, 
for the supply of steel tyres for railway rolling-stock. 
(Ref. No. A.X.8199.) 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIpDLEsBROUGH, Wednesday. 


The Cleveland Iron Trade.—Conditions as regards 
Cleveland pig iron continue unsatisfactory and per- 
turbing, but the action of makers inspires hope of some 
relief to the stringent situation. For some months 
past producers, having disposed of their output to the 
end of September, have refused to quote, but they have 
now re-entered the market and intimated that they 
are prepared to accept current rates for delivery over 
periods in the closing quarter of the year. Merchants 
have become less reluctant to part with their holdings 
now that they can once more buy ahead, but they have 
very little iron to offer, and their small marketable 
parcels are promptly snapped up. Quotations are 
steady and firm. No. 1 grade of iron is 75s.; No. 3 
g.m.b., 728. 6d.; No. 4 foundry, 71s. 6d.; and No. 4 
forge, 71s. 

Hematite.—Steady, moderate business in East Coast 
hematite iron is passing with both home and Continental 
consumers, and quotations, though somewhat irregular, 
tend upward, notwithstanding forthcoming increase 
of production. Prices realised, however, keep on a very low 
level compared with figures that are paid for Cleveland 
pig. Makers are taking a hopeful view of the outlook. 
Ordinary qualities of hematite are still obtainable at 
74s. 6d., and indeed that figure has been shaded, but, 
on the other hand, there are producers who will not 
name below 75s. 

Advances in Wages.—North-East Coast blast-furnace- 
men’s wages have been advanced by 1 per cent. for the 
current quarter as the result of the average net selling 
price of No. 3 Cleveland pig-iron for April, May and 
June having been certified at 64s. 5-28d., as against 
63s. 5-18d. for the previous quarter. A conference of 
Cleveland ironstone miners and miners’ represdntatives 
this week agreed to an advance of 1} per cent. irj miners’ 
wages. The miners’ representatives were informed that, 
although the district percentage had been for some time 
in excess of the formula, such a condition must not be 
regarded as permanent. 

Foreign Ore.—New business in imported ore is almost 
unheard of. Merchants have next to none to sell, and 
consumers are heavily bought over the next eighteen 
months, but imports in fulfilment of forthcoming con- 


Y | tracts are not coming forward satisfactorily owing to 


the difficulty of obtaining steamers. Recognised market 
rates are based on best rubio at fully 23s. 9d. c.i.f. Tees. 


Blastfurnace Coke.—Durham blastfurnace coke cons 
tinues scarce, and prices are stiff. Good average 
qualities command 21s, 3d. delivered here. 


Manufactured Iron and Steel.—Aggregate outputs of 
manufactured iron and steel are heavy, and producers 
of most descriptions of material are sold well forward. 
Semi-finished steelmakers are very busy. Quotations, in 
all branches, are firm. Common iron bars are 10/. 15s. ; 
best bars, 112. 5s.; double best bars, 11/. 15s.; treble 
best bars, 127. 5s.; iron rivets, 11l. 10s.; packing 
(parallel), 8J.; packing (tapered), 101.; steel billets 
(soft), 67. 17s. 6d. ; steel billets (medium), 7/. 128. 6d. ; 
steel billets (hard), 8]. 2s. 6d.; steel rivets, 11/. 5s. ; 
steel ship plates, 8/. 12s. 6d.; steel angles, 81. 2s. 6d. ; 
steel joists, 8J. 2s. 6d.; heavy sections of steel rails, 
81. 10s.; black sheets (No. 24 gauge), 10/. 5s.; and 
galvanised corrugated sheets (No. 24 gauge), 131. 15s. 








Ketviy Merpat.—The Kelvin Medal for 1929 has 

been awarded to M. André Blondel, Inspecteur Général 
des Ponts et Chaussées, France. M. Blondel was for many 
years chief engineer of the lighthouse services, and has 
been connected with improvements in signalling ap- 
aratus, both optical and electrical. He has made 
important investigations in connection with electrical 
measuring apparatus and photometry. He is an Hon. 
Member of the British and American Institutions of 
Electrical «Engineers, 
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NOTES FROM THE NORTH. 


Guascow. Wednesday. 


Scottish Steel Trade.—The usual pre-holiday demand 
has been noticeable during the past week, but the 
general state of the Scottish steel trade is quiet. Some 
works are well supplied with orders for forward delivery, 
and, in these cases, the holiday period will only last 
ten days, but quite a number of the others will be closed 
down for a fortnight at least. The holidays in the ship- 
yards and engineering shops in the lower reaches of 
the Clyde terminate this week-end and fair quantities of 
material have been dispatched this week to that 
district to ensure supplies while the steel works are 
closed. In the black-sheet trade, there is still some 
activity and most of the works are busy turning 
out the lighter gauges. Heavy sheets are quiet and 
move very slowly. Prices all round are nominally 
unchanged and are quoted as follows :—Boiler plates, 
101. 10s. per ton; ship plates, 8/. 12s. 6d. per ton; 
sections, 81. 2s. 6d. per ton; black sheets, 4 in., 91. 
per ton; galvanised corrugated sheets (No. 24 gauge), 
131. 17s. 6d. per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—There has been no change in 
the conditions ruling in the West of Scotland malleable- 
iron trade and business is still exceedingly quiet. The 
holiday stoppage this week is welcomed, in the hope 
that orders will accumulate in sufficient number to 
ensure a good start when work is resumed. The re-rollers 
of steel bars are again rather quiet and many complain 
of the severity of the Continental competition. Prices 
are as follow :—Crown bars, 10/. 5s. per ton for home 
delivery and 9/. 15s. per ton for export; and re-rolled steel 
bars, 8/. per ton for home delivery and 7/. 15s. per ton 
for export, 


Scottish Pig-Iron Trade.—In the pig-iron trade of 
Scotland, a dull tone prevails and there has not been 
any pressure for deliveries prior to the holidays. The 
current demand is just moderate and the outlook is 
not very encouraging. Hematite is still compara 
tively active but foundry iron is in poor demand. 
Prices continue firm and are as follow :—Hematite, 
80s. per ton delivered at the steel works; Foundry iron 
No. 1, 78s. 6d. per ton, and No. 3, 76s. per ton, both 
on trucks at makers’ yards. 

Shipbuilding —The Blythswood Shipbuilding Com- 
pany, Scotstoun, Glasgow, have secured an important 
order for an oil-tank motorship for Swedish owners. 
This vessel will be about 500 ft. in length by 65 ft. in 
breadth, and will be specially designed to carry oil in 
bulk. She will be fitted with Atlas y Diesel engines, 
capable of giving her a speed of 114 knots when fully 
loaded, and she will be built to Lloyd’s classification 
on the latest longitudinal system of tanker construction. 
There will be eight large specially-designed cargo tanks 
for the various kinds of lubricating and other oils which 
the vessl will carry in bulk. 

Locomotive Trade.—Several good orders have just 
been booked by firms in Glasgow for locomotives, both 
for home and abroad. The outlook for the autumn 
has certainly improved, and better employment is 
assured during the next month or two. 








ContTracts.—Messrs. Guest and Chrimes, Limited, 
Rotherham, advise us that they have received orders 
for two 18-in. and one 15-in. Venturi meters and recorders, 
and a sand-washing machine from the City of Norwich 
Waterworks department, and for one 10-in. and one 4-in. 
Venturi meters and recorders from the Metropolitan 
Railway.—Messrs. Negretti and Zambra, 38, Holborn- 
viaduct, E.C.1, have been awarded a contract by the 
British Air Ministry for 820 of their mercury-in-steel 
distance-reading thermometers for measuring engine-oil 
temperatures on aircraft. 





CoaL UNLOADING AT CHRISTOBAL, Panama.—Some 
details regarding the unloading of a large cargo of coal 
are contained in a recent issue of The Panama Canal 
Record. The S.S. Chilore arrived at the coaling station 
at Christobal, Panama, from Norfolk, Virginia, U.S.A., 
on May 5 last with a cargo of 20,069 tons of coal. A 
new high record for rapid unloading was established by 
the coaling plant at Christobal, the actual discharging 
time being 22 hours and 45 minutes. The cargo was 
landed by 3 unloading towers, and the rate of discharge 
averaged over 302 tons per tower per hour. The 
aggregate rate of discharge for the whole period of 22 
hours 45 minutes was approximately 882 tons per hour. 





THE tate Mr. R. G. Brooxe.—We regret to record 
the death, on July 3, of Mr. Robert Grundy Brooke, 
chairman and managing director of Messrs. Holden 
and Brooke, Limited, of Sirius Works, West Gorton, 
Manchester. Mr. Brooke was born in 1857, and was 
educated privately and at Owens College. He served 
his apprenticeship at the works of Messrs. Sharp, Stewart 
and Company, Limited, Manchester, subsequently being 
made assistant works manager. Messrs. Sharp, Stewart, 
it will be remembered, were the licensees in this country 
for the original Giffard injector. In 1882, Mr. Brooke 
founded, in association with Mr. H. Holden, of Thelwall, 
Cheshire, the firm of Holden and Brooke, who have since 
specialised in pumping plant, feed heating, injectors and 
other steam accessories. The firm was first established in 
Salford, but, after a few years, moved to the present 
site, afterwards being formed into a limited-liability 
company. Although Sn. Brooke’s health had not been 
good for some years, he continued actively engaged in 
business until within a few days of his death. Mr. 
Brooke was elected a Member of the Institution of 
Mechanical Engineers in 1892. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
Iron and Steel_—The general position of the local 
steel, engineering and implement trades shows little 
change, but the undertone is one of increased hopefulness. 
In the raw and semi-finished steel branches, conditions, 
are somewhat mixed. British steel is finding a more 
ready market, largely as the result of foreign material 
not being offered at very attractive prices. Basic 
steel comprises an active section, but acid steel continues 
quiet. The shipbuilding industry is steadily consoli- 
dating its position, orders being booked at fairly 
regular intervals. Railway rolling-stock departments 
are very quiet. Work on home account is practicall 
negligible, and producers complain of the fact that Briti: 
railway companies still pursue the policy of making 
their rolling-stock requirements in their own work- 
shops. Foreign railways have, to some extent, come 
to the rescue with good orders. The outlook is hope- 
ful owing to the fact that big extension schemes abroad 
are shortly to be entered into. General structural 
steel is active, and is likely to be for some time ahead. 
In general engineering, order books are fairly well filled. 
Engineers, both in the Midlands and in France, continue 
to take fairly large supplies of automobile steel and 
fittings. Electrical apparatus is in brisk demand. As 
a whole, the season for farm and garden appliances has 
not been up to the normal level. There has been a good 
run on quarrying and road-making tools and appliances. 
Forest and saw-milling implements, however, are not 
very well placed. The light foundries are doing a fair 
amount of business in castings and general household 
ironmongery. 


South Yorkshire Coal Trade.—So far as the export of 
uel is concerned, prospects are clouded by the suspension 
of the subsidy upon shipments. Until ee 
is known, business is likely to continue on the quiet 
side. The demand for industrial coal is satisfactory, 
and an increase in purchases is considered not improbable. 
Owing to the weak call for housecoal, collieries are 
experiencing difficulty in keeping sidings free from stock, 
especially in respect of inferior sorts. Steel-making coke 
is in moderate request. Blast-furnace sorts are fetching 
14s. 6d. per ton on rail at ovens for inland consumption, 
and 20s. to 21s. f.o.b. at Humber ports. Foundry coke 
is steady, while gas coke is fairly active. Quotations 
are: best hand-picked branch, 27s. to 28s. 6d. ; Derbyshire 
best bright house, 20s. to 23s.; best house coal, 19s. 6d. 
to 20s. 6d.; screened house coal, 17s. 6d. to 18s. 6d. ; 
screened house nuts, 16s. to 17s. 6d.; Yorkshire hards, 
15s. 6d. to 16s. 6d. ; Derbyshire hards, 15s. 6d. to 16s. 6d. ; 
rough slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 6s. to 7s. ; 
smalls, 2s. to 48. 








THe WurrwortH Socrety.—The summer meeting 
of the Whitworth Society was held in Manchester 
concurrently with that of the Institution of Mechanical 
Engineers, the dinner being held at the Engineers’ 
Club on Thursday, June 27. The chair was taken 
by Mr. F. H. Livens, who inducted into office the new 
president, Mr. W. H. Fowler, of Manchester. 





PERSONAL.—Messrs. A. Lee and Sons, Limited, of 
Bessemer-road, Sheffield, have entered into an agreement 
with Messrs. The Anglo Galvanising Company, Limited, 
of Abbey House, Victoria-street, 8S.W.1, for galvanising 
strip with their Bianco process of electro-galvanising.— 
Messrs. The British Steel Piling Company, Limited, of 
54a, Parliament-street, S.W.1, have made arrangements 
with Messrs. The Cargo Fleet Iron Company, Limited, 
of Middlesbrough, to roll Larssen steel sheet piling for 
them at their Middlesbrough works.—Mr. James Dun- 
canson, of 29, Waterloo-street, Glasgow, C.2, has been 
appointed sole representative for Scotland of Messrs. 
Alfred Graham and —— Limited, of Slough, 
and Messrs. Artic Fuse and Electrical Manufacturing 
Company, Limited, of Birtley, Co. Durham, in succession 
to Messrs. John Bentley and Company, who have 
relinquished these agencies and have taken over the 
Glasgow office of Messrs. Laurence, Scott, and Electro- 
motors, Limited, of Norwich and Manchester. Mr. 
Duncanson will continue to represent Messrs. Caldwell 
and Company, of Glasgow. 





British STANDARD SPECIFICATIONS FOR KEYS AND 
Kryways.—The paper entitled “ The Standardisation 
of Keys and Keyways,”’ read before the Institution of 
Mechanical Engineers on April 19 last, and reproduced 
on page 529 of our last volume, will still be fresh in 
the minds of our readers. All engineers will be interested 
to learn that an enlarged and comprehensive specification 
covering all t of keys has now been published in 
two parts by the British Engineering Standards Asso- 
ciation. It is designated No. 46—1929, and Part 1 refers 
to keys and keyways and coned-shaft ends, while Part 2 
deals with splines and serrations. A specification for 
steel key bars of four different qualities of steel is given 
in Part 1, and tables of dimensions are included for the 
following types of keys and keyways:—rectangular an 
square parallel keys, rectangular and square taper keys, 
plain and gib-head taper keys, peg-feather keys, Wood- 
ruff keys, and tangential keys. A standard for the taper 
and method of keying for cone-shaft ends is also in- 
cluded. Part 2 contains tables of dimensions for the 
following spline shafts and the corresponding holes :— 
four and six splines (shallow and deep), multiple splines 
and serrations. In both parts of the specification there 
is a fully illustrated nomenclature section, in which defini- 
tions are given for all the various t; of keys. Copies 
of the two parte may be obtained, price 2s. 2d. each, post 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Coal Trade.—The serious dearth of shipping for 
the transport of coal, owing to heavy time chartering by 
the Russians of vessels most suitable for the Welsh coal 
trade, has exercised an adverse influence on the industry. 
Freights have advanced because of the shortage of 
shipping, and, in many cases, though shippers were ready 
to pay the higher figures current, they have been unable 
to secure suitable steamers. The result has been that 
contractors have been unable to take up their deliveries, 
and many collieries, while booked up with orders, have 
been compelled to effect tempo stoppages at the pits, 
because the railway authorities have not been able to 
clear wagons with sufficient rapidity to maintain a regular 
supply of empty wagons at the collieries. Many thou- 
sands of miners have consequently been compelled to 
work short time, and the output of large coal, despite 
pit stoppages, has been more than sufficient to meet 
requirements. Prices, consequently, have fallen to the 
minimum levels fixed by the Marketing Association, or 
to a basis of 19s, 9d. for best Admiralty large. The 
shortage of tonnage has also affected the position of 
buyers of small and sized coals. With a reduction 
production of large, the output of small has been limited. 
At the same time, the demand for this class has ex- 
ceeded available supplies and prices have consequently 
advanced, best bunkers commanding up to 14s., or 
ls. 6d. above the minimum. Bought in conjunction 
with large, small was available at 13s. 6d., and perhaps 
less, with most colliery salesmen refusing to sell except 
with large. The use of mechanical stokers and the 
manufacture of briquettes abroad, has led to an increasing 
demand for sized coal and duffs, while the diminution in 
the output of | has limited the make of these descrip- 
tions. Dry sized coals have been in particular request, 
with cobbles realising up to 25s., while washed duffs 
also fetch relatively high prices, bituminous varieties 
commanding up to 17s. and drys 15s., and even at these 
figures being difficult to secure. The Paris-Orleans 
Railway are asking for prices for 60,000 tons of large and 
small coal for delivery in monthly quantities over this 
year, while prices are also asked for the first half of next 
year, but the latter is regarded as an endeavour to asrer- 
tain the ideas of exporters. Shipments of coal as cargo 
foreign in the past week, amounted to only 489,480 tons, 
which was 34,000 tons below that of the previous week. 
At Swansea, clearances were raised from 59,620 tons to 
68,810 tons, and at Llanelly from 7,800 tons to 9,910 tons, 
but at Cardiff, were reduced from 314,390 tons to 296,090 
tons, at Newport from 114,270 tons to 90,370 tons, and at 
Port Talbot from 27,340 tons to 24,300 tons. Exports to 
France fell from 148,060 tons to 125,130 tons, to Egypt 
from 57,270 tons to 34,050 tons, and to Italy from 72,500 
tons to 55,000 tons. 

Iron and Steel_—Exports of iron and steel goods last 
week totalled 18,342 tons, against 20,329 tons in the 
preceding week. Shipments of tinplates and ternplates 
were raised from 9,576 tons to 9,708 tons, and of black- 
plates and sheets from 686 tons to 1,015 tons, but those 
of galvanised sheets were lowered from 4,342 tons to 
2,949 tons, and of other iron and steel goods from 5,725 
tons to 4,669 tons. 





AUSTRALIAN TimBERS.—It is announced that the 
Council for Scientific and Industrial Research of 
Australia, with the Commonwealth Forestry School, 
Canberra, are about to institute a microscopic investiga- 
tion of Australian timbers, anticipating that such an 
investigation will give valuable information regarding 
seasoning, the application of preservative treatment, &c. 





Roap Construction ABRroaD.—A further series of 
memoranda regarding highway construction in a number 
of foreign countries has been prepared by the Department 
of Overseas Trade. United Kingdom firms may obtain 
copies of these memoranda on —— to the Depart- 
ment, at 35, Old Queen-street, London, 8.W.1., quoting 
the appropriate reference number, which is — below. 
The memoranda refer to Sweden (A.X.8153); Rou- 
mania (A.X.8048) ; and Cuba (A.X.7936). 





British PRopUCTION oF Pic [Ron AND STEEL.—Accord- 
ing to figures furnished to us by the National Federation 
of Iron and Steel Manufacturers, Caxton House (East), 
Tothill-street, London, 8.W.1, the number of blast 
furnaces in operation at the end of May was 159, a net 
increase of seven since the beginning of the month. The 
production of pig iron poy ged amounted to 654,800 
tons, compared with 611, tons during April, and 
691,500 tons in May, 1928. The May, 1929, output of 
steel ingots and castings amounted to 840,400 tons, 
compared with 808,600 tons in April and 752,700 tons in 
May, 1928. 





Herior-Watt CotLtEcE.—At the end of the present 


d | session, Professor Richard Stanfield, M.Inst.C.E., F.R.S.E., 


will retire from the position of Professor of Engineering 
at Heriot-Watt College, Edinburgh. He has filled the 
professional chair with conspicuous success for forty years, 
and a desire has been widely expressed that a presenta- 
tion should be made to him to mark the occasion of his 
retirement. The exact nature of the testimonial will be 
decided on later, but the presentation is to be made in 
October. A committee has been formed to deal with the 
matter, and the hono treasurer of this committee, 
Mr. W. Watson, Heriot-Watt College, will be glad to hear 
from present and former students of the Cull and 
others desirous of contributing to the testimonial at the 





free, from the B.E.S.A., Publications Department, 28, 
Victoria-street, London, S.W.1. 


earliest possible moment. 
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BOILER RECONSTRUCTION AT WORCESTER POWER STATION. 


MR. C. M. SHAW. MLEE., CITY ELECTRICAL ENGINEER. 


(For Description, see Page 43.) 





Fig. 12. Putvertsep Furt Burner. 
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Fic. 15. DEposit ABOVE THE BURNERS. 


Fia. 14. Stae INcRUSTATION ON REFRACTORY PROJECTIONS. 


|remains quite dark, and an electromagnetic device | by Messrs. J. W. Ryde and H. G. Jenkins in the 

porte tate scaioars | allows the blank to pass on to the dies. When the | Wembley Research Laboratories, and can be obtained 
° | periphery is defective in some way, a little light | through Messrs. Adam Hilger, Limited, supply a more 

passes, and the device diverts the blank into another | convenient reference spectrum than the iron spectrum. 


Some further particulars of two innovations at the | 
Research Laboratories of the General Electric Company receptacle. | This powder, which looks like ordinary powdered salt, 
at Wembley, which were briefly mentioned in our| The raies ultimes powders for rapid spectroscopic | consists of a base and traces of some fifty elements, 
comments on the exhibits at the recent Royal Society | analysis or, more correctly, for the rapid identification | not including the gases, nitrogen, oxygen, hydrogen, 
Conversazione, on page 796 of our issue of June 21 last | of all the elements (and especially minor impurities) | &c., or the rarer elements, the spectra of which are not 
may be of interest. The first was an application of|in a mineral or other specimen will be new to | sufficiently distinctive for ready analysis. The propor- 
tions of the traces of elements are so adjusted that 


photoelectric cells for the inspection of circular metal| our readers. The usual method is to take a photo- | 
blanks at the. Royal Mint. The blanks are stamped | graph of the spectrum of the specimen and compare only the persistent lines appear when a little of the 


out of sheet metal at the rate of 90 blanks per minute, | this spectrum with a standard spectrum, generally | powder is placed on the electric arc. Another photo- 
which rate could not be maintained with ordinary | an iron-are spectrum, on which a wave-length scale is | graph is taken of the spectrum of the specimen, and 
methods of inspection. Inspection is necessary as the | marked. From the position of the lines in the specimen | comparison of the two will thus easily show the persis- 
peripheries of the blanks are occasionally rough or conclusions can be drawn as to the elements present | tent lines of impurities present in small proportions in 
imperfect. While being fed from the hopper to the| without actual wave-length measurements. Anelement| the specimen, without the need of any wave-length 
dies, the blanks are made to rest, one by one, in a| present in bulk, however, gives hundreds of lines, which | measurements. 

circular hole through which the light of a powerful lamp | are very difficult to identify, but when it is only present ee 

is directed on to an Osram photoelectric cell associ-'| in traces, only the persistent lines remain visible, and | E ; _ The fifth International 
ated with an amplifier. The hole is stepped, the | finally merely one or two known as the raies ultimes | Exhibition of a scams Ge oe Ga in'the ya Hall, 
larger.diameter being that of thecorrect blank, and the | are left. These persistent lines are thus indicators of | Westminster, London, in October, opening on Wednesday 
step 0-005-in. smaller. Thus an accurate blank resting | the presence or absence of the respective elements.|the 2nd. As in former years, there will be a Trade 
on the step cuts the light off completely; the cell then | The so-called R.U. powders,,;which havebeen developed | section and a section for new inventions. 























ENGINEERING, Jury 12, 1929. 














‘aT ‘ATSNUOP ANV NOLSAY ‘SUssa{ fATLUVLIG IOULAG HLIM ANION TIQ AAV 


‘> ‘Olg 


‘dU “OD ANV SNOG “TIVHSUV]Y “SUSSTP[ ANIONG IO AAVTIH WIOAQ-F °*zZ ‘org 





























‘dU'T] “OF ONIUAANIONY AUAOWOOTT “SUSSaIT { ANIONG TMOULS-Z HLIM YOLOVYT, ONV] ‘d'H-0 “SPL 





‘dL] “OD GNV SNOG “TIVHSUVL ‘SUSST]L {ANION AMONLS-Z HLIM UATIOY AVOYy 


‘T ‘ply 


























(‘OF avy aas ‘uoydisosag 40,7) 


ALVOOUAVH MOHS TWANLTOAOINOV IVAOUY AHL LV SLIGIHX4H 











(Lo face page 40.) 














PLATE VI. 
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EXHIBITS AT THE ROYAL AGRICULTURAL SHOW, HARROGATE. 
(For Description, see Page 40.) 
| 
Fig. 5. 2-H.P. Toratty-ENcLOSED ENGINE; MEssrs. Fic. 6. Paracon Bret Lirrer; Messrs. Ruston AnD Hornssy, LIMITED. 
Ruston AND Hornssy, LIMITED. 
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Fig. 7. 





Fic. 8. 
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RoabD-SPRAYING AND RESURFACING PLANT; Messrs. JOHN FOWLER AND ComMPANY (LEEDS), LIMITED. 


ENLINEERING: 


4-Furrow Mutti-Track PLouGH; Messrs. RANSOMES, SIMS AND JEFFERIES, LIMITED. 
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THE MACHINERY OF THE MOTOR-DRIVEN SHIP “POELAU ROEBIAH.” 


CONSTRUCTED BY MESSRS. SULZER BROTHERS, ENGINEERS, WINTERTHUR, SWITZERLAND. 


(For Description, see Page 60.) 
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CONTROL STATION. Fie. 8. CyLinpDER HrEAps AND VALVE GEAR. 














Fie. 10. 


AUXILIARY Four-CyLINDER SOLID-INJECTION ENGINE. 








(To face page 41.) 
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AN INTERNATIONAL STEAM TABLE. 


A pzst of gratitude is owing to the British Electri- 
cal and Allied Industries Research Association for 
arranging for the international conference on steam 
tables held in London this week. Substantial 
progress was made at the meetings which took 
place during the earlier part of the week and 
equally satisfactory results may be expected from 
the concluding sessions. Not the least important of 
the gains achieved has been the bringing together 
of experimentalists who work in different countries. 
Amongst those who have taken an active part in 
the proceedings is Dr. Mollier, whose steam chart 
is in use the world over. From Germany came 
also Professors Knoblauch and Jakob, who did 
much pioneering work in the earlier years of this 
century. America sent us Dr. H. N. Davis and 
Mr. George Orrok, responsible for the important 
work now in progress in the United States. Nor 
should we omit the name of Dr. Havlicek, prominent 
among recent workers. To these must be added 
Professor H. L. Callendar, who has the distinction 
of ‘having invented many of the best methods of 
conducting this difficult research, and whose recent 
work has thrown an entirely new light on the 
character of the border curve. The personal contacts 
established at this conference will not merely further 
the actual research by the exchange of views and 
information, but also, by establishing friendly 
associations between different workers, will 
undoubtedly greatly smooth the way to a 
satisfactory settlement. 

Three factors, scientific curiosity, technical needs, 
and commercial interests, have been jointly re- 
sponsible for the expenditure, during recent years, 
of many thousands of pounds on the experimental 
study of the properties of steam. Strangely enough, 
the technician is less concerned than either the 
scientist or the business man in the attainment 
here of meticulous accuracy, since in all this 
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The values of these, when, as is often necessary, 
two or more are used in conjunction with each other, 
may be individually as much as 10 per cent. in 
error, although by a compensation of errors the 
final results of calculations made on such a basis may 
prove reasonably reliable, so long as past experience 
be not too recklessly transcended. 

By adjusting his coefficients on the basis of his 
experience, the turbine designer can easily compen- 
sate for even material errors in his steam tables. 
In fact, so far as expansions below the saturation 
line are concerned, he will still have to work more or 
less blindfold, even though a general agreement 
should be reached: as to the properties of dry- 
saturated and superheated steam. This follows 
because no one as yet knows what the specific 
volume really is when steam is rapidly expanded 
below the supersaturation limit. Nevertheless, 
though turbines may be successfully proportioned 
even with inaccurate steam tables, there will be an 
undoubted advantage in removing one of the un- 
certainties confronting the draughtsman, by estab- 
lishing with accuracy what the properties of dry 
superheated steam really are. Moreover, it may be 
noted that empirical coefficients are largely a matter 
of personal judgment, but the main gain made in 


os applying science to industry has been that personal 


experience peculiar to the individual, can be largely 
replaced by generalisation, which may be regarded as 
being intrinsically a summary of universal experience. 

The physicist is of course always interested in 
pushing experimental precision to the ultimate 
limit. The interest of the business man in securing 
a high degree of precision in the tabulated pro- 
perties of steam is more indirect. His immediate 
concern is for an agreed table, in order that com- 
petition may be conducted on a fair basis. For 
example, with some steam tables the calculated 
efficiency of a steam turbine. may come out more 
than half a per cent. higher than if a more reliable 
compilation were employed. This excess has an 
advertising value. Similar considerations apply, of 
course, to boiler tests. 

In the nature of things, however, an international 
agreement as to the properties of steam cannot be 
satisfactorily achieved until the discrepancies 
between the results recorded by different observers 
are either reduced to insignificance, or receive a 
rational explanation. This stage has probably been 
now reached as the result of Callender’s recent dis- 
coveries, though, as proved to be the case in regard 
to the international ohm, it may chance that some 
years must pass before this is officially recognised. 
In the case of the ohm, it will be remembered, the 
International Commission of 1882 recommended 
provisionally, that the legal ohm should be taken as 
the resistance of a column of mercury 1 square mm. 
in section and 106 cm. long. This was done, although 
those best qualified to judge were well assured that 
Lord Rayleigh’s values of 106-28 cm. obtained by 
one method and of 106-22 cm. obtained in another 
way, were very much nearer the truth. The actual 
value is now considered to be 106-245 cm, the 
legal value agreed to in 1908 being 106-300 cm. 
The determination of the ohm was, for several 
reasons, a very much simpler problem than the 
measurement of the properties of steam. Both 
mercury and water are easily purified, but whilst 
there is no special difficulty in maintaining this 
pristine purity in the case of mercury, water is an 
extraordinarily powerful solvent and at high pres- 
sures and temperatures rapidly becomes contamin- 
ated. Moreover, in the research on steam, it is 
absolutely essential that values found for the total 
heat shall be thermodynamically consistent with 
specific volumes independently determined. In 
some of the earlier tables published, this important 
point was neglected, with the result that the adia- 
batic heat drop as calculated from total heats and 
entropies differed materially from the value de- 
duced from the corresponding pressures and 
volumes. Attention was drawn to this matter in 
our issue of June 9, 1916, page 545. Still larger 
discrepancies, amounting in some cases to 20 per 
cent., were found in the case of some tables, when 
specific heats were calculated in the first place from 
the total fheats given and secondly by thermo- 
dynamic principles from the tabulated values of 





the pressures and volumes. 
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In order to secure consistency in these matters, 
it is necessary to frame equations to represent the 
experimental results, since the relationships between 
the fundamental properties of a vapour can, in 
many cases, be expressed only in the differential 
form. This makes the use of graphic methods of 
reducing observations very inadvisable, and graphic 
extrapolations are particularly out of place. 

Moreover, in constructing the necessary equations 
it seems eminently desirable to base these on 
physical considerations. Formule framed in the 
absence of such guidance are apt to reproduce 
purely experimental errors, of the existence of which 
they give no indication. It must, of course, be 
admitted that there have been cases in which 
plausible physical theories have proved misleading 
and obstructive. A marked instance of this is, as 
it chances, provided by the famous hypothesis of 
Van der Waals, which, in spite of the fact that it was 
impossible to fit it to observations on actual fluids, 
dominated our text books for over half a century. 
Theorists, in fact, attributed the startling discrepan- 
cies between calculation and experiment to errors 
of observation, whilst it now turns out that it was the 
hypothesis itself which was at fault. Another 
instance of the drawback, attaching at times to 
theoretical obsessions, is afforded by the history of 
Joules long struggle to find acceptance for his views 
on the non-materiality of heat. Nevertheless, 
experience, taken over thewhole rangeof the sciences, 
shows very definitely that, lacking theoretical 
guidance, the path of the experimentalist leads into 
innumerable blind alleys. Indeed, in one of his Royal 
Institution lectures Sir J. J. Thomson sugges‘ed that 
the mathematical theory of probability justified the 
conclusion that in such conditions the advance was 
only proportional to the square root of the effort 
expended. This view is certainly supported by 
remarkable progress made in aerodynamics since 
the establishment of the circulation theory of aero- 
plane lift and drag. Hence,in framing equations 
to represent the properties of steam, it is very 
desirable to introduce no terms which cannot be 
given a physical interpretation. It will be time 
enough to depart from this maxim when it has been 
definitely proved to be impossible to represent thus 
the actual properties of steam within the limits of 
experimental error. It is also highly important 
that the equations framed to represent the proper- 
ties of steam should be of the very simplest type 
which will adequately represent the experimental 
data. These are always in error, and small correc- 
tions which only affect such functions as entropies 
and total heats by less than the inevitable errors 
of experiment, are out of place. Thus, in calculating 
the total heat of steam, nothing of value is gained 
by taking into account the fact that the specific 
heat of water passes through a minimum at a 
temperature of some 40 deg. C., all important as 
this may, in certain cases, be to the physicist. 








SAFETY OF LIFE AT SEA. 

Tur text of the International Convention for 
the Safety of Life at Sea, which was signed in 
London on May 31, has now been published. 
It confirms and «mplifies the conclusions to be 
derived from the speech in which Vice-Admiral 
Sir Herbert Richmond proposed its adoption, to 
which attention was drawn in these columns on 
June 7 (page 728). The Conference which drew up 
the Convention included 18 governments in all, repre- 
sented by not far short of a hundred plenipoten- 
tiaries, and their proceedings extended over six 
weeks. It started, moreover, with the benefit 
of the conclusions embodied in the Convention of 
1914, which the outbreak of war had rendered 
abortive, and of a Memorandum submitted to the 
other maritime nations in 1927 by the British Board 
of Trade, which showed in detail the work that 
had been done in this country since 1914 on the 
subjects covered by the Convention, and put 
forward tentative suggestions for its amend- 
ment, and for holding the present Conference. 
Both the provisions of the 1914 Convention, 
and the proposals submitted by the British 
Board of Trade had been subjected by all 
Governments to close scrutiny since 1927, in 
the light of the considerable additional experi- 
ence which had been gained by all the maritime 
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Powers since 1914, and of the marked advances 
that had been made both in the types of passenger 
ships and the methods of their construction. The 
Conference was, therefore, exceptionally fortunate 
in having before it a mass of valuable informa- 
tion, derived from the actual experience of the ships 
of all nations in the last fifteen years, and already 
widely discussed among the experts concerned. As 
Sir Herbert Richmond pointed out, the work to 
be done had been focussed, and both the principles 
and the methods adopted at the earlier Conference 
had been subjected to continuous test and observa- 
tion. The material before the Conference was thus 
presented to it in an unusually forward state of 
preparation, and the provisions of the Convention 
show that full advantage has been taken of this 
fortunate circumstance. It will doubtless be some 
little time before the necessary ratifications have 
been received, and the Convention comes into force. 
Apart from any deliberations that may be thought 
necessary in each country as to the propriety of 
ratification, special legislation will be necessary 
in some or all countries, and certainly in our own, 
to give Governments the power to carry out some 
of the obligations they are to undertake under the 
Convention. It may be hoped, however, that no 
substantial difficulties will be found in carrying 
these formalities through. 

When the Convention has been ratified, the 
mercantile marines of the world will be conducted 
thenceforward under an international code, from 
which considerable improvements in safety at sea 
may be expected. Apart from administrative 
details, such as certificates, the work of the 
Conference was divided into four groups, 
dealing respectively with construction, life-saving 
appliances, radio-telegraphy, and safety of naviga- 
tion. Each of these was discussed by a separate 
committee, and the conclusions of these com- 
mittees, embodied in the unanimously adopted 
convention, may be taken therefore to represent 
the collective opinion of the maritime world on 
the important subjects in question. This in itself 
is a considerable result, and it is reasonable that the 
Governments concerned should be willing to guide 
their future action by it. Since the disaster to 
the Titanic, the conditions under which an injured 
vessel will continue to float have been studied in 
many countries, and it is of obvious advantage to 
the safety of navigation that the results of this 
study should be put into world-wide operation, as 
representing the best that can be done on present 
knowledge. The deliberations, moreover, of the 
Committee on Construction, as was pointed out in 
our previous article, have enabled conditions to be 
agreed as appropriate to the designs of vessels 
carrying only from 12 to 50 passengers, under 
which the necessary safety will be possible without 
throwing impracticable obstacles in the way of 
building this important type of vessels. In the 
first 23 regulations annexed to the Convention, 
and forming part of it, the code of construction 
included in the 1914 Convention has been revised, 
and where practicable made more effective, and 
in a large number of details, of which the pro- 
hibition of sluice valves in watertight subdivision 
bulkheads may be taken as a type, the chance of 
accidental flooding and other accidents is reduced. 
The definition of the equipment of boats and other 
life-saving appliances to be provided in each type 
of vessel, is supplemented by provisions for the 
presence of trained men, periodical boat drills, and 
other measures calculated to ensure the efficiency 
of this part of the service. 

International agreement on points affecting con- 
struction and life-saving appliances must neces- 
sarily improve the safety with which the nationals 
of countries such as our own, whose provisions for 
safety are advanced, can go down to the sea in the 
ships of other nations. The Convention shows, 
however, that such agreement in matters relating to 
radio-telegraphy and safety of navigation, may also 
add considerably to the safety with which they can 
travel in their own. To this country, therefore, 
the most important provisions in the present Con- 
vention lie in the additional radio-telegraphic 
equipment to be carried, to which we have already 
drawn attention, and in rules, such as those relating 
to the maintenance of a constant watch, by which 
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it is to be assured that the best use is made of them. 
The development of automatic alarms, by which 
attention is called to messages of distress at all 
times when an operator is not on watch, converts, 
as Sir Herbert Richmond remarks, every vessel 
into a lifeboat available for the needs of any 
other, and must add materially to the chances of 
avoiding disaster. As much may be said of the 
ice patrol and derelict service established after 
the 1914 Conference, the purposes of which are now 
defined more precisely, and to the meteorological 
services, by which warnings and other data are to be 
provided on a much extended scale. The ice patrol 
and derelict service is managed by the United 
States Government on behalf of all the Powers 
interested, and it may be observed incidentally 
that in consenting to the British share of contri- 
bution towards the expenses of this service being 
rather more than double that of the American, 
the United States Government has given character- 
istic evidence of its reasonableness in regard 
to its claim to parity of marine interests with this 
country. The provisions regarding safety in 
navigation apply to all ships on all voyages. The 
master of every ship which meets with dangerous 
ice, a dangerous derelict, dangerous tropical storms, 
or any other direct danger to navigation—the last 
two contingencies introduced for the first time in 
the present convention—is bound to use all means 
of communication at his disposal to communicate 
the information to the ships in the vicinity, and also 
to the authorities at the first point of the coast 
with which he can communicate. The meteoro- 
logical service and the ice patrol and derelict service 
are considerably extended, and, in addition to the 
obligation on all passenger ships of 5,000 tons 
gross to instal direction finders, all ships of over 
150 tons when engaged on international voyages 
have to be provided with an efficient signalling 
lamp. Measures of this character affect the safety 
of all vessels as well as of those who adopt them, 
and no result of the Convention is likely to have 
greater consequences than the agreement in regard 
to them. 

The value of the Conference is not confined to the 
provisions for utilising existing knowledge. A long 
series of rules is annexed to its text, in addition to 
the regulations deemed to be embodied in it, 
directed towards preventing collisions at sea, and 
both in this respect and in others relating to 
construction, life-saving appliances and radio- 
telegraphy, the Conference has agreed on a series 
of recommendations of measures that should be 
adopted with the least possible delay, or studied 
with a view to further improvement. In regard, 
for example, to the question of stability, it has only 
been thought possible at the present time to require 
that every new passenger ship shall be inclined on 
its completion, and the elements of its stability 
determined, the resulting data being supplied to 
the operating personnel to such extent as is neces- 
sary to permit efficient handling of the ship. It is 
recommended, however, that each of the contracting 
governments should cause due study of the subject 
to be made for different national types of ships 
and trades, and that information on the subject 
be exchanged between them. Many details in 
regard to construction and each of the other branches 
into the work of the Conference was divided, are 
specified, in which further attention is necessary. 
The Conference has been a great co-operative 
international work, the results of which should be 
of the first consequence to the mariners of the 
world. It may be hoped that its success will be 
an encouragement to the further co-operative 
study of its subject, which will promote the common 
interest of all maritime nations. 








INTERNATIONAL LIGHTHOUSE 
CONFERENCE. 


THE assistance of navigation in narrow waters 
during the hours of darkness by some form of 
artificial illumination has so long been recognised 
as a necessity by maritime countries and has 
given rise, in the course of time, toso many problems, 
engineering, optical and economic, that its con- 
sideration seems eminently a case for international 
co-operation. The same is true of the difficulties 
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which are arising in connection with the lighting 
of the increasing mileage of airways, while the 
development of radio-communication and the 
help it can offer to navigation during foggy weather 
falls into the same category. It is therefore sur- 
prising to find that, up till now, there has been 
little or no formal interchange of information 
between the various maritime countries on these 
important subjects, and the Corporation of Trinity 
House, a body, which, it is hardly necessary to state, 
is responsible for the lighthouses round our coasts, 
is to be congratulated on having organised an 
informal International Conference to discuss tech- 
nical matters relating to lighthouse illuminating 
apparatus, fog signals, wireless beacons, and other 
cognate subjects concerning lighthouse administra- 
tion. se 

This conference was opened at Caxton Hall, 
Westminster, on Monday, July 8, and will continue 
its deliberations until to-day (Friday). Next 
week, visits will be paid to Dungeness Lighthouse and 
various works where lamps, wireless apparatus, and 
optical equipment are manufactured. The meeting 
is being attended by representatives of some 
20 foreign countries, while delegates from the 
authorities concerned in Great Britain, Canada, 
India, New Zealand and South Africa are also 
present. 

The proceedings opened with the presentation 
to H.R.H. the Duke of Connaught, K.G., Master 
of Trinity House and President of the Conference, 
of the heads of the delegations of the Dominion 
and foreign lighthouse services. His Royal Highness 
then delivered an address, in which he said that, 
as Master of one of the oldest maritime confrater- 
nities, to whom the care of lights and other marks 
and signs of the sea had been entrusted for over 
400 years, it gave him pleasure to welcome those 
who were engaged in grappling with the same 
problems, and had come together to endeavour by 
mutual consent to promote the well-being of the 
work which was being done for the shipowner and 
mariner. 

Vice-Admiral G. R. Mansell, C.B.E., Deputy 
Master of Trinity House, was then elected Chairman 
of the Conference. 


LIGHTHOUSE ILLUMINANTS. 

In the afternoon, the subjects of lighthouse 
illuminants, unattended lighting systems, and 
aerial lights were discussed, and the Chairman, in 
opening the proceedings, pointed out that the arc 
lamp was first installed by Trinity House in 1857-58, 
under the superintendence of Faraday, and that 
the French had begun to employ it at:about the same 
time. Now the electric incandescent lamp, first 
developed by Mr. van Vloten in the Netherlands 
service, was gradually coming into use, either in 
the form of one high-powered unit or of several 
lower-powered units. The day of the oil-wick burner 
was gradually passing, and for lights of primary 
importance, either vaporised petroleum or elec- 
tricity, combined with a gas-filled filament lamp, 
were now generally ‘used. Unattended lighting 
systems, where electricity was not available, usually 
employed dissolved acetylene gas, burned either as 
an open flame or in conjunction with a mantle, 
or compressed oil gas with a mantle. 

M. de Rouville remarked that while an increase 
in illuminating power had always received attention, 
the use of a particular type of illuminant was often 
determined by such indirect factors as the avail- 
ability of electricity supply and the need for 
economising labour. One of the main causes con- 
tributing to the use of any specific illuminant was 
its luminous intensity, but, in his view, the cost of 
maintenance was even more important, since the 
cost of the light itself was usually small compared 
with the cost of its upkeep. There appeared to be 
some relation between the illuminant used and the 
signal obtained. For instance, it was much easier 
to secure rhythm with a gas than with the older 
forms of illuminant. Again, some coasts required 
a limited number of long-range lighthouses, and 
others a larger number of lighthouses of short range, 
so that the illuminant chosen also depended on the 
end to be achieved. The former policy had been 
adopted in France, owing to the fact that, on a long 
length of coast, the lighthouses had to be built 
some distance from the land. This necessitated 


the employment of a certain minimum staff and, as 
it was desirable that this should be kept busy, incan- 
descent gas continued to be employed. The present 
tendency seemed to be to increase the number of 
lights and their illuminating power, and to substi- 
tute unattended for attended lights, partly for 
reasons of economy, and partly because it was the 
only thing to do. Unattended lights were satisfac- 
tory except in fog. As regards aerial lights, it was 
difficult to lay down general rules, but the tendency 
was to illuminate only a few degrees above the 
horizon, and to make the naked light visible to the 
navigator at a distance of a few miles. There was 
some difference of opinion as to whether a flash light 
was useful, and if so, what the duration of the flash 
should be. 

Major A. Lundeberg said that, in Sweden, they 
had recently installed a considerable number of un- 
attended lights of the automatic dissolved-acetylene 
type, many of which were equipped with sun valves. 
A few electric lights had also been installed, for which 
they preferred to have an independent source of 
supply, owing to the constant interruptions on the 
power lines. In the larger attended lighthouses, 
automatic revolving gas-driven lights of the dis- 
solved - acetylene type, with automatic mantle 
changers, had been installed, and had given entire 
satisfaction. The mantles lasted much longer than 
had been expected. Special care had been taken 
with the ventilation of the lantern. Attendants 
were necessary, owing to the frequent presence of 
ice and snow, but the automatic system enabled 
their number to be reduced. 

Dr. K. Born said that the development of suitable 
incandescent electric lamps for lighthouse service 
had necessitated the shape of the luminous body 
being adapted to that of the source previously used, 
in order that the characteristic of the sea marks 
might be altered as little as possible. This had led 
to the introduction of types of uncommon shape, 
an example of which was a lamp with a closely-knit 
spiral filament, so that a cone of light of very high 
intensity was obtained. The light distribution 
curve of this lamp was almost perfectly circular in 
a plane perpendicular to the lamp axis, and it had 
nearly uniform radiation at an angle of 2 x 100 
degrees in the planes running through the axis of 
the lamp. 

Mr. R. Wharton remarked that the problem with 
aerial lights was to throw the light where it was 
wanted with as simple a form of lens as possible. 
With a lens of fixed section, it was comparatively 
simple to give any distribution required by grinding 
each prism to the correct curve. A lens of revolving 
section was a harder problem, but a compromise 
design, using a single set of elements only, could be 
obtained by employing a bivalve lens. The lower 
half of this was of the usual revolving section, and 
threw a beam just above the horizon. The top 
half was mainly of the standard revolving section, 
but was divided into two or more portions, each 
tilted to throw its beam at different angles above 
that of the lower half. Thus, two sections throwing 
their beams at angles of 6 degrees and 10 degrees, 
respectively, above the horizon were formed, which, 
with a natural vertical divergence of the order of 
4 degrees, covered the vertical angle up to 12 degrees 
with powerful beams. From this point upwards, the 
light was provided by leaving a slit in the upper 
part of the lens, so that the rays from the bare 
burner were used from the horizontal opening 
upwards. 

Mr. P. van Vloten said that the Royal Dutch 
Coast Lighting Service had made some comparative 
tests on a white light with a red screen and a neon 
light of the same intensity, and had found no 
difference between them over a period of a year. 
He thought that, in many cases, it would be more 
convenient to use electricity, though he realised it 
would be often difficult to install the necessary equip- 
ment in old lighthouses, owing to lack of space. 
The American method of lighting aerial routes was 
extremely well organised, and the lights were being 
installed in such numbers that the equipment was 
becoming standardised and its cost had been re- 
duced. 

Capt. R. von Heidenstamm said that the short 
flash had advantages when the lighthouses were 








very close together, but, in a channel, the short 


flash with a long dark period had the great drawback 
that it was difficult to decide what the distance 
from the lighthouse was. This could be overcome 
by using a light giving 90, 100 or 120 flashes a 
minute, thus obtaining the impression of a fixed 
light without sacrificing its efficiency as a flash- 
light. The loss of visibility was of no great 
importance. 

Mr. A. K. Toulmin-Smith said that it was neces- 
sary to have a distinctive character for aerial signals. 
This could be obtained by the use of colours or 
flashes, the latter being of a group character. 
Another point was the question of speed. A long 
signal was hard to recognise and the flash should be 
completed within three or four seconds. The 
illuminant used also depended on the signal required. 
The Air Ministry was using a number of neon 
lights which, apart from any question of special 
penetration, had the two advantages of being capable 
of operation at unlimited speed and _ being 
exceedingly distinctive. 

Mr. J. T. Yates said that, in the United States, the 
neon light did not carry so well and was not so 
distinctive as the red or green-shaded light. During 
the last few years, electricity had largely replaced 
other forms of lighting, a supply being taken from 
the mains or from duplicate sets of internal-com- 
bustion engine driven plant. Some of the latter 
were being experimentally fitted with clock control, 
so that they could be started automatically at 
sunset and shut down at sunrise. This system, 
though only in use for a short time, had worked 
satisfactorily. 

LicHTHOUSE INTENSITIES. 


On Tuesday morning, the subject for discussion 
was “Lighthouse Intensities,’ and, in opening 
the proceedings, the Chairman, Vice-Admiral G. R. 
Mansell, said it was one which should receive 
the attention of the Conference, with a view to 
universal agreement being come to by the various 
lighthouse authorities upon a formula for the 
computation of the intensity of a beam from a 
lighthouse optic and upon the method of publishing 
these intensities in the Lists of Lights. It was 
recognised that any formula devised must be 
empirical, owing to such unknown factors as 
imperfections in the prismatic and reflecting 
elements, inequalities of the light source, and 
optical losses. Nevertheless, it would give suffi- 
ciently accurate results for practical purposes. 

” Mr. P. van Vloten said that, with regard to Mr. 
Hampton’s work, it seemed to him that in the case 
of a beam produced by a panel at the focus of 
which an electric lamp was placed, the area covered 
by the mean maximum intensity was important, 
and this intensity could be estimated if the factor 
0-5 was taken for the lens panel. This agreed 
with Mr. Hampton’s results. Concerning the 
influence of the duration of the flashes on the 
visibility, it must be remembered that the intensity 
of a light was not constant. On the other hand, 
the optical range did not vary much for differences 
in the intensity not exceeding 10 per cent. 

“Mr. W. M. Hampton agreed that a value of 
0-5 was a good practical value, both for an electric 
lamp and a mantle. His own figures were some- 
what higher, but no allowance had been made for 
reflection losses. Mr. D. A. Stevenson said that 
the equi-angular lens had the advantage of giving 
less divergence horizontally and vertically and 
consequently greater brilliance. Mr. J. P. Bowen 
emphasised the importance of obtaining a formula 
from which the intensity could be calculated. 


Fioatrne Arps. 


On Tuesday afternoon, the Conference dealt with 
the subject of floating aids to navigation, including 
light vessels, unattended light boats and buoys, 
the suspension of lighting apparatus on floating 
bodies, and cast-steel mooring chains. 

The discussion was opened by Dr. G. R. Putnam, 
who said that floating aids to navigation had the 
great advantage that they could be re-located 
when desirable, and could be closely approached 
by vessels. On the other hand, they were expensive 
and more liable to be shifted. Their use had, in 
some waters, diminished the importance of shore 
lighthouses—for instance, at the eastern and 





southern approaches to New York. Important 
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problems in connection with the use of light vessels 
were whether they should be self-propelling, 
what was the best light and fog-signal system, 
and what the most dependable mooring to use. In 
the United States, most of the vessels were self- 
propelling. The development of automatic lighted 
buoys had been one of the most important advances 
in lighthouse engineering, while sound-producing 
buoys were also very useful. As regards cast-steel 
mooring chains, they had found, after four years’ 
experience, that they were superior to wrought-iron 
chains, though recently a cast-steel chain had 
parted and showed defects of a character which 
would have been difficult to detect on inspection. 
A steel chain made by a method of drop forging 
was under investigation. 

Captain P. E. B. Sinding said that, in Denmark, 
all the lightships were built of oak, as such ships 
could be left on their station for ten years, were 
less liable to damage by collision, and were also 
warmer for the crew. ‘There had, however, been 
a certain amount of trouble with dry rot. Some 
of these ships had been in use for thirty or forty 
years, and were still as good as new. 

Captain T. Golding stated that Trinity House 
had 45 light vessels on stations and nine in reserve. 
None of these was self-propelling. The moorings 
consisted of 3-ton anchors and chains of 1}-in. to 
1}-in. diameter. Cast-steel chains had not been 
found satisfactory. Wooden, composite and iron 
ships were all used, some of the first being eighty 
years old. Perchloride of mercury was used to 
prevent dry rot. The old vessels had catoptric 
lighting with reflectors, while the most recent 
had a dioptric lens fitted with gas-filled lamps 
supplied from 72 h.p. semi-Diesel engines. 

Mr. J. P. Bowen described an arrangement he 
had devised for overcoming the difficulty of altering 
the characteristic of the light when a revolving 
lantern was used. This consisted of a series of 
broken panels giving a lens symmetrical in a 
vertical plane about the axis. These panels could 
be arranged to give single, double, triple, or quad- 
ruple flashing. 

Mr. J. T. Yates said that, in the United States, 
a 34-ft. by 10-ft. gas buoy had been developed 
for use in waterways frequented by motor craft. 
Mr. A. Rouville stated that, in France, they had 
very few light ships, and these were fitted with 
apparatus of the pendulum type. Up to the present, 
only iron chains had been used, and experiences 
with cast-steel chains had not been satisfactory. 

Mr. C. W. Scott stated that, in the Irish light- 
house service, all the old ships were of wood. These 
had been followed by composite vessels, which 
had not proved satisfactory, and now iron ships 
were employed. One steel ship, which had been 
built after the war, had given great trouble from 
corrosion. All the ships were moored with 
1{-in. wrought-iron chains. 

(To be continued.) 








RAINHILL LOCOMOTIVE TRIALS 
CENTENARY EXHIBITION. 

On Monday last, at the Science Museum, South 
Kensington, an institution in which every engineer 
should take some interest and feel some pride, 
a special exhibition was opened in connection 
with the centenary of the famous Rainhill locomotive 
trials on the Liverpool and Manchester Railway 
in October, 1829. Though, at the time of opening, 
the authorities were still awaiting the arrival of 
the full-size reproduction of the Rocket made 
by Messrs. R. Stephenson and Company, Limited, 
for Mr. Henry Ford’s Museum at Dearborn, 
Michigan, U.S.A., and which is kindly being lent 
by Mr. Ford for a short time, the exhibits already 
in position constitute a unique collection such as 
is possible nowhere else, and it is a collection which 
should be visited and studied by every teacher of 
history, every writer on industrial progress, every 
railway man, and, indeed, every engineer with the 
slightest regard for the history of his profession. 
“The best we derive from history,” said Goethe, 
“is the enthusiasm it excites in us,” and he 
indeed would be a dull soul whose imagination 
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letters here set out for him. This special exhibition 
is but one of the many sectional and temporary 
exhibitions which now form a feature in the work 
of the Museum, and it is to be hoped that many 
others on similar lines will be arranged, for there 
are few things which should be more attractive 
to the general public or of greater value to the 
serious student. 

Four years ago, in June, 1925, in our Rail- 
way Centenary number, we gave illustrations of 
the Rocket and her contemporaries and many 
other notable engines, and it is unnecessary to 
reproduce them. The accompanying illustration 
however shows the new Rocket built for Mr. 
Ford, to which we have just referred. In Sep- 
tember, 1925, many accounts were also published of 
the commemoration of the hundredth anniversary 





Sans Pareil by Timothy Hackworth ; the Novelty 
by John Braithwaite and John Ericsson; and 
the Perseverance by Timothy Burstall; and then, 
too, there was the curious contrivance the horse- 
worked Cyclopede by T. S. Brandreth. The 
real contest, however, lay between the Rocket, 
Novelty and Sans Pareil. The main facts, re- 
garding the issue are in every history book, and 
everyone knows the Rocket—most famous of all 
engines—is in the Science Museum, where one 
can also see the Sans Pareil and a part of 
the Novelty. Side by side with these relics of 
an heroic age will now be seen the new Rocket 
complete in every detail, so far as the information 
obtainable admits, and which, moreover, can be 
and has been actually run under steam ; and also 
a new Novelty, a replica, but alas! only in out- 








of the opening of the Stockton and Darlington 
Railway. That line is now a part of the system 
of the London and North Eastern Railway, with 
its 7,000 miles of line worked by 7,500 locomotives. 
The Rainhill trials, however, took place on the 
Liverpool and Manchester Railway, now incor- 
porated with the London, Midland and Scottish 
Railway, which has some 8,000 miles of line and 
10,000 locomotives. The opening of the Liverpool 
and Manchester line, a vastly more important 
undertaking than the Stockton and Darlington 
line, did not take place till September, 1830, but 
in October, 1829, came the great contest which 
decided once for all the superior merits of the loco- 
motive as compared with the stationary engine 
and rope haulage. Rastrick and Walker had 
favoured the stationary engine, but George Stephen- 
son and some of the directors thought differently, 
and in the end a premium of 5001. was offered for 
a locomotive which should be a decided improve- 
ment on any hitherto built as regards the con- 
sumption of smoke, increased speed, adequate 
power and moderate weight. It may seem strange 
to many that the matter ever hung in the balance, 
but in 1829 the world had not arrived at that 
stage when it could be said that the only thing 
that science and engineering cannot do is to 
astonish it. 

The full story of the trials at Rainhill, a level 
stretch about a mile and a half in length, some 9 miles 
from Liverpool, was given in April last in a paper 
by Mr. Dendy Marshall to the Newcomen Society. 
The competing engines were to haul three times 
their own weight and were to make 10 double 
trips over the level stretch at an average speed 
of not less than 10 miles an hour. This would 
represent a journey from Liverpool to Manchester. 
Having done the 10 trips, the engines could refuel 
and complete with water, and then do the second 
10 trips. Four engines were entered for this 
memorable competition—the Rocket by George 





was not quickened by the inspection of the engines, 
the models, the drawings, the photographs and the 


and Robert Stephenson and Henry Booth; the 














ward semblance. The original cylinder has been 
incorporated in this reconstruction with a wooden 
frame with wooden springs and a boiler of three-ply 
sheets, but her appearance confirms the description 
of an eyewitness of a century ago, who wrote 
that it resembled a ‘‘ new tea urn with a parlour-like 
appearance,” but, unlike Mr. Ford’s Rocket, you 
cannot make her go. 

The trials occupied the week October 6 to 
October 14, and though the Novelty was the 
favourite, the Rocket alone completed the journeys 
to and fro and all the conditions, and was there- 
fore awarded the premium. The history of the 
various engines is not without interest. Purchased 
by the Liverpool and Manchester Company, the 
Rocket worked on the line until 1836, when it was 
sold to Messrs. Thompson, of Kirkhouse, for 300l., 
and worked on the Midgeholme Railway until 1844. 
Through Bennet Woodcroft, Messrs. Thompson, in 
1862, gave it to the old Patent Office Museum, 
from which it has been inherited by the Science 
Museum. The Sans Pareil was also bought by 
the Liverpool and Manchester Company, but in 
1831 it was transferred to the Bolton and Leigh 
Railway, where it also worked till 1844. Taken 
in that year to Coppull Colliery, near Chorley, it 
was used there as a pumping and winding engine 
until 1863, and then, having been restored to the 
dignity of a locomotive, it also found sanctuary 
in the Patent Office Museum. Information about 
the Novelty is less definite. It was at first run 
experimentally. Then, in 1833, it was rebuilt by 
Mr. Daglish at St. Helens, and was used on the 
North Union Railway in 1838. After that its 
history is unknown, but one of its original cylinders 
was given to the Science Museum in 1904, and the 
original wheels were discovered in 1914. Generally 
speaking, the boiler of the Novelty was similar 
to the boilers fitted by Ericsson in his steam fire 
engines, and also similar to the two boilers fitted 
in Captain Ross’s steamer Victory, which left the 
Thames in May, 1829, on a voyage of Arctic 
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onidiaiias So troublesome, however, did the 
machinery of the Victory prove that, in the very 
month that the Rainhill trials were being run, 
October, 1829, Ross and his crew were taking the 
engines out of the ship and putting them ashore 
in Fury Bay. 

It is unnecessary to refer to more than one or 
two of the exhibits brought together through the 
energy of Mr. Dickinson and Mr. Forward, the 
officers responsible for this branch of the Science 
Museum. The Institution of Civil Engineers has 
kindly lent the two portraits of George and Robert 
Stephenson; Lady Sinclair has lent the portrait 
of John Kennedy, one of the judges at the trials; 
and from Euston station has come the fine marble 
bust of Henry Booth, “ the originator of uniformity 
in time and other improvements in railway working. 
A clear and forcible writer, and one of the first 
secretaries of the London and North Western 
Railway, it was at Booth’s suggestion the 
Rocket had a tubular boiler, and he was the 
inventor of the right and left-handed screw coupling. 
One of the letters, however, deserves passing notice. 
It is from John Dixon, who when he died October 10, 
1865, was regarded as the oldest railway engineer 
of his day. He was resident engineer under 
Stephenson on the Stockton and Darlington 
Railway, the Canterbury and Whitstable Railway, 
and the Liverpool and Manchester line, and witnessed 
the Rainhill trials. Writing to his brother James 
from Patricroft, October 16, 1829, he says, “‘ We 
have finished the grand experiments on the 
engines and G. S. or R. S. has come off triumphant.” 
“The ‘ Rocket’ is by far the best engine I have 
ever seen for Blood and Bones united.” Of Hack- 
worth he wrote: ‘Timothy has been very sadly 
out of temper ever since he came, for he has been 
grobbing on day and night and nothing our men 
did for him was right, we could not please him 
with the tender nor anything.” Of the Sans 
Pareil Dixon wrote it “rumbles and roars and 
rolls about like an empty beer butt on a rough 
pavement.” ‘She is very ugly and the boiler 
runs out very much. He had to feed her with 
more meal and malt sprouts than would fatten a 
pig. He must return to his preaching and own 
that he has been taught a lesson of humility.” 
As for the Novelty when she started “she 
seemed to dart away like a greyhound for a bit 
but every trial he had some mishap,” while 
Burstall’ s Perseverance after a ‘‘sorrowful start” 
went “cranking away like an old wicker-work 
pair of panniers on a cantering cuddy ass.’ 
It is alone worth a visit to the Science Museum to 
read the letters. After the trials to which the letters 
refer were over, nearly a year passed before, on 
September 15, 1830, the opening of the Liverpool 
and Manchester Railway took place, a train 
composed of eight locomotives and 25 carriages, 
led by the stately Northumbrian, then proceeding 
along the line. This is, perhaps, a more important 
event than even that of the opening of the Stockton 
and Darlington Railway, or that of the Rainhill 
trials, and the railway world will look forward to 
learning the plans which we understand are being 
made by the London Midland and Scottish Railway 
to commemorate the centenary of that event. 








NOTE. 


STANDARD TESTS AND SPECIFICATIONS FOR 
Steam TURBINES. 


Meetings of the Steam Turbine Advisory Com- 
mittee of the International Electrotechnical Com- 
mission were held in London last week and consider- 
able progress was made, thanks largely to the 
preparatory work of the United States National 
Committee, which has assumed the onus of the 
secretariat. The principal topics discussed were 
a proposed international specification for steam 
turbines, and international rules for acceptance 
tests of steam turbines. In regard to the former 
matter, finality was practically reached. The 
proposed specification deals mainly with the 
performance of the turbine, leaving the designer 
a free hand in the details of construction. Two 
appendices specify the information to be 
supplied with inquiries or orders, and make 
Tecommendations about standard ratings and 
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pressures. Much progress was also made in 
securing agreement as to acceptance tests, and it 
is confidently anticipated that unanimity will 
be reached at the plenary meeting of the 
Commission, which is to be held in Stockholm 
next year. The rules proposed specify that accept- 
ance tests are to be regarded solely as intended 
to ensure that the guarantees of the builder are 
duly met, and hence that only such observations 
and measurements as are necessary to this end 
shall be demanded. The text contains further 
an enumeration and description of the terms used, 
followed by a discussion of guiding principles 
and of methods of computing and stating 
results. On all these matters there was little 
difference of opinion, the recommendations being 
based largely on the Report of the Heat Engine 
and Boiler Trials Committee of the Institution of 
Civil Engineers ; whilst the section on Methods of 
Measurement is similarly founded on the Test Code 
of the American Society of Mechanical Engineers. 
The points still in- debate relate to instruments 
and methods of measurement, and these have been 
referred back to the national committees for 
further consideration. During the week the British 
National Committee in association with the steam 
turbine section of the “ Beama” acted as hosts 
to the foreign delegates, who were entertained to 
lunch on Monday, the opening day, and to dinner 
on July 4, whilst a visit to Oxford returning by 
road and river, was arranged for Friday, July 5. 
The president of the Commission is Professor 
Feldmann of Delft, whilst Dr. Durand, Emeritus 
Professor of Sandford University, California, is 
chairman of the Advisory Committee. The chair- 
man of the British National Committee is Mr. 
C. P. Sparks, C.B.E. 








THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 6.) 
Tue Wr11amM Froupr Nationat Tank. 

THE chairman of the Advisory Tank Committee, 
Sir E. Tennyson d’Eyncourt, reports that Sir 
Westcott Abell has been succeeded by Dr. J. 
Montgomerie as representative of Lloyd’s Register, 
but remains on the committee as one of the repre- 
sentatives of the Institution of Naval Architects. 
The test work has increased to an embarrassing 
amount, seriously interfering with research work 
generally and quite stopping research on flying boats 
and seaplanes. Following a somewhat similar state 
of affairs, a new tank has lately been constructed at 
Hamburg, and it is to be hoped that the British 
shipping industry may in turn decide to provide 
the funds necessary for the construction of a new 
tank, more especially for work at higher speeds. 
The following time percentages were spent on ship 
type tests: destroyers 1 per cent.; liners above 
17 knots 8-5; intermediate liners 11 per cent.; 
ocean cargo steamers, above and below 11 knots, 
11 and 33-5 per cent.; cross-Channel steamers, 
22 per cent., &c. The numbers do not include the 
11 designs and 19 models of flying boats and sea- 
planes tested. That the number of liners is smaller 
than that of cargo boats is not due to any want of 
appreciation of the Tank work by the liner com- 
panies ; all their new ships have in fact been tested 
with advantage. The 81 model hulls tested, against 
71 ir 1927, represented 59 designs ; 56 of these designs 
were tested with propellers, many with more than 
one set. In some cases the designs were altered at 
the suggestion of the Tank department before the 
tests took place. The records obtained by Mr. J. L. 
Kent and two other members of the staff when cross- 
ing the Atlantic on the Mauretania and Berengaria 
in very stormy periods have not yet been fully 
analysed. An appreciable proportion of the energy 
lost was found to be due to decreased efficiency of 
the propellers in rough weather, and this is being 
investigated with models meeting waves head on. 

Air and Water Resistance.—Mr. G. S. Baker has 
commenced a research on a tanker model which 
admits of separating the resistance of the hull 
from that of the deck erections. A model, 16} ft. 
long, complete with deck erections, masts, funnels, 
bridges, davits, &c., was towed upside down, with the 
above-water portion submerged, at slow speeds and 





various angles to the direction of advance. The 
air resistance of the upper works was then deduced 
from the water resistance. An account of the work 
done on propeller resistance in water was presented 
by Mr. W. Sprague to the spring meeting last year 
of the Institution of Naval Architects. The wind- 
tunnel experiments by the Aerodynamics depart- 
ment on propellors were in substantial agreement 
with the Tank work, the thrust being about 5 per 
cent. lower in water than in air at 35 per cent. slip for 
the marine propellers. As regards efficiency good 
agreement was obtained at high speeds ; as low 
speeds discrepances were observed, varying from 3 
or 4 per cent. at very small slips and at high slips, 
to 20 per cent at medium slips, the water values 
being the lower. With the air propellers the differ- 
ences were larger, amounting to 8 and 12 per cent. 
at working slips, but the efficiencies were in accord. 

Manoeuvring. Screw Propulsion and Immersion. 
—tThe effect of fullness of form on the manceuvring 
of twin-screw ships with unbalanced rudders has 
been examined for self-propelled models with 
after-body prismatic coefficients of 0-75, 0-70 and 
0-65, also with the model going astern, with or 
without the propellers working; the work is now 
being extended to balanced rudders. The effect of 
propeller immersion has further been tested on a 
13-4-in. propeller. With this large screw the thrust 
falls off more rapidly as the propeller emerges, than 
with smaller screws. Inward-turning screws have, 
in the model tests, on the whole, given somewhat 
better results than outward-turning screws. But 
the position of the bossing is an important factor, 
and when the bossing is lined out at the Tank, to 
suit the direction of streamline flow on the after- 
body, optimum efficiency may be obtained with out- 
ward-turning screws. Doubts having been expressed 
about the steering capacity of boats with inward- 
turning screws, comparative manceuvring tests 
and steering trials have been carried out in the 
Tank and at sea for two firms with ships, in ballast 
or loaded, fitted with inward- and outward-turning 
screws; particulars of these trials are not yet 
available. As regards the interposition of a middle- 
line fin between the rudder post and the rudder and 
also propeller blades of aerofoil sections, the im- 
proved propulsion observed by Mr. Kent in model 
experiements have been borne out by the trials 
of several ships. The fear that the close proximity 
of the fin to the blades might cause vibrations 
of the ship does not appear to be justified; but 
the Tank staff recommends these fittings only for 
vessels of full after-body or of high slip angles of 
the propeller. 

Comparison of Model and Ship Data.—During the 
year the trials of four vessels have been attended by 
the staff, in one case almost under the same condition 
asin the Tank. The revolutions and power required 
in this last case for propulsion were 1 per cent. 
and 4 per cent. respectively higher than the Tank 
results. Other comparisons had to be based upon 
log analyses, and the discrepancies observed may 
partly be due to oceanic currents. Further compara- 
tive material will soon be available concerning a new 
P. & O. vessel, a high-speed cross-Channel steamer 
and other boats. The tug and barge research 
concerning the pulling capacity of tugs, made last 
year with a single-screw tug, have been continued 
with a high-power single screw tug and a twin- 
screw tug, and the results are ready for publication. 

METALLURGY DEPARTMENT. 

Preparation of Pure Metals and Alloys. Physical 
Structure—The preparation of pure metals has 
been taken up in connection with the study of the 
fundamental problems of the connection between 
the constitution and the properties of metals and 
their alloys. In this investigation progress can only 
be slow, and the staff of the department and of 
members available for these researches is now 
smaller than it has been for several years. As 
regards iron and chromium, which have been more 
particularly studied, perfect purification from oxygen 
still remains a difficulty, even by the modified 
hydrogen process of Rohn, adopted for this purpose. 
As regards the behaviour of metals and alloys 
under strain, and the heat generated by plastic 
deformation, the wire drawing machine of 
Dr. W. Rosenhain and Mr. V. H. Stott, still 





gives trouble, owing to oscillations in the springs 
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of the balance, which is used to measure the differ” 
ence of tension before and after drawing. The steel 
dies first used have been replaced by diamond dies: 
and to facilitate determination of the heat equiva- 
lent of the wire-drawing process, a flow calorimeter 
is to beadopted. With respect to plastic deformation 
of single crystals and crystalline aggregates, it is 
peculiar that soft metals like lead and tin, and 
particularly their eutectic alloys, appear softened 
after cold work, when their hardness is measured by 
the Brinell test, whilst they seem to be harder to 
the scleroscope, which is not the case with copper, 
iron, silver, and gold. This may, however, be a 
question of relative temperatures, the latter metals 
having higher melting points, it is also to be remem- 
bered that the soft metals resist rapid deformation, 
and the Brinell test gives time for flowing. In 
symmetrical solid solutions, regular geometrical 
distribution may never be reached, though statistical 
uniformity may be attained. Whether intermetallic 
compounds break up at specific temperatures into 
solid solutions, and vice versa, is being investigated 
by the study of changes in the electric conductivity 
of equi-atomic gold-copper alloys and by X-ray 
analysis. The state of solid solution should be 
reached directly by solidification, without passage 
through transformation at a lower temperature, and 
special apparatus is being constructed for this in- 
vestigation. Among these are X-ray cameras of 
high resolving power, which are also used for spectro- 
metric work on rods or wires at high temperatures, 
which allow of determining the changes in the lattice 
parameter of aluminium due to the presence of solu- 
tions or precipitations of copper, magnesium and 
silicon during age-hardening. Low percentages of 
copper seem to reduce the lattice parameter of 
aluminium at ordinary temperature ; as the addition 
of copper reduces the melting point of aluminium, 
one would rather expect an increase in the parameter, 
at anyrate at moderate temperatures. 

The single crystals used, are prepared in cylinders 
up to 1} in. diameter by the method of Bridgeman, 
that is, by slow cooling from the bottom upward. 
The theory of this process is not clear, however, and 
there are also peculiar points in the studies, by 
Dr. L. L. Bircumshaw, of the surface tension of liquid 
metals. The bubble method is used. The nature of 
the gas for blowing the bubble seems to be of no in- 
fluence; but with oxygen concordant results 
could not be obtained, when glass tubes were used, 
whilst silica tubes gave no such trouble. The silica 
tubes had to be roughened at the edges, which 
was not necessary for the glass tubes which, how- 
ever, generally gave slightly higher values. Dilato- 
metric study of alloys, have also been taken up by a 
new method, because the usual method depends too 
much on strict temperature uniformity in a speci- 
men, several centimetres in length, and on perfect 
abutment of the optical or mechanical levers used, 

Light Alloys. Age-Hardening.—New aluminium 
alloys with barium or thorium have been investi- 
gated. Silicon was added as third element in the 
hope that some silicide of the age-hardening pro- 
perties of Mg,Si might be formed with either 
thorium or barium. But no such silicide has so 
far been found to separate from these alloys, and 
CaSi, would be of little use, because it is hardly 
soluble in aluminium. Barium, moreover, gives, in 
the thermitic process, a slag containing aluminate 
which. makes the product spongy and difficult to 
melt. When the thermite material was heated in 
vacuo in the induction furnace, the material vola- 
tilised without melting; by alloying the product 
with more aluminium, however, a clean harder alloy 
was obtained, which coud be polished and was 
fairly stable to water. But its solubility in alu- 
minium was again low, and on the whole neither 
the alloys of Al with Ba or Th, nor the ternary 
silicon alloys appear technically promising ; what 
is wanted is a secondary metal of high solubility in 
aluminium. The further researches by various 
methods on the age-hardening of aluminium alloys 
containing Cu, Mg and Si, show that maximum 
hardness is reached at the same stage as maximum 
strength, and that changes of sharpness of lines 
in the X-ray spectra correspond to changes in the 
strain of the crystal lattice itself. Other changes 
of properties with tempering can be correlated, 
and the lattice disturbances caused by the first 
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precipitation of dissolved substances from a solid 
solution account for the decrease of electric con- 
ductivity which accompanies the usual hardening 
effects. The view is confirmed that the hardening 
which occurs during the ageing of aluminium alloys 
is the result of a decomposition of the super- 
saturated solid solution and the concomitant 
precipitation of extremely finely-divided particles. 
The chief magnesium alloys prepared are studied in 
1-in. rolled rods of pure magnesium itself, of Mg. with 
6 per cent. of Al and of Mg with 3 per cent. of Cu; 
of other Mg-Cu alloys that with 13 per cent. of Cu 
cannot be rolled hot. 

Minor Metals.—The beryllium deposited on hot 
tungsten filaments from beryllium iodide vapours 
in layers of up to 2 mm. thickness is still contamin- 
ated with silicon and boron from the glass of the 
containing tube, and very brittle; metallic tubes 
are attacked by the beryllium iodide or the iodine. 
When the beryllium is sublimed, oxidation, if only 
by contact with the beryllium oxide of the crucibles, 
is difficult to avoid; but the metal so obtained is 
softer (Brinell hardness 90 to 95, against 110 pre- 
viously) than the former samples. Reduction of 
the oxide of beryllium by means of the atomic 
hydrogen blowpipe has so far been unsuccessful. 
Rods of about 100 grammes of beryllium can now 
be prepared per day by electrolysis of pure salts 
in the furnace. Titanium, another metal hardly 
known in the pure state (it is generally a grey 
powder), is prepared by the electrolysis of its 
tetrachloride, which is produced by the action of 
chlorine on titanium carbide. The direct reduction 
of the oxide by carbon in the induction furnace 
yields carbide, but no metal, and reduction by some 
thermite reaction (with Al, Mg or Ca), which is 
said to yield at any rate rich titanium alloys, 
has not been proved successful either; nor has 
the electrolytic deposition of titanium together 
with zinc or cadmium. 

(T'o be continued.) 








NEW LABORATORY FOR COLD- 
WORKING PROCESSES AT SHEFFIELD 
UNIVERSITY. 


Tue processes of cold working of steel, though they 
include several ancient methods, such as that of wire- 
drawing, have, until quite recently, been largely 
empirical, and the results have been, to a great extent, 
dependent upon the skill of the operator. They are, 
therefore, not uniformly reproducible in different 
environments. Of late years, however, it has been 
recognised that the demands for cold-worked steel 
from various directions necessitate a more precise 
knowledge of the physical causes of the particular 
properties conferred by cold working, and of the 
chemical composition of the steels which are so handled. 
This recognition has taken a very practical form in the 
opening, on July 6, of a new research laboratory for 
the cold-working of steel at Sheffield University. The 
inception of the laboratory is due to Mr. Percy Lee, 
Master Cutler of Sheffield for last year, and its estab- 
lishment has been made possible by a generous gift 
from the Worshipful Company of Ironmongers, of 
London. This company has made a grant of 8001. a 
year, for seven years, to endow a Fellowship and two 
scholarships in the subject. The Iron and Steel Wire 
Manufacturers’ Association, and the cold-rolled strip 
manufacturers have, moreover, through the Cutlers’ 
Company of Hallamshire, presented a full-sized cold- 
rolling mill and a wire and bar drawing plant, so that 
research can be carried out on a practical scale. 

The new laboratory is to be attached to the Metal- 
lurgical and Engineering departments of the University, 
and will be controlled by the professors of those depart- 
ments, assisted by a committee on which the Iron- 
mongers’ Company, the Cutlers’ Company, and the 
industry itself will be represented, as well as the 
University. There is a wide field awaiting study in 
the process of drawing, rolling, and pressing steel in the 
cold. Thus, apart from the more theoretical study of 
the flow of severely strained masses of steel, such as 
occur in the drawing of rods and tubes, the increased 
demands made on the strength and elasticity of such 
wires as are used for present-day mining ropes, helical 
springs, and so forth, call for research if they are to be 
economically met. Another example of modern condi- 
tions lies in the development of the all-metal aeroplane, 
in which quantities of cold-rolled strip steel having 
special elastic properties as required. Such strips call 
for new chemical compositions, as well as for accurately 
regulated thermal and mechanical treatment. The 





systematic research now possible in the new laboratory 








should be of great benefit to the cold-working industry. 
The research laboratories of the Metallurgical and 
Engineering departments are well provided with appli- 
ances for the mechanical and physical testing of 


the cold-worked material, and possess a complete outfit - 


for the study of deformation by the X-ray method. 
The wire and bar drawing plant is capable of produc- 
ing wire of all sizes up to 3 in. in diameter, and rods up 
to 1 in. in diameter, at drawing speeds of from 28 ft. 
to 300 ft. per minute. The machine is electrically 
driven by a variable-speed motor of 20 h.p., through 
a two-speed gear box. The heavy-drawing block is 
fitted with a clutch drive and capstan-type pull-in 
gear. The latter is also used for drawing steel bars, for 
which purpose a specially strong die stand is fitted 
at the end of the bench. The light-wire block is fitted 
with the ordinary creeper drive, using spring shock- 
absorbing cushions. Capstan-type pull-in gear is also 
provided for this. The plant was constructed by Messrs. 
George Crossley, Limited, Cleckheaton. The rolling 
mill plant is also electrically driven by a variable- 
speed motor operating through a two-speed gear box. 
The motor is capable of developing from 50 h.p. at 
570 r.p.m. to 120 h.p. at 1,260 r.p.m. The rolls are of 
hardened steel, 10 in. in diameter by 10 in. width of 
face, and have a range of rolling speeds of from 60 ft. to 
300 ft. per min. The mill was made by Messrs. W. H. A. 
Robertson and Company, Limited, Bedford, and the 
lubrication system is of that firm’s flood type. Water 
cooling is provided for the rolls and roll bearings, 
and for the oil in connection with the lubrication system. 
An alternative set of rolls is fitted with double-roller 
bearings which have been presented by Messrs. Skefko 
Ball-Bearing Company, Limited, Luton. The two 
pairs of rolls were presented by Messrs. Hadfields, 
Limited, Tinsley, Sheffield, and Messrs. Thos. Firth and 
Sons, Limited, Norfolk Works, Sheffield, respectively. 








THE PHYSICAL SOCIETY. 


At a recent meeting of the] Physical Society, 
Mr. J. E. Sears, C.B.E., exhibited and described a series 
of standards of length, mass, and capacity. His first 
exhibits were an octagonal bronze end bar, which was 
the standard yard of Henry VII, and a square bronze 
end bar of Elizabeth, which was the standard yard 
of England from 1588 to 1824. This bar, at some time 
in its history, before it ceased to be the standard, was 
broken, and has been roughly repaired with strips of 
brass and bound with wire. Even in this condition, 
however, it is only 0-01 in. shorter than the present 
standard yard. Following these, Mr. Sears showed 
models of the original Métres des Archives, a platinum 
end bar of flat, rectangular section, and of the present 
international prototype metre—a line standard of 
platinum-iridium in Tresca X-form section, with the 
graduations on small polished areas in the exposed 
neutral plane of the section. Intermediate, historically, 
between these is the present British standard yard, of 
which a model was also shown. This is a bar of bronze 
(Baily’s metal), 1 in. square in section, with graduations 
on gold plugs let into the bottom surfaces of two pits, 
$in. in diameter, formed in the bar at each end to half 
its depth. 

Some modern laboratory standards were then 
exhibited, of H-form cross-section, and made of 
various nickel-steel alloys, ranging from Invar (36 per 
cent. nickel) which has a coefficient of thermal expan- 
sion as low as 1 x 10- per 1 deg. C., but suffers from 
the disadvantage of secular growth, through the alloy 
of 42 per cent. nickel, which has a coefficient approxi- 
mately equal to that of the platinum-iridium primary 
standard metre, and that containing 58 per cent. of 
nickel, which has a coefficient practically identical with 
ordinary steel, up to pure nickel. The three latter are 
all practically stable, and each alloy has its special 
advantages for certain purposes. Finally, Mr. Sears 
showed some modern end standards, demonstrating how 
steel gauges with highly accurate surfaces would 
“‘ wring” together, thus enabling a gauge of any 
desired length to be built up from a limited number of 
blocks suitably graded. He called attention to the 
interesting historical sequence whereby, in the search 
for increasing accuracy, the line standard had first 
displaced the earlier end standard, but was now, in its 
turn, likely to be beaten once more by the extremely 
high perfection to which modern methods enabled end 
bars to be finished. As an illustration, he showed a 
yard end bar of circular cross-section, made of steel, 
with hardened ends polished flat and parallel to each 
other with practically optical perfection. 

Passing to the subject of standards of mass, Mr. Sears 
showed some early standards of Elizabeth (1588), 
including a 14-Ib. weight, a nested set of flat avoirdupois 
weights, and a nested set of cup-shaped troy weights. 
It is interesting to note that these are in binary multiples 
and submultiples of the troy ounce. The troy pound, 
of 5,760 grains, was first recommended as a standard 
by Lord Carysfort’s committee in 1758, but the 
Elizabethan standards were continued in use up to 
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1824, when the troy pound first received legal recogni- 
tion. Two troy pounds, constructed for the Carysfort 
Committee fin 1758 and by Katerjin 1824, were 
exhibited. The troy pound had a short life as a 
standard, as it ceased to be a legal unit with the passing 
of the Act of 1878; the troy series from this date was 
again’ limited {to multiples and sub-multiples of the 
troy ounce, but is now on a decimal basis. 

The present standard pound is of platinum, and 
dates from 1844, though it first received legal sanction 
as the standard in 1856. A model of this standard, 
and a copy of the 1824 pound, were exhibited, together 
with a model of the more recent international prototype, 
the kilogramme—a plain cylindrical weight of platinum- 
iridium. 

For laboratory standards, such weights are, of course, 
prohibitively expensive, and it is very desirable to find 
some other suitable material of construction for labora- 
tory-reference standards. Brass weights are liable to 
oxidation. Gilt weights tarnish, and unless they are 
very carefully treated, other surface changes appear to 
take place. Many materials are more or less hygro- 
scopic, and vary in weight according to atmospheric 
conditions. Rock crystal, very permanent in itself, is 
unfortunately low in density and, moreover, is liable 
to surface electrification, which is extremely difficult to 
discharge. Experiments have been made at the 
National Physical Laboratory with platinised Tobin 
bronze, with stellite, and with nickel-chromium (80 
per cent. nickel). Sets of weights in these materials 
were exhibited. All are better than the usual forms of 
laboratory weights, but the last named show the 
greatest stability of mass, of the order of 1 part in 10’ 
over several years. The stellite weights are about 
equally stable, and are slightly harder and more 
resistant to wear. On the other hand, they are slightly 
magnetic, and much more difficult to produce than the 
nickel-chromium weights, as it is very difficult to get 
perfectly sound castings, and the material cannot be 
machined, so that the whole weight has to be formed 
by grinding. 

Mr. Sears next exhibited the standard coin and 
remedy weights used for the annual trials of the Pyx, 
and, finally, a number of sets of standard weights, as 
used by the Board of Trade and by inspectors of 
weights and measures, calling attention to the distinc- 
tive forms employed for different kinds of weights, e.g., 
avoirdupois (spherical and bell-shaped), avoirdupois 
decimal (octagonal), troy (smooth cylindrical with 
knob), metric (shouldered cylindrical with knob), and 
so on. 

Turning lastly to measures of capacity, Mr. Sears 
exhibited first an ancient gallon measure of Henry VII 
(1495), and then the “ wine” gallon of Queen Anne 
(1707). It is interesting to note that the present 
Imperial standard gallon derives from the old Win- 
chester corn gallon of 272} cub. in. capacity, while the 
United States gallon derives from the wine gallon, 
taken over by the Pilgrim Fathers, which was only 
231 cub. in.,a circumstance which is at times not without 
advantage to American trades. The present Imperial 
standard gallon, also exhibited, dates from 1824, and 
was originally verified by Captain Kater. It is one of 
a very beautiful set of measures. It is, however, only 
the practical realisation of the legal unit of capacity 
which is actually defined, on a purely theoretical basis, 
as the volume occupied by 10 Imperial pounds weight 
of distilled water weighed in air against brass weights 
at 62 deg. F., and with the barometer at 30 in. of 
mercury. 








BRITISH WATERWORKS 
ASSOCIATION. 


THE eighteenth annual general meeting of the 
British Waterworks Association was held at Portsmouth 
from July 2 to 5 last. Four papers were read and 
discussed on the afternoon of Tuesday, July 2, and 
on the morning of Wednesday, July 3; of these we 
give brief summaries below. Wednesday afternoon, 
and the whole of Thursday and Friday, July 4 and 5 
were devoted to visits and excursions to works and 
places of interest in Portsmouth and the neighbourhood. 


River GAvGINGS. 


The first paper taken was entitled ‘‘ The Desirability 
of River Gaugings for Various Purposes,” and was by 
Mr. E. A. Sandford Fawcett. The author stated 
that there appeared to be, at present, very little reliable 
information in existence as regards the flow of our 
Tivers, except in respect of a small number of rivers 
which had been gauged at special points for special 
purposes. This fact had been fully brought home 
to the Technical Sub-Committee of the Ministry of 
Health’s Water Advisory Committee, which was 
considering the basis for assessing compensation 
water. The Sub-Committee had arrived at the 
conclusion that, although a national organisation for 
Systematic gaugings of rivers would undoubtedly 
produce data of great value, the labour, cost, and 
length of time involved would not be justified except 





in some particular cases. The Sub-Committee thought, 
however, that a considerable volume of useful data 
might be obtained through the agency of existing 
river boards and authorities, and that these bodies 
should be encouraged to ascertain, as far as reasonably 
possible, the approximate flows of the various streams 
and rivers under their control by simple methods of 
gauging at convenient points, and that this might 
be done without undue cost. Furthermore, the 
assistance of engineering schools and technical colleges 
might be enlisted with a view to the instructors and 
students carrying out gaugings as part of the work of 
their classes. 


EXTREMES OF RAINFALL. 


A contribution by Dr. J. G. Glasspoole, dealing with 
‘‘ Extremes of Rainfall over the British Isles,” was 
next considered. The author said that those water- 
works which relied on supplies from underground 
sources, as was the case of Portsmouth, were fortunate 
in that the quantity of water available was practically 
independent of day to day variations in rainfall. The 
level of saturation in the chalk was, however, raised 
by the rain of the winter half-year, relatively little 
percolation taking place in the summer. The failure 
of the level of saturation to attain its usual height 
was the result rather of deficient rain in winter than 
of exceptional drought in summer, and dry winters 
would seem to constitute the critical period for a water 
supply from chalk wells and springs. A study of dry 
periods was of particular importance at the present 
time, on account of the recent run of wet years. During 
the last 23 years, only six years had been drier than the 
the average over the country as a whole. Wet years 
had so predominated that we had received during these 
23 years a rainfall appropriate to over 24 years. So 
great an abundance of rain obviously could not be 
relied upon in the future, and it was not unlikely that 
this run of wet years had enabled a number of water- 
works to meet increasing demands without augmenting 
their supplies. 

February, 1891, June, 1925, and March, 1929, were 
the driest months over the British Isles. During the 
former two months, 3,290 and 6,410 square miles, 
respectively, received no rain. These were the months 
of most widespread absolute drought on record. 
The recent dry period of January to March, 1929, 
was of topical interest. Over the British Isles as a 
whole the rainfall was only half the usual amount. 
A drought at this time of the year was likely to have 
far-reaching results, since the following months were 
the driest on the average, and, with increasing evapora- 
tion and absorption by vegetation, there was little 
chance of effectively augmenting supplies until the 
autumn rains. 


PortsMouTH WATER SUPPLY. 


In his paper entitled ‘“‘ The Quality and the Method 
and Results of Treatment of the Portsmouth Water 
Supply,” Mr. E. V. Suckling described the chemical 
and bacterial quality of Portsmouth water, the extent 
to which this varied and the cause of such variation, 
and gave an account of the measures that had been 
adopted to safeguard the health of the consumers. 
The water supply of the Portsmouth Waterworks 
Company was one of the three largest of southern 
England, and was, in fact, excepting London, the 
largest wholly pumped supply. The daily quantity 
of water supplied by the company was over 10 million 
gallons, and the consumers numbered nearly 300,000. 
For a deep-seated water it was comparatively feebly 
mineralised, and its dissolved solids were composed 
predominantly of the carbonate of calcium, with a 
small amount of the chloride and nitrate of sodium, 
together with traces of sulphate of calcium and mag- 
nesium. The chemical constancy observed during 
the past few years was of long duration and analyses 
of to-day resembled almost identically those made 
as long ago as 1873. Bacterial observations extending 
over long periods showed that the B. coli was constantly 
present in the raw water, often in appreciable number, 
and that the B. welchit could be found in the majority 
of cases. The water, therefore, as yielded by the 
springs, failed at all times to attain the desired standard 
of bacterial purity, and was undoubtedly subject to 
contamination by surface washings and matter of 
objectionable origin. 

The raw water from the springs was rendered 
wholesome by filtration and chlorination. From 
Havant and Bedhampton, the water was pumped 
through one or more of four pumping mains to the 
Filtration Works at Farlington, 2} miles distant, 
where it was subjected to slow-sand filtration. The 
total filtering area at these works was 3-36 acres, 
divided into eight equal filter beds, and the average 
rate of filtration was 3-5 million gallons per acre per 
day. The filtering medium consisted of 2-5 ft. of 
fine sand, supported on graded stones resting on brick 
index drains. These led into a main central collecting 
channel, and thence into covered service reservoirs, of 
which there were 5, adjacent to and below the filters. 


The filter beds required to be cleaned from six to 
twelve times a year, more frequently in winter than in 
summer. The filtered water was uniformly clear and 
bright, and of satisfactory chemical quality. The 
bacterial improvement was very considerable, and the 
filtrate approximated in quality to the standard that 
was desired. Nevertheless, some three years ago, 
it had been decided to adopt chlorination, and at the 
present time this was carried out before filtration, 
instead of after filtration, because the latter rendered 
difficult, owing to the circumstances of the works, the 
regulation of the treatment, and the application of 
any method of dechlorination and taste removal 
should such at any time become necessary. 

The chlorination plants, which were installed both at 
Havant and Bedhampton, consisted, in both cases, 
of two Wallace-Tiernan vacuum type chlorina- 
tors. The plant was arranged to deliver a dose of 
chlorine of from 0-1 to 1 part per million. The site 
of injection was on the intake main on the suction 
side of the pumps, and no engineering objection had 
been raised to this practice. The amount of chlorine 
added was such that contact of an hour was main- 
tained. The application of chlorinated water to the 
filter beds had not impaired in any way their filtering 
properties. No extra downward penetration of the 
sand of life and matter had been produced, and the 
filtered water had always maintained its clarity and 
brightness. 


Hypro.Loay or THE PortsmoutH District. 


In the course of his paper on the subject of “‘ The 
Hydrology of the Portsmouth District,” Mr. D. H. 
Thomson said that much knowledge of the underground 
water conditions in the Downs was available from a 
well record that had been kept at Compton, in the 
upper Ems valley, from 1893 to date. A still larger 
well record had been kept at Chilgrove, about 14 miles 
north-east of Portsmouth. This was in a similar 
geological position to that at Compton, and the fluctua- 
tions were more pronounced. The record extended 
from 1836 to date, the monthly observations being 
almost unbroken over the whole period of nearly 
94 years. It was one of the largest, if not the largest, 
record of the kind in the country. The well was 
145 ft. deep, and it had been known both to overflow 
and to run dry, thus indicating the exceptional range 
of fluctuations. A remarkable hydrological feature in 
the district was the springs, which formed the sources 
of the Portsmouth water supply, at Havant and 
Bedhampton, about six miles north-east of the city. 
They were noteworthy not only because they were 
copious enough to meet, always with a surplus to 
spare, the needs of nearly 300,000 persons, but also 
because the whole volume broke out within a very 
restricted area, the deep-seated underground drainage 
from an extensive tract of country converging, owing 
to the geological conditions, on one point. 








Power PLANT FOR BROKEN HILt MINES, AUSTRALIA,.— 
It was announced recently that tenders for the engines 
for the new central power and air-compressing plant, 
to be used by the combined mines at Broken Hill, New 
South Wales, had been received. The estimated cost of 
the power plant is 300,000/., and it will probably com- 
prise six 3,000-h.p. generating units and four 1,200-h.p. 
air compressors. The site upon which the plant will 
eventually be erected has not been finally decided upon. 





Tue Institute oF Metarts.—The forthcoming congress 
of metallurgists, to be held in Dusseldorf from Sept- 
ember 9 to 12, promises to be very successful. Already 
nearly 200 persons from all over Europe, and some 
from America, have indicated their intention of partici- 
pating in the gathering. The congress will comprise the 
presentation and discussion of about 15 scientific and 
practical papers relating to metallurgical work, visits 
to works in or near Dusseldorf and Berlin, and social 
functions. Persons who desire to take part in the 
congress should write for particulars without delay 
to the Secretary of the Institute of Metals, Mr. G. Shaw 
Scott, M.Sc., 36, Victoria-street, London, 8.W.1. 





BritisH STANDARD SPECIFICATION FOR IDENTIFI- 
CATION CoLouRS FOR ENGINE-Room Pipine.—A com- 
mittee on which the Admiralty, Board of Trade, 
Institute of Marine Engineers, Bureau Veritas, Lloyd’s 
Register, the British Corporation for the Survey and 
Registry of Shipping, the British Oil Engine Manufac- 
turers’ Association, the Liverpool Steamship Superin- 
tendent Engineers’ Committee, the Shipbuilding Em- 
ployers’ Federation, the Engineers’ Employers’ Federa- 
tion, and the Liverpool Steamships Owners’ Association 
were represented has recently prepared a specification for 
the identification colours for engine-room piping, which 
has been published by the British Engineering Standards 
Association. The specification consists mainly of a 
table in which the ground colour of the pipes, the colour 
of the flange, and the identification marks are set down, 
and covers the whole range of piping in use on board 
ship. It should be of great assistance in familiarising 
officers with the pipe system, especially when a new 
ship is being taken over. Copies of this specification 
can be obtained from the B.E.S.A. Publications Depart- 
ment, 28, Victoria-street, London, S.W.1, price 2s. 2d., 





post free. 








LABO 

THE application of the shipyard trade unions for 
a wages advance of 5s. per week for time workers 
and an equivalent increase of piecework, rates was 
further considered at a conference in London, on 
Friday last week, between representatives of the men 
and representatives of the Shipbuilding Employers’ 
Federation. The trade unions concerned were those 
affiliated to the Federation of Engineering and Ship- 
building Trades, and, in addition, the Ship-constructors 
and Shipwrights’ Association, the Operative Plumbers’ 
Association, the National Painters’ Society and the 
Electrical Trades Union. Only the Boiler Makers’ 
Society and the Amalgamated Society of Woodworkers 
were unrepresented. At the close of the conference, 
which was presided over by Mr. A. J. Campbell, the 
president of the Employers’ Federation, it was officially 
stated that a detailed reply had been given to the 
arguments brought forward by the trade union repre- 
sentatives at the earlier meeting. It was pointed out, 
the communicated account of the proceedings con- 
tinued, that “‘since the end of the year the flow of 
orders which had been available at the end of 1928 
had not been maintained. The tonnage booked in 
the first six months of 1929 was only equal approxi- 
mately to that booked in the last quarter of 1928. 
The position of the industry was still very uncertain, 
and unless there was a great improvement in the 
rate of booking orders they could only look forward 
to a fresh falling off in the amount of work on hand, 
and a tendency for the percentage of unemployment 
in the industry to increase.” 





“The prices obtainable for ships (the employers 
said) were still unremunerative, and efforts which they 
had made to obtain better prices had been unavailing. 
There had recently been an increase in the cost of 
steel, which would add to the difficulties of the ship- 
builders in securing work. In these circumstances, 
though the employers had every sympathy with the 
shipyard workers, they had no alternative but to 
decline the general claim covering both time workers 
and pieceworkers.”” 





At the same time, the official statement proceeded, 
it was recognised that there were a number of anomalies 
in regard to wages which might be removed with 
advantage to both the industry and the workers 
employed by it. The employers, therefore, submitted 
a scheme which was designed to bring the wages of 
the various classes of plain time workers more nearly 
to a national uniform basis. In principle it gives 
skilled plain time workers 60s. a week, composed of 
50s. basis rate and 10s. bonus, and unskilled workers 
4ls., composed of 31s. basis rate and 10s. bonus. Pro- 
vision is also made to meet the case of the semi-skilled 
classes. The scheme involves advances, the em- 
ployers explained, varying from 1s. to 5s. a week to 
the men covered by it. ‘‘ An important provision is,” 
it was pointed out, “‘ that in no case where men are 
receiving a higher rate than the scheme proposes will 
they suffer any reduction. The position of certain 
outlying districts where it has been customary to 
pay slightly lower rates than in the larger districts, 
is also covered by the scheme, and provision is likewise 
made to meet the case of men on repair work, who 
have always been paid more than the new work rates. 
The employers’ scheme does not apply to men receiving 
enhanced time rates or to pieceworkers and piece- 
workers’ assistants. As the work which is now in hand 
was taken by the employers on the basis of the present 
rates prevailing, the employers suggested that the 
advance payable under the scheme should be operative 
(a) as regards amounts of 2s. a week or less on January 
next; and (b) any balances of advances above 2s. 


from the beginning of April.” 


After consideration of the scheme, the trade union 
representatives expressed their disappointment that 
pieceworkers and pieceworkers’ assistants had been 
excluded from it, and eventually they decided to 
refer the matter and the employers’ scheme to their 
respective executives for consideration. A small sub- 
committee was appointed to go into the detailed 
application of the scheme. 








At a conference last week with the Nottinghamshire 
and District Miners’ Industrial Non-Political Union, 
commonly called the Spencer Union, the coalowners 
made it known that any negotiations with regard to 
hours and wages will be conducted in future between 
representatives of the coalowners’ two organisations in 
the areas affected and the Spencer Union. The Spencer 
Agreement with the owners, reached after the long 
stoppage three years ago, has still two years to run. 





Addressing the annual conference last week, at South- 
port, of the General Federation of Trade Unions, Mr. 
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J. F. Sime, of Dundee, who presided, said that there 


was now a Government pledged to restore at least the 
conditions existing before 1927, although he could see 
no reason why they should not get back to the con- 
ditions before the Osborne decision. The outstanding 
problem of the moment was, in his opinion, unemploy- 
ment. Pending absorption of the unemployed they 
looked forward to improved conditions regulating pay- 
ment of benefits, the-removal of the unfair and irritating 
regulations in operation to-day, and increased pay- 
ment, undoing the effects of the Blanesburgh Report 
recommendations on reduction of benefits. It was, 
however, much easier to do an evil than to undo it, and 
it might take longer, through opposition in Parliament, 
to get the desired improvements passed than it took 
to impose the retrogressive measures. 





At their conference, in Southampton, last week, the 
National Union of Railwaymen decided to instruct 
their Executive to give three months’ notice terminating 
the agreement entered into in August last, under which 
wages were reduced by 24 per cent. As the Railway 
Clerks’ Association and the Associated Society of 
Locomotive Engineers and Firemen have decided to 
take similar action, the way is now clear for the collec- 
tive notice that is required under the agreement. 





In the course of an address which he delivered to the 
railwaymen’s conference on Friday, Mr. J. H. Thomas 
said that the continuous pouring out of money in the 
form of unemployed benefit for no return was demoral- 
ising the great human raw material that after all was 
the foundation of the country, and was the only real 
thing they could hand down to their children. He 
believed that the great mass of men and women would 
still prefer work to the dole. He believed that from 
the bottom of his heart ; but he also knew if they went 
on paying out with no return for the money, men 
walking the streets week after week, month after month, 
year after year, it would inevitably mean the doom 
and downfall of this country. That was the problem 
to which he had set himself. There was no short cut 
to its solution. He knew that; but if any red tape 
needed cutting he would cut it. He would rule out 
nothing that was common sense or practical, but he was 
entitled to ask them not to be unmindful of the difficul- 
ties, not to expect the moon, because if they did they 
would be disappointed ; not to attempt to force from 
them, because they were Labour people, what they 
would not dare to attempt to force from a capitalist 
Government. The nation was greater than any section, 
and it was in that spirit he approached his difficult task. 





The Italian Council of Ministers has adopted a 
draft Decree prescribing compulsory insurance against 
certain industrial diseases on the same legal basis 
as for industrial accidents, t.e., at the employers’ cost. 
The list of diseases in question, which may, if necessary 
be extended by Decree, includes poisoning by lead, 
mercury, phosphorus, carbon bisulphide, benzene, its 
homologues and their compounds; and, among 
parasitical diseases, ankylostomiasis. Anthrax is 
considered an accident, and as such gives rise to 
compensation for industrial and agricultural workers 
alike. The draft lays down that a worker suffering 
from a disease which gives rise to compensation must 
submit to the treatment that the insurance institution 
may consider necessary. Other industrial diseases, 
enumerated in a list annexed to the Decree, must be 
notified by the doctor who ascertains their occupational 
origin. 





Another Italian Decree provides that workers 
engaged in industrial employment involving the 
handling of the under-mentioned poisons or infectious 
substances must be medically examined when they are 
taken on and at intervals subsequently : Lead, mercury, 
yellow phosphorus, alkaline chromates and chlorates, 
chlorine and hydrochloric acid, carbon _bisulphide, 
sulphuretted hydrogen, hydrocyanic acid and cyanides, 
cyanogen chloride and bromide, petroleum benzene, 
benzene and its homologues, petroleum benzene 
containing organo-metallic compounds or other 
poisonous substances, carbon tetrachloride, acetone, 
nitro, chlorinated, and amino compounds of benzene 
hydro-carbons and phenols, halogen compounds of 
methane and acetylene, chloropicrin, phosgene. 





The New York City Department of Health has 
decided that certain occupational diseases and industrial 
one shall be considered reportable diseases. 

hysicians and hospitals are consequently required 
to notify the city authorities of any cases of the 
following occupational diseases: caisson disease 
(compressed-air illness), poisoning by arsenic, bisulphide 
of carbon, brass, carbon monoxide, dinitrobenzene, 
lead, mercury, methyl alcohol (wood alcohol or wood 
naphtha), natural gas and phosphorus. 
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Agreements were recently concluded providing for 
a five-day week with an increase in daily wages in 
the building trades, in New York. Negotiations for 
a five-day week were begun by the Bricklayers’ Union, 
which suceeded in concluding an agreement providing 
for a five-day week, and an increase in wages}from 
14 dols. to 15 dols. a day, as from May 1, 1929. The 
Mason Builders’ Association concluded a similar 
agreement on April 24. The five-day week has now 
been extended to other workers in the building trades. 
It is estimated that the total number of workers 
covered is about 150,000. Work done on Saturdays 
will in future be paid for at the rate of time and a 
half. 





The weekly official organ of the Industrial Labour 
Office states that the composition of the Committees 
of the provincial economic councils, which fix the 
basic prices of the most widely-used food products, 
has recently given rise to comment in the Italian press. 
These committees include the prefect or vice-president 
of the provincial council, who represents the general 
interests of the community, the provincial secretary of 
the National Fascist Party, representing political 
interests, employers’ representatives, who are members 
of groups within the principal economic councils and 
representatives of consumers’ co-operative societies. 
The workers’ newspaper considers that the exclusion 
of workers’ representatives from these committees is 
not in accordance with the corporative principle. The 
prefect and the political secretary of the National 
Fascist Party (says the newspaper) are thus called 
upon to give their verdict as arbitrators upon certain 
facts, after hearing the representatives of only one of the 
parties ; but are not, it is asked, the representatives of 
the workers themselves also interested in giving 
evidence? It has been stated that the duty of safe- 
guarding the interests of the workers devolves upon the 
prefect and the political secretary, who have greater 
authority than the other members of the committee. 
In the opinion of the workers’ organ, this is not the case. 
The prefect and the political secretary should represent 
the general interest, and consequently cannot undertake 
the defence of a single group without abandoning that 
impartiality which is required by the nature of their 
duties. 





Some time ago, the Japanese Government decided 
to extend the application of certain provisions of the 
Factory Act to all factories using power-driven 
machinery, irrespective of the number of workers 
employed, or of the nature of the work. According to 
statistics recently published in the Japanese official 
labour gazette, there were, at the end of October, 
1927, 51,953 factories employing 1,687,472 workers 
covered by the Factory Act. The effect of the exten- 
sion will be to increase the number of factories covered 
by 93,153 and the number of workers covered by 
238,602. Of this number, 10,977 factories, employing 
50,031 workers, are engaged in the textile industry. 





On July 1, 1929, the number of unemployed persons 
on the registers of Employment Exchanges in Great 
Britain, was 1,142,400. Of these, 765,000 were wholly 
unemployed, 301,300 were temporarily stopped, and 
76,100 were persons normally in casual employment ; 
880,100 were men, 28,300 boys, 199,500 women and 
25,500 girls. Of 1,117,807 on the registers on June 24, 
1929, 763,938 were wholly unemployed, 276,588 were 
temporarily stopped, and 77,281 were persons normally 
in casual employment; 875,106 were men, 27,082 
boys, 191,317 women, and 24,302 girls. The number 
of unemployed persons on July 2, 1928, was 1,217,478, 
of whom 970,385 were men, 28,767 boys, 190,812 
women, and 26,514 girls. 





The dockers who went on strike at various ports, 
including London, in sympathy with the attitude 
of their fellow members of the Transport and General 
Workers’ Union, who are seamen, towards the require- 
ment that they should be members of the National 
Seamen’s and Firemen’s Union, have all returned 
to work unconditionally. The stoppages were, of 
course, irregular. 





The trouble in the cotton industry has apparently 
now reached a highly critical stage, as the Northern 
Counties Textile Trades Federation, which is composed 
of the unions on the manufacturing side of the 
industry, has followed the lead of the workers in 
the spinning section, and rejected the proposed wages 
reduction of a little over 124 per cent. Ballots of 
the operatives in the spinning section, for or against 
strike action, are in progress and will be completed 
this week-end. The operatives on the manufacturing 
side are to be ballotted next week on a similar issue. 
Altogether, it is estimated, about 500,000 operatives 
are prospectively affected. 
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THE CONTRIBUTION OF MANCHES- 
TER RESEARCHES TO MECHANICAL 


SCIENCE.* 
By R. W. Baltey. 

(Concluded from page 27.) 
Eaton Hodgkinson (1789-1861).—This name will be 
known to many engineers through Hodgkinson’s res- 
ponsibility for the well-known formula for the strength 
of cast-iron columns. This work, however, was only a 
part of his contribution to mechanical science, and in 
his day he was probably the leading authority in this 
country on the theory and strength of structures. At 
one time, a pupil of Dalton, he afterwards devoted 
attention to the theory of elasticity and strength of 
materials. In association and with the help of Fair- 
bairn, he conducted, in Manchester, much original 
research. His first published paper was produced 
when he was 30 years of age, and in 1847, at the age 
of 58 years, he left Manchester to take up the appoint- 
ment of Professor of Mechanical Engineering at Univer- 
sity College, London. 

Hodgkinson’s first paper gave an analytical treat- 
ment of the transverse strength of beams, and was of 
a general character, covering the case when the elastic 
behaviour in compression and tension is different. 
Tests were made upon timber beams of several woods ; 
the position of the neutral axis was determined experi- 
mentally, and the data obtained were utilised to show 
how the resistance of beams of different constructional 
forms and dimensions could be calculated. Altogether 
the paper gave a very creditable and reliable treatment 
of the subject. Suspension bridges next claimed 
Hodgkinson’s attention, and in 1828 he read a paper 
upon the subject which gave a full analytical treatment 
of the form of the catenary, including the influence of 
the weight of the chain when of varying section, and of 
the roadway. 

To Hodgkinson is due the credit of having established 
the rational design of cast-iron beams. It had become 
the chief constructional metal for beams and bridge 
girders, but erroneous views were held regarding the 
proper disposition of metal in structural parts subjected 
to bending. It was believed, for example, that the best 
form of cast-iron beams was secured by having equal 
flanges. By means of theoretical treatment and an 
elaborate series of tests, Hodgkinson arrived at the 
most economical proportions of cast-iron beam cross- 
sections, and he devised a rational formula for their 
strength. The results of this research were given in a 
paper read in 1830. Its magnitude as an investigation 
may be gathered from the fact that, in all 35 beams 
were tested ranging in span from 4 ft. 6 in. to 9 ft., 
and in weight from 36 lb. to 2441b. Fairbairn’s testing 
lever was employed for loading purposes, and all the 
test beams were supplied, and the cost of the investiga- 
tion was borne, by Fairbairn’s firm. This research had 
considerable practical value. Shortly afterwards, 
Hodgkinson investigated the behaviour of beams under 
impact, and he read two papers before the British 
Association giving the results of his researches. In 
these he developed, in a comprehensive manner, the 
theory of the forces set up by impact. The results of 
his tests compared well with his calculated values. 
In addition to the tests upon beams, a few tests were 
carried out on the impact of a body falling upon another 
suspended by a wire. The research is of interest, as it 
gives a fairly complete view of the theoretical aspect of 
the subject, and shows that Hodgkinson was fully aware 
of its practical significance. 

In 1837, Hodgkinson presented the results of his 
tests upon the transverse strength and other properties 
of hot- and cold-blast iron in a paper read before the 
British Association. In carrying out this research 
attention was paid to the permanent set occurring at 
even very small loads, and later the matter was inves- 
tigated more closely. Hodgkinson found that the 
defect of elasticity followed a parabolic law from which 
he concluded that permanent set of small but finite 
magnitude occurred even at very small loads. A paper 
upon the subject applying the law to other materials 
such as stone, timber, &c., was read before the British 
Association in 1843. With the financial assistance and 
interest of Fairbairn, the scale of Hodkinson’s investi- 
gations grew in magnitude, and in 1840 he presented the 
results of his research upon cast-iron pillars. As in the 
research upon beams Fairbairn provided the testing 
facilities and bore the cost of the inquiry, which involved 
the making of 277 tests upon pillars ranging in length 
up to 73 ft. 

Euler’s formule for the stability of struts had been 
developed some years earlier, but no large-scale research 
had been carried out to test their validity, particularly 
with such a material as cast iron, where the relation 
between stress and strain is not linear and there is a 
departure from perfect elasticity, even at low stresses, 





_* Paper read at the Summer Meeting of the Institution 
of Mechanical Engineers, at Manchester, on Tuesday, 


were given by Hodgkinson for the strength of cast-iron 
pillars of solid cylindrical form having rounded and 
flat ends. The influence of enlarging the cross-section 
at the middle was investigated, as was also the behaviour 
of hollow cylindrical pillars and pillars of rectangular 
and of H and I cross-section. A few pillars in wrought 
iron and different woods were tested, in order that a 
comparison of the several materials examined could be 
made. A number of important and interesting tests 
were made upon pillars loaded for a period of fifteen 
months, during which a number of readings were taken 
of deflection. The temperature was not constant, 
varying from 39 deg. F. to 74 deg. F., and its magnitude 
was recorded. Four similar columns were loaded by 
different weights in the proportion of 1, 1:75, 2-5, and 
3:25. The first two showed no measured progressive 
increase in deflection after the initial deflection; the 
deflection of the third increased steadily throughout the 
period of test, and the fourth behaved similarly until 
failure occurred five months after the beginning of the 
test. These tests probably constitute one of the first, 
perhaps the first, systematic group of long-duration 
tests, now commonly known as creep tests. This 
research of Hodgkinson ranks as one of the most com- 
plete upon pillars, and his results for cast iron are of 
value to-day. 

Osborne Reynolds (1842-1912).—Trained as an engineer, 
much of Reynolds’s work had immediate bearing upon 
engineering science and development, but the full 
import of his researches and teaching is only now 
adequately appreciated. Whereas Hodgkinson and 
Fairbairn applied themselves chiefly to the theory and 
behaviour of materials and structures, Reynolds does 
not appear to have given much attention to these 
matters. To some extent he followed Joule in dealing 
with the behaviour of gases, heat transmission, and the 
condensation of steam, and one of his most extensive 
experimental researches was appropriately a redeter- 
mination of the mechanical equivalent of heat. He 
gave attention chiefly, however, to research in dynamics. 
His original work upon hydrodynamical problems 
occurring in engineering practice, such as lubrication, 
fluid friction, the action of waves and currents in 
determining the beds and foreshores of estuaries, and in 
connection with turbines and pumps, constitutes an 
unrivalled contribution to current engineering theory 
and development. The unusual combination of 
engineer and mathematical physicist accounts for the 
basic character of much of Reynolds’s work. 

With the exception of his first paper, dealing with the 
suspension of a ball by a jet of water, Reynolds did not 
publish papers upon mechanical science until five years 
after his appointment in 1868 to the newly-instituted 
professorship of engineering at the Owens College, his 
attention in the meantime being confined to subjects of 
an electrical or magnetic character. From that year 
until 1896, his researches in mechanical science were 
represented by a succession of papers, many of a 
fundamental character. Reynolds’s most important 
contribution was made in connection with fluid motion. 
His treatment of the theory of film lubrication is now 
classical and forms the foundation of subsequent theory 
relating to all film-lubricated bearings, both of cylindri- 
cal and plane form, as employed by Michell and 
Kingsbury for thrust bearings. The development of 
thrust bearings of this type was dependent in an 
important degree upon the publication of Reynolds’s 
theory. As a mark of his indebtedness, Mr. Kingsbury, 
in 1919, founded a research fellowship to be called 
the “ Osborne Reynolds Fellowship in Engineering ”’ 
at the Manchester University as some recognition “ of 
the debt which he owed to Reynolds’s researches in 
lubrication in connection with the development of the 
Kingsbury thrust bearing.” The value of this one 
contribution of Reynolds’s, directly or indirectly, is 
immense. It has provided the theoreticalbas is for 
analysing the problem of lubrication of steam-turbine 
and all other high-speed bearings; it has led to the 
displacement of thrust bearings of the collar type 
employed for ship propeller shafts ; and it has resulted in 
bearings capable of carrying loads at speeds that 
otherwise would have been impossible. 

In the same category and perhaps of equal importance 
is his work upon the flow of fluids in pipes and channels, 
important not so much from the quantitative results 
obtained, although these are valuable, but for the 
general basis he has provided for dealing with fluid 
motion. That the flow of a fluid could be of two 
different kinds, namely, what are now known as 
stream-line and turbulent, was already known. 
Reynolds, however, not only demonstrated the two 
conditions in the case of pipe flow and found the corre- 
sponding law of resistance, in the case of turbulent 
flow proposing a new logarithmic formula, but he 
determined generally the critical speed at which 
change from one to the other may occur. More im- 
portant still, he discovered the basis for the similar 
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flow of all fluids by finding “‘ that the general character 





Euler’s formule were found to require modification | 
to represent the behaviour of cast-iron pillars. Formule 


of the motion of fluids in contact with solid surface 
depends on the relation between a physical constant 
of the fluid, and the product of the linear dimensions 
of the space occupied by the fluid, and the velocity.” 
This quantity, which has no dimensions and is now 
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known as the Reynolds number, he found to be 


where D is the diameter of the pipe or the characteristic 
linear dimension of the conduit or body considered, 
v is the speed of flow, and yw’ is the kinematic viscosity 
of the fluid. 

Whilst Reynolds’s logarithmic formula for flow in 
pipes has not been much used practically for water, 
as it is less convenient for calculation purposes than 
the well-known Weisbach empirical formula, his 
general relation has proved of great value in other 
cases, such as oil and chemical fluids. The principle 
discovered, moreover, is of fundamental importance 
in connection with model experiments, since it deter- 
mines the condition of similarity of motion. It may 
be mentioned here, as an example of the practical 
importance of the'principle discovered, that the deveiop- 
ment of the modern large low-head hydraulic turbine 
is entirely dependent on the results of model investi- 
gations based upon the laws of dynamical similarity. 
Subsequent to his research upon the flow of fluids in 
pipes, Reynolds presented an extensive paper of a 
theoretical character, in which he demonstrated the 
existence of the critical condition associated with the 
change in the character of flow. 

Having established the condition of similarity of 
flow of fluids in conduits, Reynolds shortly afterwards 
investigated the phenomena of bed formation in 
rivers and estuaries, and he determined the conditions 
under which the bed formation can be reproduced 
|or predicted by means of models. His first paper 
|on the subject was read in 1887, before the British 
| Association. This highly important research arose, 
| like his investigation into the flow of fluids in conduits, 
from his philosophic interest in hydrodynamics. In 
the paper referred to, Reynolds discussed the general 
conditions determining the deposition and removal of 
granular material by flowing water, and described the 
results of experiments upon a model of the Mersey 
estuary in which he reproduced the general charac- 
teristics of bed formation and state of tide found in 
the estuary. His experiments were of a preliminary 
character, however, and they raised a number of points 
upon which further investigation was necessary. 
Arising out of this contribution, the British Association 
appointed a committee to investigate the action of 
waves and currents on the beds and foreshores of 
estuaries by means of working models, and Reynolds 
planned and carried out the research at Owens College. 
The investigation involved numerous experiments 
upon parallel foreshore sections, V-shaped estuaries 
with and without flowing land water and a long river, 
the effect of unsymmetrical estuaries, and the influence 
of groynes and walls. The research, which was fully 
recorded by three reports made by the Committee, 
established conditions under which models can be used 
to predict bed formation, and thus an extremely valu- 
able method was placed at the disposal of engineers, to 
guide and determine design. There are many prob- 
lems in which the method is of importance to mechanical 
engineers. For example, it has been used with success 
in recent investigations in the Engineering Department 
of the Manchester University to determine the effect of 
|the inflow and outflow from the condensing water 
conduits of a super-power station situated on the 
banks of an estuary, upon the siltation in their vicinity, 
and on the magnitude of the currents set up in the 








| neighbourhood of their inlets and outlets. 


Reynolds devoted attention to vortex motion and 
devised some very beautiful experiments to demon- 
strate vortices in fluids. Whilst this in itself as a 
contribution to mechanical science does not rank in 
importance with the cases we have so far considered, 
it is possible that it has some connection with his 
invention. of the turbine pump, wherein vanes are sub- 
stituted for 'Thomson’s vortex or whirlpool chamber. 
If so, it can be said that Reynolds’s philosophic interest 
in fluid motion and keen practical insight was in this 
case responsible for the present forms of multi- 
stage high-lift centrifugal pumps, and turbo-blowers. 
His patent specification No. 724 of 1875 shows that 
in addition to covering pumps and compressors, he 
included in a comprehensive manner multi-stage tur- 
bines driven by liquids, vapours and gases. Thus 
Reynolds anticipated the multi-stage turbine, opposite 
rotation of the two elements as in the Ljungstrém 
turbine, and multi-cylinder machines. This was not 
his only contribution to turbine development. In 
1885, he worked out the theory of the convergent- 
divergent conduit or nozzle used later by De Laval, 
and he discovered that the velocity at the throat 


corresponded with that of sound. 


Reynolds made notable contributions to the theory 


and knowledge of heat transmission between a gas and 


a conducting surface over which it flows. In 1874, 
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he read his modest but fundamental paper “‘ On the | of heat expressed upon the basis employed by Joule is 


Extent and Action of the Heating Surface of Steam | 


773-74 ft.-lb. This research, which Professor Lamb 


Boilers,” wherein he gave his now well-known law:| remarks ‘“ may claim to rank among the classical 
H = A + Bop vt, the value of which has only been | determinations of physical constants,” was the last 
adequately appreciated during the last 20 years.|in mechanical science published by Reynolds. The 
To-day, it forms the basis of all rational treatment and | scope of the present paper has only permitted reference 
design of heating and cooling surface in contact with | to one side of Reynolds’s work. His contributions to 


liquids and gases in motion. Eighteen months earlier, | 
he read a paper ‘‘ On the Condensation of a Mixture of 
Air and Steam upon Cold Surfaces.” 


physical science were no less original and profound. 
Researches Subsequent to Reynolds.—Since the carrying 
out of the researches which have been referred to, 


Joule made his experiments upon condensation of | sufficient time has elapsed for their value to be assessed 


steam carefully freed from air, and when his conclusions 
are taken with those of Reynolds, it is seen that over 
50 years ago, the factors affecting efficient condensa- 
tion were ascertained by them. The advent of the 
steam-turbine and its need of high vacua, have led only | 
comparatively recently to full advantage being taken 
of the principles disclosed by these investigators. 
These investigations and the laws of gases and vapours 
due to Dalton and Henry, make Manchester’s contribu- 
tion to the discovery of the fundamental principles 
of condenser engineering unique. Reynolds devoted 
much attention to the molecular action associated with 
heat transmission, and gave a number of important 
papers of scientific interest dealing with the subject. 

It appears from the opening paragraph of one of his 
papers that Reynolds became interested in the action 
of the screw-propeller at about the time he went to 
Cambridge, and over the intervening period he investi- 
gated the subject as opportunity occurred. It is not 
surprising, therefore, that a number of his papers are 
devoted to screw-propellers and their action in influenc- 
ing the steering of ships. These papers are of import- 
ance in illustrating the value of models in such investi- 
gations. His first papers, which dealt with the racing 


—the value in direct results and in influence upon the 
development of mechanical science. The work of 
Reynolds in particular has led to, or has been followed 
up by, many researches closely associated with the 
advances he made. In addition, important researches 
have been carried out in other directions, principally by 
living investigators. This work, however, is all 
comparatively recent. In view of its large extent, and 
the difficulty and inevitable uncertainty of attempting 
at present fully to assess its value and importance, it 
will only be briefly summarised here. 

(a) Researches Conducted in the Mechanical Engine- 
ering Department of the Manchester University.—Several 
important researches may be found showing the direct 
influence of Reynolds, namely, work by Smith on the 
fatigue of mild and cast steels under high frequency of 
stress reversal, by Stanton on heat transmission 
through a metal wall separating two currents of water, 
and by Dunkerley on the critical speeds of loaded shafts. 
The last two researches have established permanent 
positions in their respective branches of mechanical 
science. Reference should be made to a number of 
investigations upon the strength and behaviour of 
materials. Stanton investigated the plastic behaviour 


of screw-propellers, gave the results of his model wrought iron and mild steel stressed beyond the yield 


experiments which led him to’ discover the important 


point, and Wilson measured the conjugate pressures in 


action of air entrained in the water by the blades of | sand and their variation with the presence of water. 
the propeller in causing racing. These papers were} An ingenious method of loading their test-pieces 
followed by two communications to the British Associa- | enabled Robertson and Cook to explore, more accur- 
tion, which resulted in the appointment of a committee | ately than had hitherto been done, the fall in resistance 

to investigate the Effect of Propellers on the Steering | of mild steel immediately following the yield point. 
of Vessels,” and this committee was responsible for |The last two workers also made a refined investigation 
carrying out a number of tests upon vessels of various | of the failure of thick cylinders of mild steel and cast 
dedu and types, the results of which confirmed the |iron under internal pressure, their work constituting 
deductions made by Reynolds from his model experl- | one of the most useful contributions to our knowledge of 
— The reports of this committee were published | this subject. Later, Cook investigated the distribution 

y the British Association. It may be of interest to | of stress in a pipe stiffened by rings or flanges formed in 
mention that in his 1876 paper, Reynolds suggested | one with the barrel. 


that models in the form of small steam-launches, 


Attention has heen given to the strength and stability 


correctly proportional in dimensions, displacement, | of struts. Lander published a graphical method of 
dynamical characteristics, and power, should be determining the strength of struts and tie-rods with 
employed in training naval officers in the manceuvring | Jateral loads, and he has dealt with the stresses in the 
of ships, especially for the purpose of ramming. | main spars of aeroplanes. Robertson made a critical 
Reynolds returned 10 years later to the subject of the | examination of the published data on the strength 
use of boat models employed under conditions of | of pin-ended struts, in which he referred the test 
dynamical similarity, by suggesting their use for| results to the case of eccentric loading. From these 


investigating the qualities of life-boats. 

In connection with the testing of steam-engines, 
Reynolds gave an important paper upon the theory of 
the steam-engine indicator, and he was responsible for 
the design and installation at Owens College of probably 
the most complete group of three experimental engines, 
constituting, as required, a compound or triple- 
expansion engine, to be found at that time. An 
important research was carried out upon this equip- 
ment, the results of which were presented in a paper, 
in which he introduced his method of combining 
indicator diagrams of multi-expansion engines. This 
method applied to the diagrams of the trials yielded 
useful information upon cylinder condensation. In 
connection with the testing apparatus, Reynolds’s 
knowledge of vortex action enabled him to make a 
most important improvement of the Froude brake, 
which rendered it stabie and capable of easy adjust- 
ment. The most important contribution to mechanical 
science associated with this equipment, however, was its 
use to determine the mechanical equivalent of heat 
upon a scale altogether outside the resources available 
to Joule. 

This research, planned by Reynolds and carried 
through by Moorby, employed a Froude brake as its 
calorimeter, in which the water was raised in tempera- 
ture from approximately freezing-point to boiling- 
point at atmospheric pressur:. Tests were carried out | 
under conditions of constant speed and temperature, 
but at two different loads, corresponding to about 
35 b.h.p. and 70 b.h.p., so that by taking differences 
in the work done and the heat produced, data were 
obtained free from major errors arising from radiation 
and other heat leakage losses. Altogether, 80 tests 
were made, of which rather more than half were | 
believed to involve no known sensible error. The 
average result obtained when all corrections had been 
applied, which were extremely complete, was the value 
of 776-94 ft.-Ib. as the mechanical energy measured at 
Manchester, equivalent to ;},; of the heat necessary 
to raise 1 lb. of water from 32 deg. to 212 deg. F. The 
corresponding value reduced to the latitude of Green- 
wich is 777-07 ft.-lb., and the mechanical equivalent 








data, and the results of his own tests, which showed the 


importance to be attached to the yield point in com- 
pression of the material, he proposed expressions which 
appear to have a wide range of utility. Recently 
Robertson has published an important paper upon the 
strength of thin tubular struts for cases where failure 
occurs by wrinkling of the wall; a large part of the 
work for this investigation was carried out in 
Manchester. In this country, the early development 
and manufacture of internal-combustion engines was 
centred to a large extent in and around Manchester. 
It is probable that manufacturers have carried out 
important investigational work, similar to that done on 
governing and described by Atkinson in a paper read 
before the Institution. Published research associated 
directly with internal-combustion engine development 
is, however, not extensive, and most published Man- 
chester researches on this subject were executed at 
Owens College. Petavel’s work on solid and gaseous 
explosives is noteworthy on account of the range of 
pressures covered, and his employment of a specially 
developed recording manometer of high precision. 
Gibson and Gwyther investigated the influence of the 
degree of saturation of the air supply to a suction 
producer upon the performance of the plant, including 
gas-engine. Petavel and Asakawa dealt with the 
influence of compression ratio upon the efficiency of a 
gas-engine. 

The intensive development of aircraft for war 
purposes led to research upon the working conditions 
in internal-combustion engines. Gibson and Baker 
made some general investigations on exhaust valve 
and cylinder-head temperatures and their dependence 
upon operating conditions. Later Gibson investigated 
piston temperatures in a similar manner and compared 
values for aluminium alloy and cast-iron pistons. 
More recently, attention has been given to problems 
connected with the use of heavy-oil engines for airship 
purposes. In this connection, Mucklow has investigated 
the influence of reduced suction pressure and the use of 
hydrogen as an auxiliary fuel. 

The prominence of researches in hydraulics due to 
Reynolds has been re-established during recent years 





by Professor Gibson. In 1908, Gibson published the 
results of a comprehensive analytical and experimental 
investigation of the phenomenon of water-hammer in 
pipe-lines and its relation to the regulation of water- 
turbines. At about the same time, he investigated the 
cause of the maximum speed of flow in a channel 
occurring below the free surface, and advanced a 
theory which accounted for the phenomenon and its 
dependence upon speed of flow and variation in the 
character of the channel bed. Gibson and Ryan 
investigated the resistance to rotation at high speeds of 
discs in water. Their data has enabled the frictional 
resistance and energy loss to be predetermined in most 
practical cases, as, for example, in centrifugal pumps 
and in water-sealing glands of steam-turbines. Two 
researches, one by Gibson and the other by Gibson 
and Labrow, have provided important information upon 
the loss of head associated with flow in a conduit of 
enlarging cross-sectional area. The former investi- 
gated straight conduits, and the latter straight and 
bent conduits with radial regainers employed as draught 
tubes for water-turbines. Reynolds’s work and 
Rayleigh’s more general deduction relating to the 
conditions of similarity of motion of fluids, have led 
to important experimental work upon the fricton of 
liquids, gases, and vapours in pipes. Lander compared 
the resistance to flow of water and dry saturated and 
wet steam, in steel tubes, and confirmed the application 
of the principle of dynamic similarity. Gibson’s 
investigation of the resistance of a corrugated pipe 
likewise provided striking support of the truth of the 
principle. An attempt by Heywood to correlate pipe 
and channel flow upon the basis of the principle, served 
the useful purpose of revealing the difficulties involved 
and the need for much further data. An important 
case of fluid flow is furnished by Cramp’s investigation 
of the pneumatic conveyance of grain. At present 
considerable attention is being given in the department 
to the use and application of models in predetermining 
flow and behaviour in cases which are generally too 
difficult or laborious by analytical methods. An 
interesting example of the method is presented by 
Gibson’s use of a model for investigating the behaviour 
of a surge tank upon a pipe-line connecting a reservoir 
with a hydraulic turbine. 

(b) Researches conducted in the Mechanical Engine- 
ering Department of the Manchester Municipal College 
of Technology.—Researches at the College of Technology 
have been noteworthy for the considerable attention 
given to'the behaviour of metal cutting tools. In 1902, 
the Manchester Association of Engineers appointed a 
committee to investigate the new rapid-cutting tool- 
steels then being introduced, and a series of lathe tests 
upon different steels was carried out under Nicolson’s 
supervision at the College of Technology. These tests, 
a report of which was made to the Association, gave a 
measure of the cutting capacity of the new steels when 
operating upon cast iron and carbon steels, but no 
attempt was made to investigate cutting action beyond 
finding in a preliminary way that when cutting steel the 
downward force upon the tool was proportional to the 
area of the cut, and that it decreased somewhat with 
increasing speed, Nicolson followed up these tests by 
conducting a series of tests using one particular tool- 
steel to investigate the influence of tool form and cutting 
angles upon durability, and by means of a special 
dynamometer he measured the component forces 
acting upon the tool. The results of this research were 
given in a paper read before the Institution in 1904. 

During the next eight to ten years, researches were 
carried out in this country and abroad, but the results 
were not concordant, and the Manchester Association 
of Engineers formed a Lathe Tools Research Committee, 
to institute research to establish, with some degree of 
certainty, the influence of the more important factors 
associated with cutting action. This research was 
carried out at the College of Technology with Mr. 
Dempster Smith (now Professor of Mechanical Engine- 
ering at the College) as investigator. Following a 
preliminary investigation, support was given to the 
research in 1915 by the Department of Scientific and 
Industrial Research, and a comprehensive programme 
of tests was commenced. This included investigation 
of heat-treatment, various means for testing the quality 
and condition of speed, depth of cut, traverse, tool form, 
cutting angles, nose radii, size of tool, and use of a 
cooling medium. Also a full analysis was made of the 
component forces acting upon the tool, and the power 
absorbed was determined. The results of this research 
were embodied in a report issued by the Department 
of Scientific and Industrial Research. This was 
followed by a second report, presented as a paper before 
the Manchester Association of Engineers, which gave 
results of a similar investigation when the material 
cut was cast iron. All these investigations were 
concerned with the removal of metal in quantity. 
Dempster Smith investigated the behaviour in the case 
of fine cuts, and the results of his tests were published 
in two papers. In the first, by Dempster Smith and 
Hey, the existence of maximum durabilities found by 
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Herbert was confirmed, and in the second, by Dempster 
Smith and Leigh, the superiority of a plain carbon tool- 
steel over a high-speed tool-steel for fine cuts was 
demonstrated. So far reference has only been made 
to research upon lathe or single cutting-edge tools. 
An investigation upon the forces acting upon twist- 
drills was commenced by Nicolson and completed by 
Dempster Smith and Poliakoff. The results obtained 
were embodied in a paper read before the Institution, 
and have provided valuable information upon the 
forces associated with drilling. 

Nicolson carried out an important and extensive 
research upon heat transmission associated with 
high gas-speeds. With the object of greatly increas- 
ing heat-transmission rates by appropriately raising 
the gas-speed, he investigated the applicability of 
Reynolds’s law to heat transmission in boilers. Heat 
transfer from compressed air to water through a metal 
wall was investigated first at the College of Technology 
and later at the works of Messrs. Joseph Adamson and 
Company. Further experiments, using both com- 
pressed air and superheated steam, were carried out 
by Nicolson, Jordan, and others at the College of 
Technology. These experiments and existing data 
enabled values to be assigned to the coefficients of 
Reynolds’s formula expressed in terms of the magnitude 
of the hydraulic mean depth of the conduit and the 
temperatures of the gas and of the metal wall. This 
important investigation was followed by research 
at the works of Messrs. Joseph Adamson and Company 
upon a specially constructed Cornish boiler. The 
results of the tests demonstrated the applicability 
of Reynolds’s law and, in accordance with the law, 
rates of heat transmission were obtained many times 
those occurring in normal practice, or indeed imagin- 
able upon the knowledge existing prior to the advance 
made by Reynolds. 

Mellanby was responsible for an important research 
upon the influence of steam jackets on the efficiency 
of compound steam-engines. The results of this 
research, which provided a concise and convincing 
determination of the influence of steam jackets situated 
at different parts of the cylinders, were given in a 
paper before the Institution. The most important 
research relating to heat engines with which the 
College of Technology has been associated is the Steam 
Nozzles Research of the Institution. This research, 
which is being carried out in Manchester, was com- 


investigation by Stoney, Boswall and Massey, upon 
oil film thickness in the case of cylindrical bearings, 
gave results in reasonable agreement with theoretical 
values derived from Reynold’s theory of lubrication. 
Researches relating to the strength and elasticity of 
materials which may be referred to include : Carrington 
and Popplewell’s investigation of the strength of short 
thin-walled tubular struts where crumpling of the wall 
is the mode of failure; Carrington’s investigations 
of the physical properties of spruce, of the bending of 
deep beams, and of the deflection and vibration charac- 
teristics of thin plates. 

(c) Other Researches.—In connection with Manches- 
ter’s pioneer position in this country, in researches 
relating to the cutting of metals, the work of Mr. E. G. 
Herbert requires reference. In 1909, Mr. Herbert pub- 
lished the results of an investigation into the cutting 
action of files, which included continuous cutting 
tests with light cuts. His results showed the superiority 
of carbon steel over high-speed steels at low cutting 
speeds and light cuts, and demonstrated that for a 
given cut a maximum cutting capacity occurred at a 
particular speed. During the last three years, Herbert 
has presented to the Institution several important 
papers dealing with the cutting of metals. 

Reference should be made to the Manchester Steam 
Users’ Association, partly because of the useful investi- 
gation this Association has carried out, and also 
because of its pioneer character as an organisation 
of industrial concerns having as one of its objects the 
prosecution of research for the benefit of its members. 
From the time of its foundation in 1855 by Fairbairn 
until the appointment in 1897 of Mr. C. E. Stromeyer 
as Chief Engineer, the Association carried out a number 
of investigations of a practical character, although in 
the later years of this period there was a decline in its 
research activities. The appointment of Stromeyer 
was marked by a revival of the research policy of the 
Association. After dealing with the problems of 
boiler incrustation, and water treatment, and the 
causes of embrittlement of steel in steam-boilers, 
Stromeyer gave attention to the subject of fatigue, 
and in 1914 he presented an important paper embodying 
the results of his research. His tests were made in 
torsion, by means of his special testing machine, now 
installed at the National Physical Laboratory. He 
introduced a thermal method of studying the progress 
of fatigue and of obtaining endurance values. Failure 





menced in 1920, Dr. Stoney acting as reporter, and 
Dr. Telford Petrie as superintendent of research. 
Five Reports have been issued by the Institution. 
It should be recorded that the results obtained have 
been of very considerable value in their influence 
upon steam-turbine development. In view of Rey- | 
nold’s important and original contribution upon the 
flow of gases in passages and nozzles it was appropriate 
that Manchester should have been chosen as the centre 
for the Institution’s researches on this subject. 
Reference should be made to researches by Dempster 
Smith and Walker upon the flow of water through 
orifices and over weirs. Stoney has drawn attention 
to the fact that in the case of the first investigation 
the results lend support to a prediction of Mr. H. M. 
Martin regarding changes in the velocity coefficient 
for steam-flow in nozzles at low speeds. An important 








by fatigue is often closely associated in practice with 
stress concentration. Stromeyer developed a delicate 
strain gauge for the purpose of determining stresses at 
fillets, corners, and plate surfaces. He has applied his 
method, for example, to determine the stress distribu- 
tion at the corners of a locomotive firebox, and recently 


| Dr. Telford Petrie, the present Chief Engineer, has 


used the method to investigate the distortion of a 


Lancashire boiler. 
Conclusion.—The author has endeavoured to give 
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pective of their value, and it would be invidious even 
if it were possible to make comparisons with the past. 
It has been suggested that the researches to which 
reference has been made fall broadly into two periods. 
We are now witnessing the early stages of a third 
period, in which industry, recognising the advantages 
it has received from the scientific research of the past, 
and realising the greater needs of the future, is itself 
energetically prosecuting research as an economic 
necessity. This is taking the form of extensive co- 
operative research represented by the research associa- 
tions of specific branches of industry, which have been 
formed and are assisted financially by the Department 
of Scientific and Industrial Research, and by the 
creation by some engineering firms of their own 
research organisations. 








THE CORROSION OF METAL BY 
FLOWING WATER. 


At the recent Conversazione of the Institution of 
Civil Engineers, which we dealt with in our issue of 
June 14, an interesting demonstration of the effect 
of velocity on the corrosion of steel by flowing water 
was given by Major J. N. Dundas Heenan. The 
apparatus used in the demonstration is shown in 
Fig. 1 above. A circular steel plate, with a polished 
surface, and cleaned to remove all traces of grease, 
was placed in a horizontal position, as shown, and 
a nozzle, mounted vertically above the plate, directed 
a jet of water on to its centre. Arrangements were 
made to control the velocity of discharge. As the 
water came in contact with the plate, it spread out 
radially and flowed completely over its surface. The 
interest of the demonstration lay in the behaviour 








and effect of the flow of water on the surface of the 
plate. As will be clear from Fig. 1, the water for 
about half the radius of the plate flowed outward in 
an apparently uniform stream. At a certain distance 
from the centre, which depended on the velocity, a 
small circular standing wave appeared, beyond which 
the velocity of the water was much reduced. As the 
velocity of the jet was increased, the diameter of the 
wave circle increased and vice versa. 

In the course of experimental work with this 
apparatus, the jet velocity was adjusted so that the 
wave circle was about 4 in. in diameter. When the 
flow had settled down to a steady condition, a series of 
small stationary bubbles appeared on the plate surface 
outside the standing wave, while at the same time 
small bubbles could be seen moving radially across 
the surface inside the wave. These bubbles never 
remained stationary like those outside the wave. 
If these conditions were maintained, for a few hours, 
the surface of the plate outside the wave began to 
corrode, and became covered with oxide, while the 
surface inside remained bright. The surface of a 


an outline of Manchester’s contribution to mechanical | plate which has been subjected to the action of the 


science as represented by its published researches. 
It may appear that, during the last century, the stage 
was occupied by a few men of outstanding genius, 
who made notable advances in the science of engi- 
neering. We are too close to the contributions made 





during the present century to obtain a correct pers- | Major Heenan, is that the water moves outward from 


jet in this way for 170 hours is illustrated in Fig. 2. 
Half of this plate has been cleaned of surface oxide 
and clearly shows the difference between the action 
of the water inside the standing wave from that outside. 

The explanation of this phenomenon, given by 
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the jet with turbulent flow, but that at some critical 
velocity, indicated by the wave, turbulent flow ceases, 
and steam-line flow sets in. In the condition of turbu- 
lent flow all small bubbles of oxygen in the water are 
carried along, and are unable to adhere to the surface 
of the plate; during the streamline flow, however, 
they adhere to the surface and corrosion sets in. This 





experiment was originally carried out in connection 
with investigations into the effect of high and low 
velocities of water flow on the tubes of the Foster 
economiser, and it was concluded that it demonstrated 


hour. The engines were built by Messrs. Sulzer Bros. 
at their Winterthur Works, and the capacity which has 
been installed in a single unit is well illustrated by the 
fact that a twin-screw passenger liner fitted with two 
engines similar to those of the Poelau Roebiah would 
develop some 1,080 more horse-power than the quad- 
tuple screw liner Aorangi which is fitted with four 
6-cylinder Fairfield-Sulzer units running at 130 r.p.m. 
and develops a total brake horse-power of 13,000. 
The Poelau Roebiah and her sister ships are 490 ft. 


|in length and have a moulded breadth of 61 ft. and a 


that if the velocity is above its critical period, that is,| depth to upper deck of 36 ft. 9 in. The deadweight 
if the flow is turbulent, then the oxygen bubbles are | tonnage is 13,000 and the gross tonnage 10,000. The 


swept along, and do not set up corrosion. Below 
the critical velocity, however, with streamline flow, 
corrosion takes place. 





THE SINGLE-SCREW MOTOR-SHIP 
‘**POELAU ROEBIAH.”’ 


In Figs. 1 to 4 above we illustrate the motor ship 
Poelau Roebiah, which is in the service of the Nether- 
land Shipping Company on the Amsterdam-Dutch 
East Indies trade. The particular interest of this 
vessel lies in the fact that she, and her sister ships, 
are claimed to be the highest-powered single-screw 
motor ships which have so faz been built. The Poelau 
Roebiah is fitted with an eight-cylinder engine, running 
at 100 r.p.m., and developing 7,040 brake horse-power. 
The boat has a displacement of 17,450 tons and a 
service speed of 14 to 14$ knots. The Poelau Roebiah 
is one of a group of four, while five more vessels with 
similar engines, and of approximately the same dimen- 
sions, are on order. The fitting of an important group 
of vessels of this size with single propellers and engines 
clearly demonstrates the growing confidence in the 
Diesel engine, in commercial shipping circles. The 
engines of the Poelau Roebiah are of the two-cycle 
single-acting type and have a fuel consumption, includ- 





ing main engine auxiliaries, of 0-40 Ib. of fuel per b.h.p.- | erection, where the quarters for the captain and navi- | 


| engine-room has been made as short as possible and, 


although the engine is an eight-cylinder unit, has a 
length of only 80 ft., or 16-3 per cent. of the length 
of the ship. It is situated slightly aft of midships 
between holds Nos. 3 and 4. As shown in Fig. 1, there 
| are six holds in all, the three forward being the larger 
poses No. 4 taking the form of a deep tank. Fuel oil 
is carried in side tanks in the engine-room and in the 
| double-bottom tank under the machinery space. The 
oil consumption per day at full speed is between 
30 tons and 35 tons, and the tank capacity is sufficient 
| to enable the ship to make a round trip to the Dutch 
| East Indies and back without refuelling. Exception- 
| ally large fresh-water tanks are provided in the double 
| bottom, as large numbers of pilgrims are carried on 








gating and engine-room officers are also situated. The 
crew and engine-room hands are berthed aft in the 
poop, while accommodation, in addition to that pro- 
vided by the wells, is arranged for pilgrims in the fore- 
castle. 

The arrangement of the machinery in the engine- 
room is shown in Fig. 5, on page 61, while a view of 
the main engine is given in Fig. 6, on page 62, and 
four views in the engine-room in Figs. 7 to 10, on 
Plate VIII. As we have already said, the engine is of 
the Sulzer two-cycle, single-acting type. It has eight 
cylinders of 820 mm. bore and 1,440 mm. stroke, runs 
at 100 r.p.m., and has an output of 7,040 brake horse- 
power. The fuel consumption at full load is about 
174 gr. per brake horse power-hour, or, including the 
scavenging blower, cooling pumps and lubricating oil 
pumps, 182 gr., or 0-40 1b., per brake horse power-hour. 
The piston cooling gear of these Sulzer engines is parti- 
cularly interesting. The telescopic pipe attached to 
and delivering water to, the piston head is the only 
sliding pipe and has an orifice at the bottom. The 
water is delivered under a pressure of 25 lb. to 30 Ib. 
per square inch through a fixed nozzle. It emerges 
from the nozzle almost in the form of a solid column 
and enters the orifice of the sliding pipe practically 
without spilling. Any waste water is caught and 
returned through a pipe to the tundish to which the 
discharge water is also led. We illustrate and described 


|certain sections of the route. The boat is of the | this arrangement in more detail in a description of a 
|‘ three-island’’ type, the wells being provided for | somewhat similar Sulzer engine in our issue of April 6, 


| carrying the pilgrims. There are two tiers of ’tween 
| decks and an orlop deck in No. 1 hold. The forecastle 
|and poop are short, but the bridge structure is a long 
|one. Of the three masts, the forward one has derricks 
|to serve the two forward hatches, while the midships 

mast serves the hatch of No. 3 hold, which is situated 
on the bridge deck. The after mast has derricks serv- 
| ing the two after holds. A number of deck cranes are 

also fitted, as shown in Figs. 1 to 3. There is accom- 

modation for twenty passengers in the ’midships bridge 


| 


1928.* Salt water is used throughout for cooling both 


| the pistons and cylinders. Other interesting features 





of the engine, which may be mentioned, are the pro- 
vision of renewable seats for the piston valves, and the 
use of a semi-built up type of crankshaft made in two 
interchangeable parts. The connecting-rods have 
solid bearings lined with white metal and no bushes. 


|The control gear, which is shown in Fig. 7, on Plate 


VIII., is arranged on bottom platform level at the 





* ENGINEERING, vol. cxxv, page 412. 
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after end of the engine. 
of the engine is given ih Fig. 8. 

The layout of the auxiliary machinery is well shown 
in Fig. 5. The scavenge blower is in a compartment 
by itself on a flat at the forward end of the engine 
room. It is of the Brown Boveri type, with an electric 
motor at each end, and runs at 2,450 r.p.m., having an 
output equivalent to 560 cub. ft. of free air per second. 
The oil fuel pumps which are situated on the starboard 
side, as shown in Fig. 5, have a capacity of 55 tons per 
hour, while a battery of four Sharples-type purifiers is 
fitted. The salt water cooling pumps, situated on 
the port side, have a capacity of 400 tons per hour at 
a pressure of 40 lb. per square inch. These pumps are 
illustrated in Fig. 9, on Plate VIII. The lubricating 
oil pumps, which are in duplicate, have a capacity of 
8 tons per hour at 250 Ib. per square inch. There are 
18 high-pressure starting-air bottles, each of 28-cub. ft. 
capacity, the maximum working pressure being 
1,000 lb. per square inch; two intermediate pressure 
starting-air containers are also fitted, each of 390-cub. ft. 
capacity, and having a working pressure of 425 lb. per 
square inch. 

There are three auxiliary electric generating sets, 
arranged two on the starboard side of the main engine 
and one on the port side, as shown in Fig. 5. They are 
driven by four-cylinder Sulzer crosshead engines, 
having an output of 400 b.h.p. at 200 r.p.m., with 
cylinders of 340-mm. bore by 540-mm. stroke. Sea 
water is also used on these sets for cooling both the 
pistons and cylinders. The scavenge pump and air 
compressors are situated together at one end of the 
engine. Close governing is attained by varying both 
the amount of fuel and the quantity of injection air, 
the regulation being effected through a servo-motor 
which controls the lift of the fuel valve, and is itself 
controlled by the pressure of the air in the low-pressure 
stage of the air compressor. The auxiliary air com- 
pressor placed alongside the lubricating oil pumps, as 
shown in Fig. 5, is driven by a four-cylinder airless 
injection engine developing 220 b.h.p. at 320 r.p.m., 
and having cylinders of 300-mm. bore and 400-mm. 
stroke. It is direct-coupled to the compressor, which 
has four similar three- -stage cylinders, the total capacity 
being 420 cub. ft. of free air per minute at a pressure of 
925 lb. per square inch. 

The Poelau Roebiah was built by the Rotterdam 
Drydock Company, and of her sister ships, the Poelau 
Laoet was built by the Netherland Company, of 
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A view looking on the top| Amsterdam, and the Poelau Bras and the Poelau Tello 


by the de Schelde Company, of Flushing. The engines, 
in all cases, were supplied by Messrs. Sulzer Brothers. 








THE ROYAL METEOROLOGICAL 
SOCIETY. 


At the usual monthly meeting of the Royal Meteoro- 
logical Society, held on June 19 in the Society’s Rooms, 
South Kensington, Sir Richard Gregory, D.Sc., 
president, being in the chair. The following papers 
were discussed :— 

Potential Gradient and Atmospheric Pollution; The 
Influence of Summer Time.—In this paper by Dr. F, 
J. W. Whipple, the author said that the electrical 
potential gradient being affected by atmospheric 
pollution, it was to be expected that the diurnal varia- 
tion would assume a new character when “ summer 
time ’’ was introduced. The Kew Observatory records 
for periods before and after 1916 had been compared. 
There were normally two oscillations of potential 
gradient in the 24 hours. It had been found that the 
early morning minimum and the forenoon maximum 
were both advanced when “summer time” came in, 
whereas the second oscillation of the day was reduced 
in amplitude. 

Vertical Air-Currents as Measured by Pilot Balloons. 
—A paper by Mr. A. J. Bamford constituted an 
attempt to explain some of the mechanism of tropical 
convection. The results of the last seven years’ pilot 
balloon observations at Colombo showed that in the 
first half-kilometre the average rate of ascent was 
considerably faster than the theoretical rate given by 
the Dines formula, while in the next half-kilometre it 
was appreciably less than this value. At first sight a 
curious congestion of air near the half-kilometre level 
was suggested, but, by considering the distribution as 
well as the amount of the observed accelerations and 
retardations, the author suggested that the slow up- 
ward velocities between one-half and one kilometre 
could be reconciled with a general atmospheric move- 
ment that was on the whole upwards in these layers, 
by accepting the idea that tropical convection occurred 
in the form of large rolling whirls of at least a kilo- 
metre in diameter, the effect of such whirls being to 
displace balloons from the ascending side towards the 
descending side after they passed the level of the centre. 
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balloon flights showed retardation in a certain level 
did not appear to indicate that the general air move- 
ment at that level was downward, was apparently 
depressing, from the point of view of observational 
meteorology ; the author however, preferred to regard 
the matter more cheerfully as affording a picture of 
the structure of tropical convection that would not 
have been available otherwise. The next part of the 
paper dealt with cases where the simple whirl system 
was complicated by monsoonal and other circulations, 
and the last part dealt with observations up to 10 kilo- 








The fact that when the mean of several thousand 


metres. The latter showed a consistent and increas- 
ing excess above the theoretical values, but attention 
was called to the limitations that apply to such deduc- 
tions and to the importance of comparisons with 
similar results elsewhere. 

Studies on the Rhone Glacier, 1927. The Relation- 
ship Between the Average Air-Temperature and the Rate 
of Melting of the Surface of the Glacier. In this Dr. 
George Slater stated that observations in Spitsbergen, 
1921, suggested to him the following tentative rela- 
tionship between the average air temperature and the 
rate of melting of the ice :— 


t — 32 deg. F 
2 


where M = thickness (in feet) of ice melted per month 
(30 days) and t=average monthly temperature 
(deg. F.). 

This would become 0-2 in. of ice melted per day for 
each degree (F.) above zero under normal atmospheric 
conditions, wind and rain producing deviations from 
the normal. With the object of testing this relation- 
ship further, observations were conducted on the 
Rhone Glacier in 1927 over a period of 20 days, 

A hole 3 ft. deep was bored in the ice and a rod in- 
serted from which a shaded standardised maximum and 
minimum thermometer was suspended. It was found 
that when hourly records of temperature were recorded 
the relationship given above was corroborated. As 
the recording of hourly temperatures, however, was 
impracticable, late morning or early afternoon tempera- 
tures only were recorded, in addition to the maximum 
and minimum. An inspection of the tables of Ziirich 
air temperatures (Das Klima der Schweiz, 1864-1900) 
showed that the average of the maximum and minimum 
temperatures gave too high a value to the summer 
mean, whereas if the mean between the noon and 
maximum temperatures were first obtained, and then 
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the mean calculated between this figure and the mini- | 


mum temperature, the approximation to the true | 
mean was more correct. This method was accordingly | 
adopted. The average temperatures (July 26 to | 
August 15) were as follows: Maximum, 50-6 deg. F. ; | 
minimum, 34:5 deg. F.; noon, 43-79 deg. F., giving | 
a daily average of 8-8 deg. F. above 32 deg. F. Assum- | 
ing the rate of 0-2 in. of ice melted per day for each 


degree, the total amount melted would be 35-2 in., | 
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CATALOGUES. 


Welding.—We have received from Messrs. Autogen- 
werk Sirius Company, Dusseldorf, Germany, a circular 
giving prices and particulars of a welding blow-pipe with 
provision against the blow-back of the flame. 


Case-Hardening Compound and Rust-Preventive.—New 


| eirculars have reached us describing their case-harden- 


|ing compound and rust preventive from Messrs. N. 


a figure which was confirmed by actual measurement. | 








SYNTHETIC NITROGEN AND CHILEAN NITRATES.—An | 


agreement, having for its purpose closer co-operation 
between manufacturers of synthetic nitrogen and 
producers of Chilean nitrate of soda, has recently been 
arrived at between the Chilean Finance Minister, Sefor 
P. Ramirez, and Messrs. Imperial Chemical Industries, 
Limited. A similar agreement was also concluded 
between the Chilean Finance Minister and Messrs. I. G. 
Farbenindustrie A.-G. A further agreement was arrived 
at between Messrs. Imperial Chemical Industries, 
Limited, and Messrs. I. G. Farbenindustrie A.-.G., with 
regard to co-operation in the production, marketing and 
propaganda of synthetic nitrogen products. 


TRAMWAY DEVELOPMENT IN LIVERPOOL.—The annual 
report of the General Manager, Mr. P. Priestly, of the | 
Liverpool Corporation Tramways for the year ended 
March 31, 1929, discloses quite a satisfactory state of 
affairs. The number of passengers carried increased 
from 269,587,485 in 1927-1928 to 277,899,897 in 1928— 
1929, with a corresponding increase in revenue from 
1,500,2551. to 1,544,528’. The mileage also rose from 
19,647,507 to 21,146,625 miles. The result was a gross 
profit of 274,761/., leaving a surplus of 154,438/. after | 
sinking fund and other charges had been met. Of the 
latter sum, 75,0001. were allocated to the general rate, 
and the remainder to the reserve, renewal and deprecia- 
tion fund. The total operating costs amounted to 
14-566d. per car-mile, and the total charges to 16-033d. 
per car-mile, while the car-mile earnings were 17 -529d. 
The length of track operated was 162-22 miles, com- 
ared with 161-23 miles in 1927-1928. The average | 
are per passenger was 1-334d. 


Taylor and Son, 17, Goree-Piazzas, Liverpool. 
Pumps.—The Richter Manufacturing Company, 
Joseph-street, Bradford, have issued a circular illustrat- 
ing their rotary gear pumps which are made in a large 
range of capacities up to 5,000 gallons per hour and for 


| any of the usual drives. 


| catalogue of petrol-electric mobile cranes. 


Flooring.—Messrs. Langley London, Limited, 161, 
Borough High-street, London, S.E.1, have issued a 
catalogue of ‘Steleon”’ concrets flooring flags with 
embedded steel chips, made under heavy pressure. Cer- 
tificates of tests and illustrations of completed floors are 
given. 

Woodworking Machines.—Messrs. Wadkin and Com. 
pany, Leicester, have issued a folder illustrating a number 
of their woodworking machines with electric motors 
incorporated in the frames. These include saw benches, 
band-saws, and tenoning, mortising, moulding, and 
planing machines. 


Ball Bearings.—Messrs. The Skefko Ball Bearing 
Company, Limited, Luton, have sent us a copy of their 
quarterly publication, The Ball Bearing Journa’, con- 
taining descriptions and information on the application 
of their bearings to locomotive tenders, maltsters’ plant, 
spinning frames, tube mills, &c. 

Electrical Supplies.—Messrs. British Insulated Cables, 
Limited, Prescot, Lancs., have issued a new catalogue 
of pole-line materials, showing illustrations and dimen- 
sions of all parts and fittings for erecting overhead lines. 
A priced list of bell wires and a list of their manufac- 
tures and branch offices have also come to hand. 

Mobile Cranes.—Messrs. Ransomes and_ Rapiers, 
Limited, Ipswich, have issued a new edition of their 
These are 
mounted on four solid-rubber tyred wheels and a petrol- 


| engine driven generator produces current for separate 





motors for the travelling, hoisting and derricking motions. 
The standard sizes lift 1, 2, 3$-5, 6 tons. The illustrations 
of cranes in use show that they are extremely adaptable. 

Oil Engines.—Messrs Davey, Paxman and Company, 
Limited, Colchester, have issued a new and enlarged 
edition of the catalogue of their cold-starting heavy-oil 
engines. These are made in 26 standard sizes, with from 
1 to 8 cylinders and of 25 h.p. to 1,200 h.p. normal 
rating, and an overload capacity of about 15 per cent. 
The guaranteed fuel consumption is from 0-40 to 0-45 lb. 
per brake horse-power hour. The catalogue gives full 
and clear particulars and also illustrations of engines 
in operation. 

Steels and Tools.—A well-arranged catalogue has 
recently been issued by Messrs. Padley and Venables, 
Limited, Dominion Steel and Tool Works, Sheffield. 
It contains detailed information regarding carbon, 
alloy, and tool steels; carbon-steel and high-speed 
twistdrills; high-speed milling cutters and reamers ; 
tap, die, and screwing tools; hack saws and _ files; 
and pneumatic and hand tools produced by the firm. 
The book is profusely illustrated, and valuable practical 
hints on the use of the various steels and tools are also 
included. A useful feature of the catalogue is that any 
desired section may be turned up immediately by means 
of a projecting linen tab. 

Instruments.—Messrs. Negretti and Zambra, of 38, 
Holborn-viaduct, London, E.C.1, have issued a new 
edition of their catalogue of engineering and industrial 
instruments, the catalogue taking the form of a bound 
volume of 460 pages with as many illustrations. It is 
divided into 21 sections, marked by a thumb index, and 
there is also a very complete alphabetical index, which 
includes, under the names of manufactures, sub-lists of 
the special instruments used in them. The measurement 
of time, temperature, density, pressure, velocity, capacity, 
&c., are all provided for, but of these the greater space 15 
occupied by temperature instruments, which take up 
over 100 pages. The great extent of the catalogue is 
occasioned by the large number of adaptations of each 
kind of instrument to different conditions and pro- 
cesses, and to the various methods of indicating and 
recording. In preparing the catalogue, the aim has been 
to meet the special requirements of each industry. A 
brief description is given of each item with dimensions 
and prices. 
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SEVERAL recent papers referred to in our columns 
have taken a generally favourable view on the possi- 
bilities of geophysical methods for the detection 
and location of minerals buried under the ground. 
Professor A. O. Rankine, D.Sc., of the Imperial 
College of Science and Technology, South Kensington, 
who delivered two lectures on the subject at the 
Royal Institution in February, and another on The 
Seismic Method of Oil Prospecting before the Institute 
of Mining and Metallurgy at the end of March, 
emphasised, at the outset, that physics alone could not 
solve problems of underground structure as there were 
too many unknown factors. The geologist had to indi- 
cate the kind of structure which was sought, and all 
the probable conditions under the region to be surveyed, 
before the physicist could even decide whether any 
available physical method had any chance of success. 
Physics, in close co-operation with geology, however, 
could often help in the absence of geological surface 
indications. 

As regards the occurrence of petroleum, geology 
provided the information which was usually associated 
with salt domes and anticlines. The typical salt dome, 
e.g., of Texas, was a sort of underground plateau of 
rock salt, several square miles in area and a few 
hundreds or thousands of feet in depth, sometimes 
with a thin covering of anhydrite (CaSO,; gypsum 
is the same sulphate crystallising with two molecules 
of water) called cap-rock, the whole underneath an 
overburden of clay and sand. Oil might be near 
the top of the dome or farther down the flanks. The 
surface above and around the dome was mostly 
very flat, and gave little indication of the dome 
position. 

Limestone anticlines, such as occurred in South- 
West Persia were blunt ridges, several miles long 
but narrow, also covered by cap-rock underlying allu- 
vial sandstones, marls, gypsum and salt. Natural 
gas might be found in the upper part of the anticline, 
just below the cap-rock, and oil saturated with gas, 
and finally salt water, farther down the flanks. The 
strike of the folds was unmistakable, but the position 
of the summit of the anticline was very uncertain, 
and there geophysics could step in, to find, not the 
oil directly, but the structure associated with it. 
Professor Rankine questioned the use of direct electric 
and magnetic surveying methods for oil, owing to the 
fact that the electric conductivities and magnetic 
susceptibilities of salt and limestone differed too little 
from those of the surrounding materials. 

The only physical properties that had so far 
provided means for discrimination were density and 
elasticity. The densities of the salt, clay and cap-rock 
over salt domes were about 2-1, 2-4, and 2-9, respect- 
ively. The small differences had proved sufficient for the 
amazingly sensitive Edtvés balance to locate and to 
define the limits of salt domes in Texas and elsewhere, 
but in the rugged Persian oilfields the surface was too 
much distorted for gravity measurements. The other 
method depended upon the relative elasticities of the 
rocks and the speeds of longitudinal mechanical 
disturbances in them. In the salt rock, the disturb- 
ances travelled at the rate of 5,300 m. per sec. ; in 
the sands and clays overlying the domes at 2,000 m. 
per sec. In the limestones of Persia, the differences 
were smaller, the rates being about 4,300 m. in the 
limestones and 3,700 m. in the overburden. Estimates 
might be based on depth-sounding, and experiments 
with an Admiralty echo-sounding machine had been 
made in Persia. They were unsuccessful; not because 
the reflecting interface failed, but on account of the 
enormous damping of audible vibrations in the upper 
layers of the earth. Even the explosion of several 
hundredweights of gelignite had not been audible in the 
telephone at a distance of half a mile. 

The seismograph, however, could record such vibration 
when placed at a safer distance though it could not 
directly determine the depth. An explosion set up 
a longitudinal disturbance and a much slower 
transverse disturbance; as the practical methods 
depended upon the determination of the first arrival 
of the disturbance, the transverse wave was dis- 
regarded. The principle was the following; when 
there was a surface stratum of a certain elasticity, 
in which a disturbance produced at O, Fig. 1, 
travelled with the velocity V, and underneath this 
layer, ata depth h, asecond stratum of greater elasticity, 
in which the velocity was V,, then the explosion 
wave could reach the seismograph at some point A 
by several paths. There was first the direct surface 
wave travelling near OA at velocity V,, taking time ¢,. 
Secondly, there would be a weak wave OBA, reflected 
from the interface at the critical angle @; this wave 
would takea longer time t,, which was difficult to deter- 
mine, because the direct disturbance persisted and 
obscured the arrival of thesecond wave. There was also a 
third possible path. The problems were those of earth- 
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and others* showed that, assuming superposed earth 
strata of increasing elasticity, the wave would enter 
| the lower stratum, travel along it with the greater 
| velocity V, and, emerging from it again, would 
| finally strike the surface at A;. For short distances 
| OA, this third path did not matter, but for longer 
| distances OA, the higher velocity V, would prevail 
and make the twice-refracted wave the first arrival. 
Dr. H. Jeffreys solved these problems in 1926 by 
treating them as diffraction (instead of refraction) 
phenomena. 

When a timegraph was plotted, the ordinates 
indicating the interval between the moment of the 
explosion and the first arrival of the disturbance 
at the seismograph, and the abscisse the distance 
between O and the seismograph, then the graph 
would show a break at P, Fig. 2, where the times 
of arrivals of the direct and indirect disturbances 
were equal. The slope OP was proportional to 
1/V, (direct wave), and the slope PR proportional to 
1/V, (indirect wave); sin 0 was given by V,/V,, and 
the relation between the depth of the interface h 
and the seismograph distance x of time equality by 
h/x = (1 — sin ¢)/2 cos 6. The point P could be deter- 
mined with sufficient accuracy, in strata differing 
sufficiently in elasticity, for the calculation of the depth 
h of the interface. In practice things were, of course, 
not so simple. Interfaces were not always horizon- 
tal or plane, and might be distorted by faults; the 
method of attack had to be indirect. A probable 
form of structure was assumed, and the results to be 
expected were calculated and then compared with 
field observations. In further observations, the 
distances and the positions of the instruments with 
respect to the origin were changed ; it was frequently 
more economical to increase the number of seismo- 
graphs rather than the number of explosions. The 
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computations and calculations, Dr. Rankine explained, 
were more tedious than mathematically difficult. He 
spoke with admiration of the work done by the staff 
of the Geophysical Company, Limited, in Persia, where 
the seismographs were arranged parallel to the axis of 
the anticline and across it. Conditions there were less 
favourable than in the Texas salt dome districts, owing 
to the great depth of the anticlines and the relatively 
small differences between the limestones and the Lower 
Fars which covered them; this gave slight changes of 
slope and rendered the point P indistinct. The seismic 
method, however, was considered promising for further 
exploration in Persia and Iraq ; it was more rapid than 
the torsion balance, but the latter gave more precise 
information, where applicable. 

The instruments used in the researches mentioned 
by Dr. Rankine were Mintrop seismographs. Professor 
Mintrop,t he stated, had been the first to recognise 
the applicability of earthquake research methods to the 
smaller-scale problems of the exploration of relatively 
shallow formations by artificial explosions, and to 
initiate the most widely applied and successful system. 
Dr. Mintrop used mechanical and optical magnifica- 
tion with his portable seismographs which recorded 
horizontal movements of the earth; the moment of 
the explosion was transmitted by wireless-telegraphy. 
Schweydar’s instruments also recorded horizontal move- 
ments; with the Dowling and the Ambronn instru- 
ments the magnification was electrical. Dr. Rankine 
referred to the need for seismographs recording the 
two horizontal and the vertical movements and per- 
mitting the angle at which the disturbance arrived at 
the surface to be determined. Great improvements, 
he said, were being made in gravimetric and seismic 
instruments, and in methods of survey and field 
practice ; unfortunately, this country was much behind 
in these matters. 





* See ENGINEERING, October 21, 1927, page 508 

+ Dr. Ludger Mintrop first tried seismic methods in the 
mines of the Ruhr district, then studied at the Earth- 
quake Observatory of Géttingen under, E. Wiechert 
(who died last year), founded the Seismos Company in 
Hanover for the construction of seismographs and the 
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SIEVE MOTION AND SCREENING 
EFFICIENCY. 

PERFECT screening is, perhaps, never realised. There 
are generally some grains which, owing to their shape 
or other properties, do not readily pass through the 
sieve openings, and may finally be found in the over- 
sizes, although they might have passed into the 
throughs. Such grains dance about on the agitated 
screen until they happen to be properly oriented for 
dropping through a hole. Before doing so, however, 
they have the effect of sieve-blinding, and that is con- 
sidered more objectionable than the imperfect screen- 
ing. In the screening experiments conducted for the 
U.S. Bureau of Mines, by A. W. Fahrenwald and 8S. W. 
Stockdale (Reports of Investigations, Serial No. 2933), 
the following means of agitation were tried : Horizontal 
rotary motion produced by the Ro-tap shaker, with or 
without aid of a hammer or bumper; this motion 
combined with vertical bumping by hammer strokes 
at the rate of 155 per minute; vertical jarring, and 
horizontal shaking by hand, by bottom or side taps, up 
to 240 per minute ; and high-frequency vibration pro- 
duced by various devices. 

The experimenters found a high-frequency vibrator 
of their own design to be the most efficient mechanism. 
In this machine, the sieve, about 8 in. in diameter, was 
mounted on one end of a board, which was rocked 
up and down at this end against the pull of a helical 
spring and hinged to a block at the other end. The 
rocking was produced by a sprocket wheel with four 
teeth which, driven through one of three pulleys, gave 
from 500 to 2,500 vibrations per minute. The two 
materials tested were quartz and galena, crushed to 
pass a 10-mesh, and previously screened into batches of 
particles ranging from 14 mesh to 20 mesh, and from 
65 mesh to 100 mesh. The quartz was chosen as giving 
more or less round grains, the galena giving cubical 
grains. Neither material would therefore appear to have 
been particularly difficult to sieve, but great differ- 
ences in the screening efficiencies of the several devices 
tested were observed. The experiments lasted from 
+ minute up to 15 minutes, and were made chiefly 
with one-grain layers, some of which were }-in. thick ; 
the latter yielded less consistent figures. Full data are 
tabulated and graphically represented in the paper. 
The descending order of merit was: Vibrator; hand 
side tap, hand bottom-tap, Ro-tap, with and without 
hammer. Galena gave more concordant results than 
quartz, but the curves were all similar. The screening 
was practically complete after 2 minutes. With the 
vibrator, the most effective amplitude of the vibration 
decreased and the frequency increased as the grain 
size decreased. 





THE REGISTRATION OF ENGINEERS IN AUSTRALIA.— 
Recent advices from Australia point to the probability 
that the Bill introduced into the Legislative Assembly 
of Victoria last year for the purpose of enforcing regis- 
tration of engineers, will not be proceeded with. A 
deputation representing the Victorian Institute of 
Engineers and the Australian Institution of Marine and 
Power Engineers recently waited on the Minister of 
Public Works (Mr. Chandler) and lodged objections to 
the Bill, which Mr. J. A. Smith said could only be justified 
in the interests of public welfare. The public was now 
fully protected by legislation and the profession itself 
was strongly divided on the subject. It was pointed out 
that many highly qualified engineers would be at a great 
disadvantage under the proposed scheme, that no such 
legislation had been introduced in Great Britain, the 
United States, &c., and that the effect would be to 
prevent capable engineers from abroad or from other 
parts of the Commonwealth coming to Victogia. Mr. 
Chandler replied that the Government’s programme was 
so full that so contentious a measure was not likely to 
find place in it. 

LABORATORY Dust-ExpPLosion APPARATUS.—The ex- 
plosibility of dust clouds depends upon the kind of dust, 
its fineness, its concentration in the dust cloud and the 
nature of the motion and turbulence in the cloud before 
and during the explosion, apart from the mode of ignition, 
the atmosphere, the gas pressure, and temperature, 
moisture and other factors. Most of these factors are 
only controllable to a very limited extent; even the 
fineness cannot be predetermined by disintegration and 
screening, because the particles may afterwards cling 
together or be sifted by air currents. For these reasons 
test data obtained by different apparatus may differ 
considerably. The laboratory apparatus described in 
Investigation Reports of the U.S. Bureau of Mines, 
Serial 2927, by C. M. Bouton, C. H. Gilmour and Garnet 
Phillips, comprises a compressed air cylinder, a dispersion 
flash charged with up to 2 grammes of the dust, a mixing 
chamber, a spark flask, manometer, film camera 
and a vacuum pump, all so interconnected by tubes 
and electrically-operated automatic valves, that two 
jets of dust-laden air enter the spark flask, the one from 
above, the other from below, and impinge upon one 
another in the spark gap; the flame is photographed. 
The experiments made so far with various coal dusts 
concern the effects of dust concentration as measured 
by the pressure rise, and of dust size, the spark intensity, 
and the combustion. The experiments have for the 
present been discontinued. The complexity of the 
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most quickly are those adjoining the upper edges of the 
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** ENGINEERING ILLUSTRATED | doorways or entrance openings leading to the grate bars 
PATENT RECORD. |at the base of the furnace. In a producer furnace, 


SELECTED ABSTRACTS OF RECENT PUBLISHED according to the invention, the supporting members 2, 


SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 2a, 5, or lintel, at the upper edge of the doorway B which | 
| adjoins the grate bars 7 are formed with an inclined | 


The number of views given in the Specification Drawings is stated | face 2d, 5d, so that the inflowin : : : | 
: : 4 . ; hedge | § ’ ’ g air as it rises 
eee Sn where none is mentioned, the Specification is not through the spaces between the grate bars is deflected | 

towards the centre of the furnace. (Sealed.) | 


men are communicated tes abroad, the Names, £¢., 

0, communicators are given in italics. | 

Copies of Speci feations may be obtained at the Patent Office Sales | 305,333. Richardsons, Westgarth and Company, | 

anch, 25, Southampton Buildings, Chancery-lane, W.C.2, at | Limited, Hartlepool, and W. 8S. Burn, Hartlepool. | 

the uniform Soaps of 18. | Cylinder Construction. (1 Fig.) December 19, 1927.— | 

The date of the advertisement of the acceptance of a Complete | The invention relates to the cylinder construction of in- | 

eles & Rood an yb -mng! er, the ap pe — ternal-combustion engines. 1 is the cylinder jacket, 2 the | 

Any person ae a any time to A gl ener woe’ date of | liner, 3 the piston, and 4 the cylinder cover. The cover | 

advertisement of acceptance of a Complete Specification, 

give notice at the Patent Office of opposition to the grant of a 

Patent on any of the grounds mentioned in the Acts. 














305,558. Gloster Aircraft Company, Limited, 
Cheltenham, and H. P. Holland, Cheltenham. Radi-| 





| 
AERONAUTICS. | 
| 





ators for AircraftEngines. (6 Figs.) November 2, 1927. | 
—tThe invention relates to radiators for aircraft engines. | 
1, 2 are tubes which form respectively the leading and 
trailing edges of an aerofoil, the tube 1 having diametric- 
ally opposed perforations 3 and the tube 2 having 
hollow bushes 4 arranged across its diameter. The upper 
and lower surfaces of the aerofoil are formed by sheets | 
5, 6 of grooved or corrugated metal, which are secured at | 
their edges to the tubes 1, 2. The inner surfaces of the 
upper and lower sheets 5, 6 are covered by sheets 7, 8 of 
metal, and are provided at their ends with headers 9, | 4 is turned somewhat to the shape shown so that a ledge 
10 and 11, 12 with which communicate the passages | 5 is formed, to be engaged by a companion ledge upon 
the insulating ring 6. The ring is heated and contracted 
on to the cover, the ledge arrangement preventing 
detachment of the ring when hot. The ring 6 is of 
material adapted to resist high temperatures, and can | 
easily be renewed from time to time. (Sealed.) 


























STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. | 

| 304,434. James Howden and Company, Limited, | 
| Glasgow, and J. H. Hume, Westminster, London. | 
| Steam Generators. (1 Fig.) December 8, 1927.—The in- 
| vention relates to steam generators of the multiple- | 
furnace type operating under forced draught. There are 
formed in the smoke box opposite the gaps between the 
centre tube nest 1 and the wing tube nests 2 passages 
3 defined by spaced style plates 4. Openings 5 formed 
in the bottom tube plate 6 of the airheater 7 sur- 
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ndicated at 13, bounded by the inner surface of the 
grooves or corrugations and the outer surfaces of the 
sheets 7, 8, the water to be cooled circulating through 
the passages 13. The interior of the aerofoil forms a | 
chamber having a deflector 14, mounted so as to slide | 
within the tube 1 is a second tube 15 having hollow | 
bushes 16 which extend diametrically across the tube | 
and the internal diameter of which is equal to the diameter | 
of the perforations 3. The tube 15 can be slid so as vo | 9 
move the hollow bushes more or less into line with the | (XS 
perforations 3. The tubes 15 are each connected by \ 
link, chains or the like 17 to arms 18 on shafts 19, | (304-434) | 
located in the fuselage 20; the shafts 19 are also provided | 
with arms 21, the corresponding upper and lower arms | mounting the smoke box, communicate with the top ends | 
being connected together by wires or rods 22, to which | of the passages 3, the bottom ends of which open into the | 
is secured an actuating handwheel 23. (Accepted | air casing 8 partially surrounding the furnace fronts (not 
February 20, 1929.) shown) applied to the furnaces 9. Located within the 
air heater 7 and fitted over the openings 5 are guide 
GAS ENGINES, PRODUCERS, HOLDERS, &c.| plates or a 7 —- towards “7 — air 
passages 11 define side walls 12 and the outer 
305,605. Drakes, Limited, Halifax, and J. W. Cielo 13 of the sel i casing. Fitted to the wing 
= a gence Pini em Rs Figs.) i —— 9, air passages 11 on top are hinged valves 14 manually oper- 
-—im connection with producers and ike Turnaces | sb1e from the exterior of the smoke box. The valves 14 
function as air deflectors controlling the distribution of 
the air supply from the air heater between the passages 
11 and the passages 17, formed between the bottom tube 
plate 6 and the guide plates 10. (Sealed.) 


| 306,274. F. W. Green, Wakefield. Feed Water 
| Heaters. (3 Figs.) February 10, 1928.—In feed water 
heaters for steam boilers, the ribbed or gilled headers 
}or tubes or both are strengthened by wrapping or 
| applying a steel band or bands around or within the same, 
|such band or bands engaging the header or tubes in a 
tight manner. Fig. 1 is a side view of a header of a 
| fuel economiser showing a portion of one gilled tube 
attached, the header being provided with a multiple of 
| pairs of gills A, A, B, B running helically from one end to 
| the other, each pair of gills starting from between the 
socket C on one side and terminating on the outer side 
|of the next socket C, thus providing for two helical 
| arrangements of gills for each header. In applying a 
| steel band D to this construction, the band is folded 
| mid-distance of its length and passed around one end 
| socket C (i.e., at the right hand of the figure) and one 
| portion is passed along the tubing between the gills 
and especially those which are of comparatively large} A, A at that end, whilst the other portion is passed 
dimensions such as are used for supplying producer gas to | partly round the socket between the gills B, B and so 
vertical retorts for the manufacture of coal gas and the} on A, A to A, A and B, B to B, B to the other end of the 
like, it is often found that the parts which deteriorate ' header where the end portions of the band D are passed 
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or wrapped round the socket C, at that end and welded 
or otherwise secured together, the band or bands fitting 
the header tightly throughout the whole length. Fig. 2 
is a section of a portion of a gilled fuel economiser 
tube E as shown connected to the header in Fig. 1 and 


> 





in this construction the tube is provided with a helica 
gill F and after wrapping one end of a band D around 
the tube and securing the wrapped portion together, 
the band is wrapped in the helical valley G formed and 
its free end secured in a similar manner. (Seale/.) 


306,581. A. W. Bennis, Bolton. Furnace Grates. 
(2 Figs.) November 23, 1927.—The invention relates to 
chain grate furnaces of the type in which grate bars 
are mounted on carrier bars extending transversely 
across the grate. The invention comprises means for 
collecting fallen unburnt fuel independently of fallen 
ashes or other waste without allowing the material; > 
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reach the lower run of the grate. According to the 
invention, one or more conveyor troughs 3 are hinged 
underneath the carrier bars 4 which support the grate 
bars 1. The troughs are arranged to fall at one or more 
predetermined points in the path of travel of the carrier 
bars along the grate, and so drop any material in the 
form of fuel or ash which may have riddled through the 
grate bars, into chutes 7, 8 or 9 situated at a corres- 
ponding number of positions along the run of the grate. 
The chutes collect the material without allowing such 
material to reach the lower run of the grate. (Accepetd 
March 6, 1929.) 


MISCELLANEOUS. 


305,299. The Remus Company, Limited, Fins- 
bury, London. (Sachsische Cartonnagen Maschinen 
Actien Gesellschaf!, Dresden, Saxony). Manufacture 


of Hollow Containers. November 15, 1927.— 


The invention has reference to the manufacture of 
hollow containers of cardboard. Plant for the manu- 
facture of hollow containers, according to the invention, 


| comprises a table 1 carrying a number of tools adapted 
| to be brought by a step-by-step rotation of the table 


into co-operative relationship with other tools. These 
tools, at position I of the table, act on and fold a card- 























board strip 3, around a former 9, to form a lap-jointed 
tube, and then deliver it to one of the tools on the table, 
by which it is carried to the other positions of the table. 
The tools at position II pressing a —— cardboard 
disc into the open end of the tube and bending the end 
of the tube over inwards, The inward-bent portion of 
the tube and the card board disc at position III, are 
subjected to a third set of tools by which heat and 

ressure are applied to the disc and to the inward- 
cas portion to cause their adhesion, the completed 
hollow container being raised at position IV off the tool 
on the table by other tools, and delivered to a chute 
(Sealed. ) 
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CHART FOR LEAKAGE LOSS IN 
LABYRINTH PACKING. 


By J. Warp, B.Sc. (Eng.), A.M.I.Mech.E. 


It has been shown* that the leakage through 
a steam turbine dummy or labyrinth packing in 
which the cross-sectional area to flow at each 
constriction is constant may be calculated from 
the following formula :— 

=3) 


w= oan, / Pr 


a2 
Vi (N + logex) 
W = the weight of steam leaking in pounds per 
second. 
Q = the cross sectional area to flow in square feet. 
P, = the initial pressure on gland in lb. per square 
inch absolute. 


(1) 


Fig. METHOD OF CHART CONSTRUCTION. 
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Squaring both sides and transposing then 
yee 

Ww 

a 


(<) 


x 
cq? 





2 
N + loge x o (3) 
Pl 

V1 

Referring to Fig. 1, which has been drawn to 
show the method of constructing the chart, the 
curves EH and EK are drawn from corresponding 
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values of 1 — 5 and log, x by giving x values 
from unity upwards. The curve EH is marked 
w= 1 Ib. per second per square inch, and by 


giving x various values a family of curves is plotted, 
the ordinates of which are equal to the numerator 
of the right-hand side of equation (3). It should 





H 




















Initial B 
tnitial Specific Volume ~ 


(1439.8) 


V,= the initial specific volume in cub. ft. per | 
pound. 

N = the number of constrictions or throttlings. 

x =the ratio of the initial pressure p, to the 
final or leak-off pressure py + 1. 


The above formula gives more satisfactory results 
than the simple formula based on the assumption 
that the product of pressure and pressure drop for 
each constriction is constant, or than by the 
continuous application of the de St. Venant and 
Wantzel formula. Consequently it is used by the 
majority of turbine designers, both in this country 
and in the United States of América. For a rapid 
evaluation of (1) the writer has developed the 
chart shown in Fig. 2. In the derivation of (1) 
it has been assumed that the clearances run full 
bore, hence a suitable coefficient of discharge cg 
must be introduced to allow for contraction and 
for the effect of friction in the constriction. Writing 
the constant clearance area a in sq. in. and intro- 
ducing cg, then equation (1) becomes 


pee. 


wa o-erace, | | a) <3 
Vi (N + loge z) 





* “Labyrinth Packing,” ENGINEERING, vol. Ixxxv, 
page 35 


908), and Design and Construction of Steam 





(1 
H 


Turbines. 


. M. Marttn, page 166 et seq. 








be noted that the ordinates are inversely proportional 
to the square of the rate of discharge per unit area. 
The denominator of the right-hand side of (3), 
4-485 
eq 


0-6 to 1-0 and plotted against cz as denoted by 


viz., is calculated for values of cz from 


the curve TL in the third quadrant. If for any 
value of x, say EM an ordinate is drawn to meet 


the appropriate W curve in D and produced 


down to meet the loge x curve in P, and from U, 
for the appropriate value of cj, a line is drawn 
horizontally to meet the curve TL in Q, then it is 
seen from the diagram that (3) may be written 





N+EB_ EF 
a, GE 
Vi 
since 
ee 
a2 
ta) 
and 


EB = MP = loge x. 


If ER is made equal to 7 


vertically down from R to meet PB produced in C 
then by drawing CA parallel to GF a length EA is 


and a line drawn 





obtained which is equal to the number of 
throttlings required since 


AE+EB_ EF 


RE GE 
In the chart shown in Fig. 2 the family of 
1 
ae. : Ww 
(ey curves has been drawn for values of — 
a 


ranging from 0-15 to 0-6 lb. per square inch per 
second, and owing the flattening of the curves as 
x increases the x scale from 3 onwards is double 
that from 1 to 3. To illustrate the use of the 
chart the following example has been solvedfas 
shown by the dotted lines. 

Find the number of throttlings required from 
the following data :— 










“ENGINEERING™ 
WwW 4 
= 0-35 lb. per square inch per second. 
Pp, = 120 lb. per square inch absolute. 
t, = initial temperature of the superheated 


steam = 446 deg. F. 
Px +1= final pressure or leak-off pressure = 34-3 
lb. per square inch absolute. 
120 


Then ¢ = Tr ta des V, (from Callendar’s steam 
inet 8 on eee 
tables) = 4-46 cu. ft. per lb. and vi" ta 2-68. 


To obtain the actual leakage from an axial 
labyrinth Belluzzo* multiplies the theoretical 
discharge by two coefficients « and #, « being 
a coefficient of contraction and 8 a coefficient 
for the effect of rotation on the flow. He puts 
« and £8 each equal to 0-8, hence cz for the above 
example has been taken as 0-64 and the number of 
constrictions required would be 17. 

Ww 


The chart may also be used to determine e 
Also by drawing lines 
P; 


when N, &c., are known. 
from C to N = 1, 2, 3, &c., the ratio 
pressure/pocket pressure) can be found, from which 


the pressures in successive pockets can be deter- 
mined. 


(initial 





* « Steam Turbines” Be luzzo. Translated by Eng. 


Capt. Bremner, R.N. 
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THE RIGHTING OF A FOUNDATION 
CAISSON FOR THE POUGHKEEPSIE 
SUSPENSION BRIDGE, N.Y. 

By Frank W. Sxuxner, M.Am.Soc.C.E. 


A nicHway bridge is at present under construction 
across the Hudson River at Poughkeepsie, N.Y., 
by the New York State Department of Highways. 
This bridge, of which an elevation is given in Fig. 1, 
will be a high-level structure with viaduct approach 
on thezeast side, and a 1,500-ft. suspended channel 
span. Each of the two main piers is supported on 
a reinforced-concrete caisson 60 ft. wide by 136 ft. 
long andJ104 ft. high, with a pedestal 60 ft. wide by 





130 ft. long and 24 ft. high, above which is a concrete 


Fig.1 





2 in. of the required centre, in hardpan stratum 
115 ft. below high-water level, after which the 

ing wells were filled solid with concrete, 
and the pedestal and pier shaft were built. 

The east caisson was sunk to bottom in the same 
manner as the west caisson, but had not penetrated 
more than 10 ft. below the river bottom before 
progress was arrested, although 500 tons of tempo- 
rary sand ballast were placed in the dredging wells. 
The removal of the false bottoms in the pockets was 
then commenced, but was accomplished with 
difficulty on account of the unexpected hardness of 
the clay. The inclined braces securing the heavy 
floor against upward pressure had to be blasted away 
with dynamite, and the 14-in. horizontal floor 
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pier shaft about 42 ft. high carrying the steel tower. 
The caissons were of open-type dredging-well 
construction, each having 25 wells with areas of 
about 160 sq. ft., giving ample clearance for the 
dredging buckets. Messrs. Ralph Modjeski and 
Daniel EK. Moran are the consulting engineers for 
the work. The contract for the main or river 
piers was awarded at a price of 1,899,000 dols. to 
the Blakeslee-Rollins Corporation, a firm with many 
years’ successful experience in deep caisson work 
and other submerged foundations. 

Owing to their position, the piers were exposed 
to risk day and night due to the use of the river by 
large vessels, The work was in a great depth of 
water, with strong tidal currents, and often heavy 
ice-fields formed, while great penetration was 
necessary to reach satisfactory hard stratum. 
Difficulties of construction were foreseen by 
the engineers and contractors, and extensive 
provisions were made to ensure safety. The two cais- 
sons were similar and as shown in Figs. 2 to 4, 
annexed and on page 67. It was arranged to 
sink them one after the other in the same manner, 
and with the same equipment. The structural steel | 
bottom portion of the caisson was 21 ft. high, and | 
consisted of a heavy cutting edge, shown in detail | 
in Figs. 5 to 11 on page 67, with plate and_| 
angle vertical walls carried up from it to consti- | 
tute forms for the outer walls of the caisson, and | 
for its inside partitions forming the dredging pockets. | 
These steel caissons, each weighing about 500 tons, | 
were built and launched at Staten Island, New | 
York. The dredging wells were closed with thick | 
timber floors heavily braced, and in this condition | 
the caissons had sufficient buoyancy to float with | 





about 4-ft. draught. They were towed about| 5 


100 miles to the bridge site and moored in position | 
to eight 30-ton concrete anchors, each of which | 
was connected to the upper part of the steelwork | 


by a five-part wire-rope tackle. The outer walls | timbers had finally to be removed piecemeal by 
of the caissons were extended by detachable wooden | cutting, blasting, &c., the total cost of removal 
cofferdams built up in 16-ft. lifts, as concrete, mixed | being more than 10,000 dols. for the wells of this 
in a floating plant alonyside, was placed in the | pier. 


caisson walls. 


Work was commenced on the west caisson on | concrete, its outer walls were extended above water 
April 23, 1927, and this was landed on the bottom, | level by the detachable cofferdam described, made of 
and had penetrated to a depth of 65 ft. by July 12, 4-in. spliced planks braced to the skeleton frame- 
when the resistance to its descent became so great} work of the caisson walls and partitions. The 
that the floors in the bottom of the dredging pockets | concrete walls were built up to a height of 18 ft. 
were successively removed, and dredging with | above water level, and the caisson had taken a list 
orange-peel and clamshell buckets, operated by | of about 2 ft. to the west on July 27, 1927, when 
floating derricks alongside, was commenced. This | the bottoms had been removed in 10 pockets. At 
caisson then descended continuously at a maximum | this date several pockets on the east side had been 
| dredged to from 4 ft. to 6 ft. below the cutting 
edge, and some blasting had been done in the hope 
November 30, 1927, the caisson was landed within | of correcting the list. 


rate of from 2 in. to 24 in. in 24 hours, work being 
maintained in three eight-hour shifts until, on| 
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As the caisson sank with its increasing load of 





On the same day although the caisson had settled 
only about 3 ft. in the previous four weeks, it 
suddenly began to capsize, and in less than a 
minute the top of the caisson tilted 43 deg. toward 
the east, carrying the centre of gravity of the caisson 
8 ft. out beyond the position of the east cutting 
edge, which settled to a depth of 40 ft. below the 
river bed. The entire eastern wall of the caisson 
was submerged, and ultimately all but the upper edge 
of the west wall, which projected only about 6 ft. 
above low tide. At this time the submerged weight 
of the caisson, which was nearly 13,000 tons (equiva- 
lent to about 19,000 tons in air), was supported 
by the hard laminated clay bottom, which was 
bulged up about 15 ft. above its original level under 
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the inclined east wall of the caisson. A view of the 
caisson in its capsized position taken 4 hours after 
the first movement, is shown in Fig. 13 on page 68. 
As the west pier had been sunk with very satis- 
factory rapidity and success, the disaster to the east 
caisson was quite unexpected. 

Notwithstanding the obvious difficulty and uncer- 
tainty of the work, and in the face of heavy finan- 
cial loss and evident danger, work was immediately 
commenced on righting operations, which were 
maintained without break, except for a short spell 
in winter, for fourteen and a half months, until the 
caisson and pier were restored to the vertical, and 
very nearly to the original position. Work was 
continued for no less than nine and a half months 
before any movement of the caisson was evident. 
The various steps are illustrated by the diagram, 
Fig. 12 on page 68. 

At first, the contractor believed that the river 
bottom was soft enough to be displaced by turning the 
caisson over on the east cutting edge, and strenuous 
efforts were immediately commenced to effect this 
by pulling and lifting. In the first place, a large 
barge, heavily ballasted with water, was attached 
by divers to the east wall of the caisson. The water 
ballast was then pumped out so as to exert a lifting 
force upon the caisson of the maximum buoyancy 
of the barge. This did not move the caisson, but 
somewhat diminished its tendency to overturn. As 
a next step, about 5,000 tons of stone were dumped 
along the east edge of the caisson and well rammed 
into the bottom, and against the caisson, by an oak 
spud and drop hammer. This did not effect any 
movement of the caisson, but also tended to safeguard 
it against further settlement. 

A number of steel pontoons were next filled with 
water and sunk above the lower edge of the caisson, 


being attached to it by divers. The water was then ~ 


expelled from them by pumping in compressed air. 
These pontoons exerted a lifting force of about 300 
tons, but this also failed to move the caisson. About 
100 sticks of dynamite were then exploded on the 
bottom, about 10 ft. from the toe of the stone fill, 
but with no effect on the caisson, the only result 
being the breakage of the attachment to the pontoons 
which were removed. 

As a next step, three timber cribs, filled with 200 
tons of broken stone, were sunk in a line parallel to 
the west side of the caisson and 600 ft. distant, and 
were connected to the caisson by two four-part 
tackles, attached to lashings through holes drilled 
in the top of the west wall, just above the water 
surface. The full load was put on these tackles, 
but without moving the caisson. Three similar 
250-ton cribs were next lowered down the inclined 
surface of the west wall, and held on it near the 
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On May 11, 1928, nine and a-half months after 
the disaster, the combination of the 1,200-ton gallows 
frame tackles, 600 tons of cutting-edge ballast, 750 
tons of sand ballast in the dredging wells, 348 tons 
of pig-iron ballast suspended from booms, together 
with the undermining, produced a movement of the 
caisson which shifted it to the west. 

This movement was increased by continuing the 
excavation under the western two-thirds of the 
caisson, and by the 250-ton lifting force produced 
by the buoyancy of another submerged car-float 
attached to the east wall of the caisson. 

About 2,000 tons of broken stone were then 
dumped against the west side of the caisson, pro- 
ducing a horizontal thrust which it was intended 
should push the bottom of the caisson over toward 





tons were brought to bear on the caisson in way of 
righting moment, as against the adverse moment of 
40,000 foot-tons. 

The suction effect which was expected to.develop on 
the east side of the caisson never apparently existed. 
Had the caisson only turned about its lower east 
edge, it would have been pushed 16 ft. too far west, 
but, due to the methods applied, 6 ft. of this distance 
was saved, and consequently the caisson now stands 
only 10 ft. too far west. To meet this, it is intended 
to erect the tower 5 ft. off centre, and to correct the 
floor system. 

In completing the sinking operations, the upper 
part of the excavation in clay was dredged by 
two machines, each working at the rate of 1,200 yards 
in 24 hours. The deep dredging through 100 ft. 





chutes suspended from a counterweighted boom. 
Electric current for the motor driving the mixer 
plant was delivered through a specially constructed 
rubber covered three-conductor cable. The con- 
crete plant was equipped with three boilers supplying 
steam for heating aggregate and water, and with a 
pump to supply the elevated tank for mixing water. 

The force of men employed varied during different 
stages of the work. During the construction of the 
caissons, up to the completion of the cofferdam, and 
during the filling of the wells with concrete, 150 men 
divided into two shifts were employed. The 
employees during the construction of the caissons 
were chiefly carpenters, riggers and labourers. 
During the sinking of the caissons, the force was 
very much smaller. The work was suspended for the 








the east as the high side descended. After the 
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first winter on December 23, 1927, and was resumed 






















One 90 Ton Caisson 
8 
5 Jwo060Ton Caissons 
































Fie. 13, Caisson Four Hours Arrer Broinnine To List; JuLy 27, 1927. 


completion of the submerged cofferdam, referred to | 
in connection with previous operations, the outer | 
and partition walls were concreted up to a height of | 
104 ft. above the cutting edge; the false bottoms | 
were removed from the remaining 15 dredge wells, | 
and the undermining with jets and dragline buckets 
continued. Finally the caisson was completely 
righted on October 8. The operation of righting 
the caisson is depicted in Fig. 16 on page 80. Fig. | 
17 shows the righted caisson with work begun on 
the erection of the cofferdam sides, and Fig. 18, is a 
view taken on October 9, 1928, when the first set 





|to help jar the caisson down after the excavation 


2-yard bucket sometimes bringing up only one- 
quarter yard load. The most rapid progress made 
was 30 in. a day settlement due entirely to well 
dredging through sand and gravel stratum. The 
settlement of the caisson was promoted by (the 
use of dynamite, small charges of which were 
exploded in the wells and around the cutting edge 


had been continued beyond the cutting edge. 

The concrete plant employed was a self-contained 
electrically-operated unit installed on a heavy} 
135 ft. by 40 ft. barge. A belt conveyer, mounted on 


of sides were completed. | rollers, projected 25 ft. into a cement barge moored 
A summary of the steps taken in righting the | alongside and transferred cement bags to an 18-in. 
caisson shows that the forces involved included | belt conveyor delivering directly to storage, or to 
80 tons strain developed in each of 12 anchor tackles, | the mixer platform. On the after end of the barge 
making 960-ton pull, with a moment arm of 100 ft.;| there was a 60-ft. A-frame derrick with a 90-ft. 
an applied load of 250 tons at the lower west edge, | boom operating a 1} yard bucket which was used to 
with a moment arm of 40 ft. ; a lifting force on the | unload sand and stone from adjacent barges to 
east submerged edge of 250 tons, with practically no | a 60-yard elevated service bin. From this aggre- 
moment arm, and a system of booms totalling 350 | gate was delivered by gravity through measuring 
tons weight, with moment arms of 90 ft. and 75 ft. | chutes to the two l-yard mixers. 
each. The booms also had vertical components| Concrete was discharged from the mixers to a 
which greatly aided the movement towards the east. | l-yard bucket hoisted in a 120-ft. tower to a 
It was estimated that approximately 100,000 foot- | receiving hopper, from which it was distributed by 








Fie. 14. Gattows Frames on Car Ftoat. 


on March 15, 1928. The second winter work was sus- 
pended January 4, 1929, and was resumed March 
19, 1929, the pier being finished on May 17, 1929. 








THE CO-ORDINATION OF TRANSPORT IN AUSTRALIA.— 
An interesting report on the co-ordination of all forms 
of transport was recently brought out by the Common- 
wealth Transport Committee and submitted to the 
Conference of Premiers held at Canberra. In view of 
the lack of such co-ordination in past years, and of the 
financial arrangements of the State railways, the report 
promises to be one of far-reaching character. It is 
proposed that co-ordination should be first brought 
about in the various States under ministerial heads, 
with a commissioner and advisory committee and 
transport board. The various State organisations 
would come together in the form of a Federal Transport 
Council, presided over by a Federal Minister of Trans- 
port. Among the railway proposals it is suggested that 

roper provisions should be made for depreciation, 
and railway capital so readjusted that railway 
finances should be separated from general State 
finance, and self-contained so that reserve funds might be 
built up. A thorough investigation is also recommended 
of the border railway question, inter-state rating, and 
uniform gauge. In the last connection we recently 
recorded the commencement of the first standard guage 
line in Queensland. It is next proposed to build a 
standard gauge line from Port Augusta to Adelaide 
and another from Kalgoorlie to Freemantle. 
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A REVIEW OF FLOW IN PIPES AND 
CHANNELS. 
By S. J. Davies and C. M. Wurrz. 


FAR-REACHING advances in the study of the flow 
of fluids have been made within the past twenty 
years, but owing largely to the manner in which 
the results are spread throughout a large number 
of publications, and to the specialised nature of 
many of the papers, these advances have not, as 
yet, been utilised to any considerable extent by the 
engineer in his treatment of the practical problems 
with which he is confronted. Fluid motions are, 
in general, so complex that complete mathe- 
matical solutions are impossible to obtain, and the 
engineer must rely chiefly upon the result of 
experiment. Full scale experiments are costly, and 
it is seldom possible in the field to control the 
many variables involved ; as a result, it is often 
difficult to draw general conclusions from such 
experiments. On the other hand, mathematical 
treatment will often indicate the manner in which 
these variables are likely to affect the result, but 
this indication is usually qualitative rather than 
quantitative. The connecting link between the 
two is to be found in the small scale tests of the 
laboratory. The records of such tests are frequently 
complicated by minute descriptions of the experi- 
mental apparatus, and the main results obscured 
by lengthy discussions of minor anomalies dis- 
covered in the course of the experiments, so that 
their value is easily overlooked. 

The object of this paper is to summarise the 
earlier developments of the subject, to attempt 
an explanation of the aims and the results of the 
experimental work of the last few years, and to 
indicate the directions in which further work is 
needed. The subject is of growing importance in 
such branches of engineering as the flow of steam 
in turbines; the passage of hot gases and liquids 
through cooling tubes, as in evaporators, condensers, 
and boilers ; the ventilation of buildings and mines ; 
the handling of liquid fuels ; as well as water supply, 
irrigation, and sewage disposal. All these come 
within its province. In view of this, the desirability 
of a review of available information is at once 
apparent. 

In hydraulics—as in most other branches of 
engineering—theory must, to a great extent, wait 
on experiment. Large scale experiments are essential 
in order both to guide theoretical investigations and 
to extend the range of the small-scale experiments 
of the laboratory. Thus, it is important that the 
interest of the practising engineer should be obtained, 
since without his co-operation, the data necessary 
for the complete utilisation in practice of researches 
carried out in the laboratory cannot be collected. 

The modern treatment of the subject of the flow 
of fluids originated with the researches of Osborne 
Reynolds some fifty years ago. Poiseuille,* in 1846, 
published the result of his study of the flow of water 
through capillary tubes, in which he confirmed that 
the loss of head was directly proportional to the 
mean velocity of flow. This result was shown to be 
in agreement with the mathematical theory which 
may be deduced quite simply from first principles 
by assuming that the motion is of a streamline or 
laminar character. The pipe experiments of Darcy, 
published in 1857, showed, in common with other 
large-scale experiments, that the law of resistance 
was of such a character that the loss of head was 
proportional to a power of the velocity which did 
not differ greatly from two. 

Thus, experiment had demonstrated the existence 
of two definite and distinct laws of resistance : that 
of Poiseuille agreed with the mathematical theory, 
but, on the other hand, the experiments of Darcy, 
showing conditions of flow in which the resistance 
varied as the square of the velocity, indicated that 
the mathematical theory was of strictly limited 
application. The assumption of the eddying or 
turbulent character of the motion of the fluid in 
those cases in which the square law held, gave a 
physical meaning to the existence of the two laws, 
and explained the difference between the resistance 
observed by Darcy and that found by Poiseuille. 








A close examination of the theory, however, failed 
to show any reason why, on the one hand, it should 
predict phenomena of the type observed by Poiseuille, 
and yet, on the other hand, give no indication of 
any limit to such streamline flow. 

Reynolds,* in giving an explanation of this state 
of affairs, cleared up what at the time was a most 
obscure matter. He introduced streams of coloured 
liquid into the main'stream of water flowing through 
a glass pipe, and showed visually that two types of 
flow could occur even in the same pipe. With small 
velocities, the line of colour remained perfectly 
straight and unbroken, indicating that each layer of 
of the fluid was moving in the same direction. If 
the velocity were gradually increased, then this 
regime continued until some particular or critical 
velocity was reached, at which the line of colour 
suddenly and completely broke up, and intermingled 
with the rest of the water within the tube, thus 
indicating that the motion had changed to one of a 
completely eddying or turbulent type. His various 
tests showed that the critical velocity at which the 
change occurred depended upon the size of the tube 
and the temperature of the water. He next 
demonstrated that a corresponding change in the 
law of resistance took place with the change in the 
type of motion. He accordingly carried out 
experiments to determine the law of resistance of 
two lead pipes of different diameters, and with 
each pipe he obtained both laws of flow, the transfer 
from one law to the other occurring with sharpness, 
and at some velocity depending, as before, upon the 
diameter of the pipe and upon the temperature. 
(Both the density and the viscosity of a fluid depend 
upon temperature). 

In order to explain the factors which governed 
the magnitude of the velocity at which the transfer 
from laminar to turbulent flow took place, Reynolds 
applied dimensional reasoning to practical hydrau- 
lics. In doing so, he may be said to have laid the 
foundation for the more recent research. The 
reasoning is based on the fact that any particular 
velocity must be defined either in terms of the 
standards of comparison for length and time, or 
simply in terms of some other velocity, that is, as 
aratio. For convenience, the latter method is used. 
Thus, the problem of the definition of the critical 
velocity at which the change from laminar to turbu- 
lent flow takes place, becomes a search for some 
other velocity with which it can be compared. 

There are only three factors which can reasonably 
be expected to influence the type of motion. It 
follows that these factors, namely, the diameter of 
the pipe, the viscosity of the fluid, and its density 
must be considered in such a way that they specify 
a velocity. Now, velocity is a quantity having the 
dimensions of length divided by time; viscosity 
may be expressed as the shear stress that is neces- 
sary to maintain a unit difference of speed between 
two layers which are unit distance apart in the 
fluid, and density is mass divided by volume. 
From this, the following dimensions for the variables 
concerned are obtained :— 





Diameter of pipe, d, length ; 
Density of fluid, p, : 

’ ‘ : stress X length mass 
‘Vinpeettg of Sata, velocity length x time 


and the only way in which they may be combined 


together to give a velocity is in the form os 
Reynolds applied this principle to his results, and 
found that for both pipes the critical velocity is 


about 2,000 times the velocity Th In other 
words, the value of the ratio oy or pee > 
ped 


about 2,000 at the critical point. Thus, 
becomes a criterion of the nature of the motion, for 
if °° is below the critical number 2,000, the flow 


is direct or laminar (also called streamline), and if 
above, turbulent. To complete the work, Reynolds 








similar pipes, the value of this criterion is the same, 
then the motion of the two fluids will be geometri- 
cally similar. It is upon this principle that subse-. 
quent work has been based. The value of the 


expression ped in acknowledgment, 


universally known as the Reynolds number. The 
principle is perfectly general, in that it is not 
restricted to flow through pipes and channels, but is 
also applied to such problems as the passage of 
bodies through stationary fluids, and is the basis of 
the treatment of the transfer of heat between fluids 
and the surfaces over which they flow.* 

Although Reynoldst was later able to show that 
the hydrodynamic equations, when suitably modi- 
fied, did, in fact, indicate the existence of a limit 
to one type of flow, yet he was unable to obtain a 
mathematical solution of the law of resistance 
to turbulent flow through pipes—nor has one yet 
been found—but he developed a simple empirical 
law of the form 4 = av", based on his own experi- 
ments and on those of Darcy. This subject has 
been further developed by many investigators in 
the course of the last twenty years, and it is to 
this work that reference will now be made. 

The tests of Stanton and Pannell,t on flow in 
pipes, published in 1914 (see Fig. 1), remain the 
most comprehensive in the literature of the subject. 
At an earlier date§ they had verified experimentally 
the prediction of Reynolds that °** 
criterion of geometrical similarity of flow. In their 
earlier tests it was found that the curves of velocity 
distribution over the cross section of a pipe are 
similar for the flow of both air and water, provided 


that the value of ee is the same in the two cases. 


Their main experiments, in which the law of resist- 
ance was determined and shown to be independent 
of the nature of the fluid, or the size of the pipe, 
gave further proof of the principle of similarity. 
It is noteworthy that the results were presented 
in the form of a curve, and not as an empirical 
formula. Such formule, employed when mathe- 
matical treatment fails to provide a solution, are 
liable to be misleading in form. Indeed, many of 
the equations of practical hydraulics are not even 
dimensionally sound, and will thus give erroneous 
results if they are used outside the range covered 
by the tests on which they were based, or with 
other units of length, &c. A curve does at least 
prevent unconscious extrapolation. 

The way in which the several variables are taken 


is now, 


is a true 


into account in Fig. 1 is particularly to be noted. 
At the time the results were published, although 
the method had been in use previously, it was not 
widely known, and even to-day its advantages 
do not appear to be as fully realised as could be 
wished. In fact, in the light of subsequent work, 
it may be said that to appreciate fully the problems 
of flow, a thorough grasp of the method is essential. 
The chief feature is the plotting of a dimentionless 
coefficient, or number, on a base of the Reynold’s 
number. The particular coefficient most frequently 


adopted in this country can be expressed as 


where F denotes the frictional drag per unit wall 
area, or, in other words, the intensity of shear 
stress on the wall of the pipe, and p and v denote 
the density of the fluid and the mean velocity of 
flow respectively. This coefficient of resistance, 


pv 


* is dimensionless, that is, it is a number. So 


that, in calculation it is immaterial what system of 
units be used for the terms F, » and v, provided, 
of course, that the system adopted is self-consistent. 
For example, if F be measured in poundals per 
square foot, then » must be taken as pounds per 
cubic foot, and v in feet per second, but if dynes 
per square centimetre be adopted for F, then p 
must be measured in grammes per cubic centimetre, 
and v in centimetres per second. In this respect 


the coefficient a has the same properties as the 





showed that the equations of motion provided 
evidence that °°4 was a general criterion of simi- 
larity of motion ; so that, if, in two geometrically 





2 Poiseuille, Mem. présents par divers savants, t. 19, 
1846. Paris, page 518. | 


T Darcy, Recherches exp., 1857, Paris. 








*Cf., for example, “The Laws of Heat Transfer,” 


age 123, 
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+ Reynolds, Phil. Trans. A, Roy. Soc., 1895, 
t Stanton and Pannell, Phil. Trans. A, 
1914, page 199. 





i* Reynolds, Phil. Trane. A, Roy. Soc., 1883, page 935. 





§ Stanton, Proc. A, Roy. Soc., 1911, page 366. 
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coefficient f in the well-known pipe flow formula 

= f which is dimensionally sound, and in 
which f remains unaltered whether the English or 
the metric system is being used. 


The coefficient of resistance oA is, in fact, equal 


to one half the coefficient f in the formula h =< , 


and for pipe flow it is simpler to use f instead of a 
The justification for the use of the latter lies in its 
applicability to problems involving flow past 
obstacles, and to the passage of rigid bodies, e.g., 
ships oraeroplanes, through the fluids which surround 
them. With regard to the pipe formula, it does no 
more than to define f in terms of the loss of head in a 
pipe. It may be remarked, in this connection, that 
engineers frequently make the mistake of inter- 
preting the formula as a statement that h is 
proportional to v* ; they would thus presuppose that 
the coefficient f is a constant and so does not vary 
with v, whereas it can, and usually does, vary with 
the velocity. This variation is clearly to be seen 
in Fig. 1. On the left-hand side of the figure the 
coefficient changes rapidly, decreasing in direct 
proportion to an increase in the Reynolds number. 
This part of the curve represents the relation when 


Fig. 1. 


This curve, then, expresses the law of resistance 
over an extremely wide range, in terms of all the 
variables, with the exception of the nature of the 
surface of the pipe. Originally obtained with two 
such widely different fluids as air and water, and 
subsequently verified for other fluids, it may be 
assumed to be true for all fluids, and there are 
grounds for thinking that there are no reasonable 
limitations to the size of pipe to which it applies. 
Ample support for these statements is to be found 
in the tests of Stanton and Pannell alone. The 
range of pipes tested by them varied in diameter 
from 0-3 cm. to 12 cm., the largest pipe being some 
forty times the size of the smallest ; air and water 
were used as fluids, with densities in the ratio of 
800 to 1, and viscosities in the ratio of 60 to l. 
Fig. 1 shows that the very numerous tests conformed 
to a single curve. But even more striking is the 
remarkable agreement between these tests and those 
of other independent workers too numerous to 
mention individually. A law which is obeyed with 
such precision over the wide ranges mentioned must 
be regarded as universal, and, in view of its simpli- 
city, it would seem unnecessary to adopt any other 
basis for expressing the resistance of pipes. A minor 
modification of the method of plotting can, however, 
be adopted with advantage. 





In plotting the results, Stanton and Pannell 
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the flow is of a laminar character. The coefficient 
decreases with increase of flow until the Reynolds 
number reaches the value 2,300, which is a critical 
number deciding the type of motion. Above 3,000, 
turbulent flow is established, and between 2,300 
and 3,000, an increase of the resistance coefficient 
occurs. But any further increase of flow causes the 
coefficient again to decrease in value. At 3,000 
the value of the coefficient oe is about 0-0055, 
while at 300,000 it has become reduced to 0-0018. 

These experiments establish the principle of 
similarity beyond question, and show, under the 


conditions of the test, that there is a definite and 


unique value of the coefficient for every value of the 


Reynolds number. The actual diameter of the 


pipe, the velocity of flow, or the nature of the fluid, 


do not influence the result, so long as the product 


axe remains constant. If the range of the tests 


were judged by the largest and the smallest of the 
pipes actually tested, then it would barely cover the 
lowest extreme of the range of chief interest to the 
engineer. But, judged by the range of the Reynolds 
number, it will be seen that this is not the case. 
The highest value reached by Stanton and Pannell 
was 500,000; this, assuming a velocity of three feet 
per second (90 cm. per sec.), and a viscosity for 
water of 0-0114 C.G.S. units, corresponding to a 
temperature of 15 deg. C., gives a pipe diameter of 
63 cm. or 25 in., which fs well within the practical 
range. Other experiments will be referred to later 
which cover the whole field towards the higher 
Reynolds numbers. The experiments extend down- 
wards sufficiently far to include the smallest values of 
Reynolds number that are likely to be met with in 
flow through pipes. For example, a single incan- 
descent gas burner will consume perhaps 2 cub. ft. 
per hour, and may be supplied through a }-in. pipe, 
giving a velocity about 50 cm. per second., and a 
Reynolds number of, roughly, 200. Smaller values 
than this are seldom met with, except perhaps in 
the case of heavy oils. 
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adopted a natural scale for the coefficient a 


(i-e., f ), while using a logarithmic scale for the 
Reynolds number, in order to open out the curve at 
smaller values of ax¢ , and to close in the curve at 


larger values. There are objections to this; the 
combination of the two kinds of scale tends to obscure 
the nature of the laws connecting the variables, 
owing to the varying degrees of distortion which 
are introduced in different parts of the diagram. 
If a logarithmic scale is used for both variables, as 
in Fig. 2, then the characters of the laws become 
apparent.* This method of plotting derives its 
advantages from the fact that multiplication is 
performed by addition of logarithms, and raising 
to powers by multiplication of logarithms. Thus 
two points differing in value by, say, 5 per cent., 





will be separated by an interval equal to the loga- 
|rithm of 1-05, and this interval will be precisely 
| the same at any position on the diagram. Further, 
| should the two variables be connected by an expo- 
| nential law of the form y = a 2”, then their relation 
| is shown by the straight line, log y = n log x + loga, 
| the slope of which is equal to the index n. 
| There is an interesting analogy here to the 
| system of plotting employed in connection with 
fatigue of metals. It was earlier the practice, for 
a similar reason, to plot range of stress on a base 
of the logarithm of the number of stress reversals. 
Moore and Jasper plotted the logarithm of the range 
against the logarithm of the number, and thus 
discovered the existence of a true fatigue limit for 
ferrous metals, and the apparent absence of one for 
non-ferrous metals. 

Using this system of plotting in Fig. 2, it will be 


{ 





* It is well to point out that logarithmic plotting will 
only assist in the algebraic analysis of the exact form of 
the relation connecting two variables, when the relation 
is of the simple exponential form, y = a". In other 
cases it may mislead. In this connection see a paper by 





Kerr, Journal of the Royal Technical College, Glasgow, 
No. 1, December, 1924, page 103. 











seen that there are two branches of the curve, one 
at a downward slope of 45 degrees on the left of 
the diagram and the other at a downward slope 
of one in four, indicating the two types of flow, 
laminar and turbulent respectively. 
The equation for laminar flow can be deduced 
from first principles, and is expressed in its simplest 
16 
form as f = pvd. This gives the downward sloping 
BM 
line at 45 deg. in Fig. 2, log f + log 2° = const. 


The experimental points agree with this line 
within the accuracy of the measuring devices. 
In fact, it may be stated as a generalisation, that, 
in all those cases of the flow of fluids in which eddies 
are absent, there is complete agreement between 
theoretical deductions and experimental observa- 
tions. The only important uncertainty in connec- 
tion with laminar flow lies, thus, in the possibility 
of its failure, caused by the generation of eddies. 
Fig. 2 shows the transfer from laminar to turbulent 


flow at a value of eee equal to 2,300. This value 


is obtained provided that the fluid is fed to the 
pipe in a highly turbulent state; that the testing 
length of the pipe is-a considerable distance from 
the inlet to the pipe; and that the pipe is free 
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from bends and other irregularities* which would 
tend to generate eddies. From the practical point 
of view, therefore, 2,300 must be regarded as the 
upper limit for laminar flow. 

Experiments by the authorst show that, when 
disturbing factors are present, the departure from 
the laminar line begins, not at 2,300, but at a value 


of pee which may be as low as 200. In sucha 


case an increase of the coefficient, above the value 
given by the laminar line, follows. The dotted 
curve in Fig. 2 may be regarded as showing the 
probable maximum value of the coefficient for any 
practical pipe in the region between 500 and 5,000. 
Below 200 the theoretical law for the ideal smooth 
straight pipe will hold. It should be understood 
that the numbers mentioned relate to flows far 
smaller than those met with in connection with 
hydraulic pipe lines. For example, a flow repre- 
sented by a value of the Reynolds number equal to 
1,000 requires a velocity of only 0-013-ft. per second, 
in a 12-in. pipe, with water at about 15 deg. C. 
With fluids more viscous than water, however, 
the corresponding velocity is proportionately higher, 
and the range is of definite practical interest. To 
take the case of a heavy oil flowing through a 12-in. 
pipe, and assuming that the viscosity of the oil is 


2 C.G.8. units, then ge 1,000 would represent a 


Me 
velocity of 0-22-ft. per second, or a discharge 
of 93,000 gallons per day. Many oil lines work 
at lower figures than this. 

Low values of the Reynolds number occur also 
in connection with circulation in heating or cooling 
systems. That the transfer of heat between a fluid 
and the walls of the channel within which it is 
flowing, takes place far more readily when the 
motion is turbulent than when it is laminar was 





* Symmetrical artificial roughness does not appear to 
influence the transfer. A pipe with a coarse screw-thre 
ives the same critical velocity as a smooth pipe. C/,, 
Schiller, Z. f. Physik, 1920, page 412. 
+ Proc. A, Roy. Soc., 1928, page 92. 
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first suggested and then proved by Reynolds.* 
In order to use a given area of heating surface 
efficiently, it is essential, therefore, that, for a long 
straight pipe, Reynolds number should be above 
2,300. Somewhat lower values are permissible if 
the pipe is curved, or if its length does not exceed 
about 100 diameters. 

The percolation of fluids through porous media, 
such as filter beds, occurs under conditions which 
again give very small values of the Reynolds number. 
So small, in fact, that if the passages between the 
particles which form the bed were straight, then 
there would be no doubt as to the laminar character 
of the motion. In view, however, of the actual 
tortuous nature of these passages, and the sharp 
corners around which the fluid must flow, there are 
grounds for concluding that the index for the law 
of resistance may be greater than one. There is 
but little direct experimental evidence available on 
this point, although the tests carried out by Baldwin- 
Wisemanf give a guide to the magnitude of the re- 
sistance over certain limited ranges. 

The line representing laminar flow, given in Fig. 2, 
relates to pipes of circular cross section only. The 
particular case of flow between infinitely wide 
parallel flat plates, can also be solved quite simply 

6 





and gives a= pvd, where d denotes the dis- 


M 
tance between the plates. The comparative re- 
sistance for some other forms of cross section can 
be deduced mathematically by the method of 
Boussinesq.{ When pipes or channels non-circular 
in form are to be considered, the question arises as 
to which linear dimension it is reasonable to use in 
place of the diameter when calculating the Reynolds 
number. The connection between F, the mean 
intensity of drag on the wall, and the pressure 
gradient in the pipe, introduces the quotient of the 
cross-sectional area of the pipe and its wetted peri- 
meter. This quantity, the hydraulic mean depth, 
takes into account to some extent the shape of the 
cross-section ; moreover, it is the simplest quantity 
of this nature which has the necessary dimension 
of a length, and for non-circular pipes it is a con- 
venient substitute for d in the Reynolds number 


pee. This then becomes a particular case of the 
more general expression 4 — , the hydraulic mean 


depth m, for a circle being <. 


When the coefficient is plotted on this basis, a 
series of parallel linés are obtained for various forms 
of cross-section. These parallel lines, with certain 
exceptions, fall within the inclined strip bounded on 

6 


the upper side by the line f = pum, which is the 
b&b . 

law for a rectangular section of infinite width, and 
4 

on the lower by the line f =p vm for the circular 


Me 
section. A number of typical sections with their 
appropriate coefficients are given in Table I., from 


Taste I. 














‘ Breadth Laminar flow: f xP? ™ 
orm. & 
Length = const = 
Circle 1 4 
Ellipse 0:7 4-06 
” 0-5 4-25 
0:3 4-57 
0-2 4-76 
” 0-1 4°89 
Rectangle ae 6 
@ 
” 0-1 5-31 
” 0-2 4-76 
0-25 4-55 
0-333 4-3 
Sane’? 0-5 3-88 
Square ., 1 3-56 
Triangle .. Equilateral 3-33 








which it can be seen that a wide variation in the 
geometrical form of the cross-section has but little 
effect upon the value of the coefficient. The table, 





* Reynolds, Scientific Papers, vol. i, page 81. 

+ Baldwin-Wiseman, Proc. Inst. on. vol. clxv, 1906, 
page 309 and vol. clxxxi, 1910, page 15. 

+ Boussinesq, Journal de Math. pur. et app. de M. 
Liouville, 1868, page 377. 





therefore, may be used as a guide for estimating the 
resistance of most of the forms of cross-section 
likely to be met in practice. Such interpolation, 
however, must be undertaken with care, since the 
most favourable form of section does not neces- 
sarily give the lowest value of the coefficient. For 
example, the last three sections in the table appear 
at first sight to be better than the circle, but this 
is not the case, as a simple calculation shows that 
they require a greater pressure gradient to convey 
the same quantity of fluid, when the comparison 
is made on a basis of equal cross-sectional area. 
The values given in this table are deduced from 
Boussinesq’s results, which may be accepted as 
reliable, since those that have so far been checked 
by experiment have been found to be accurate, 
but it must be understood that these values are for 
laminar flow only. They would be incorrect if 
applied to turbulent flow. 

The points obtained by Stanton and Pannell 
(Fig. 1) in the region of the critical velocity appear 
to be somewhat scattered. The later work of 
Schiller* provides an explanation of this dispersion. 
Schiller found that the amount of turbulence in the 
water as it enters the pipe has a very definite 
influence upon the critical velocity. A gradual 
increase of the initial turbulence causes a correspond- 
ing progressive decrease of the critical velocity. 
Moreover, the length between the entrance to the 
pipe, and the first gauge point, i.e., the entrant 
length, has an influence if this length is less than 


some 130 diameters. The vertical rise at ee 


= 2,300, shown in Fig. 2, follows Schiller’s results. It 
refers to the case in which very great turbulence 
exists at the entrance to the pipe. Schiller found 
that below 2,300 the flow always became laminar, 
provided that the entrant length was sufficiently 
great, no matter what turbulence existed at the 
entrance. The velocity corresponding to 2,300 
should then be the true “lower critical velocity,” 
while any higher value that may be obtained, due to 
a less intense turbulence at inlet, must be classed as a 
“higher critical velocity.” If great care be taken 
to ensure stillness of the water before it enters the 


pipe, laminar flow can be maintained up to a“ 


= 30,000 or more, but such flow is unstable in the 
sense that a very small chance disturbance will 
increase automatically into complete turbulence. 
It will not, however, remain turbulent indefinitely, 
for the flow would again become laminar if the 
small disturbance should cease. 

Referring again to Fig. 1, and considering the 


curve for values of yes greater than 3,000, it will 


be noticed that, after the sharp rise to which 
reference has been made, the curve takes a form that 
has a general slope downwards, showing that, for a 
particular pipe, the coefficient f decreases as the 
flow increases. Here, again, Fig. 2 shows the 
effect more clearly. Plotted logarithmically on 
both axes, the experiments of Stanton and Pannell 
give points which lie on a line deviating slightly 
from the straight, particularly for values greater 
than 100,000. Other workers, Schiller, for example, 
taking other tests into account, suggest that the 
straight line shown will better fit the case. In any 
event the difference is small. Nevertheless, it is 
desirable that the precise form of the mathematical 
law represented by the curve should be known. 
Stanton and Pannell analysed their results and, 
assuming a law of the form n=cv", found a 
progressive increase of n with v ; this corresponds to 
a progressive decrease of the slope of the curve in 
Fig. 2 with increase of the Reynolds number. In 
fact, they suggest that the coefficient, while 
decreasing, is tending to some constant value, and 
that, at sufficiently high Reynolds numbers, the 
frictional forces will vary as the square of the 
velocity. There are, however, objections to this 
conclusion, the chief of which is that the progressive 
decrease of slope observed by Stanton and Pannell 
is the effect of roughness. If the curve is to be 
accepted as independent of the pipes, and is a 
standard with which the curves of resistance of other 
and rough pipes may be compared, it should itself 





* Schiller, Z. f. ang. Math. u. Mech., 1921, page 436. 
+ Schiller, Z. f. ang. Math. u. Mech, 1923, page 3. 





be free from the influence of such an indefinite 
property as roughness. 

Before discussing the effect of the nature of the 
surface of a pipe, it is not out of place to consider the 
general character of the motion of the fluid near the 
walls of the pipe when the flow is turbulent in 
character. It is well known that the velocity of 
flow is not uniform across the section of the pipe, 
and that at the centre the velocity is about 1-25 
times the mean velocity* (the exact value of this 
ratio depends upon the Reynolds number, and upon 
the roughness of the walls), but it does not appear 
to be so widely understood that, as the wall is 
approached, the velocity rapidly diminishes, and, 
so far as is known, the fluid in contact with the 
wall is at rest. Thus, the effect of a rough wall is 
not directly to prevent the motion of the fluid past 
it, but rather to modify the type of motion, gener- 
ating additional eddies within the main stream, so 
augmenting the loss of energy and leading to greater 
resistance. The tests of Blasius,f which extend 


from p2s = 3,000 to pce = 80,000, show that 


even with a material so smooth as glass there is no 
diminution of resistance when compared with the 
drawn brass tubes used by Stanton and Pannell. 
The deduction which may be drawn is that even 
with a perfectly smooth surface the resistance would 
not be less than that of the drawn brass tubes. It 
appears that, up to a point, a considerable variation 
of surface condition is without influence upon the 
resistance, and a pipe coming within this range can 
be regarded as smooth. 

It is reasonable, therefore, to accept the drawn 
brass pipes as smooth, and to construct with their 
aid a curve which will represent the law of resistance 
for ideally smooth pipes. This law should give a 
line at least as low as that for any practical pipe. 
In fact, it should form the lower boundary for the 
families of curves representing flow through pipes 
which have the degrees of roughness met with in 
practice. If the slope of the line does progressively 
decrease as rapidly as Stanton and Pannell suggest, 
the line would, if extrapolated to greater flows, lie 
above that found for certain full scale tests. On the 


4 | other hand, the straight line,which was originally sug- 


gested by Blasius, does give a good lower boundary 
line to all the reliable practical tests. This is further 
supported by certain tests of Schillert made with 
the express purpose of deciding this point. Whether 
this line be accepted or not, there is no doubt that 
a gradual decrease of f occurs with increase of 
flow, and that the simplest way to represent this 
variation is by means of a sloping straight line 
such as that shown on the logarithmic diagram, 
Fig. 2. Such a line assumes a law of the form f = c 

nee ", The values of the constants n and ¢ are 
fixed by the slope and the height of the line res- 
pectively, and it is possible, within a restricted 
range, to select pairs of values for and c which 
will give various lines, all of which will fit the 
experimentally obtained curve tolerably well. 
If n be taken as —0-25, then, in order to agree 
with the observations of Stanton and Pannell 
within the limits of experimental accuracy over 


the range of ace from 3,000 to 150,000, the value 
of c must be taken as 0-08, giving the relationship 
f = 0-08 (esy. The value of —0-25 adopted 


for n has the advantage that calculation is simplified, 
and is more readily performed on the slide rule, 
but it is not suggested that there is any theoretical 
justification for this particular value. On the 
contrary, a case can be stated,§ based on other 
considerations, for the adoption of the value —0-27, 
but, although this value agrees with experimental 
observations over the range 3,000 to 30,000 with 
greater accuracy than —0-25, it gives a line which 
is definitely too low for flows above 30,000. Stanton 
and Pannell’s results for flows above 200,000 lie 
above the —0-25 law also, but, as Jakob and Erk|| 





* Morrow, Proc. A, Roy. Soc., 1905, page 205. 
Stanton, Proc. A. Roy. Soc., Mar ey” 366. 

+ Blasius, V.d.I. Forschungsheft No. 131, 1913, page 33. 

t Schiller, Z. f. ang. Math. u. Mech., 1923, page 3. 

§ Fromm, Z. f. ang. Math. u. Mech., 1923, page 343. 

|) Jakob and Erk, V.d.J. Forschungsheft No. 267, 
1924, page 13. 
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point out, this may be accounted for by assuming 
that the property of hydraulic smoothness of the 
drawn brass pipes disappears when the flow reaches 
a sufficiently high value. The pipes were hydraulic- 
ally smooth for small flows, but became hydraulically 
rough for flows greater than about 200,000. The 
curving of the Stanton and Pannell line does not, 
therefore, weaken the claim of the simple index 
law, suggested originally by Reynolds, to represent 
the ideal case of flow in hydraulically smooth pipes. 


It may be that the index law, f = 0-08 i aa 


is the particular case of a law of the formf = a + ba” 
which has been suggested by many workers as 
representing with accuracy the variation of the 
coefficient. The terms a, 6 and n would then all 
be variable and would depend upon the roughness 
of the particular pipe under consideration. In 
the case of the ideal smooth pipe, a = zero, b = 0-08, 
and n = —0-25, while for Stanton and Pannell’s 
experiments the following values, namely, a = 
0-0018, 6 = 0-153, n = —0-35, have been found 
by Lees* to give the best agreement over the whole 
range. From all points of view, it seems advisable 


to accept the simpler index law f = 0-08(°24 ‘ee 


as representing the ideal case of the hydraulically 
smooth pipe which is the lower limit for the practical 
pipe. The error involved in such an assumption 
appears to be well within the probable limits of 
accuracy of testing. This law, then, may be regarded 
as defining the lowest resistance that it is possible 
to attain in practice, and departure from it repre- 
sents the result of imperfections in materials and 
methods of construction. It provides the engineer 
with a standard of comparison. 


(Zo be continued.) 











THE INTERNATIONAL AERO 
EXHIBITION. 


ALTHOUGH the practice of holding of trade exhibi- 
tions at fairly frequent intervals may have certain 
advantages, it has the obvious drawback that the 
changes made in the intervening time are com- 
paratively slight, so that, to the casual observer, 
one exhibition is very much like its predecessor. 
This, however, is by no means the case with regard 
to the International Aero Exhibition, which opened 
at Olympia on Tuesday last and will remain open 
until the 27th instant. It is nine years since the 
previous exhibition was held in London, and 
although nothing that can be described as revolu- 
tionary has occurred in aviation in the meantime, 
those who can compare the exhibits at the 1920 
exhibition with those now on show at Olympia will 
find that material progress has been made. Since 
the early development of aviation was largely due 
to the war, it was hardly surprising that the war 
influence on design should have been very apparent 
at the last exhibition, most of the commercial 
machines then shown being merely modified forms 
of war machines. At the present time, although the 
construction of service machines still forms the 
mainstay of the aviation industry, there is a con- 
siderable demand for commercial aircraft and even 
for machines for private owners. Such machines, 
of which there are numerous examples at Olympia, 
are now designed expressly for the purpose for which 
they are intended, and are thus more suitable for the 
work for which they are required. 

An inspection of the exhibits at Olympia will do 
much to refute the charge of backwardness 
frequently levelled at the British aircraft industry, 


at all events as far as design and construction is | 


concerned. Further evicence of this may be 
obtained from the development of the export trade 
in aircraft, some figures for which have recently 
been published by Mr. Sidney Rogerson of the 
Federation of British Industries. From these it 


appears that while in 1928 352 complete machines | 


and 432 engines, with a total value of about 800,0001. 
were exported, as many as 252 machines and 
213 engines, valued at nearly 500,000/., were exported 
during the first four months of the current year. 
Of this year’s exports, 25 machines and 104 engines 
were purchased by the United States alone. There 
is every reason to hope that this export trade will 





* Lees, Proc. A, Roy. Soc., 1915, page 46. 


increase with the development of civil aviation 
abroad. 

Perhaps the most notable development in aircraft 
construction that has occurred since the previous 
exhibition is the use of metal in place of wood. 
A careful inspection of the exhibits at Olympia 
will show that the aircraft designer has made good 
use of the light non-ferrous alloys and special steels 
placed at his disposal by the metallurgist. On the 
aerodynamic side, there have been important 
developments in thick wing sections suitable for 
cantilever monoplanes, and safety in flight has been 
augmented by the development of the slotted 
wing by Mr. Handley Page, described by him in 
last year’s Wilbur Wright Lecture to the Royal 
Aeronautical Society, which was reprinted, in 
abridged form, on page 180 of our 126th volume. 
Much valuable work has, of course, been done 
in aerodynamics and in metallurgy by the staff 
of the National Physical Laboratory, and this 
should be, and is, fully acknowledged by the aircraft 
industry. No less notable are the improvements 
made in the power and reliability of aero engines, 
when the arduous conditions under which these 
engines are required to work are taken into con- 
sideration. 

In accordance with its title, the exhibition is of an 
international character and about 75 complete 
machines by British, America, French, German and 
Italian constructors are on view. These range from 
light single-seaters suitable for private owners, and 
capable of being folded up and housed in an ordinary 
garage, to large air liners carrying up to 22 pas- 
sengers. In addition, there are numerous service 
machines, some of which are of a semi-secret 
character and therefore may only be viewed and 
not closely inspected. Eighteen aero engine manu- 
facturers of various nationalities are exhibiting 
examples of their products, which range from two- 
cylinder engines developing some 35 h.p., to twelve 
cylinder engines capable of developing 1,000 h.p. 
Accessories for aircraft and materials for aircraft 
construction are exhibited by some 200 manufac- 
turers, and an interesting exhibit has been ar- 
ranged by the Air Ministry, one section of which 
illustrates the working of the Aeronautical Inspec- 
tion Department. Mention should also be made 
here of the historical exhibit of the Royal Aero- 
nautical Society covering 25 years of progress 
in flying and including a number of early machines 
which make an interesting comparison with the 
modern aircraft. We hope to refer to this in 
more detail later, but, in the meantime, must 
confine our attention to some of the modern exhibits. 

One of the more important exhibits is that 
arranged jointly by Messrs. Vickers (Aviation) 
Limited, Vickers House, Broadway, Westminster, 
S.W.1, and their subsidiary firm, Messrs. The 
Supermarine Aviation Works, Limited, of South- 
ampton. The Vickers-Victoria troop carrier, illus- 
trated in Fig. 1, on Plate IX, is among the 
larger machines at Olympia, being a 24-seater, 
which has been developed, through the 14-seater 
commercial machine and the Vernon troop carrier, 
from the original Vimy machine, in which the first 
direct trans-Atlantic flight was accomplished in 
1919. The Victoria has been employed by the 
| Royal Air Force in the Far East, and its utility was 
|amply demonstrated by the evacuation of the 
| European population from Kabul, between Decem- 
| ber, 1928 and February, 1929. Over 600 persons 
| were carried from Kabul to Peshawar in 83 flights, 
| over a total distance of 33,000 miles. 
| As will be clear from the illustration referred to, 





‘the machine is a twin-tractor biplane with an open 
cockpit, in which the pilot and his assistant are 
carried, and a closed cabin, with accommodation 
for 22 passengers. In place of the passengers, an 
eauivalent load of bombs can be carried, sighting 
arrangements being provided through an aperture 
below the pilots’ cockpit. The front portion of the 
fuselage, comprising the cabin structure, is made 
/of a plywood skin, built up on C-shaped wooden 
|formers, the remainder of the fuselage structure, 
| wings and control surfaces being of metal, mainly 
| Duralumin, with doped-fabric coverings. 

| The main planes have a span of 87 ft. 4 in. and 
a chord of 13 ft., the section employed being that 
known as R.A.F. 15, and the wing area being 





2,178 sq. ft. The overall length of the machine is 
59 ft. 6 in., and the height 17 ft. 9in. Its weight, 
fully loaded, is 17,460 lb., so that the wing loading 
works out at 8 lb. per square foot. The power 
loading, with two Napier Lion XI engines, each 
developing 570 h.p. at 2,600 r.p.m., is 15-3 lb. per 
horse-power. The main petrol tank, which is 
located below the fuselage, has a capacity of 215 
gallons, which is sufficient to cover a distance of 
411 miles at cruising speed, but two wing tanks, with 
a combined capacity of 190 gallons, are also fitted. 
The full speed of the machine is 110 m.p.h. near 
the ground, and 105 m.p.h. at an altitude of 4,920 ft., 
to which it can climb in 11 min. The ultimate 
ceiling is 16,200 ft., and the landing speed 50-5 
m.p.h. 

A monoplane tractor single-seater machine, 
bearing the designation, Vickers type 151, and 
intended for the interception of enemy aircraft at 
high altitudes is also exhibited. This machine, a 
side view of which is given in Fig. 2, on Plate IX, 
is still under trial by the Air Ministry, so that 
details of its performance cannot yet be given. The 
power plant consists of one Bristol Mercury ITA 
engine of the nine-cylinder air-cooled type, develop- 
ing a maximum of 500 h.p. at 2,200 r.p.m. at an 
altitude of 16,500 ft. The machine is of all-metal 
construction, and the wings and control surfaces are 
covered with Duralumin sheeting applied by the 
Vickers-Wibault process. 

The Supermarine Southampton machine, also 
exhibited on this stand, and illustrated in Fig. 3, 
on Plate IX, is the standard twin-engined five- 
seater reconnaissance flying boat of the Royal Air 
Force, and has also been supplied to some foreign 
navies. Four of these machines, it may be remem- 
bered, were used in the R.A.F. Far-East flight during 
1927-1928, flying from Plymouth to Singapore, 
thence round the Australian continent, and back to 
Singapore, a total distance of 27,000 miles being 
covered without any untoward incident. The 
wings are of equal span and without stagger, and 
may be of either wood or metal construction, the 
latter being 200 Ib. lighter than the former, with 
which they are interchangeable ; ailerons are fitted 
on all four planes. The top and bottom centre 
sections are interconnected by vertical struts at 
their ends, and also by four set of struts arranged 
in the form of a “‘ W,” when viewed from the front 
of the machine, the engines being mounted between 
these struts. Napier Lion engines, developing 
470 h.p. each, are usually fitted, although, in the 
case of the machine illustrated in Fig. 3, the 
engines are of the Lorraine-Dietrich type. The 
engines are mounted on separate removable mount- 
ings carried above the bottom centre section. Each 
engine unit is self contained, and includes radiators, 
oil tanks and cooler, and instruments, all of which 
can be removed without disturbing the main wing 
structure. The two main fuel tanks are under the 
top centre section, so that the feed to the engines is 
by gravity. 

As shown in Fig. 3, the hull is of circular section, 
and the special launching chassis and tail trolley 
should be noted. The hull has two built-on steps, 
and is usually constructed entirely of Duralumin 
with stainless steel fittings, although it can also be 
supplied of wood construction. The saving in 
weight of the Duralumin hull, in comparison with 
one of the same dimensions in wood, amounts to 
300 lb. Accommodation is provided in a cockpit 
in the bow for a gunner and a bomber, while aft 
of them, in two cockpits arranged in tandem with 
dual control, the two pilots are carried. Below the 
wings is a wireless compartment, which opens out 
into two staggered cockpits aft of the wings, 
equipped with Scarff gun mountings. The machine 
can be arranged to carry two 18-in. torpedoes, one 
on each side of the hull, winches for lifting the 
torpedoes into position being provided under the 
bottom centre section. The wing span is 75 ft., 
the wing area 1,426 sq. ft., and the length and 
height of the machine 49 ft. 8 in. and 18 ft. 7 in., 
respectively. The empty weight, with a metal 
hull, is 8,760 Ib., and the loaded weight 14,600 Ib., 
so that the wing loading is 10-25 Ib. per square foot, 
and the power loading 15-5 lb. per horse-power. 
The performance, with Napier Lion engines, is as 
follows: Maximum speed, 108 m.p.h.; landing 
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speed, 52 m.p.h.; climb to 5,000 ft., 10 min. ; 
ceiling, 14,000 ft. ; and range, 800 miles. 

In view of the forthcoming race for the Schneider 
Trophy, considerable interest attaches to the 
Supermarine Napier S 5 machine, since two machines 
of this type represented Great Britain in the 
Schneider Trophy competition, held at Venice in 
1927, obtaining the first and second highest average 
speeds over the 350-km. course. The speeds 
attained were 281-65 m.p.h. and 273-07 m.p.h., 
the speed reached by the winning machine over the 
100-km. course being 283-66 m.p.h., which consti- 
tuted the world’s record at the time. It may also 
be of interest to mention that two of these machines 
are being used by the High-Speed Section of the 
Marine Aircraft Experimental Establishment of 
the Royal Air Force, and in one of them, the highest 
speed ever recorded over a 3-km. course, viz., 
319-57 m.p.h., was obtained. The machine is a 
twin-float, low-wing monoplane, fitted with one of 
the special Napier Lion racing engines illustrated 
and described on page 632 of our 125th volume. 
The span is 26 ft. 9 in., and the wing area 115 sq. ft., 
the weight, with a geared engine, being 3,250lb. 
The maximum speed, with the geared engine, is 
given as 320 m.p.h., the landing speed being 90 
m.p.h., and the endurance 1 hour 15 minutes. 

A considerable number of aircraft accessories and 
components, armaments for aircraft, &c., con- 
structed by the Vickers Group are also displayed on 
this stand, but our space will not permit us to deal 
with these. 

The most interesting exhibit at the stand of Messrs. 
Boulton and Paul, Limited, Norwich, is the Side- 
strand Mark III all-metal medium-range bomber, of 
the type now supplied to the Royal Air Force. The 
illustration, Fig. 4, on Plate IX, shows a machine of 
exactly similar external appearance but fitted with 
two Bristol Jupiter VI engines instead of the two 
Jupiter VIII geared engines fitted on the Mark III 
machine. The general design of the machine can be 
followed from Fig. 4 without much explanation, 
and the main dimensions, &c., are as follow: span, 
72 ft. ; length overall, 41 ft.; height, 14 ft. 10 in. ; 
chord 7 ft.; gap, 7 ft. 6 in. ; wing area, 980 sq. ft. ; 
weight, empty, 6,010 lb.; weight, fully loaded, 
i0,200 lb. ; wing loading, 10-6 per sq. ft. ; and power 
loading, 10-2 lb. per horse-power. The weight and 
loadings, it should be explained, relate to the machine 
fitted with the Jupiter VIII engine, and the per- 
formance with this engine is 140 m.p.h. at 10,000 ft. ; 
climb to 15,000 ft., 19 mins.; service ceiling 
24,000 ft., and landing speed, 54 m.p.h. 

Accommodation is provided in the fuselage for a 
normal crew of three, one of whom acts as front 
gunner, bomber, or wireless operator, as required, 
another as rear gunner and the third, of course, as 
plot. Although the normal crew consists of three 
persons, ample accommodation is available for four 
or five, and this number may be carried within the 
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carrying bombs of up to 550 lb. total weight. The 
form of engine mounting employed in this machine 
is interesting, the mountings being compound 
structures, each consisting of a fixed framework built 
with the structure of the centre sections of the 
lower wings, to which is hinged a swinging portion or 
gate carrying the engine. All enginejconnections 
and controls are arranged so that the gates may be 
opened without disturbing them,{thusfgiving easy 
access to all the auxiliaries at the rear of the engine. 
The gates swing on hardened and ground taper 
hinge pins and are interchangeable one with another. 
This arrangement, in addition to facilitating inspec- 
tion, enables the type of engine installed to be varied 
without necessitating any structural alteration to the 
machine, new gates for the particular engine alone 
being required. Any radial engine of suitable power 
can thus easily be fitted to the machine. As already 
mentioned, the machine is of all-metal construction, 
high-tensile steel being employed in all the more 
highly-stressed members, Duralumin being exten- 
sively employed for the remainder. Standardised 
sections are used throughout, and the whole machine 
is built to jigs, thus rendering all the components 
interchangeable. 

Messrs. Boulton and Paul’s system of metal 
construction for aircraft is well illustrated by the 
numerous examples of separate members, such as 
aeroplane spars and ribs, exhibited. Among them 
should also be mentioned a segment of an airship 
frame of the type designed and manufactured by 
the firm for H.M. Airship R.101. We have, how- 
ever, previously illustrated and described this work 
in considerable detail (see page 689 of our 126th 
volume), so that we need not deal further with it 
here. 

The extensive display of the Fairey Aviation 
Co., Limited, of Hayes, Middlesex, includes seven 
machines, in addition to examples of metal air- 
screws, metal floats, a high-speed gun mounting, 
and other products of the firm. We may first 
refer to the well-known Fairey III. F. machine, 
shown in skeleton form to illustrate the design of the 
metal construction, which is employed as a seaplane 
for the Fleet Air Arm, and as a general purpose 
machine. One of the latter type is illustrated in 
Fig. 5 on Plate X, fitted with a Napier Lion XI 
engine, but the general purpose machine exhibited 
at Olympia is equipped with an Armstrong-Siddeley 
Jaguar VI air-cooled engine, although in other 
respects it is similar to that shown in the illustration 
referred to. The Fleet Air Arm and general purpose 
machines are of generally similar design, the chief 
difference being in the arrangement of the cockpit, 
the former being a three-seater machine and the 
latter a two-seater. Both types are of all-metal 
construction, and both have folding wings; wheel 
or float undercarriages are readily interchangeable. 
In all cases, a hoisting sling is housed in channels 
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be easily lifted on board an aircraft carrier. When 
used as a land machine, the sling forms a con- 
venient means for lifting the aircraft by a shearlegs 
or crane for changing the undercarriage and other 
purposes. 

When fitted with a Napier Lion XI engine, as 
illustrated in Fig. 5, the span is 45 ft. 9 in., the 
overall length 32 ft. 6 in., the height 11 ft. 6 in., 
and the width folded 14 ft.34in. These dimensions, 
it should be explained, apply to a land machine, 
the height, length and folded width being a few 
inches greater when the machine is arranged as a 
seaplane. In common with other aircraft con- 
structed by this firm, a stiff tubular centre section 
forms a structure to the front of which the engine 
mounting is attached, while the after portion of 
the fuselage is connected to the rear. The upper 
main planes are attached to each side of the top 
centre plane forming the upper part of the centre 
cellule, the lower planes and undercarriage being 
mounted on the lower spar spools of the same 
cellule. The engine mounting is made entirely of 
welded-steel tubes and is of similar form in all 
machines of this type, although the dimensions 
naturally differ in accordance with the engine used. 
The normal fuel capacity is 124 gallons, which 
gives a range of about 700 miles at cruising speed. 

In the metal planes used, the spars are of 
corrugated drawn tube of double-eight section, 
with pressed ribs clipped on to them. Variable 
camber gear is fitted in addition to the usual aileron 
controls, the former giving a lower landing speed 
and also giving increased control at speeds below 
the normal stalling speed. The tail plane is of 
similar construction to the main planes, and the 
angle of incidence can be adjusted during flight. 
The land-type undercarriage is of steel tube con- 
struction and incorporates the firm’s design of oleo 
shock-absorbing legs, the damping effect of which 
can be varied to suit local conditions. The standard 
seaplane undercarriage consists of a tubular steel 
chassis with shock-absorbing legs fitted to the rear 
booms, to which is also fitted a pair of Duralumin 
floats equipped with water rudders operated by the 
flying rudder pedals. The capacity of the floats 
is about 190 cub. ft. each, and they are designed to 
withstand the effects of grounding on a smooth 
beach. 

A single-seater interceptor fighter, known as 





the Firefly II, also shown, is of an entirely new 
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type and, we understand, has an exceptionally 
high performance, although particulars of this 
are not yet available for publication. A somewhat 
similar machine, viz., the single-seater fighter ship 
plane, is illustrated in Fig. 6 on Plate X. This 
aircraft has been developed essentially for Fleet- 
Air Arm duties, and can be fitted with an alternative 
float undercarriage for use as a seaplane. As 
either a ship plane or a seaplane it is capable of 
very high maximum speeds, combined with extreme 
manceuvring powers and abnormally high rate 
of climb. When used as a ship plane, pneumatic 
wheel brakes, combined with the low-flying speeds 
obtainable, permit easy landing in a restricted 
space such as the deck of an aircraft carrier. As 
clearly shown in Fig. 6, the main planes, which 
have a span of 33 ft. 6 in., have a pronounced 
stagger and the upper plane has a greater chord 
than the lower, the chords being 6 ft. and 4 ft. 1 in., 
respectively, All-metal construction is employed 
throughout, except that the surfaces are fabric- 
covered. A Rolls-Royce F type supercharged 
engine is installed as standard, and both wing- 
type and retractable radiators are employed in 
the cooling system, All the fuel is carried in the 
fuselage in tanks which are fitted with jettison 
valves. The overall length of the machine is 
25 ft. 6 in. and the height 8 ft. 74 in. 

A particularly interesting exhibit of this firm 
is the long-range monoplane, since the machine 
exhibited is that which accomplished the recent 
first non-stop flight to India. We illustrate the 
machine in Fig. 7 on Plate X, from which the 
carefully streamlined structure and the absence 
of projecting appendages will be noted. As will 
be seen, the machine, which is fitted with a Napier 
Lion engine, is a pure cantilever monoplane, the 
wing varying throughout its span in thickness, 
chord and incidence. Tests have shown that the 
wing has a very high lift coefficient, and that there 
is no sudden stall after the angle of maximum 
lift has been reached. The tail is also a cantilever, 
the only external bracing wires on the machine 
being those to support the fin. The main dimen- 
sions are: span, 82 ft.; length, 48 ft. 6 in. ; mean 
chord, 11 ft.; and height, 12 ft. It may be of 
interest to mention that, in connection with the 
design of this machine, exhaustive wind-channel 
tests were carried out at the National Physical 
Laboratory to check the aerodynamic character- 
istics. Half of the wing was made and tested 
under full-load conditions, and when the fuselage 
was erected, the rear end was loaded up to test 
the torsional rigidity of the structure. About 
1,000 gallons of petrol are carried in the wings, 
from which the fuel is fed by gravity to a collector 
tank under the floor of the cabin, whence it is 
pumped to the engine. The cabin is totally en- 
closed, but the navigator can look downwards 
through the wings and through a special sight in 
the floor for taking drift sights, as well as through 
the roof light. Windows are also provided in the 
sides of the cabin. 

The Elf two-seater light aeroplane, which Messrs. 
George Parnall and Co., The Aerodrome, Yate, 
Gloucestershire, are putting on the market this 
year, has been designed with the object of improving 
the performance of the machine and the view of 
both pilot and passenger, and of reducing the 
maintenance costs and the folded size. The machine 
is illustrated in Figs. 9 and 10 on page 73, the 
former showing the general arrangement of the 
design and the latter the extent to which the 
designer’s object in reducing the folded size has 
been attained. Actually the folded width is only 
7 ft. 11 in., which, we understand, is about 18 in. 
less than that of other existing types and should 
thus facilitate the passage of the machine through 
gateways in the event of a forced landing. 

The machine has a span of 31 ft. 34 in., a length 
of 22 ft. 10$ in. and a height of 8 ft. 6 in., and, when 
fitted with a 105 horse-power Hermes engine, has a 
maximum speed of 116 m.p.h., a cruising speed of 
103 m.p.h., and a stalling speed of 40 m.p.h. ; its 
range is about 400 miles. The tare weight is 
900 lb., and the total loading, for the full aerobatic 
certificate of airworthiness, is 1,500 lb. If it is 
desired to use the machine as a seaplane, a suitable 
undercarriage of the fixed type, with long single- 
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stepped Duralumin floats, which are easily inter- 
changeable, can be supplied. 

Another machine exhibited by this firm is the 
Parnall Peto two-seater reconnaissance seaplane. 
designed for Service use in conjunction with sub- 
marines. It is of composite construction, the metal 
work being mainly of stainless steel or Duralumin. 
The machine, which is illustrated in Fig. 8, on 
Plate X, is understood to be very suitable for 
training purposes, especially in catapult launching ; 
it can also be used in civil work for aerial surveying, 
communication or transport. Fitted with an 
Armstrong-Siddeley Mongoose engine, which de- 
velops 135 horse-power, the speed, at sea level, is 113 
m.p.h. and the rate of climb, also at sea level, is 
600 ft. per minute. The main particylars of the 
machine are as follows :—Weight empty, 1,300 Ib. ; 
weight loaded, 1,950 lb.; wing loading, 11-4 lb. 
per square foot; power loading, 12-65 lb. per 
horse-power; span, top wings, 28 ft. 5 in.; span, 
bottom wings, 20 ft. 5 in.; span, folded, 8 ft. ; 
length overall, 22 ft. 64 in. ; and height, 8 ft. 11 in. 

The small radial engine, illustrated in Fig. 27 
on page 77, which also forms part of Messrs. Parnall’s 
exhibit, was designed by Mr. D. R. Pobjoy and 
has successfully passed the Air Ministry type test. 
Although its weight is only 115 lb. and its overall 
diameter 25 in., the engine is rated at 60 brake horse- 
power, since it runs at 3,000 r.p.m., driving the 
propeller through double-helical reduction gearing 
at 1,570 r.p.m. There are seven cylinders, each 
with a bore of 72 mm. and a piston stroke of 87 mm., 
consisting of steel barrels screwed into aluminium 
heads, and the pistons, which are of the slipper 
type, of aluminium, have floating gudgeon pins. 
The master rod has an unsplit hardened big-end 
ring, with a floating bush running on the hardened 
crankpin, the six auxiliary rods being hinged to 
the master rod by floating wrist pins. The crank- 
shaft, which is of the single-throw divided type, 
runs in two roller bearings, one ball bearing and 
one plain bearing. The crankcase is made of 
aluminium castings, in four sections, the two central 
sections supporting the cylinders and the roller 
bearings for the crankshaft, while the rear section 
houses the cam gear and carries the magnetos, 
induction spider and carburettor. The latter, which 
is of the Zenith type, supplies mixture to the centre 
of the induction spider and thence, through induction 
pipes, to the inlet valves; an exhaust-heated hot 
spot is provided at the centre of the spider. Dual 
ignition is provided, two single-point B.T.-H. 
magnetos supplying separate plugs in each cylinder 
through a pair of seven-point distributors. For 
lubrication, a sump carrying two oil pumps and 
filters is attached to the bottom of the front part 
of the crankcase. Oil from the pressure pump 
passes through the front cover into the crankcase, 
and the oil on its way to the big-end passes into the 
interior of a small hollow flywheel, in which any 
dirt escaping the filters is deposited. There are no 
oil pipes on the engine, with the exception of the 
scavenge and supply connections to the oil tank, and 
the filters can be removed for cleaning without 
disturbing these pipes. The normal pressure of the 
oil is 35 lb. per square inch. The fuel consumption 
is given as 0-57 pint per brake horse-power per 
hour, and the corresponding figure for lubricating 
oil consumption as 0-025 pint. In spite of the high 
speed of revolution, it is stated that the reliability 
and durability of the engine are highly satisfactory, 
as a result of the care exercised in the design of the 
bearings and other details. 

The most interesting exhibit at the stand of 
Messrs. Short Brothers (Rochester and Bedford), 
Limited, Seaplane Works, Rochester, is the 
Singapore boat seaplane, the machine exhibited 
being that actually used by Sir Alan Cobham for 
his 23,000-mile flight round Africa. Another point 
of interest in connection with this machine is 
that it was, we believe, the first all-metal flying- 
boat, except for the coverings of the wings and 
control surfaces, to be constructed in this country. 
As, however, we have recently illustrated and 
described in considerable detail a similar machine 
designed and constructed by Messrs. Short Brothers, 
viz., the Short Calcutta seaplane,* we propose on 
this occasion to deal only with their other exhibits. 


* See ENGINEERING, vol, cxxvi, page 195 (1928). 








Of these we illustrate in Fig. 11 on Plate XI, the 
Mussel light seaplane which has been designed 
for use as an economical general-purpose machine. 
It can be fitted with a land chassis in place of 
the twin float shown in the illustration, and, as 
will be seen, is of the low-wing semi-cantilever 
monoplane type. The machine is a two-seater 
with full dual control, and is well adapted for 
training purposes. With the exception of the 
surface coverings, metal construction is employed 
throughout. The span, length and height of the 
machine are 37 ft. 34 in., 25 ft., and 11 ft. 9 in., 
respectively, and the main planes have a chord 
of 6 ft. 3 in. and an area of 214 sq. ft. The empty 
weight is 1,061 lb. and the gross weight 1,640 lb., 
so that the wing loading amounts to 7-67 lb. per 
square foot and the power loading, with a Cirrus 
Mark III engine, developing 96 h.p., to 17-25 lb. 
per horse-power. The performance data are: 
maximum speed at sea level, 102 m.p.h. ; landing 
speed, 48 m.p.h.; initial rate of climb, 620 ft. 
per minute; and endurance, at cruising speed, 
4 hours. 

As comparatively little attention appears to have 
been given in recent years to the design of 
amphibious aircraft, the remaining exhibit on 
Messrs. Short Brothers’ stand, viz., a standard 
De Havilland Gipsy Moth fitted with amphibious 
gear designed by the Rochester firm, is of particular 
interest. We illustrate this machine in Fig. 12 
on Plate XI, and, as will be seen from the figure, 
the gear comprises a main central float with 
stabilising wing-tip floats. The landing wheels are 
attached by a pair of oleo legs, somewhat resembling 
bicycle forks, to a cantilever axle, which is mounted 
in bearings in the main float, and can be rotated 
by worm gearing operated from the pilot’s seat. 
By these means, the wheels can be raised clear 
of the water or lowered into the landing position, 
in which they can also be used in hauling the 
machine up a beach or slipway. At the stern of 
the main float, a water rudder, permanently 
connected with the flying rudder bar, is fitted, and 
this rudder is also made to serve as a steering tail- 
skid when the machine is running on land. For 
the latter duty, it is suitably sprung and fitted 
with a shoe of stainless steel. In the water, the 
running wheels may be made to act as drogues by 
winding them down from their flying position, and 
this feature should be of considerable assistance in 
manceuvring at slow speed when picking up 
moorings. On land, the wide track of the running 
wheels, the absence of the usual axle, and the 
forward skid effect of the float should materially 
increase safety in landing in tall undergrowth 
or on boggy ground. The weight of the amphibian 
gear amounts to 310 lb., and that of the machine, 
complete with a crew of two persons, petrol, oil 
and baggage, is 1,750 lb. At this loading, the 
estimated performance is as follows: Maximum 
speed, 98 m.p.h.; landing speed, 46 m.p.h. ; 
climb from sea level, 540 ft. per minute; time 
required to take off from ground, 10 seconds ; 
and to take off from water, 17 seconds; while 
the absolute ceiling is 12,500 ft. 

Three service machines are exhibited by Messrs. 
The H. G. Hawker Engineering Company, Limited, 
Canbury Park-road, Kingston-on-Thames, and of 
only one of these, viz., the Tomtit training machine, 
is it possible to give full particulars. This machine, 
of which a side view is given in Fig. 13, on Plate XI, 
is a two-seater biplane fitted with either an Arm- 
strong-Siddeley Mongoose engine or an A.D.C. 
Hermes engine. Its equipment is arranged to 
conform with all modern requirements for training 
aircraft, and it may be of interest to mention in this 
connection that a hood is provided which can be 
pulled over the pupil pilot by the instructor, so that 
the former may be instructed in blind flying, which 
is necessary when an aeroplane is travelling through 
cloud or fog. When this hood is in use, the instru- 
ment board is lighted by a flood system, and a Reid 
turn indicator is provided to show the pupil whether 
he is flying on a straight course and on an even 
keel. We understand that this form of instruction 
has not previously been given in this country, and 
that, in future, it will form a regular part of the 
training curriculum of the Royal Air Force. The 
main dimensions of the machine are: span 28 ft. 
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6 in., length 23 ft. 5 in., height 8 ft. 8 in. and chord 
4 ft. 9 in., the wing area being 238 sq. ft. The 
weights empty and loaded, are 1,100 lb. and 1,750 Ib., 
respectively, and the machine climbs to 5,000 ft. 
in 6 min. 7 sec. and has a speed of 119 m.p.h. at that 
altitude. 

The Hart high-speed day bomber, shown by this 
firm, is a two-seater machine of metal construction 
fitted with a Rolls-Royce engine of either the FXI.B 
high-compression type or the FXI. S. super- 
charged type. Its speed with either engine 
exceeds 180 m.p.h., and its total weight is 
4,320 lb. The other machine, known as the Hornet, 
is an interceptor fighter, its object being to counter 
attacks by high-speed day bombers. It is a single- 
seater biplane of metal construction, fitted with 
a Rolls-Royce FX1. S. engine, and is said to be 
the fastest single-seater in the world, though no 
details of its performance are available for publi- 
cation. 

Of the three machines exhibited by Messrs. 
Westland Aircraft Works (a branch of Messrs. 
Petters, Limited), of Yeovil, the most interesting 
is probably a high-wing type semi-braced cantilever 
monoplane, known as the Westland IV three-engined 
limousine. It has been designed to afford a degree 
of safety and comfort equal to that of the largest 
air liners, but on a sufficiently small scale and at 
a cost low enough to permit it to be employed 
economically for the equipment of feeder lines 
to trunk air routes, or for transport purposes on 
routes where the traffic is not heavy enough to 
justify the employment of larger and more costly 
machines. A market may also be found for it 
among those private owners whose requirements 
are not adequately met by the light two-seater 
aeroplane. It is normally fitted with three Cirrus 
Hermes engines, developing 315 brake horse-power 
in the aggregate. The machine illustrated in 
Fig. 14 on Plate XI, however, is fitted with Cirrus 
engines, which are not completely cowled in, and 
differs slightly in other respects from that exhibited 
at Olympia. The illustration, however, serves to 
show the arrangement of the machine sufficiently 
well to enable the description to be followed. 

It should first be mentioned that the provision 
of three engines enables the machine to be kept 
in level flight, or even to climb slowly, with one 
engine out of action, and with two engines broken 
down the angle of descent from an altitude of 5,000 
ft. is 1 in 38, so that the pilot would have a large 
area in which to select a suitable landing place. 
The fuselage is divided into three main sections, of 
which the central portion forms the cabin accom- 
modating four passengers and is provided with an 
entrance lobby and lavatory compartment. The 
forward portion accommodates the pilot and 
mechanic, or a fifth passenger, the central engine 
being mounted on the nose. The central and 
forward portions of the fuselage are of composite 
construction, but the rear portion, in which a 
luggage compartment is incorporated, is of metal 
construction. The undercarriage is designed to 
hinge about the bottom longerons of the cabin 
portion of the fuselage and the shock-absorption 
system, which is of the oleo type, transmits the 
landing forces through bracing struts to the wing 
roots and strut attachments of the wings. The 
design of undercarriage, as shown in Fig. 14, 
gives a very wide track well adapted for landing 
on rough surfaces; the width of the track is 
actually 15 ft. Bendix brakes operated by a 
hand lever in the cockpit are fitted in all cases, 
and these enable the machine to be pulled up in 
a very short space. They also permit the engines 
to be run up without chocking the wheels, so that 
the pilot is independent of a ground staff when 
taking off. 

In addition to the central engine in the nose of 
the fuselage, two wing engines are mounted at the 
points where the main wing struts and undercarriage 
outrigger struts converge, the torque reaction being 
taken by a separate member. Fuel is carried in two 
separate tanks, each of 48 gallons capacity, located 
in the root of each wing, the petrol being fed by 
gravity to a common distributor box and thence 
to the engines. The fuel capacity is sufficient for 
a flight of 5} hours’ duration at cruising speed. 
The main planes have a span and chord of 57 ft. 6 in. 





and 9 ft. 6 in., respectively, their total area being 
490 sq. ft. The wing section used is the R.A.F. 34, 
in which the movement of the centre of pressure 
is very small. It is claimed that this feature, 
in conjunction with the disposition of the tail 
plane and the proportioning of the elevators, 
renders the machine extremely stable at all speeds, 
and also very controllable at and near the stall. 
The maximum speed, at ground level, is 120 m.p.h., 
and the cruising speed, also at ground level, is 
100 m.p.h. The total weight of the machine is 
5,500 lb., of which 1,240 lb. is accounted for by 
five passengers and goods. This gives a wing 
loading of 11-2 lb. per square foot, and a power 
loading of 17-45 lb. per horse-power. 

The Westland Wapiti machine exhibited by the 
firm is illustrated in Fig. 15 on Plate XII. It is 
a two-seater general-purpose biplane, many of 
which have been supplied to the Royal Air Force 
for service at home and abroad, being employed 
for such duties as bombing, reconnaissance, photo- 
graphy, long-range desert patrol, and advanced 
training work. It has a good speed combined 
with excellent manceuvring properties and robust 
construction, all of which are essential for the 
performance of the wide range of requirements 
specified. In addition, it is fitted with Handley Page 
automatic wing slots, which render the machine 
extremely difficult to get into a spin, and also 
enable a stall to be easily countered, since in that 
condition all the controls are operative and the 
aircraft descends without diving or side slipping. 
Frise-type ailerons are fitted, which render the 
machine particularly light on the lateral controls 
and a large balanced rudder gives good directional 
control. 

The machine exhibited is of all-metal construction, 
and a stripped fuselage, complete with tail unit, is 
shown to enable the metal construction to be clearly 
seen. Steel or Duralumin tubing of approximately 
square section is used for the fuselage members ; 
the joints are made by flat fish plates and hollow 
rivets. The struts are left with a small clearance 
at the ends, so that the loads are carried entirely 
by the rivets, and it is claimed that this method of 
construction lends itself to rapid production, gives 
great strength and rigidity, and enables the parts 
to be easily replaced if necessary. The power plant 
consists of a single radial air-cooled engine, which, 
in the case of the machine exhibited, is of the Bristol 
Jupiter Mark VIII type. With this engine, the 
machine has a maximum speed of 142 m.p.h., with a 
cruising speed of 120 m.p.h., and will climb to 
10,000 ft. in 11 minutes; the service ceiling is 
24,200 ft. The total weight is 4,856 lb., and as the 
wing area is 488 sq. ft., the wing loading amounts 
to 9-95 lb. per square foot ; since the Jupiter Mark 
VIII engine develops 455 brake horse-power at 
normal revolutions, the power loading is 10-7 lb. per 
horse-power. The following are the main dimen- 
sions of the machine :—span 46 ft. 6 in., chord 
5 ft. 9 in., length overall 32 ft. 6 in., height 11 ft. 
10 in., and wheel track 6 ft. 

The other machine exhibited is known as the 
Westland Widgeon and is a two-seater light mono- 
plane, suitable for private owners, flying clubs, or 
training work. It is fitted with a Cirrus Mark III 
engine, which gives the machine a maximum speed of 
104 m.p.h., a cruising speed of 86 m.p.h., and a climb 
of 600 ft. per minute at ground level. The machine, 
which is illustrated in Fig. 16, on Plate XII, is mainly 
of metal construction, and is therefore well adapted 
for use overseas. The undercarriage is of the divided 
axle type, with a wheel track of 7 ft., which gives 
good stability when taxying and facilitates landing 
on rough ground. The fuselage is constructed on 
similar lines to that of the Wapiti machine above 
described, and metal construction is also used for 
the ailerons, rudder, fin and elevators. The main 
planes, which have a span of 36 ft. 44 in. a 
chord of 6 ft., and an area of 200 sq. ft., are braced 
by steel Vee struts, no rigging wires being employed. 
The planes can be folded up by the side of the fuse- 
lage, the width of the machine, in the folded con- 
dition, being 12 ft. 9 in., while its length is 23 ft. 
5} in. and its height 8 ft. Wing slots can be fitted 
if required, but the makers state that the design of 
the wings is such that the machine is highly stable 








naturally, slots being therefore unnecessary. The 


weight of the aircraft empty is 935 lb., or with the 
pilot, fuel, oil and equipment, 1,285 lb., leaving 
365 Ib. available for a passenger and goods, since 
the total weight allowed for normal flight is 1,650 lb. 
This gives a wing loading of 8-25 lb. per square foot, 
and a power loading, with the Cirrus Mark III 
engine, which develops 88 brake horse-power at 
normal revolutions, of 18-7 lb. per horse-power ; 
for the aerobatic certificate, the weight allowed is 
1,450 lb. The fuel carried, viz., 20 gallons, is 
sufficient for a flight of 3-65 hours duration, giving 
a range of 315 miles at cruising speed. 

Messrs. Sir W. G. Armstrong Whitworth Aircraft, 
Limited, Coventry, are showing three aircraft, viz., 
the A.W. 14 single-seater fighter, the Atlas, which 
is a two-seater Army co-operation aeroplane 
of steel construction, and the Siskin single- 
seater fighter. Of these we have selected the last 
mentioned for description, and a front view of this 
machine is given in Fig. 17 on Plate XII. As will 
be seen, it is of the biplane tractor type, the top 
plane having a larger span and chord than the 
bottom plane. The total wing area is 293 sq. ft., 
and the weight, fully loaded, is 3,058 lb., so that 
the wing loading amounts to 10-44 lb. per sq. ft. 
It is fitted with the Jaguar supercharged geared 
engine, the normal rating of which is 385 brake 
horse-power, although it can develop 425 brake 
horse-power at a higher speed; at the normal 
rating the power loading is 7-94 lb. per horse- 
power. The fuselage is of steel tube throughout, 
braced with tie rods, and the wings and interplane 
struts are also of steel. The engine is mounted 
on a pressed-steel frame, in such a manner that 
it can easily be removed, and the cowling is so 
arranged that it remains on the engine when dis- 
mounted. The military load carried is 530 Ib. 
exclusive of petrol and oil, of which 51 gallons and 
5% gallons, respectively, are carried in the standard 
tanks. With the above-mentioned engine, the 
speed, at 15,000 ft., is 175 m.p.h., and the time 
occupied in attaining that altitude is under 10 mins. 
The service ceiling is over 30,000 ft. 

The A.W. 14 single-seater fighter is generally 
similar to the Siskin machine, but it carries less 
equipment and its speed and rate of climb are 
therefore greater. The Atlas machine is used by 
the Roval Air Force as a standard two-seater 
aircraft for Army co-operation work. It can also 
be used for bombing and, for this duty, can carry 
four bombs of 112 lb. weight. A similar machine, 
without armament, is employed for advanced 
instruction work and the machine can also be fitted 
with floats for use as a seaplane, or with skis for 
use on frozen ground. In addition to the three 
aeroplanes shown, a vibration testing plant for 
steel parts is included on the stand and the proof 
loading test of a steel spar is also demonstrated. 
Other features on this stand include an uncovered 
bottom wing, showing the steel construction, and 
a series of sections showing the development of the 
steel spars used by the firm from 1918 to the present 
time. 

On the adjoining stand, Messrs. Armstrong- 
Siddeley Motors, Limited, of Coventry, are show- 
ing a range of their well-known air-cooled radia 
engines to which range the Genet Major five- 
cylinder engine, rated at 100 horse-power, has 
recently been added. The other engines shown are 
the 700 to 750 horse-power, 14-cylinder Leopard, 
the 460 horse-power 14-cylinder Jaguar, the 215 
horse-power 7-cylinder Lynx, the 150 horse-power 
5-cylinder Mongoose and the 80 _ horse-power 
5-cylinder Genet. The Leopard engine, which we 
illustrate in Fig. 28 on page 77, has been developed 
for use on torpedo-carrying, heavy bombing and 
other similar aircraft and is believed to be the 
most powerful air-cooled radial engine at present 
in production. The 14-cylinders are 6 in. in 
diameter, the piston stroke being 7} in., and the com- 
pression ratio 5:1. The normal speed is 1,500 
r.p.m., and the fuel consumption, at this speed, is 
given as 0-56 pint per horse-power hour. The total 
weight is 1,415 lb. and the overall diameter is 
57 in., the length being 45-3 in. The steel cylinder 
barrels are secured to the crankcase by clamping 
rings of wedge-shaped section, and the cylinder 
head, which is an aluminium casting, is screwed 





and shrunk on to the barrel, being permanently 
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secured by a screwed locking ring which makes a 
metal-to-metal joint. There are two inlet and two 
exhaust valves per cylinder, operated by rockers 
which pivot on two spindles mounted on the 
cylinder head. These spindles are anchored to the 
top of the head at their rear ends, their front ends 
being supported by a compensating bracket which 
is anchored to a point near the bottom of the 
cylinder head. With this arrangement, the longi- 
tudinal expansion of the cylinder has practically 
no effect on the tappet clearances. The valve 
rockers are operated by push rods and tappets 
from the cam drum, which is located inside the 
front portion of the crankcase. 

The pistons are Y-alloy forgings, machined all 
over and fitted with two compression rings and 
one scraper ring, all three rings being located above 
the floating gudgeon pin. As will be clear from 
the figure, the cylinders are arranged in two banks 
of seven each and each bank drives the crankshaft 
through one master rod and six auxiliary rods. 
The big end of each master rod carries six anchor 
pins to which the ends of the auxiliary rods are 
connected. The master rods are bushed to take 
the anchor pins which float in the bushes and are 
placed so as to give an equal compression ratio 
in each cylinder. The crankshaft is made in one 
piece, and has two throws set 180 degrees apart. 
It is carried in two roller bearings and, beyond 
the front roller bearing, the timing gear, cam drum, 
a bevel gear (driving the oil pump, magnetos, gas 
distributor, &c.) and the airscrew thrust bearing 
are fitted. The rear end of the crankshaft carries 
the spur gear which drives the induction fan. 
This delivers the mixture from a Claudel-Hobson 
carburettor into an annular induction casing, 
whence it passes to the cylinders through induction 
pipes. The oil pumps, as already mentioned, 
are driven from the crankshaft by bevel gearing. 
The pressure pump delivers oil, through a relief 
valve and a filter, to the centre of the crankshaft 
and thence to the connecting rods and bearings. 
At the bottom of the crankcase, an oil sump and 
filter, into which the oil drains from the engine, 
are provided. When the engine is stationary, 
the surplus oil flows into this sump, so that flooding 
of the crankcase and lower cylinders is avoided. 
Oil is drawn from the sump by a scavenge pump, 
situated beneath the pressure pump, and is delivered 
to the oil tank carried on the aircraft. On its way 
to this tank the oil passes through the jacketing 
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of the carburettor and induction elbow, thus 
heating the induction system. 

Among the comparatively few firms who design 
and construct both aeroplanes and aero engines, 
and can therefore take full responsibility for the 
satisfactory operation of the complete aircraft, 
are Messrs. The Bristol Aeroplane Co., Limited, 
Filton House, Bristol, and their exhibit at Olympia 
includes both classes of their products. Of the 
two aeroplanes shown, we illustrate, in Fig. 18 on 
Plate XII, a single-seater fighter, of all-steel con- 
struction, known as the Bristol Bulldog. A Bristol 
Jupiter, Series VII, supercharged engine is fitted 
on this machine when exceptional speed and 
performance at high altitudes are required, or if 
the normal operating altitude is not expected to 
exceed, say, 15,000 ft., a Jupiter Series VI.A engine 
is supplied. With the latter engine, which has a 
compression ratio of 6-3: 1 and develops 415 brake 
horse-power at 1,700 r.p.m., both at ground level 
and at a height of 5,000 ft., the speed at 10,000 ft. 
is 177 m.p.h., and the climb to that height occupies 
6mins. The service ceiling, of 30,000 ft., is reached 
in 32°5 mins. The total weight of the machine 
is 3,250 lb., of which 1,153 lb. is accounted for 
by the weight of the pilot, military load, fuel and 
oil; the petrol carried is 70 gallons and the oil 
8 gallons. The total wing area is 308 sq. ft., so 
that, with the total weight mentioned, the wing 
loading is 10°6 lb. per sq. ft., and the power loading 
7°85 lb. per horse-power. 

The engines exhibited by the firm include examples 
of the Jupiter Series F, Neptune and Titan engines. 
One of the latter is illustrated in Fig. 19 on Plate XIII. 
As will be seen, it is of the five-cylinder air-cooled 
static-radial type, the bore of the cylinders being 
5} in., and the piston stroke being 64 in. The 
compression ratio is 5: 1 and the rated horse-power 
is 205 at 1,700 r.p.m., with a maximum of 220 brake 
horse-power at 1,870 r.p.m. The propeller is 
driven directly at engine speed, and the standard 
bare weight of the engine is 500 lb. The Neptune 
engine is generally similar to the Titan, except 
that it has seven cylinders, instead of five. The 
cylinders are of the same dimensions as given for 
the Titan engine and the rated power, at 1,700 
r.p.m.,is 290, the maximum power, at 1,870 r.p.m., 
being 315 brake horse-power. The weight of the 
engine bare is 610 lb. 

An interesting feature in connection with the 
Bristol Jupiter nine-cylinder engines is that the 
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closed steel barrel form of cylinder construction 
hitherto employed in these engines has now been 
abandoned, an open-ended cylinder with a cylinder 


‘head of forged Y alloy having been adopted 


for what are now known as the Jupiter F Series 
engines. We understand that, with the introduc- 
tion of this form of cylinder and with certain 
alterations to the induction system and to various 
accessories, a notable improvement in the rating, 
performance and endurance of these engines has 
been obtained. The engines are made with com- 
pression ratios of 58:1, 53: 1 and 5:1, with 
a direct drive to the propeller and also with a 
2: 1 reduction gear, the three classes being described 
as standard service, general purpose, and com- 
mercial engines, respectively, according to the 
compression ratio. The medium-compression engine 
with direct drive is also made with a gear-driven 
centrifugal supercharger. The improved engines 
successfully completed the Air Ministry 100 hours’ 
type test in April last and the official ratings have 
been based on the type-test results. Fig. 20 on 
Plate XIII illustrates one of the Series VIII F type 
engines with reduction gearing and may be taken 
as typical of the series. 

In these engines the cylinder barrel, which is 
machined with integral fins from a carbon-steel 
forging, is screwed at its outer end to receive the 
cylinder head which carries the four overhead 
valves and rocker gear. To ensure a gas-tight 
joint between the barrel and the head, the threads 
are machined with an interference fit, and the 
head is heated to above the working temperature 
before screwing it on to the barrel; a steel band 
is finally shrunk on the outside of the screwed 
portion of the head. The inner portion of the 
joint is sealed and the threads protected by a 
copper ring, located in the counterbore of the 
cylinder head at the bottom of the threads. The 
exhaust ports are located at the front of the head, 
directly in the air stream, to ensure an equal tem- 
perature distribution, and the inlet ports, situated 
at the back, are sheltered to prevent condensation 
at the low temperatures prevailing at high altitudes. 
Valve seats, of a special alloy, are screwed, shrunk 
and peened into the heads. 

In the case of the non-supercharged engines, 
the induction system includes the firm’s well- 
known spiral distributor, but one of the improve- 
ments incorporated in the F series engines is the 
use of six deflectors, instead of three, an arrangement 
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which reduces the length of the spiral passage 
traversed by the mixture by some 25 per cent. and 
gives a more uniform distribution with lean mix- 
tures or small throttle openings. Exhaust heating 
is provided for at the induction elbow, a by-pass 
valve being fitted to enable the heating effect to 
be varied. 

The standard service engine with a direct drive 
develops 420 brake horse-power at 1,700 r.p.m., 
throttled at ground level and the same power at 
4,000 ft., the maximum permissible speed being 
1,870 r.p.m. The corresponding figures for this 
engine with a 2:1 reduction gear, which is that 
actually illustrated in Fig. 20 on Plate XIII, are 460 
brake horse-power at 2,000 r.p.m. at ground level and 
at 4,000 ft., the maximum permissible engine speed, 
in this case, being 2,200r.p.m. The general-purpose 
engine develops 465 brake horse-power at 1,700 
r.p.m. at ground level, with a maximum permissible 
speed of 1,870 r.p.m. or, with the reduction gear, 
515 brake horse-power at 2,000 r.p.m. at ground 
level with a maximum permissible engine speed 
of 2,200 r.p.m. As already stated, the medium- 
compression engine can be supplied with a gear- 
driven supercharger, and when this is fitted the 
output is 500 brake horse-power at 1,775 r.p.m. 
throttled at ground level and 480 brake horse-power 
at 9,000 ft. at the same revolutions; the maximum 
permissible speed is 1,950 r.p.m. In the case of 
the commercial engine (compression ratio 5: 1) 
the rating at ground level is 445 brake horse-power 
at 1,700 r.p.m., with a direct drive, and 490 brake 
horse-power at 2,000 r.p.m. with reduction gearing, 
the maximum permissible engine speeds in the two 
cases being 1,870 r.p.m. and 2,200 r.p.m., respec- 
tively. 

Messrs. A.D.C. Aircraft, Limited, 89, Kingsway, 
W.C. 2, are showing a 300—330 horse-power Nimbus 
engine, and a 275—300 horse-power Airsix engine. 
Both these engines are of the six-cylinder line-ahead 
type, but the former is water-cooled and the latter 
air-cooled. The Nimbus engine is illustrated in 
Figs. 21 and 22, on Plate XIII. In the design, 
special attention has been given to securing adequate 
water circulation round the cylinder heads, and to 
the accessibility of the valve seatings. The cylinders 
have a bore of 152 mm. (6 in.) and are arranged in 
two groups of three. The piston stroke is 190 mm. 
(73 in.) and the compression ratio is 5:4 to 1. 
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The normal power of the engine is 305 brake horse- 
power at 1,450 r.p.m., and the maximum power is 
332 brake horse-power at 1,600 r.p.m. The total 
weight dry is 670 lb., or about 2:2 lb. per normal 
horse-power, the fuel consumption is 0°52 pint per 
brake horse-power hour, and the oil consumption is 
0-017 pint per brake horse-power hour. 

Turning now to the construction in detail, the 
cylinder liners are of steel, and are screwed into the 
bottom of the water-jacket blocks. At the top, 
the liners are secured to the head castings, which are 
in the form of aluminium-alloy blocks, by the 
valve seatings. The water jackets are in the form 
of two aluminium castings, each block enclosing 
three cylinders. The head castings are designed to 
leave a large water space round the hottest parts 
of the engine, and are simple open castings, so that 
inspection is facilitated during manufacture, and 
machining is reduced to a minimum. One inlet 
valve and two exhaust valves are fitted, the former 
being operated from the camshaft by a rocking 
lever, and the latter direct. The pistons are 
aluminium-alloy castings, each fitted with four 
rings. The gudgeon pin is of the floating type. 
The connecting rods are of high-tensile steel. The 
crankshaft is in a single piece, and gives a direct 
drive to the airscrew. It is carried in seven plain 
bearings and one roller bearing, the latter supporting 
the forward end of the shaft. The crank case is an 
aluminium-alloy casting, stiffened by cross webs, 
and is fitted with an aluminium-alloy base. The 
camshaft is located in a casing which forms a 
complete protection for the whole of the valve 
gear, as well as providing a bridge for the cylinder 
heads, as shown in the figures. The shaft is driven 
through two trains of bevel gears. A centrifugal 
pump, driven by a vertical shaft as shown at the 
left-hand end of the engine in Fig. 21, is provided 
for the water circulation. The oil circulation for 
the crankshaft, camshaft, and vertical shaft is 
obtained from a dual oil pump combined with the 
water pump. Two magnetos, mounted as shown in 
Fig. 22 are provided, there being two sparking 
plugs per cylinder. The engine is fitted with two 
Zenith carburettors. 

A brief reference may also be made to the three 
Cirrus engines, shown on the stand of Messrs. Cirrus 
Aero-Engines, Limited, Regent House, Kingsway, 
W.C. 2, with whom the A.D.C. Company are 





Fie. 28. 700-750-H.P. Lzoparp Enarne; Mzssrs. ARMSTRONG- 
SIDDELEY Motors, LIMITED. 


associated. These engines are respectively an 85— 
95 horse-power Cirrus Mark III, and two 105—115 
horse-power Cirrus Hermes engines, one of the latter 
being fitted with cowling. All three erigines are of 
the four-cylinder line-ahead type, with air cooling. 
We described a 60 horse-power Cirrus engine on 
page 572 of vol. cxix of ENGINEERING, but as 
stated, the engines shown at the exhibition are of 
larger size. The Mark ITI engine has been produced 
as an alternative to the one described to meet the 
demand for an engine with increased performance, 
such as is required when a more rapid take-off and 
improved rate of climb are required, or for seaplane 
work. The alterations include cylinder heads of 
new design, improved cooling arrangements, larger 
valves, and improved valve gear. The bore and 
stroke are 110 mm. (44 in.) and 130 mm. (5§ in.) 
respectively, and the engines can be supplied with 
either a 5:1 to 1, or 5:4 to 1, compression ratio. 
The engine with the lower compression ratio develops 
90 brake horse-power at 1,900 r.p.m., and 94 
brake horse-power at 2,100 r.p.m., while with the 
higher ratio the corresponding figures are 92°5 
brake horse-power at 1,900 r.p.m., and 97 brake 
horse-power at 2,100 r.p.m. The weight of the 
engine dry is 285 lb., and the petrol consumption 
is approximately 0°6 pint per brake horse-power 
hour. 

The bore and stroke of the Hermes engine are 
respectively 114 mm. (4} in.), and 140 mm. (5} in.). 
The normal brake horse-power is 105 at 1,900 
r.p.m., and the maximum brake horse-power is 115 
at 2,100 r.p.m. The compression ratio is 5:1 to 
1, and the weight of the engine is 295 lb. complete 
with air-screw boss and all accessories. The fuel 
consumption at cruising speed is 0°58 pint per 
brake horse-power hour. It will be noticed that the 
power-weight ratio is less than 3 lb. per horse- 
power, as compared with 34 lb. per horse-power 
in the case of the Mark III engines, the total weight 
being only slightly greater. The engine can there- 
fore be used in cases where a particularly high power 
in relation to weight is required. 

By their success in the last Schneider Trophy race, 
Messrs. D. Napier & Son, Ltd., Napier Motor 
Works, Acton, W.3, may fairly claim to have secured 
a leading position among the}world’s aero-engine 
manufacturers. The fact that all the international 
records at present held by Great Britain, for other 
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than light aeroplanes, have been achieved with 
machines fitted with Napier engines, is sufficient 
indication” that the reputation resulting from the 
classic event has been fully maintained. The firm 
are exhibiting four engines at Olympia, two of the 


530 h.p. standard type known as series XI, a'| 
sectional model of a 450 h.p. engine, and a Napier | 


racing engine. A full description of the racing 
engine was given on page 632 of vol. exxv of 
ENGINEERING. 

The series XI engine, which we illustrate in Fig. 22 
on Plate XITI,is a development of the Series V model 
described on page 569 of vol. cxxiv, and embodies 
many of the features which have been tested out in 
the racing engines. The maximum horse-power is 570 
at 2,585r.p.m. The engineis of the twelve-cylinder, 
“broad arrow” type, and is water cooled. The 
cylinder bore is 140 mm. (54 in.), and the piston 
stroke is 130 mm. (5} in.), the compression ratio 
being 6to 1. The cylinders are machined from steel 
forgings, the combustion head being integral with 
the barrel. The water jackets are of sheet steel. 
As shown in the figure, each of the four rows of 
cylinders is fitted with an aluminium head and 
camshaft casing, which is held on to the cylinders 
by the valve seatings, the latter being flanged 
inside the cylinders and screwed into the head 
casting. There are four valves per cylinder, and 
the head castings contain water passages, inlet and 
exhaust ports, and bearings for the overhead cam- 
shafts. The cylinder barrels are spigoted and bolted 
on to the crankcase. The pistons are of forged 
aluminium alloy, with flat tops, and a floating 
gudgeon pin, located by bronze pads, is employed. 
The connecting rods for the central row of cylinders 
are master rods, and are provided with the normal 
type of split white-metalled big ends. Two lugs 
on each side of the big end accommodate wrist pins 
for the auxiliary rods. The wrist pins are fitted with 
a dowel at one end which locks the pin in one of the 
lugs, and are tapered at the other end. The taper end 
is drawn up into a corresponding recess in the other 
lug by a plug screwed into the pin. The crankshaft 
is very short and stiff, and is supported on five roller 
and one plain bearings. The bearings between the 
crank throws are bored out to a large diameter in 
order that they may be threaded over the crank, 
and split packing bushes to fit the inner races are 
pressed into position on assembly. 

The crankcase is of aluminium alloy, with the main 
bearing supports in the upper half, together with the 
housing for the reduction gear. The latter is of the 
spur-wheel type and gives a ratio of 0-53 to 1. 
The air-screw shaft is carried in a roller bearing 
housed in the gear casing, which, as stated, is 
integral with the crankcase, and a roller and double 
ball thrust bearing in the cover bolted to this case. 
There are two camshafts, one for the inlet and the 
other for the exhaust valves, above each row of 
cylinders, and these are driven from a short extension 
shaft at the rear end of the crankshaft through a 
dog clutch and bevel gearing. The same bevels 
serve to drive the water pump, the oil pumps and the 
magnetos, the whole of the auxiliary gearing being 
contained in a separate casing bolted to the rear 
end of the crankcase. The weight of the engine 
(dry), including airscrew, hub and hand starter, is 
995 Ib., and the average fuel consumption at full 
load is 0-5 lb. per b.h.p.-hour on a mixture of 
aviation spirit and benzole. 

Messrs. Société des Avions Henri et Maurice 
Farman, 167, Rue de Silly, Billancourt, Seine, 
France, are showing one of their well-known F 190 
monoplanes, which is in use on many Continental 
air routes. It is of composite construction, with a 
wing span of 14 m. (45 ft. 11 in.), a fuselage length 
of 9 m. (29 ft. 6 in.), and a wheel track of 3 m. 
(9 ft.10in.). The weight of the machine, pilot, and 
fuel amounts to 1,250 kg. (2,775 Ib.), and since the 
total flying weight is 1,688 kg. (3,725 Ib.), the paying 
load amounts to 438 kg. (965 Ib.). Fitted with a 
Gnome et Rhone Titan engine, developing 230 h.p., 
the maximum ground speed is 185 km. per hour 
(115 m.p.h.), the cruising speed being 165 km. per 
hour (102 m.p.h.), and the landing speed 80 km. per 
hour (50 m.p.h.). 
sengers and is provided with movable glass windows 
giving good visibility. If only two passengers are 
carried, the rear portion of the cabin can be used 





The cabin has seats for four pas- | 





for freight, or, if the machine is used for mail service’ 
the seats can be removed and the mails carried in 
the cabin. Any type of air-cooled engine developing 
from 230 h.p. to 250 h.p. can be employed. 

In addition to the monoplane described, Messrs. 
Farman are showing two aero engines, one an air- 
cooled radial model and the other of the inverted 
broad-arrow type, the latter being water-cooled. 
The radial engine is illustrated in Fig. 24 on Plate 
XIII and Figs. 25 and 26 on page 76, from 
which it will be seen that it has nine cylinders 
all in the same plane. The engine is fitted with 
a reduction gear giving a 2 to 1 ratio, and 
develops 250 brake horse-power at 2,300 r.p.m. 
of the crankshaft, or 1,150 r.p.m. of the air-screw. 
The fuel consumption is 230 gm. (0-507 Ib.) per 
b.h.p.-hour, and the oil consumption is 15 gm. 
(0-033 lb.) per b.h.p.-hour. The cylinders are of 
steel with aluminium breeches, and, as will be seen 
from Figs. 25 and 26, the cooling fins are extended 
over the exhaust-valve housing. There is one 
exhaust and one inlet valve per cylinder, and their 
axes are inclined to permit of the heads being of 
large diameter, and to ensure adequate space for 
the passage of the cooling air round the housings. 
The valves are operated in the usual way by rocker 
arms and push rods from a cam plate. The 
crank-case is of aluminium alloy in two portions 
bolted together, each portion carrying one of 
tha large roller bearings which serve to support the 
crankshaft. The latter is also in two parts, the 
master connecting rod being a single-piece forging. 
The pistons are made from aluminium alloy, and 
are provided with floating gudgeon pins. The 
crankshaft is extended through a subsidiary casing 
containing the distributor gear, the extension being 
supported on a combined ball and thrust bearing 
beyond the latter. The oil and fuel pumps are 
mounted on the rear cover plate, and are driven from 
the crankshaft. The ignition system is in duplicate, 
there being two plugs for each cylinder, and a 
booster starting magneto is fitted which can be 
either hand or electrically operated. The engine 
can be utilised either as a tractor or a pusher. The 
weight with all accessories, excepting the starter, 
is 218 kg. (480 tb.). 

The second engine shown by Messrs. Farman is, 
as stated, of the broad-arrow type, the cylinders 
being arranged in three groups of six below the 
crankshaft. It develops 550 h.p. at 2,800 r.p.m., 
and 730 h.p. at 3,400 r.p.m., the total weight being 
318 kg. (700 lb.). 


(To be continued.) 
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Office. [Price 10 cents.] 

Government of Bengal. Public Health Department. 
Fifteenth Annual Report of the Chief Engineer. Public 
Health Department, Bengal. Calcutta: Bengal Secre- 
tariat Book Depot. [Price Rs.3-8 or 6s.] 

Department of Overseas Trade. Economic Conditions in 
Norway, 1927-28. Report. By G. L. Paus. London: 
His Majesty’s Stationery Office. [Price 2s. net.] 

United States Bureau of Mines. Technical Paper No. 443. 
Coke-Oven Accidents in the United States during the 


Brennkrafttechnischen Gesellschaft E.V. 
Wilhelm Knapp. [Price 7.50 


Calendar Year 1927. [Price 10 cents.) No. 444, 
Graphical Terrane Correction for Gravity Gradient. 
By D. C. Barron. [Price 10 cents.] No. 446. 


Terminology in Coal Research. By R. THIESSEN and 
W. Francis. [Price 10 cents.] Miners’ Circular No. 
35. Advance Mine Rescue Training. Part III. 
Protection Against Gases Encountered in Mines. By 
J. J. Forspes and G. W. Grove. [Price 15 cents.] 
Washington : Government Printing Office. 








TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing 
date of each tender is stated below. Details may be 
obtained on application to the Department at the above 
address, the reference number given being quoted in 
each case. 

Portable Stone Crusher—The Municipality of Oudt- 
shoorn, South Africa, is anxious to receive quotations 
for a 12-in. by 10-in. portable stone crusher, with two 
sets of spare manganese-steel jaws and sideplates. Ten- 
ders should be endorsed “‘ Tenders for Portable Stone 
Crusher, Notice No. 16, of 1929.” Local representation 
essential. August 30. (Ref. No. A 8237.) 

Water-Softening Plant.—The South African Railways 
and Harbours, Johannesburg, are calling for tenders for 
water-softening plants. (Ref. No. A.X. 8231.) 

Railway Rolling Stock.—The Director-General of the 
Viacao Ferrea do Rio Grande do Sul, Porto Alegre, 
Brazil, is calling for tenders for the supply of ten 2-10-4 
type locomotives, 5 first-class sleeping cars, 4 first-class 
restaurant cars, 6 passenger cars, 6 luggage and mail 
vans, 80 covered freight cars, and 50 ballast cars. Local 
representation essential. August 2. (Ref. No. A.X. 
8190.) 

Machine Tools, Oil Engines, d&c.—The Pensions 
Administrations of the Egyptian Ministry of the Interior, 
is calling for tenders for machine tools, oil engines, 
boilers and electric batteries. September 28. (Ref. 
No. A.X. 8245.) 

Coal-Conveying Plant.—The State Electricity Commis- 
sion of Victoria, Melbourne, is calling for tenders for 
screw conveying plant for handling waste brown-coal 
dust. Specification No. 29/73. July 29. (Ref. No. AX 
8233.) 

Belting.—The South African Railways and Harbours, 
Johannesburg, are inviting tenders for the supply of 
leather and rubber impregnated belting. August 29. 
(Ref. No. B.X. 5483.) 

Road-Surfacing Material_—The Municipality of !Oudts- 
hoorn, South Africa, is inviting tenders for the supply of 
6,000 gallons of road-surfacing material. August 30. 
(Ref. No. B.X. 5485.) 


Centrifugal Pump.—A firm of contractors at Sarajevo 
is anxious to receive quotations for a centrifugal pump 
and accessories. July 27. (Ref. No. A.X. 8234.) 

25,000-h.p. Hydraulic Turbine-—The Public Works 
Department of New Zealand is calling for tenders for 
a 25,000-h.p. vertical Francis turbine, with main valve, 
&c., for the Arapuni scheme. October 29. (Ref. No. 
B.X. 5477.) 


Humidifying and Ventilating Plant.—Tenders are 
invited for a complete humidifying and ventilating 
plant, by the Egyptian Prisons Administration. The 
plant is required for a cotton-spinning factory. August 27 
(Ref. No. A.X. 8249.) 

Railway Rolling Stock.—The Treasury Department of 
Portuguese East Africa, Lourengo Marques, is calling 
for tenders for a locomotive and tender, a 20-ton covered 
goods wagon, and accessory supplies. September 2. 
(Ref. No. A.X.8252.) 

Testing Machines.—The Public Works Department of 
New Zealand invites tenders for the supply of two 100-ton 
compression testing machines. (Tender No. P.W./32/ 
1043/1). August 24. (Ref. No. A.X. 8213.) 

Boiler - Feed Pumping and Filtering Plant.—The 
Egyptian Ministry of Public Works is inviting tenders 
for boiler-feed pumping and filtering plant. August 7. 
(Ref. No. A.X. 8246.) 

Bridgework.—Tenders are invited by the Uruguayan 
State Railway Administration, for steelwork for bridges. 
October 15. (Ref. No. A.X. 8232.) 

Aerial Towers.—In connection with a call for tenders 
reported in our issue of June 28, page 820, for two 
aerial towers for the new wireless station at Arica 
(Ref. No. 8134), the date has now been postponed until 
August 9. 








FrvE-Mritt10on Voit DiscHarGEs.—Electric discharges 
at 5,000,000 volts have recently been produced by Mr. 
F. W. Peek, consulting engineer to the General Electric 
Company, of New York, in the Pittsfield, Mass., Labora- 
tories of the Company. The highest tension previously 
attained by Mr. Peek was 3,600,000 volts. These 
artificial lighting discharges have mainly been produced 
and utilised in the study of natural lightning. In natural 
lightning the potential differences may rise to 100 million 
volts, and cases have occurred of 200,000-volt transmis- 
sion lines having been damaged by lightning from clouds 
at least a mile away. The five-million volt discharge is 
produced by four generators, each producing 1,250,000 
volts, arranged in series so that the voltages of all the 
generators are added together at the proper moment. 
Alternating-current is applied directly to each generator 
and discharges occur at the voltage peak when each unit 
is fully charged ; the actual passage of the discharge forms 
the series connection between the generators. Resistances 
between the units permit the 60-cycle current to flow for 
charging up the generators, but do not pass the impulse 
currents, so that the 5,000,000-volt sparks are necessary 
to discharge the units. The wave form is varied by 
changing the resistance, inductances and condensers ; 
thus waves varying in duration from a few millionths 
of @ second to @ thousandth of a second can be obtained. 
High-tension lines and transformers, it is stated, have 
been tested by means of the 3,600,000-volt discharges. 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Scottish Steel Trade.—With all the works closed in 
the Glasgow area, there is little to report in connection 
with the Scottish steel trade. Stocktaking and repairs 
to plant are general this week in preparation for the 
restarting of the works, which, in one or two cases, 
took place on Monday last. The whole trade will 
not be in full swing, however, until Monday, July 22. 
Some concerns have quite a fair amount of work booked, 
and, with the holiday respite, it is anticipated that active 
conditions will rule for some time. Inquiries have 
recently been very favourable. In the black-sheet 
trade, business has lately been very good in the matter 
of light gauges, but the demand for the heavier sorts 
has been poor. Dealings in galvanised sheets have been 
fairly satisfactory of late, and, at the moment, makers 
have order books representing quite a reasonable tonnage. 
Prices all round keep firm and are as follows :—Boiler 
plates, 102. 10s. per ton; ship plates, 8/. 12s. 6d. per ton; 
sections, 81. 2s. 6d. per ton; black sheets, }$ in., 9. 
per ton; and galvanised corrugated sheets (No. 24 gauge), 
131. 17s. 6d. per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—The malleable-iron works in 
the West of Scotland are at present closed down for 
holidays, after a very moderate six months. At the 
beginning of this year, it was anticipated that better 
times were in store for the industry, but there have been 
few bright periods since January. While there was a 
little more business last week the total amount 
was not heavy. The re-rollers of steel bars were also 
quiet, and order books do not represent much tonnage. 
Continental competition is still very keen. Prices are 
unchanged and are quoted as follows :—Crown bars, 
10/. 5s. per ton for home delivery, and 9/. 15s. per ton 
for export; and re-rolled steel bars, 8/. per ton for home 
delivery, and 7/. 15s. per ton for export. 

Scottish Pig-Iron Trade.—In the Scottish pig-iron trade, 
the tone is somewhat dull at the moment owing to the holi- 
days. The output of hematite iron has been on a fairly 
heavy scale, but the demand for foundry grades is still 
poor. Prices have hardened up further, and are now 
quoted as follows:—Hematite, 80s. per ton delivered at 
the steel works; foundry iron No. 1, 78s. 6d. per ton; and 
No. 3, 76s. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, July 13, amounted to 702 tons, as against 
1,911 tons for the corresponding week of last year. 
Of the above total of 702 tons, 562 tons went overseas 
and 140 tons coastwise. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Quantities of Cleveland 
pig iron still available for early delivery are in the hands 
of merchants only, and are now of trifling dimensions. 
These small lots command exceptionally high figures, 
but both makers and merchants are offering iron freely, 
at recognised market rates, for delivery up to the end of 
the year. Producers are not in a position to accept 
orders for supply within two months, but they report 
fairly good home sales for delivery over periods between 
October and December. Exporters are still unwilling to 
pay the terms asked. Output seems likely to be restricted 
to an extent that will not admit of supplying more than 
home needs, and indeed further purchases of midland iron 
may have to be made for consumption at Teesside foun- 
dries. No. 1 grade of Cleveland pig is 75s. ; No. 3 g.m.b., 
72s. 6d.; No. 4 foundry, 71s. 6d.; and No. 4 forge, 71s. 

Hematite.—East coast hematite prices are irregular, 
but the tendency is markedly upward, notwithstanding 
the forthcoming enlargement of production. Makers have 
no prompt orders to dispose of, but merchants have still 
command of considerable marketable parcels. Ordinary 
qualities have advanced to 75s., and there are makers who 
will not quote less than 75s. 6d. Two of the six blast- 
furnaces at the Linthorpe Ironworks, which have been 
closed down since the 1926 strike, are to be re-started 
next week. This will increase the number of blast- 
furnaces in operation on the North East coast to 46, as 
compared with 31 at the beginning of the year. 

Foreign Ore.—The scarcity of steamers is delaying 
deliveries of foreign ore due against running contracts, 
and freights are on a high level. New business in ore is 
almost unheard of. Nominally market rates are based on 
best rubio at 24s., c.i.f., Tees. The freight Bilbao- 
Middlesbrough is quite 8s. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
becoming very scarce, and prices are stiffening consider- 
ably. The minimum quotation for good average quali- 
ties is 21s, 6d., delivered here. 

Manufactured Iron and Steel.—Demand for semi- 
finished material continues good, and tonnage output is 
heavy, although in one or two of the consuming branches 
of trade the quantities required are not quite so large as of 
late. Manufactured-iron firms have work on hand that 
will keep them busy for some time. Finished steel 
producers would welcome expansion of new business, 
but they have fairly good order books. All quotations 
are well maintained. Common iron bars are 101. 15s. ; 
best bars, 111. 5s.; double best bars, 11l. 15s.; treble 
best bars, 127. 5s. ; iron rivets, 11/. 10s. ; packing (paral- 
lel), 81.; packing (tapered), 10/.; steel billets (soft), 
61. 17s. 6d.; steel billets (medium), 7/1. 12s. 6d.; steel 
billets (hard), 87. 2s. 6d.; steel rivets, 11/. 5s.; steel 
ship plates, 8/. 12s. 6d.; steel angles, 8/. 2s. 6d.; steel 
joists, 81. 2s. 6d.; heavy sections of steel rails, 8/. 10s ; 
black sheets (No. 24 gauge), 10/. 5s.; and galvanised 
corrugated sheets (No. 24 gauge), 13/7. 10s. to 137. 12s. 6d. 


ENGINEERING. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—On balance there appears to be little 
fluctuation in iron and steel activity. Some disturbance 
is introduced by the application of rationalisation 
schemes, which have called for a good deal of internal 
reorganisation at the big engineering works, but that 
the more favourably situated sections must be more 
than maintaining their recent volume of output is shown 
by the character of the gross returns relating to employ- 
ment. Activity is pronounced in bulk steel, which British 
works are consuming much more freely, in preference to 
foreign material, since prices have become more compar- 
able. Acid steel is still unsatisfactory, owing to the 
restriction of orders from British railway companies, 
whose extension of manufacturing to meet their own needs 
continues to be the subject of widespread complaint 
among firms owning railway-steel plants. In the hope of 
reaching a mutually satisfactory solution, a conference 
is being arranged jointly by Sheffield and Leeds Chambers 
of Commerce between steelmakers and railway repre- 
sentatives. Fortunately, the railway section does not 
wholly reflect the state of the transport industries. 
Sheffield is sending increased supplies of structural parts 
and fittings to omnibus, char-a-bancs and motor-car 
builders. Electrical equipment is a progressive section. 
More orders have been received for stone-crushing and 
concrete-mixing machinery, which is in enlarged demand 
by foreign users. Building-trade requirements are on a 
somewhat broader basis. Foreign competition is keenin bar 
iron, the cheaper grades of wire, and steel bars. Producers 
of superior quality wire are working at considerable pres- 
sure. as they have been for severalmonths. A steady trade 
is being done in agricultural steel, and in machine tools 
for the joinery and woodworking trades. Special steels 
giving the highest efficiency are in wide request. Tool 
exports on the whole are satisfactory, though inland 
sales are subject to increased competition by foreign 
producers specialising in cheap brands. Current quota- 
tions in raw and semi-finished materials are as follows: 
Siemens-acid billets, 9/7. 10s. ; hard basic billets, 77. 12s. 6d. 
to 91. 12s. 6d.; soft basic billets, 71. ; Lincolnshire foun- 
dry iron, 72s. 6d.; Derbyshire foundry iron, 68s. 6d. ; 
Derbyshire forge iron, 64s. 6d.; crown iron bars, 111. ; 
iron hoops, 12/.; steel hoops, 101.; soft wire rods, 
81. 10s. ; and basic-steel scrap, 68s. 

South Yorkshire Coal Trade.—Production is affected 
by the seasonal decline in the house coal demand, coupled 
with the subsidy adjustment. Short time working has 
become rather more general. On the whole, however, 
there has been a fair clearance of outputs, and the posi- 
tion is a shade brighter than a week ago. There is a 
steady demand for industrial fuel, though secondary 
grades are in more abundant supply. Furnace and 
foundry coke command ready sales, and a moderate 
business is passing in gascoke. Quotations are: Best hand- 
picked branch, 25s. 6d. to 26s. 6d.; Derbyshire best 
bright house, 19s. to 21s.; best house coal, 19s. 6d. to 
20s. 6d.; screened house coal, 17s. 6d. to 18s. 6d. ; 
screened house nuts, 15s. 6d. to 16s. 6d. ; Yorkshire hards, 
15s. to 16s.; Derbyshire hards, 15s. to 16s.; rough 
slacks, 9s. to 10s.; nutty slacks, 7s. to 8s. ; and smalls, 
3s. to 5s. 








PERSONAL.—Messrs. R. H. Neal and Company, Limited, 
Plant House, Longfield-avenue, Ealing, state that they 
have been appointed sole representatives for London and 
the South Eastern Counties for Messrs. The British Flott- 
mann Drill Company, Limited, Allenbank, Cardiff.— 
Messrs. The Plenty-Still Oil Engines, Limited, Newbury, 
have been appointed sole selling agents for the United 
Kingdom for the mechanical lubricators manufactured by 
Messrs. Alex. Friedmann.—Mr. G. D. Maclean, formerly 
chief assistant engineer of the Yorkshire Electric Power 
Company, has been appointed general sales manager to 
Messrs. Internationa! Combustion, Limited, Africa House, 
Kingsway, London, W.C.2.—Messrs. The Keighley Gear 
Cutting Company state that they have purchased the 
plant, goodwill, stock, &c., of Messrs. E. Arnold Pochin 
and Brothers, of Trafford Park, Manchester. 





Wo ttaston Srrip FoR INSTRUMENT SUSPENSIONS.— 
The thinnest Wollaston wires are made by coating a 
platinum core with silver, drawing this compound wire out 
and dissolving the silver off, leaving a very fine platinum 
wire of a few thousandths of @ millimetre (u) diameter, 
but strong enough for the suspension of an electrometer 
needle, although difficult to Lena Quartz fibres are 
more easy to handle, but they are insulators when bare 
and favour the accumulation of electric charges on the 
suspended body, causing other troubles when metallised. 
Dr. D. W. Dye, of the National Physical Laboratory, 
therefore, tried to roll Wollaston wires flat before etching 
off the silver coating (Journal of Scientific Instruments, 
June, 1929). The first attempts at rolling in jewellers’ 
rolls were unsatisfactory. He found, however, on enquiry 
of Messrs. Johnson and Matthey, that Wollaston wires 
were encased either in fine silver or in standard silver. 
The former were too soft, and broke in the rolling pro- 
cess, but the latter gave a suitable strip. The width of the 
rolled strip is about 10 or 15 times its thickness. The 
suitable length is cut off and soldered at both ends 
to a fork of copper wire, so as to form a loop of U 
shape. This loop is lowered into the nitric-acid bath, 
and the fine smooth platinum strip left is unsoldered 
from the copper fork and attached to the instrument. 
Cores of various diameters were rolled down to a thick- 
ness of 2-54 and a width of 154. The torsional 
sensitiveness of the wire was much increased by the 
rolling; the period of a Compton electrometer needle, 
weighing about 5 milligrammes, was 8 seconds, the 
damping was good, and the zero constancy proved much 





superior to that with metallised fibre. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—In spite of the adverse influences of 
a shortage of shipping, exports as cargo foreign in the 
past week were raised by 14,000 tons to 504,000 tons 
as the result of increased shipments to France, Italy, 
Spain, Portugal, and Canada. High freights continue 
to make exporters hesitate to accept c.i.f. business for 
delivery ahead, and the current shortage of ready boats 
makes it impossible for collieries to secure a sufficiency 
of empty wagons to enable them to avoid temporary 
stoppages at the pits. Supplies of large coal are excessive 
to requirements, and all grades can be obtained on the 
basis of the minimum schedule. Sized and small classes, 
however, are scarce, partly because of the lessened output 
of large and partly because of a good demand for these 
varieties, which realise relatively high prices. The 
prospects of any material improvement in the shipping 
position are not regarded as bright, in view of the fact 
that many vessels usually engaged in the Welsh coal 
trade have been taken by the Russians on time-charter 
and voyages, and are not expected to be released for 
another three months. 

Iron and Steel.—Exports of iron and steel goods last 
week amounted to 21,515 tons, against 18,342 tons in the 
preceding six days. Shipments of tinplates and terne 
plates were raised from 9,708 tons to 13,653 tons, and of 
black-plates and sheets from 1,015 tons to 2,881. tons, 
but those of galvanised sheets were reduced from 2,949 
tons to 1,462 tons, and of other iron and steel goods from 
4,669 tons to 3,519 tons. 

Export Trade in Coal.—In the first half of this year, 
11,755,024 tons of coal were shipped foreign from the 
South Wales ports as cargo, at an average f.o.b. price of 
17s. 10jd. per ton. Compared with the corresponding 
period of last year, an increase of 1,015,000 tons was 
shown, representing a gain of over 9 per cent., while 
the price realised was also advanced by 5}d. per ton. 
During the first half of this year, production was increased 
from 884,500 tons per week in January to 1,054,700 tons 
in April, and the number of wage-earners by 20,900 
to 175,500. At Cardiff, shipments were raised from 
7,020,350 tons to 7,310,078 tons, at Newport from 
1,992,782 tons to 2,116,189 tons, at Port Talbot from 
710,300 tons to 861,544 tons, and at Swansea from 
1,017,070 tons to 1,467,213 tons. Exports of anthracite 
were increased by 419,000 tons to 1,469,202 tons, a gain of 
nearly 40 per cent., while the average price realised was 
also increased by Is. 0}d. to 22s. 11}d. per ton, f.o.b. 
Shipments from Swansea were advanced from 771,019 
tons to 1,175,759 tons, and at Port Talbot from 263,096 
tons to 266,552 tons. 

Pulverised Bunkers.—The first bunker order for Welsh 
coal for pulverising has just been placed by Messrs. Strick, 
Gorchs and Company, Limited, of Cardiff, who have 
ordered 500 tons to 600 tons of Welsh coal suitable for 
pulverising to be supplied to the America steamer West 
Elsek, fitted with Todd plant. The West Elsek is due 
at Cardiff at the end of next week with a general cargo 
from the United States, and will return to the 
States in ballast. The use of Welsh coal as pulverised 
bunkers will be watched with keen interest with a view 
to ascertaining whether in a pulverised form it will 
maintain its present superiority for economy and effi- 
ciency over its competitors, In the past, only the lower- 
grade coals have been used for pulverising. 








Sewace Works at Lovurenco Marqvues.—It is 
reported that the Municipality of Lourengo Marques, 
Portuguese East Africa, is considering the installation 
of a sewage system. British firms may obtain further 
particulars on application to the Department of Overseas 
Trade, 35, Old Queen-street, S.W.1, quoting reference 
number A.X.8215. 





ArRIAL Ropeway ror Fruit Transport.—H.M. 
Consul at Brest is anxious to receive an opinion on 
the practicability of utilising an aerial ropeway in con- 
nection with the shipment of strawberries in Brittany. 
British firms interested in the matter may obtain further 
particulars from the Department of Overseas Trade, 35, 
Old Queen-street, S.W.1. Ref. No. A.X.8202 should be 
quoted. 





H.M.S. “ Acttve.”—The first of two torpedo boats 
being built for the British Admiralty by Messrs. R. and 
W. Hawthorn, Leslie and Company, Limited, viz., H.M.S. 
Active, was launched on July 9 from the Hebburn Ship- 
building Yard. The vessel has a length over all of 
323 ft., and displacement of approximately 1,330 tons. The 
armament will consist of 4-7-in. guns and smaller machine 
guns. The twin-screw single-reduction geared turbines 
will develop together 34,000 s.h.p. The boiler pressure 
will be 300 lb. per sq. in., with 200 deg. superheat. This is 
the first post-war destroyer built on the Tyne. The sister 
vessel will be launched on the 26th of this month. 





ConTRACTS.—We are informed that a contract for the 
electro-pneumatic signalling on the subway line from 
Federies Lacroze to Callao on the Ferrocarril Central de 
Buenos Aires, has been awarded to Messrs. The Westing- 
house Brake and Saxby Signal Company, Limited. The 
contract embraces a terminal installation and 6 km. of 
double track.—Messrs. Chantiers et Ateliers Augustin 
Normand, Le Havre, are acting in an advisory capacity to 
the Société Rotterdamsche Droogdok Maatschappij, Rot- 
terdam, in connection with an order placed with the latter 
firm by the Netherlands Government for three submarines. 
—Messrs. Birmingham Electric Furnaces, Limited, 55, 
George-street, Birmingham, have received from Messrs. 
David Brown and Sons (Huddersfield), Limited, an order 
for a furnace with a hearth 14ft. long by 3 ft. 3 in. wide, 
and having a maximum rating of 200 kw. 
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THE CROSS-CHANNEL AEROPLANE 
DISASTER. 


From the technical standpoint the report issued 
last Monday by the Air Ministry, dealing with 
the wreck, on June 17, of the aeroplane, “ City of 
Ottawa,” ‘is a far from satisfactory document. 
Possibly this is, at least, partly attributable to the 
fact that, in accordance with established tradition, 
the conduct of such inquiries is confided to legal 
hands rather than entrusted to an engineer. Mr. 
Stromeyer has repeatedly called attention to the 
barren nature of the Board of Trade inquiries into 
‘| boiler explosions, which are conducted on a similar 
system. In these, however, the report is always 
accompanied by a transcript of the evidence, which 
makes it easier to form an independent opinion both 
as to the origin of an accident and as to the value of 
the recommendations made. In the present instance, 
Sir Arthur Colefax, who presided, does not conform 
to this practice and simply gives his own appre- 
ciation of what the evidence established. Thus, no 
appendix is added giving the technical testimony 
in detail. He had, as technical assessors, the 
assistance of Air Commodore J. G. Weir, C.M.G., 
C.B.E., and Mr. James Swinburne, F.R.S., 
M.Inst.C.E. As evidenced in the “Titanic” 
inquiry, however, the presence of competent tech- 
nical advisers does not prevent the court from 
making recommendations unjustified by the 
evidence and inherently inadvisable. In _ this 
matter history has, we think, to some extent 
repeated itself. 

From the summary of the evidence given in the 
report, it appears that the “City of Ottawa ” left 
Croydon at 10.30 a.m. on June 17, carrying 11 
passengers, a mechanic and a pilot. The legal 
limit of load was 2,946 lb., and the actual weight 
carried at starting was 2,494 lb. By the time the 
coast was reached this load had been reduced, by 
the consumption of petrol, to about 2,070 lb., or 
say 70 per cent. of the official maximum. The 
machine was then flying at a height of about 
3,000 ft., since the pilot had intended to take the 
short sea route from Dover to Calais. On reaching 
Dover, however, he noted that there was a haze 
over the Straits, and decided accordingly to’ deviate 
;to the Dungeness-Etaples route, as being freer 








from this drawback. On this route, however, the 
Imperial Airways Company advise that the height 
of flight should be 5,000 ft. or more, but the pilot 


5|is quite properly allowed a certain discretion in 


this matter, and in this instance he decided to 
carlry on. 

When the machine was about 12 miles from 
Dungeness the starboard engine broke down, and 
the pilot tried to return to England, this being the 
nearer coast. He realised before long, however, that 
he would not make this, and decided to descend to 
the sea near a trawler, in the expectation thatall his 
passengers would be rescued. This view was 
supported by the fact that a sister aeroplane fell 
into the sea in 1926, carrying 10 passengers, all of 
whom were rescued three-quarters of an hour later. 
In the present case, however, there was almost a 
complete calm, so that speed over the water could 
not be reduced by heading the machine into the 
wind, and, moreover, the glassy state of the sea is 
said to have made it difficult for the pilot to estimate 
his distance above its surface. As a consequence, 
the aeroplane struck the water at a speed of about 
50 miles an hour. The impact forced up the floor- 
boards of the cabin and the incoming water over- 
whelmed the occupants, seven of whom were 
drowned. 

When it was realised by the pilot that it was 
impossible to make land, he sent the mechanic to 
warn the passengers and to instruct them as to the 
use of the lifebelts. In order to economise space 
these belts were of a type requiring inflation, and 
attached to each was a cylinder of compressed air, 
which, on the lifting of a lever, was intended to charge 
the belt. The mechanic, however, failed to make 
the working of the apparatus intelligible to the 
passengers ; and, as it subsequently appeared, was 
by no means an expert in this matter himself. The 
evidence showed that there was, to say the least, 
an inadequate supply of printed instructions for 
use, and that these were somewhat indifferently 
drawn up. 

Some 7}? minutes elapsed between the engine 
failure and the finish of the fall. Mr. Handley Page 
expressed the opinion, at the inquiry, that had the 
pilot speeded up the port engine to 2,200 r.p.m., 
the normal speed being 2,000, land might have been 
reached, but Sir Arthur Colefax refuses to accept 
this view. 

The wrecked machine was towed by the trawler 
to Dungeness and beached. The starbos :d engine 
was removed and sent to Croydon, where . detailed 
examination of it was made. This showed that 
the failure was due to the fracture of the studs by 
which one of the big end caps was secured in 
place. The engine was a Napier Lion et.zine rated 
at 425 h.p. Drawings of this engine were published 
in our issue of November 4, 1927. As there shown 
it is a twelve-cylinder four-crank engine. Three 
cylinders are therefore connected to each crank, 
one being vertical and two horizontal. The con- 
necting rods of the latter are coupled up to lugs 
on the big end of the rod for the vertical cylinder, 
and as a consequence it would have been difficult 
to secure the big end cap with bolts, and studs were 
accordingly used instead. Those that failed had 
only recently been put in place during a complete 
overhaul of the engine by its builders. This fact 
is certainly disquietin:, in view of the extreme care 
taken by Messrs. Napier to secure exceptionally 
sound materials. Particulars of some of their 
precautions are given in the article cited above, and 
the report does them full justice in this regard, stating 
that ‘* Messrs. Napier and Son, Limited, are deserv- 
ing of high praise for the precision adopted and the 
precautions taken in the manufacture of these 
studs.” 

Connecting rod bolt fractures are of course one of 
the commonest causes of engine failures on land. 
Insurance companies report that these have 
occurred even when the nominal stress on, say, a 
34-ton metal has been as little as 4,000 lb. per 
square inch, but in these cases it has generally 
been found that, owing to lack of care, the load 
has been concentrated on a single bolt. It has 
been generally recognised that stretching pieces are 
essential to a long life, and it may be noted that 
with studs the length of the stretching piece is 
necessarily less than it would be with bolts. It is 
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unfortunate that the report does not give particulars 
of the evidence tendered by the engine builders, 
but they certainly satisfied the court that every 
precaution that knowledge and foresight permitted 
had been taken, and from our own knowledge we 
are convinced that this is ture. Many connecting 
rod bolts fracture because fillets are inadequate, or 
the stretching piece too rigid and sometimes only 
rough turned, but all these defects due to ignorance 
or carelessness may be ruled out of court in the 
present case. It is this that makes the failure so 
inexplicable. It is attributed in the report to 
fatigue, and probably correctly, but on the other 
hand the studs were new, having only been in use 
for 135 hours. In the case of ordinary gas and oil 
engines, the insurance companies advise that con- 
necting rod bolts should be replaced after a life 
of 10,000 working hours. In view of the high speed 
of these aero engines, this figure should probably be 
reduced to say 1,000 hours, but this is nearly eight 
times as long as the actual life of these studs, the 
material of which was of much higher quality than 
that used for the corresponding parts of ordinary 
gas and oil engines. 

Nowadays, owing to the improvement of materials 
and growth of knowledge, a steadily increasing 
proportion of accidents are due to the human factor, 
and it is perhaps permissible to surmise that in the 
present instance one or other of the studs was over- 
strained in screwing it into place. Unfortunately the 
report affords no light as to how this operation was 
effected. It is, of course, notorious that high grade 
materials resent abuse to which wrought iron and 
mild steel would submit with little or no damage, 
though their endurance under high working stresses 
is very much less, 

It is a well-known fact that the fatigue resistance 
of most metals may be seriously diminished if these 
are subject to corrosion. In view of the lavish 
lubrication of all aeroplane engine parts it is impos- 
sible to believe that corrosion can have been a factor 
in the accident under discussion, and moreover, as 
already noted, the studs were new. 

The recommendations made by Sir Arthur Colefax 
are of little interest from the technical stand- 
point. He notes that pilots are allowed some dis- 
cretion as to their route across channel and as 
to flight levels. He takes on this matter the 
standard official view, which according to Lord 
Sydenham may be summed up as “requiring that 
the man who knows all about a particular difficulty 
should report to the man who knows less about 
it, whilst the final decision is often taken by the 
man who knows nothing about it. Sir Arthur 
recommends accordingly, that before deciding on his 
procedure when confronted with adverse conditions 
on reaching the coast, the pilot should consult the 
Croydon officials, who in the very nature of things 
must lack many of the data which the pilot has 
ready tohand. This course is, however, only recom- 
mended by Sir Arthur, as a pis aller, since he 
strenuously urges an official prohibition of passenger 
machines crossing the Channel, unless they can do 
so with one engine out of action. All single engine 
machines would thus be prohibited from making 
the trip, and since few if any double engine machines 
are capable of taking their normal load with one 
engine only, British machines would be seriously 
handicapped in catering for the Cross-Channel 
traffic. Most three-engine aeroplanes, however, 
would not find the requirement irksome, thus the 
Westland Limousine described elsewhere in this 
issue can even climb slowly with one engine out of 
action and, with but one engine running, the gliding 
angle is as little as 1 in 38. 

It must be borne in mind that engine failures 
seldom result in fatalities. Though steadily 
diminishing, as designs and materials improve, they 
still occur every now and then and it was just the 
chance that the City of Ottowa fell into the sea 
instead of on to land, that provides the excuse for 
the drastic recommendations made, to which few of 
those best equipped for expressing an opinion are 
likely to subscribe. In only some three or four 
instances so far, has a British commercial aeroplane 
fallen into the Channel and, until the date of the 
June catastrophe, the British Imperial Airways 
Company had carried about 100,000 passengers 
without a single fatality. 


TIDAL FLOODS IN THE THAMES. 


THE Meteorologicai Office has just published a 
report* on Thames Floods, in which Dr. A. T. 
Doodson, of the Tidal Institute, Liverpool, and Mr. 
J. S. Dines, M.A., Superintendent of the Weather 
Forecasting Department, study the relationship 
between floods in the tidal portion of the Thames 
and meteorological conditions. The work was 
undertaken in the hope that it might be possible 
to issue useful warnings to dwellers on the low- 
lying areas; but although the research has proved 
that water levels in the estuary are materially 
affected by storm surges, the general conclusion 
reached is that for one warning justified by the actual 
event, there would be at least twenty false alarms. 

The normal height of the tide depends on astro- 
nomical conditions, and is independent of the 
weather. The latter, however, may contribute a 
second tidal wave, and if the crests of the two 
coincide, serious flooding may ensue. At first 
sight it may seem that this coincidence would be 
purely a matter of chance, but an analysis of the 
records shows that there is a very definite tendency 
for the two waves to be out of phase, so that whilst 
a maximum excess of water level over the normal 
of 114 ft. has been recorded at Southend, the 
excess over normal high tide level is always very 
much less. It was but a little over 5 ft. during the 
disastrous floods of January 6-7, 1928. No com- 
plete explanation of this fortunate discrepancy be- 
tween the phases is forthcoming, but it is noted that 
whilst meteorological conditions over the Atlantic 
and North Sea may raise the general level of the 
water in the Thames estuary, the amount proves 
to be a minimum at high water and a maximum at 
low. Local winds are also most effective in raising 
the water level at low tide, and their maximum 
effect is, moreover, seldom in phase with the maxi- 
mum effect of the general meteorological conditions. 
Were the two to concide, a surge of as much as 
14 ft. might be recorded, but even at half tide 
this would not cause flooding. In determining the 
effects of the general meteorological conditions, 
Dr. Doodson found that the state of the affairs 
over the Atlantic ocean was as important as the 
conditions over the North Sea. Storm surges were 
traced round the coast from Liverpool to Durham 
and down to Felixstowe and Southend, and also 
to the other side of the North Sea and to the Baltic. 

Complete correlation has been established between 
the records 1t Dunbar and at Southend, there being 
a time lag uf about nine hours between the two. 
In most cases on which large storm surges were 
observed in the Thames, a cyclonic depression 
formed on the West of Scotland and travelled to 
the Baltic, the wind veering from south-west to 
north-west or north. The disastrous surge of 
January 18, 1881, was, however, an exception, 
since the wind was easterly. 

The data collected have been elaborately analysed 
by the theory of statistics with a view to forming 
some estimate of the probability of such another 
flood as that of January, 1928. According to the 
particular hypothesis adopted, these estimates vary 
widely, ranging in fact, from once in every 17,000 
years to once in 18, but Dr. Doodson concludes that 
the most reasonable hypotheses point to a value 
of about once in sixty years. Less startling dis- 
crepancies attend the application of statistical 
methods to the effect of raising the flood protection 
level which is now 26} ft. above Admiralty datum. 
Raising this by 6 in., would, it is estimated, reduce 
the probability of flooding to less than half its 
present value. Land water, it is stated, is not of 
primary importance, so far as floods in the tidal 
portion of the Thames are concerned. The maximum 
effect due to flow of 10,000,000,000 gallons per day 
at Teddington is almost a rise of 1 ft. in the river 
level at London Bridge, whilst the flood protection 
works give a margin of 3 ft. over the maximum 
astronomical tide. The report notes that there is 
a difference of 0-9 ft. in the mean tide level at 
London Bridge and at Southend. This is far 
greater than can be accounted for by the river 
flow, and must, the report says, remain for the 





* Geophysical Memoirs No. 47. Published by 


present unexplained. It would seem possible that 
it may not be unconnected with the difference in 
the salinity of the water at the two sites, sea water 
being nearly 2 per cent. denser than fresh. 








INTERNATIONAL LIGHTHOUSE 
CONFERENCE. 
(Concluded from page 52.) 


THE meetings of the International Lighthouse 
Conference were continued at Caxton Hall, West- 
minster, on Wednesday morning, July 10, under 
the chairmanship of Vice-Admiral G. R. Mansell, 
the subject for discussion being ‘ Lighthouse 
Structures, including Reinforced Concrete for Sea 
and Land Towers and Painting of Structures.” 


LIGHTHOUSE STRUCTURES. 


In his opening remarks the Chairman said that 
the materials used in lighthouse construction varied 
according to the geological, maritime, climatic and 
other conditions, but depended mainly on engineer- 
ing factors. Towers on rocks were usually built 
of granite, while on shoals and reefs they were 
constructed on piles or caissons. Land towers were 
built of masonry, cast-iron plates, braced cast-iron 
or steel columns. Reinforced concrete did not 
appear to have been used to any great extent for 
high towers, an exception being the lighthouse on 
Navassa Island in the West Indies. The preser- 
vation of the towers was a difficult problem, 
especially when the material used was cast-iron or 
steel. At one time all the Trinity House shore 
towers were treated with lime-white, but there 
was now a tendency to revert to paint, in spite of 
the higher cost. 

Colonel R. Luria described an experiment, which 
illustrated the value of employing lighthouses 
during the daytime. At Augusta, in Sicily, diffi- 
culty had been found in distinguishing the large 
day direction signals at the entrance to the 
harbour, especially when the sun was directly 
behind them, even in a clear atmosphere. Similar 
signs were therefore erected at Leghorn and were 
illuminated with a 90,000 c.p. acetylene lamp, a 
70,000 c.p. petroleum vapour lamp and two 1,000 
watt electric lamps respectively. With the first 
two illuminants the signs could be seen fairly well 
at distances from one to five miles, while with the 
third visibility was possible up to eight miles. 

Mr. M. Fitzgerald Wilson pointed out that the 
lighthouse erected by Smeaton on Eddystone rock 
marked a distinct epoch in engineering construction, 
since in it the stones were dovetailed, so as to form 
a practically monolithic structure, while the 
builder’s experiments to discover an hydraulic 
lime had led in more modern times to the manufac- 
ture of Portland cement, which was probably the 
most valuable material ever given to an engineer, 
who required a reliable cement which would 
harden under water. It had also been the cause of 
the increasing use of reinforced concrete, which, 
however, was not an entirely satisfactory material 
for sea work, since it must be used with great care, 
if deterioration was to be prevented. The difficulty 
was to make the concrete impervious to water, and 
though various expedients, such as coating the 
finished surface with sodium silicate or tar, had 
been tried, none had been found completely satis- 
factory. If, however, great care were taken in the 
selection of the cement, the selection and grading 
of the aggregate, the mixing and placing of the 
concrete and the provision of an ample thickness 
over the reinforcing bars, the risk of damage was 
greatly reduced, though deterioration gradually 
took place. 

Mr. de Rouville said that, in France, stone or 
granite was usually employed for large towers. 
The latter was highly resistant and its cost was 
not an important factor, as it was generally found 
near the required site. Only one large lighthouse 
had been made of iron. Where concrete was used, 
the cyclopean method of construction was employed, 
consisting, as is well known, of large stones em- 
bedded in the cement. Reinforcement, though used. 
was not important, and was mainly required to 
make a connection between the tower and the 
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foundation and to prevent cracking due to heavy 
































JULY 19, 1929.] 








seas. He thought that the reinforcement should 
be at least 30 cm. below the surface of the concrete. 

Captain P. Smirnov remarked that in Russia they 
also favoured the use of reinforced concrete, and 
proposed to erect seventeen lighthouses of this 
material in Eastern waters. In Arctic regions, on 
the other hand, they found that timber had the 
longest life and he would be glad to have the 
opinions of the Canadian and American representa- 
tives on this point. 

Mr. 8S. C. Carter said that Trinity House only 
used reinforced concrete for work of a minor nature, 
and he thought that its employment for towers 
exposed to severe wave action ought to be precluded 
altogether. Conditions in docks and harbours were 
not comparable with those present in lighthouses, 
and the delays which were inevitable in carrying 
out the work in the latter case also mitigated its 
efficiency. The “ never-dry ” paint, which had been 
used on the floating dock at Southampton, was a 
very useful preservative for steel work. 


AERIAL aND SUBMARINE Foa SIGNALS. 


In the afternoon, the subject of aerial and sub- 
marine fog signals, including unattended fog signals, 
was considered, the Chairman remarking that the 
provision of an aerial fog signal was a difficult 
problem, since, under certain atmospheric conditions, 
even the most powerful signal became ineffective 
at comparatively short ranges. As a result of 
experiments, Trinity House had adopted sirens 
and diaphones for first-class signals, while trials 
were also being made with air oscillators, in which 
a large diaphragm was vibrated electrically. 
Electric oscillators were also being used for sub- 
marine signals and had proved superior to the 
electric or pneumatically operated bell, since they 
gave a sustained sound instead of a single note. 

Mr. J. G. MacPhail said the ultimate test of any 
device was whether it could be used by the ordinary 
navigating officer among his other preoccupations. 
He was of opinion that radio beacons and direction- 
finders were superior to submarine sound signals, and, 
in any event, shipowners could hardly be expected 
to fit the necessary apparatus required by the 
latter form of signalling. In Canada, they had 153 
diaphones in operation, and those installed as long 
ago aS 1906 were still in perfect condition. They 
were operated by internal-combustion engines. 
Their one unattended fog signal had not given 
satisfactory results. 

Mr. C. W. Scott described a completely un- 
attended fog signal, a number of which were in use 
in the Port of Dublin. These were controlled by 
a beam of light transmitted from a hut on shore 
and impinging on a selenium cell. When this 
beam was obscured by fog, relay devices caused 
the signal to be transmitted. This arrangement had 
worked extraordinarily well and, though it might 
be argued that it could only be used in narrow 
waters, it must be pointed out that any unattended 
fog signal must be close to the shore, where it 
could be kept under observation. As regards 
aerial fog signals, comparative tests between two 
types in clear weather gave no indication as to 
their performance in fog. They had found a note 
frequency of 128 periods per second the most 
satisfactory. 

Mr. L. Tweedie Stodhart said that in China they 
were using a 6-in. siren signal, while Mr. Rose 
added that wireless development would not eliminate 
the need for aerial signals. 


WirELEss Foa SIGNats. 

On Thursday morning, July 11, the Conference 
considered the subject of wireless fog signals, includ- 
ing synchronous signalling, characteristics and times 
of transmission. 

The Chairman (Vice-Admiral G. R. Mansell) 
remarked that radio beacons were one of the greatest 
aids to navigation, as they enabled bearings to be 
obtained when other signals were inaudible or 
invisible. They were now becoming general along 
coasts where fog signals were usual, the develop- 
ment being as rapid as finance permitted. Spark 
transmission had been abandoned, owing to inter- 
ference from other stations, and the continuous- 
wave or modulated continuous-wave systems were 
now employed, the wave-length band between 


ENGINEERING. 


Mr. J. P. Bowen was of opinion that light and 
sound signals should not be made subservient to 
wireless, in spite of the latter’s undoubted utility. 
Nevertheless, wireless might bring about changes 
in the principles and siting of these well-tried aids 
to navigation. He went on to say that Trinity 
House had first used the Marconi short-wave 
revolving beacon, but this system was cumbersome, 
inapplicable to floating bodies and difficult to use. 
They had then tried the R.A.F. rotating loop 
beacon, which gave a characteristic signal as the 
aerial passed through the north and east bearings. 
This system was simple, but it was also inapplicable 
to floating bodies and was susceptible to local 
interference. The third system with which experi- 
ments had been made, was the beacon transmitter, 
which was universally employed in all countries. 
Though this required complicated equipment on 
board ship, it was cheap and economical in power 
consumption and maintenance. It was automatic 
in action and required no additional personnel. 
Its range was considerable, and bearings could be 
taken with it on other ships. As regards signal 
characteristics and times of transmission, unless 
these were regulated in some way there would be 
interference. All Trinity House beacons were 
therefore controlled by clocks, which were syn- 
chronised with Greenwich, and adjacent stations 
were distinguished by letters sent out rhythmically 
at a speed of 15 words per minute. There was a 
l-minute transmission every 4 minutes during 
fog and every half-hour during clear weather. 
International agreement on times of transmission 
was a necessity, especially in narrow waters. 

Mr. R. Meyer informed the Conference that the 
North Sea coast of Germany was now equipped 
with radio beacons, and that similar work was in 
progress on the Baltic. These stations had proved 
most efficacious in bad weather.  Lightships 
seemed to be the best place on which to instal 
radio beacons. The best wave-length to use was 
about 1,000 m., and, as a basis of their experiments, 
950 m., 1,000 m. and 1,050 m. had been chosen. 
As, however, aircraft signals had also been given 
the 950-1,050 m. band, the wave-lengths of 987-5, 
1,012-5 and 1,037-5 had eventually been selected. 
Telefunken equipment, with outputs between 30 
and 160 watts, was employed, but as it was advis- 
able to keep the transmitting power as low as 
possible. Only the Nordeney station would be 
worked at the higher figure, the others being re- 
duced to 50 watts as soon as the Dutch station at 
Terschelling was in action. The characteristic 
signs used were based on the Morse code and the 
signals were transmitted entirely automatically. 
Organisation of radio beacons was necessary, both 
on national and international lines, the former 
including siting, choice of wave-length, avoidance 
of interference and ordered transmission of the 
signals, while the latter also comprised wave- 
lengths, transmitting times and outputs. 

Dr. Putnam said that, in the United States, they 
had had 60 beacon stations in operation for eight 
years and, though they had worked well, it was 
evident that the best system had not yet been 
developed, as regards operating intervals, power 
and wave-lengths. The tendency was towards 
a lower transmitting power and greater frequency 
of transmission during clear weather. To locate 
beacons on lightships was convenient, and protected 
the lightship itself. It was necessary that the 
navigator should know where the beacons were, and 
four charts covering the North and South Atlantic, 
the Pacific and the Great Lakes, respectively, had 
therefore been prepared on which all the essential 
information was given. The characteristics of the 
stations should be as easily distinguishable as those 
of lights. The total cost of the American stations 
had been about 100,000/., or less than that of a 
single lighthouse or lightship. The operating cost 
was small. 

Mr. D. A. Stevenson said that wireless beacons 
could not be used to the exclusion of sound signals, 
and some means of making the best use of both 
should be devised. 


WIRELESS TELEPHONIC INTERCOMMUNICATION. 
On Thursday afternoon, the subjects of wireless- 
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control by wireless of automatic unattended 
apparatus were considered. 

The Chairman said that wireless telephony had 
been adopted in the Trinity House service in 1923 
for communication with light ships. It replaced 
the wire telephony, which had been in use for some 
40 years, but was very costly to maintain, 
owing to damage to the cables, and the spark 
system of wireless telegraphy, which had been 
abandoned owing to the difficulty of training opera- 
tors. The wave length used was 250 m., but this 
was not immune from interference by broadcasting, 
and experiments on other wave-lengths were being 
made. 

Mr. P. Besson said that wireless beacons using a 
wave length of 125 m. had been in use in France 
since 1908. The weak point of this wave-length 
was that all vessels could not receive on it, and, in 
1921-22, a large number of beacons employing 
1,000 m. had been constructed. Trials showed 
the superiority of stations transmitting broad- 
cast signals over those which sent out different 
signals at different bearings. It was important 
that adjacent beacons should use different wave- 
lengths to avoid confusion. In France, a wave- 
length between 950 and 1,050 m. was used, and 
the timing was controlled by an vlectric clock. As 
regards wireless telephony, since 1924 an installation 
had been in use between Le Havre and an adjacent 
lightship, a 600 m. wave-length being used. At 
Antioche, on the Isle of Oléron, experiments had 
been made with the distant control of fog signals, 
possible methods being cables, wireless waves and 
infra-red rays. At Antioche, the conditions made 
the use of a cable impossible, and it was doubtful 
whether infra-red rays would have sufficient penetra- 
tion in a fog, unless a very powerful light were used. 
The choice was therefore between very short and 
long wireless wave-lengths. The former was more 
simple and had been tried at La Rochelle with 
success, a wave-length of 4 m. being used. No 
interruption from commercial stations or statics 
was experienced. 

Mr. D. A. Stevenson described an acetylene fog 
gun operated by wireless signals, which was in use 
on the Clyde. These signals were in the form of 
a code, which opened the gas valve. The system 
had worked satisfactorily for four years. Mr. J. P. 
Bowen said Trinity House were now using a wave- 
length of 190 m. on their lighthouse tenders, owing 
to interference on both 325 m. and 200 m. He 
suggested that if this proved satisfactory, the proper 
authorities should be requested to allocate this 
band for that service. Mr. van Vloten pointed out 
that the International Radio Convention had 
allotted the 175 m. to 200 m. band for special 
purposes, and each country could use it as it liked, 
but Mr. Besson said that they had been informed 
that this band was reserved for amateurs, and that 
was why France had chosen the 140 m. to 150 m. 
band. 

No other delegate desiring to speak on this 
subject, the Chairman announced that the business 
down for consideration on Friday morning would be 
taken and called on Mr. J. P. Bowen. 

Mr. Bowen said that the Conference had been 
called because it had been found that it was ineffec- 
tive to discuss lighthouse questions as a sub-section 
of other matters. He felt that their deliberations 
would prove to be of the greatest use. The out- 
standing problems appeared to be to devise a 
formula for lighthouse intensities, to develop 
unattended aids to navigators, to decide upon 
characteristics and times of transmission of wireless 
fog signals, and to select wave-lengths for lighthouse 
services. He suggested that Committees might be 
formed to consider these subjects as a preliminary 
to the next Conference. 

Captain F. G. Loring pointed out that the 
question of the characteristics of beacon signals 
was one on which there was considerable difference 
of opinion, and the views of navigators should not 
be ignored. 

Mr. de Rouville called attention to the confusion 
that existed in the description of different types of 
lights. The term flashing light at present included 
those in which the flash was produced either by the 
revolution of the optic or by the extinction of the 
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light, while no distinction was made between lights 
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of which the period of darkness was greater than, 
equal to, or less than the period of light. In France, 
they proposed to call lights in which the light was 
extinguished intermittent lights, but the chief 
advantage of this was that the term was different. 
Other questions which required investigation were 
the note of fog signals and the height these signals 
should be placed above the sea. Some agreement 
between countries was necessary to prevent con- 
fusion between neighbouring beacons. He suggested 
that Trinity House should act as a clearing house 
for information on this subject, which might, to 
begin with, be collected from France, Great Britain, 
Belgium, Holland and, possibly, Germany and 
Denmark. 

The Chairman said Trinity House would be glad 
to take the initiative in this matter. He did not 
agree with what Mr. de Rouville had said about 
flashing lights. This term should be reserved for 
lights in which the period of darkness was greater 
than that of the light; lights in which the period 
of light was greater than that of the darkness should 
be known as occulting. 

The next conference will take place in France. 





NEWCOMEN. 
By Ena.-Cart. Epa@ar C. Smrra, O.B.E., R.N. 
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progress of civilisation than has that of Thomas New- 
comen. The happy collaboration of the Newcomen 
Society and the Devonshire Association should do 
much to call attention to the debt we owe to 
Newcomen. His fame is often overshadowed by the 
great reputation of Watt; the significance of his 
invention is seldom fully appreciated by engineers 
themselves. But, if the oft-repeated phrase which 
Telford wrote for the Charter of the Institution of 
Civil Engineers, that civil engineering is “ the 
art of directing the great sources of power in Nature 
for the use and convenience of men,” is correct, 
then there are few more deserving of the title of a 
Civil Engineer than this Dartmouth ironmonger. 

It is unfortunately only too true that the materials 
for a life of Newcomen are extremely meagre. Such 
facts as are available have been published in a 
paper by Mr. Rhys Jenkins in the Transactions of 
the Devonshire Association, which was afterwards 
reprinted in the Transactions of the Newcomen 
Society. But except that he was born in Dart- 
mouth and was baptised in St. Saviour’s Church, 
February 28, 1663; that he was apprenticed to an 
ironmonger at Exeter and afterwards had a business 
of his own in Dartmouth ; that he married in 1705, 
Hannah Waymouth, a farmer’s daughter, and had 
two sons and a daughter, and that he died in London 
August 5, 1729, and was buried three days later in 
vault 00-14-00 in the nonconformists’ Burial Ground 
in Bunhill Fields, where lie the remains of Isaac 


Association for the Advancement of Science, Litera-' Watts, Bunyan and Defog, there is comparatively 





standing, but what is known of them does not help 
us much. He himself lived through the reigns of 
Charles II, James II, William and Mary, Anne and 
George I, and though the times were remarkable 
enough, he does not appear to have been concerned 
in any public affairs, finding possibly in his business, 
his preaching, and his predilection for mechanics, 
quite sufficient to occupy all his time. 

But if we are without adequate materials for 
a life of Newcomen, we are in no doubt as to his 
invention—an invention which must ever place 
him among the benefactors of mankind. Centenary 
celebrations, it has been said, are apt to concentrate 
attention too exclusively on the man whose memory 
is then commemorated, and to leave out of count 
the influences which moulded his career. Any review 
of Newcomen’s work is impossible without some 
reference to those who preceded him. He himself 
takes rank as a mechanical inventor and not as 
a scientific discoverer. Watt, of course, was both. 
The steam engine is a striking instance of the 
interdependence of engineering progress and abstract 
science, and Newcomen was only able to do what 
he did because of the scientific discoveries of the 
seventeenth century. His engine was but one of 
the many practical applications of truths newly 
discovered. A century which began with the 
work of Galileo, Kepler, Bacon and Harvey, and 
ended with that of Newton, Halley and Leeuwenhoek 
was bound to stimulate progress in many directions. 
To the seventeenth century belongs the invention of 
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ture, and Art will hold its 68th Annual Meeting at little known about his personal history, neither 
Dartmouth ; the Newcomen Society for the study of portrait nor sketch, correspondence or anecdotes 
the history of engineering and technology will hold its | having come to light. Until recently even his hand- 
summer meeting at the same place. The gatherings writing was unknown and such specimens as we 
have been arranged simultaneously so that the two | now possess are attached to legal documents which 
societies can jointly pay homage to the memory of | throw no light upon his character. That he pos- 
Thomas Newcomen, the inventor of the atmospheric | sessed an active and acute mind; that he was 
steam engine, who was born and lived in Dartmouth | acquainted with the scientific knowledge of his 
and whose death took place on August 5, 1929, two day ; that he had determination, independence and 
hundred years ago. The West Country, the land of | also the power of gaining the confidence of others 
Raleigh, Hawkins and Drake, can boast of men| we must conclude, but the rest it is all matter 
famous in all walks of life, in science and engineering, for conjecture. Mr. Jenkins tells us that the 
as well as in literature and art, and from Devonshire, | family was of Lincolnshire origin, that the great 
Somerset and Cornwall have come Sir Humphry | grandfather of Thomas Newcomen was the Rev. 
Davy, Thomas Young, Richard Trevithick, John | Elias Newcomen of Cambridge and of London, and 
Couch Adams, Snow Harris, Woolf, Rendel, Froude | then of the parish of Stoke Fleming, near Dart- 
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the telescope, the improvement of the microscope, 
the invention of the barometer, the discovery of 
the law of gravitation and the enunciation of the 
undulating theory of light. It also saw the birth 
of great observatories and great societies. But 
the steam engine came directly through the studies 
of the natural philosophers, Torricelli, Pascal, 
von Guericke, Hooke, Boyle, Huygens and Papin. 
Torricelli’s invention of the Torricellian tube in 
1643, Pascal’s proof of the weight of the atmosphere 
in 1648, the making of the first air pump by 
von Guericke, its improvement by Boyle and Hooke, 
and the discovery of the law connecting the pressure 
and volume of a gas by both Boyle and Mariotte, 
were the first steps towards the atmospheric engine 
of Newcomen. Another landmark in its history is the 


and many others, amongst whom, however, is not | mouth, and that Newcomen’s father was also an| memoir of Huygens of 1680, “‘ A New Motive Power 
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Denis Papin’s memoir of 1690, “A New Way to 
Obtain very great Motive Powers at Small Cost,” 
published in the Acta Eruditorium of Leipsic. 
Papin had found the inconvenience of obtaining 
a vacuum by the use of gunpowder and was led 
to the use of steam. When considering this he 
says, “I at once saw that machines could be 
constructed in which water, by the help of moderate 
heat, and at little cost, might produce that perfect 
vacuum which could by no means be obtained by 
the aid of gunpowder.” This inevitably reminds 
one of Watt’s own account of the flash of inspiration 
which came to him on Glasgow Green in 1765, 
when, in a moment, was born the idea of a separate 
condenser and air pump. Papin himself, however, 
made no practical use of the pregnant suggestion 
that had come to him, and it was left to Savery and 
Newcomen to apply the phenomenon of the con- 
densation of steam in order to obtain a vacuum in 
the earliest of all steam pumps. 

In dealing with the life of Newcomen one cannot 








but consider that of Thomas Savery, another 








engines in coal pits. By this one article the miner 
will save one-third part of his former charge, which 
is thirty-three pounds six shillings and eight pence 
saved out of every hundred pounds.” Finally," he 
adds: .“I could heartily wish all miners, for their 
own as*well as their country’s interest, were good 
mechanics and truly understood the nature, use and 
application of all kinds of engines.” Savery’s appa- 
ratus, however, demanded better workmanship 
than was available at that time, and in no instance 
was it a success. It was different in principle from 
Newcomen’s, the construction of which on the 
contrary, was within the resources of the foundries, 
the smitheries and the millwrights’ shops of those 
far-off days. 

Though the Newcomen atmospheric engine has 
been described times out of number and its action 
explained in every elementary text-book on steam, 
its early history is not so familiar. In Galloway’s 
book, and in the paper by Mr. Rhys Jenkins, 
to which we have already referred, there are, how- 
ever, historical reviews which every student of 
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Devonshire man, and one regarded by Mr. Jenkins 
as “the most prolific inventor of his day.” When 
and where he was born and where he died and was 
buried, we do not know. At the time of his death 
in May, 1715, he was apparently about 65 years of 
age. Of his inventions for grinding and polishing 
glass, and of his new method for rowing boats, we 
need say nothing. In July, 1698, he received the 
grant of a patent for his fire engine, which though 
brought to little perfection in Savery’s time, con- 
tained the germs of the modern pulsometer. Before 
obtaining his patent of 1698, Savery had exhibited 
his apparatus to the King at Hampton Court, in 
May, 1699, the Royal Assent was given to an Act 
of Parliament extending the time of protection, 
and in June of that year he exhibited a model at 
Gresham College before the Royal Society, of which 
he was elected a Fellow in 1706. Other inventions 
followed, but the main interest in his story centres 
around his little book, The Miner’s Friend, pub- 
lished in 1702. Addressed first to the King, then to 
the ;Royal Society and then to the Gentlemen 
Adventurers in the Mines of England, he gives a 
description of the draught of the engine, explains 
the manner of working and fixing it, tells of the 
uses it may be applied to, and ends with a dialogue 
between a sceptical miner and himself. To the 
miner he declares: ‘‘I dare undertake the engine 
shall raise you as much water for eight pence, as will 





cost you a shilling to raise the like with your old 


the subject should consult. How Newcomen came 
to consider at all the project of pumping water 
from mines by the “ force of fire,”” what communica- 
tions he had from Savery and his contemporaries 
we do not know. From a competent authority, 
John Robison, we learn that as early as 1702, 
the year Savery published The Miner’s Friend, 
Newcomen was corresponding with Hooke, a 
veritable Dr. Johnson of the scientific world, but 
there is nothing to support the statement that 
Newcomen in 1705 obtained a patent. The only 
patent bearing on the matter was the patent of 
Savery of 1698, and it is now generally agreed that 
Newcomen’s engines were constructed under 
Savery’s patent. It is also agreed that the first 
Newcomen engine ever set up was that near 
Dudley Castle in the year 1712. Of this engine there 
isan engraving dated 1719, dedicated to the “Knights, 
citizens and burgesses of the County of Stafford.” 
For long this drawing by Barney was regarded as 
the earliest representation of a Newcomen engine, 
but, in 1925, Mr. L. de H. Johnson, of the Oxford 
University Press, discovered in the Library of 
Worcester College, Oxford, an engraving of a drawing 
of an engine, reproduced in Fig. 1, by Beighton, 
dated 1717, and this is regarded for various 
reasons a more important representation than that 
of 1719. After these we have the print of 1725 
by Sutton Nichols, and then the illustrations found 
in Desaguliers’s Course of Experimental Philosophy 


of 1734. Savery died in 1715, three years after 
the erection of the Dudley Castle engine, and then 
immediately afterwards came the formation of a 
company for exploiting the Newcomen engine. 
Known as “The Proprietors of the Invention for 
Raising Water by Fire,” this company announced 
in the London Gazette for August 11 to 14, 1716, that 
‘“* Whereas the invention of raising water by the 
impellant force of fire, authorised by Parliament, 
is lately brought to the greatest perfection, and 
all sorts of mines, etc., may be thereby drained, 
and water raised to any height with more ease and 
less charge than by the other methods hitherto 
used, as is sufficiently demonstrated by diverse 
engines of this invention now at work in the several 
counties of Stafford, Warwick, Cornwall, and Flint. 

‘These are, therefore, to give notice that if any 
person shall be desirous to treat with the Proprietors 
for such engines, attendance will be given for 
that purpose every Wednesday, at Sword-Blade 
Coffee House in Birchin Lane, London, from 3 to 5 
of the clock; and if any letters be directed thither 
to be left for Mr. Elliot, the parties shall receive 
all fitting satisfaction and dispatch.” 

The first engine in Cornwall seems to have been 
erected at a tin mine, Huel Vor, Wheal Vor, or the 
Great Work in the parish of Breage which lies 
between Helston and Marazion; the engine in 
Flintshire was possibly at Hawarden; and that in 
Warwickshire at Griff. Soon after the advertise- 
ment appeared, an engine was set up at Austhorpe 
near Leeds, and then followed others near New- 
castle-upon-Tyne, in Scotland, at Kd6nigsberg, 
Vienna, Cassel, Toledo in Sweden, and Passy near 
Paris. These were all constructed before New- 
comen died, as was also the London engine 
erected at the York Buildings Water Works, which, 
during the first decades of the eighteenth century, 
occupied a site at the lower end of Villiers Street, 
Strand, probably in part now covered by Charing 
Cross Railway Station. In the eighteenth century 
there was no Mulhall’s Dictionary of Statistics, and 
we have no means of telling how many engines 
were constructed. Through Galloway and Farey, 
however, we learn that Smeaton, one of the 
first improvers of the engine, in 1769, had obtained 
a list of 100 engines which had been erected at 
collieries in the Newcastle-upon-Tyne district. 
About the same period there were 18 large engines 
at work in Cornwall. These figures alone are 
sufficiently eloquent of the importance of the 
invention of Newcomen, and illustrate one aspect 
to which as a rule little heed is paid. 

Models of the Newcomen engine are to be seen at 
the Science Museum, South Kensington, at King’s 
College, London, and at the Royal Scottish Museum, 
Edinburgh, while at Glasgow University is preserved 
the model the repairing of which changed the whole 
course of Watts’ career. The latter is shown in 
Fig. 2. Of actual engines there is a fine example 
at Glasgow constructed as late as 1810, and at the 
Science Museum can be seen the engine built in 1791 
by Francis Thompson, illustrated in Fig. 3. Nearly 
forty years ago it was the good fortune of the 
writer to see one working at a mine near Bristol, 
and descriptions of this are to be found in ENGINEER- 
ING in October, 1895, and October, 1903. An in- 
teresting feature of the Newcomen engine is the 
valve gear, which is to be dealt with in a paper by 
Mr. C. O. Becker and Mr. A. Titley, to be read before 
the Devonshire Association next week. Whether 
there is any truth in the story of the boy who first 
made the engine work its own valves cannot be 
said, but it seems a just conclusion that if Newcomen 
could invent the engine it was not beyond his in- 
genuity to devise a valve mechanism. The revolu- 
tionary character of Newcomen’s invention is 
emphasised by a comparison of his engine with the 
great machine at Marly erected in 1682 at the 
instance of Louis XIV. for supplying water for the 
fountains at Versailles. This machine had 14 water 
wheels and 253 pumps, and it has been said it 
wasted 95 per cent. of its power in overcoming 





friction. In 1769, the King of Denmark suggested 
that water at Versailles cost as much as wine. In the 
Marly machine we see the application of inventions 
the early history of which is lost in the mists of 
antiquity, but there had never before been anything 





like the Newcomen engine. It is true it was costly, 
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cumbersome, extravagant in fuel; but it paved the 
way for the work of Watt, Murdock, Hornblower 
and Woolf; of Trevithick, Stephenson, Seguin, 
Corliss and Worthington ; of Carnot, Joule, Rankine, 
Thurston and Zeuner; of Elder, Kirk, Normand, 
Thornycroft, Yarrow and Stumpf and of De Laval, 
Parsons, Curtis, Rateau and Ljungstrém. Ten years 
ago, when writing in these columns of Watt, we 
recalled the remark of Lecky about the steam engine : 
‘“No other invention,” he said, “since the dis- 
covery of printing has affected so widely, so vari- 
ously, and so powerfully the interests of mankind.” 
To-day the total horse-power of steam engines 
runs into hundreds of millions, and in view of the 
enormous coal deposits known to exist, there seems 
to be no reason to believe that two centuries hence 
the steam engine will be less important than it is 
to-day two centuries after the death of its inventor, 
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Alloys for Use at High Temperatures.—In co- 
operation with the |Engineering Department, Drs. 
Rosenhain and J. W. Jenkin are studying binary 
and ternary alloys of nickel-chromium and other 
metals, particularly in reference to their freezing 
points and the possibility of developing an alloy 
of this kind suitable for castings. The mechanism 
of creep is being studied by microscopic examination 
of specimens under prolonged stress at high tempera- 
tures. The specimen has to be polished and surface 
oxidation must be prevented ; the experiments are 
therefore made in a neutral gas or in a vacuum. 
In the “creep units,” devised for this purpose, the 
test rod is placed in a tube on the top of a long 
rod which stands in mercury ; the mercury rises to 
the barometric height when the vacuum is created 
in the upper portion of the apparatus and provides 
a frictionless seal. The apparatus is arranged 
to work at temperatures up to 1,300 deg.C. The 
load is applied through shackles and levers from 
above. 

Gases in Steel.—In the case of steel, the effect of 
gases on the solidification of ingots is being in- 
vestigated in an arc furnace with two electrodes 
formed of the steel which is under examination. 
The furnace box, 22 in. square and 20 in. deep, is 
a steel frame with Uralite walls, and has an inner 
lining of refractory brick; the hearth has a bottom 
of magnesite, 1 in. thick. The furnace casing 
is mounted on trunnions. The electrodes, 1 in. 
diameter and 3 ft. long, enter the open top of the 
furnace, and steel scrap is fused under a layer 
of powdered slag. The difficulty with the steel 
electrodes is that the quantity of the charge in- 
creases during the operation; carbon electrodes, 
however, introduce carbon into the charge. The 
carbon ring furnace and the induction furnace are 
also used for these researches. 

Iron Alloys.—The further investigation for the 
Alloys of Iron Research Committee concerns the 
systems iron-silicon, iron-beryllium and iron-man- 
ganese, in which oxidation or chemical attack of the 
refractories by the alloys, and other factors, cause 
great difficulties. Remelting is difficult with Fe-Be 
alloys, and the cooling curves remain uncertain. For 
Fe-Mn alloys, satisfactory sheaths for the thermo- 
couples have not yet been found, siliceous matter 
being attracted, and the vapours of manganese 
rapidly deteriorating the platinum and rhodium in 
the couples. Pure alumina-lime sheaths are chemi- 
cally less corrodible, but are mechanically weak. 
Considerable use is, therefore, being made of optical 
pyrometers, the metals being fused in vessels of 
pure alumina. There is the further difficulty that 
iron-manganese alloys have to be annealed in inert 
atmospheres of argon or helium, since the man 
ganese would rapidly evaporate in a vacuum, and 
at temperatures above 1,100 deg. C. refractory tubes 
of reasonable sizes are not gas-tight. 

Non-Ferrous Alloys. Dental Alloys. Copper. 
Die Casting.—The dental alloys studied are amal- 
gams of mercury with tin and silver, some of which 
are liquid at ordinary temperatures, and have to be 
rozen for microscopic examination. The attack of 
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mercury on finely-divided silver is too slow to 
yield homogeneous alloys, and the metals have to 
be fused under sufficient pressure to prevent 
volatilisation of the mercury. As regards copper, 
billets have been rolled and examined containing 
1 per cent. of phosphorus, and the combined 
influences of arsenic, bismuth and also antimony, 
all present in very small percentages, are being 
studied. Die-casting of aluminium ailoys, which 
is now carried out industrially at high pressures, 
especially in America and Germany, is more difficult 
in the research laboratory than in the foundry, and 
at Teddington can only be carried out. at pressures 
up to 100 lb. per square inch. The molten metal is 
contained in a vessel of chromium steel, but this 
material is not quite immune from gradual attack 
by the aluminium, and cavities in the specimens, 
are difficult to avoid. 

Laboratory Equipment.—Owing to the difficulties 
with platinum thermocouples at high temperatures, 
tungsten, molybdenum and tantalum wires are under 
trial for this purpose, but they are found liable 
to contamination unless used in certain atmos- 
pheres or in vacuo, and they may turn brittle. 
In the various thermostats used, Dr. J. L. Haughton 
avoids all joints of rubber tubing; glass tubes are 
fused together, and glass-silica joints are made by 
slipping glass sleeves over the silica and running 
wax in between the parts. 

An apparatus for measuring and recording vari- 
ations of electrical resistivity with temperature, in 
metals and alloys, over temperature ranges up to 
1,000 deg. C., has been set up, with thermostatic 
control of the heating furnace. A new rheostat 
for controlling the current has been designed, 
providing a continuously-variable resistance ranging 
from 0 to 25 ohms. 

The September, 1928, issue of the Journal of 
Scientific Instruments described the magnetic pump 
for gas circulation of Mr. F. Adcock, by means of 
which hydrogen can be circulated at the rate of 
30 cub. ft. per hour without risk of contamination 
with oil or air, and without stuffing boxes or external 
connections. A solenoid surrounds the middle 
portion of a vertical brass tube, within which an iron 
piston moves up and down ; there are brass cylinders 
fitted with valves in the upper and lower portions of 
the tube, the cylinders being joined to the gas tubes 
and a flowmeter. Closed gas circulation is essential 
when traces of impurities in gases would have 
cumulative effects. A pump, of Dr. Guy Barr, for 
similar purposes, makes use of an oscillating column 
of mercury as seal, and a glass bulb alternately 
heated and cooled. Diaphragm pumps of the 
Corblin type are used when the gas circulation is to 
take place under considerable pressure. 

The high-frequency induction furnace of Mr. 
Adcock, described on page 143 of our issue of August 
3, 1928, can melt 4 Ib. of iron under vacuum con- 
ditions and keep chromium at nearly 1,600 deg. C. for 
several hours in a stream of hydrogen. Dr. Rosen- 
hain’s pellet furnace was mentioned on the same 
occasion; temperatures of 1,300 deg. ©. can be 
maintained for hours without appreciable burning of 
the carbon or graphite resistor pellets. Mr. D. 
Turner’s machine for the extrusion of refractory 
tubes and rods can mould materials like alumina 
and thoria which require a binder in their prepara- 
tion. A mixture of the oxide and cellulose acetate 
is charged into a drum into which a steel plunger, 3 in. 
in diameter, can be forced under a hydraulic pres- 
sure of 54 tons. The extruded mass is delivered on 
a table which can be inclined at definite angles, and 
is at once exposed to a strong air blast so that the 
mass hardens sufficiently within a minute or two. 
Very fine bore thoria tubes and carborundum fittings 
are among the refractory products made in the 
Laboratory. Water-ground quartz is fired, crushed 
and moulded into crucibles which, fired at 1,530 deg. 
C., are less liable to soften at high temperatures 
than crucibles of fused silica. In determining the 
hydrogen contents of steel, use is made of the 
katharometers of Shakespear, which we have de- 
scribed on other occasions, as supplied by Messrs. 
The Cambridge Instrument Company. The steel 
specimen is electrically heated in a known volume 
of pure nitrogen, and the percentage of hydrogen 
then found in the gas is determined in a modified 
form of katharometer. 


ment a new bob has been made for the standard 
clock of the Laboratory, known as the Galton clock. 
The material had to combine high density with high 
expansion and a billet was cast of the following 
percentage composition : lead 70, tin 18, antimony 10, 
copper 2. There was considerable trouble with the 
soundness of the alloy until the metal was run into 
a steel mould from below. As regards investiga- 
tory test work, the practice of the Department is to 
advise submission of routine work of contractual type 
to other bodies, like the Corrosion of Metals Research 
Committee, or to private consultants, unless prob- 
lems of general interest are involved. Such arise, 
for instance, in boiler-plate cracking and in certain 
work in progress at the Fuel Research Station. One 
of the present problems is to find materials imper- 
vious to the action of hydrogen at high temperatures 
and pressures. 
(To be continued.) 








NOTE. 


THE WoRLD’s SHIPBUILDING AND MARINE 
ENGINEERING. 


THE quarterly shipbuilding returns of Lloyd’s 
Register, now available for the period ending 
June 30, 1929, give some figures which, without 
undue optimism, may be taken to indicate that 
Great Britain and Ireland, are regaining, to some 
extent, their pre-eminence as the world’s shipbuilding 
countries. Thus the tonnage of the merchant 
shipping under construction in Great Britain and 
Treland is 1,453,906, while the tonnage under 
construction abroad is 1,384,319. On the face of 
it this may seem only to mean that, of the total 
tonnage, viz., 2,838,225, the percentage building in 
Great Britain and Ireland is 51-2, while that building 
abroad is 48-8. The corresponding average per- 
centages in the last twelve months before the war 
were 57-2 and 42-8, respectively. But there is a 
more encouraging fact in the subsidiary set of 
figures, which shows that there is an increase of 
96,531 tons in the work in hand in Great Britain 
and Ireland compared with the figures for the 
quarter ending March 31, 1929, there being a de- 
crease of 96,118 tons in the work under construction 
abroad compared with those of the same quarter. 
Of the figure of 1,453,906 tons quoted above, it is 
interesting to note that 66,000 tons are intended for 
the British Dominions, and that about 208,000 tons 
are for sale or for foreign shipowners. Compared 
with last year, the tonnage now building exceeds by 
251,296 tons that building twelve months ago. Of 
the foreign tonnage under construction, Germany 
heads the list with 80 vessels totalling 272,444 tons. 
Japan and Holland, with 22 vessels, 179,968 tons, 
and 39 vessels, 172,406 tons, respectively, make 
a good show for their size, being next on the list. 
France is building 21 vessels with a total tonnage 
of 139,316, and then comes Russia with 40 ships 
and 124,908 tons. The United States shows 27 
vessels with a tonnage of 119,098. The remaining 
countries have all below 100,000 tons. During 
the quarter under review, 270,597 tons of shipping 
were commenced abroad and 321,877 tons launched, 
the latter figure showing an increase of 50 per cent. 
on the quarter ending March 31. In Great Britain 
and Ireland, 428,400 tons were commenced, which 
is an increase of about 66,000 tons on the March 
quarter, and 392,888 tons were launched, showing 
an increase of 103,000 tons. All the tonnage figures 
quoted above are gross tons, and no account has 
been taken of vessels of less than 100 tons gross. 
The increasing adoption of the internal-combustion 
engine for the propulsion of the larger vessels is 
strikingly shown by the tonnage figures relating 
to motorships. Of the total tonnage under con- 
struction, motorships account for 40-6 per cent. 
Of these motorships there are 59 of 8,000 tons and 
upwards, while there are only 27 steamships of 
such size under construction. These figures include 
14 motorships and 7 steamships, each of 15,000 tons 
and upwards. This growth in popularity of the 
internal-combustion engine is partially reflected in 
the horse-power figures of the marine engines under 
construction throughout the world. The word 
“‘ partially ” is used, as there are no figures available 





for the shaft horse-power of the marine turbines 
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building in Germany. Excluding these, the totals 
are: steam engines, 1,000,971 h.p., and oil engines 
1,250,963 h.p. Perhaps a truer ratio, however, is 
given by the figures for Great Britain and Ireland 
alone. Reciprocating steam engines are now under 
construction totalling 360,216 i.h.p. and steam 
turbines totalling 250,760 shaft horse-power, the 
combined total being 610,976 horse-power as against 
the 381,046i.h.p. of the internal-combustion engines. 
On the other hand, steam engines are in a marked 
minority in most foreign countries. It is satisfactory 
to note that such an essentially British institution as 
Lloyd’s Registry is surveying no less than 62-6 per 
— the tonnage now building throughout the 
world. 











UNIT SYSTEM OF PULVERISED FUEL 
IN SHIPS. 


In the discussion following a paper on ‘“‘ Powdered 
Coal for Ships,” at the Spring Meeting of the Institu- 
tion of Naval Architects by Engineer Rear-Admiral 
W. Scott-Hill, Engineer-Captain J. C. Brand criticised 
the proposal to fit a combined mill and burner to each 
furnace of a marine boiler, by which method difficulties 
of distribution were avoided, and referred to the 
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12-7 knots was obtained, but‘no particulars of power or 
fuel consumption are available. It is stated, however, 
that the operating costs will be greatly reduced. 

A view of the stokehold after conversion is shown in 
the accompanying figure. The boiler fronts are seen 
at the right hand and portions of the burners can be 
made out. On the left hand, ranged up against the 
after bulkhead, is the row of pulverising mills, nine in 
number, each surmounted by a hopper into which 
coal, crushed to a uniform size, is fed. The pulverised 
fuel is conveyed from the mills to the burners by the 
flexible pipes seen arching over the footplates. The coal 
is hand trimmed from the bunkers into a crusher of the 
high-speed fixed-hammer type, with a hinged bottom 
for the removal of tramp iron, &c. It is crushed to 
pass through a screen of half-inch mesh, and is then 
delivered by a screw-conveyor to the pulveriser hoppers. 
The pulverisers are of the two-stage, centrifugal type, 
with a tangential discharge. The shafting for each 
three pulverisers is continuous, as may be gathered 
from the figure, and is direct-coupled to a Westinghouse 
steam turbine. The coal stream for each boiler is, thus, 
capable of independent regulation and, moreover, 
when the boilers are only required to steam lightly, the 
discharge to each boiler can be regulated by cutting 
off the crushed coal supply to one or two mills of the 
three, and so firing one or two furnaces only. 

The mills are compactly arranged and have not 
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experiments in this direction then being carried out in 
the United States.* It may therefore be not without 
interest to give some account of an installation at sea 
on the unit system of firing, namely, that having 
independent mills, and of the experiments that preceded 
it, which were, no doubt, those referred to. This 
equipment, which has been installed in the steamer 
West Alsek, embodies the Todd Unit System of pul- 
verised-coal burning, and has been fitted by Messrs. 
Todd Shipyards Corporation, at Tebo’s Plant, U.S.A. 
The West Alsek is a steel cargo vessel of 8,529 tons 
deadweight, and was built by Messrs. The Skinner and 
Eddy Company, Seattle, U.S.A., in 1918. She is 
approximately 410 ft. long by 54 ft. wide by 29 ft. 
9 in. deep, and has one triple-expansion reciprocating 
engine of 2,750 indicated horse-power. There are three 
single-ended boilers of the Scotch type, each having 
three furnaces with separate combustion chambers. 

Up to the date of conversion, the vessel was used by 
the United States Shipping Board on the Transatlantic 
route, the boilers being fired by hand with coal, Howden’s 
forced-draught apparatus being fitted. We are informed 
that the West Alsek was selected for the installation of 
the Todd pulverised-coal equipment by the Shipping 
Board, as the vessel represents the great majority of 
ocean-going cargo ships, in respect of machinery, 
equipment, speed, and general make-up, and is stated 
to be of the type that generally gives owners most 
concern on account of operating costs. An official trial 
of twelve hours, following the conversion to pulverised- 
fuel burning, proved satisfactory, the vessel being taken 
over by the Shipping Board at the conclusion of it 
and sent to Baltimore to load. On a run over a 
measured distance of 32 miles, an average speed of 





* See ENGINEERING, vol. cxxvii, page 419 (1929). 








entailed any widening of the stokehold, while it is 
stated‘that the degree of pulverisation obtained is 
much{finer than that of the ball mills used in other 
installations. It is expected that the combustion will 
be very complete, as the burners have been specially 
designed to effect a good mixture of fine coal dust with 
the air streams. The burner is provided with an 
internal diffusing cone, which gives a rotating motion 
to the coal and primary air, this rotation being inten- 
sified by the tangential flow of the secondary air from 
the louvres in the :forced-draught furnace fronts. 
Adjustments of the diffusing cone can be made from the 
furnace front. For lighting-up, a small-capacity oil 
burner is used, and provision is made in the furnace 
fronts for the fitting of a large-capacity oil burner, so 
that the boilers may be steamed on oil fuel. 

The experiments that preceded the installation in 
the West Alsek were carried out at the F uel Oil Testing 
Plant, Navy Yard, Philadelphia, and are reported on 
in a paper entitled ‘‘ The Todd Pulverised Coal Burner,” 
by Lieut.-Commander R. C. Brierly, U.S.N.R. This 
paper was contributed to the Journal of the American 
Society of Naval Engineers, of May, 1929, and details 
the tests made with Todd pulverised-coal burners fitted 
to a single-ended three-furnace Scotch marine boiler 
on land; but as, in our opinion, the condition® differ 
so radically from those actually obtaining on board 
the West Alsek, results on service in the latter are 
those most likely to be of real interest. Nevertheless, 
a brief account of the experiments may not be unin- 
structive, and, at all events, their existence is recorded 
by this reference. The major differences between the 
experimental installation and that fitted in the West 
Alsek are that, while the pulverising mills in the ship 
discharge the powdered coal to the burners through a 
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experimental boiler are attached directly to the burners. 
Further, each mill has, in the last-mentioned case, an 
individual motor. While this fact may not be of 
much importance, the interposition of the curved pipe 
must vitiate the applicability of the several results 
of the experiments to those of the completed installa- 
tion, particularly as it concerns the power consumed. 
The unit fitted to each furnace on the tests referred 
to consisted of a 15-h.p., 220-volt, three-phase 
motor running at a constant speed of 3,600 r.p.m. 
The shaft of this motor was hollow and formed also the 
shaft of the pulveriser and fan. An oil burner passed 
through the centre of the shaft, and was used for 
lighting up, &c. Adjacent to the motor was a vertical 
feeder, driven from the shaft by gearing; then came a 
two-stage pulveriser, with four and six hammers per 
stage, respectively. The fan came next, and, in opera- 
tion, discharged the powdered coal through a suitable 
diffusing device into the furnace. The coal was 
supplied to the mills in pieces between } in. and } in. 
in diameter. Six varieties of coal were used, including 
an intractable coal from Brazil of a calorific value of only 
8,055 B.Th.U. per lb., and a Westphalian coal similar to 
that supplied at Rotterdam to the S.S. Mercer.* The 
tabulated results, as might be expected, as regards eva- 
porative performance, are of wide range, but it should 
be noted that the CO, percentage was in every case 
quite satisfactory. It varied from 13 per cent. to 
16-4 per cent., and only in one instance was there any 
CO. This indicates good combustion, which was 
reflected in the net efficiency figures, which ranged 
from 65-85 per cent. to 77-89 per cent. 
The total heating surface of the boiler was 2,555 sq. ft., 
the average working pressure about 192 lb. per square 
inch absolute, and the draught at the base of the chimney 
varied from 0-21 in. to 0-34 in. of water. The air sup- 
ply was heated, and the boiler tubes were fitted with 
retarders. The coal fired per furnace per hour varied 
from 297-9 lb. to 623-1 lb. per hour, and the evapora- 
tion, from and at 212 deg. F., ranged from 6-52 lb. to 
11-313 lb. of water per pound of coal. The plotted 
power consumption curve of the apparatus, including 
the consumption of the mill, primary-air fan, and feeder 
for each furnace, shows that, when burning 900 Ib. of 
coal per hour per boiler, the horse-power required per 
ton of coal was 62, while, at the rate of 1,800 tons of 
coal per hour, just under 40 h.p. was required. 
As already pointed out, however, it is of little use 
analysing the test data, for the reasons given, so that, 
having indicated the general nature of the tests by 
the figures quoted above, the conclusions arrived at 
by the author of the paper may be briefly summarised. 
He considers that this type of installation is particu- 
larly suitable for small plants, such as tugs, and states 
that the weight of and the space occupied by the 
Todd system are much less than any of the other 
systems tested at the Navy Yard plant, while the mills 
are much less noisy than the ball mills previously used. 
The whole question of distribution is eliminated, 
and the self-contained nature of the plant makes for 
flexibility and ease of control. Repairs to a burner or 
mill could be made without stopping the whole plant. 
At the lower rates of 900 Ib. and 1,200 Ib. of coal fired 
per boiler per hour, it is stated that the power con- 
sumed by the installation described was but little 
more than that of previous installations, but at higher 
rates was considerably greater. The greater power 
consumption was considered to be compensated for, to 
a very large degree, by the much better distribution 
obtained. It is apparent from the paper that a con- 
siderable amount of trouble has been met with by 
erosion of the hammers of the pulveriser, and by the 
entry of pulverised coal into the bearings. Such diffi- 
culties were, however, being examined, and may there- 
fore be absent in the system as fitted to the S.S. West 
Alsek. This vessel, we understand, is now on a voyage 
to this country, and is expected to arrive at Glasgow 
on the 2lst instant, the pulverised-fuel installation 
having functioned satisfactorily as far as is known. 








THe Royat AERONAUTICAL SocreTy.—At a recent 
Council meeting of the Royal Aeronautical Society, 
Col. the Master of Sempill, A.F.C., was elected President 
of the Society for 1929-1930. Air Vice-Marshal Sir 
Vyell Vyvyan, Lt.-Col. J. T. C. Moore-Brabazon, and 
Mr. H. G. Wimperis, C.B.E., were elected Vice-presidents 
for the same period. 





INSTITUTION OF ELECTRICAL ENGINEERS—METER AND 
INSTRUMENT SEection.—Mr. E. W. Hill has been elected 
chairman of the Meter and Instrument Section of the 
Institution of Electrical Engineers for the 1929-1930 
session. ‘The nominees for the vacancies on the com- 
mittee, which will occur on September 30, 1929, have 
also been elected. In addition, the committee will 
consist of a member of council, to be selected by the 
committee, together with the President of the Institution 
and the Chairman of the Papers Committee, the two last- 
named being ex-officio. 








curved pipe of not inconsiderable length, those on the 


* See ENGINEERING, vol. cxxvi, page 600 (1928). 
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LABOUR NOTES. 


Attupine to the recent conference with the em- 
ployers on the subject of wages, the writer of the 
editorial notes in the July issue of the’Amalgamated 
Engineering Union’s Monthly Journal, says that he 
quite agrees that during the period mentioned by 
Sir Allan Smith, certain sections of the industry have 
had a very lean time; no one knows that better, he 
adds, than the engineering worker with his unem- 
ployed periods and low wage rates. ‘‘It is accepted 
on all hands,” he proceeds, “‘ that the wages paid to 
our members are not comparable with the skill and 
knowledge demanded. We feel, rightly or wrongly, 
that the industry can afford to meet the claim which 
we have put forward. It has been stated that patience 
is a virtue: if that be true, the engineering workers 
must be classed amongst the most virtuous sections of 
workers that the nation possesses. There are, however, 
limits, and we would ask the engineering employers to 
have regard to the losses which their workpeople have 
had to bear during the nine years to which they make 
reference, and to meet our claim in that spirit which is 
so essential for the good of all concerned. Meantime, 
continued increase in our numerical strength will prove 
to the employers that the workers not only believe 
that they are rightly entitled to, but mean to have, a 
better wage rate than that which obtains at the present 
time.” 





In June, the home branch membership of the 
Amalgamated Engineering Union decreased from 
192,916 to 192,561, and the Colonial branch member- 
ship from 27,898 to 27,639. The number of members 
in receipt of sick benefit decreased from 5,494 to 5,289, 
and the number in receipt of superannuation benefit 
increased from 10,227 to 10,285. The total number of 
unemployed members increased from 10,793 to 10,888. 





Discussing the subject of rationalisation in the July 
issue of the Amalgamated Engineering Union’s Monthly 
Journal, a member of the organisation expresses the 
opinion that “‘ there is nothing new in the idea except 
the name.” ‘‘ Some of us,” he goes on to say, ‘‘ have 
a vivid recollection of the introduction of the premium 
bonus system and the difficulties that ensued, which 
are inherent in any new system of payment by results. 
Many who resisted the inception of such systems 
would resist to a much greater extent any attempt to 
abolish the means whereby their earning powers have 
been increased. The subject has now gone much 
further than the question of earnings, and the defini- 
tions of the term ‘ rationalisation’ appear to cut to 
the very roots of industry, it being defined by one 
authority as the methods of technique and organisa- 
tion designed to secure the minimum waste of effort and 
material. It includes the scientific organisation of 
labour, standardisation of both material and products, 
simplification of processes and improvements in the 
system of transport and marketing.” 





“* Another definition is,”’ this operative engineer goes 
on to say, “that ‘rationalisation’ consists of under- 
standing and applying every means of improving the 
general economic situation through technical and 
systematic organisation, its object being an increase in 
the standard of living by the provision of better and 
cheaper goods in larger quantities—which demands a 
common effort by all classes of the community con- 
cerned. As an ideal, not much fault can be found with 
the latter definition, provided that a measure of con- 
trol can be assured to the persons rationalised; but 
before agreement can be reached, stringent guarantees 
will be necessary to ensure that improved production 
methods will be of mutual advantage and be reflected 
in an increased standard of comfort for the workers. 
This can only be brought about by all workers becom- 
ing members of their respective trade unions. Other- 
wise, in the view of the writer, rationalisation will 
become simply a convenient method for improving the 
financial aspect of company balance-sheets.” 





In the course of some further observations on the 
same subject, Mr. Findlay, the general secretary of 
the United Pattern Makers’ Association, says that the 
greater the efliciency and the higher the production, 
the easier are we making it to increase wages, improve 
conditions of employment, and generally raise the 
standard of living. He does not disguise from himself 
that in the process of rationalisation many individual 
workmen and employers may suffer; but that will not 
be the fault of rationalisation. It will be an evil 
certainly arising out of the process of rationalisation ; 
but evils have to be met and overcome. Stagnation and 
deterioration would be an enormous price to pay for 
refusing to face the evils of rationalisation. Moreover, 
the existing system has the means within itself to carry 
through the process whether the workers like it or not, 
and study of the history of the industrial revolution 
of the eighteenth century should warn them of the 
necessity of coping with the present one. 
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In the July issue of the Monthly Trade Report of the 
United Pattern Makers’ Association, an increase is 
recorded in the number of unemployed members. 
“This month,” Mr. Findlay says, ‘“ the figures have 
gone up to 517, as against 479 last month, though we 
are still 80 to the good as compared with June, 1928. 
The percentage (not including the superannuated, sick 
and honorary) works out at 5-5, and this we must look 
upon as favourable when we know that on May 27, 
out of 11,880,000 insured against unemployment in 
Great Britain and Ireland, the percentage unemployed 
in all industries taken together was 9-9, in engineering 
8-2, and in shipbuilding and repairing nearly 23.” 





On July 8, 1929, the number of unemployed persons 
on the registers of Unemployment Exchanges in 
Great Britain was 1,144,200. Of these 766,800 were 
wholly unemployed, 300,600 were temporarily stopped, 
and 76,800 were persons normally in casual employ- 
ment; 892,000 were men, 28,800 boys, 198,000 women, 
and 25,400 girls. Of 1,142,382 on the registers on 
July 1, 1929, 765,031 were wholly unemployed, 
301,282 were temporarily stopped, and 76,069 were 
persons normally in easual employment ; 889,047 were 
men, 28,343 boys 199,544 women, and 25,448 girls. 
The number of unemployed persons on July 9, 1928, 
was 1,242,433, of whom 988,366 were men, 31,170 
boys, 195,518 women, and 27,379 girls. 





Messrs. Harland and Wolff, Limited, Belfast, 
Messrs. Workman, Clark (1928), Limited, Belfast, 
and Messrs. Cox and Company, Falmouth, have 
been admitted to membership of the Shipbuilding 
Employers’ Federation. Messrs. Harland and Wolff 
have been members for several years in respect of 
their establishments on the Clyde, the Mersey, and 
the Thames and at Southampton. The inclusion of 
their Belfast yards, along with those of Messrs. 
Workman, Clark, makes the Federation completely 
representative of the shipbuilding and ship-repairing 
industries of both Great Britain and Ireland. 





At a conference in London last week, executive 
representatives of the National Union of Railwaymen, 
the Associated Society of Locomotive Engineers and 
Firemen, and the Railway Clerks’ Association, decided 
that the three bodies shall act together in giving three 
months’ notice to the railway companies, to terminate 
the agreement entered into in August last for a reduction 
of wages and salaries by 2} per cent. The notice is to 
be dated August 13. 


Among the resolutions to be discussed at the sixty- 
first Annual Trades Union Congress, which is to be 
opened at Belfast on September 2, is one from the 
General Council proposing a new Standing Order for 
the adjustment of representation on the Council. 
It provides that when an increase or a decrease of 
membership occurs within a trade group or groups, 
whether as a result of amalgamation or from any 
other cause which, in the opinion of the General 
Council, renders the representation of such group or 
groups inequitable, the Council shall have power to 
adjust the representation of the groups, without, 
however, increasing the total number of representatives 
on the General Council as fixed by Standing Orders. 





In a series of resolutions dealing with Unemployment 
Insurance, the Amalgamated Society of Tailors and 
Tailoresses seek to extend the right to unemployment 
benefit to outworkers and home workers, pro- 
vided that they are in the employment of one firm 
only. The National Union of Boot and Shoe Operatives 
will ask Congress to instruct the General Council to 
approach the Government with reference to the restric- 
tive conditions imposed upon a trade union relating 
to the paying of State benefits to its members. The 
Union wishes to have these restrictive conditions modi- 
fied or abolished, so as to allow a trade union desiring 
to pay State benefit to its members to do so. A reso- 
lution from the Miners’ Federation of Great Britain 
protests against the ‘‘ many objectionable proposals ” 
contained in the Unemployment Insurance Act, based 
upon the Blanesburgh report, and urges the Govern- 
ment to use every endeavour to have the Act amended. 
The resolution also proposes that it shall be made 
compulsory upon employers to notify vacancies to the 
Employment Exchanges in their district ; and, finally, 
it presses for an amendment of the existing law that 
will guarantee maintenance for unemployed workers 
where work cannot be obtained. 





Both the Amalgamated Engineering Union and the 
Miners’ Federation propose that appropriate steps be 
taken to deal with the Trades Disputes and Trade 
Unions Act. The Electrical Trades Union, while view- 
ing with satisfaction the promise of the Labour Party 
to repeal the Act, will ask Congress to express the view 
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that the Party should go a step further and bring in a 
Bill making it obligatory on every worker to belong to 
a trade union catering for the industry in which he or 
she is employed. 


Resolutions sent in by the Amalgamated Engineering 
Union and the National Amalgamated Furnishing 
Trades Association, respectively, invite Congress to 
discontinue the Mond-Turner Conference. The National 
Union of General and Municipal Workers directs atten- 
tion to the danger imminent in rationalisation unless 
labour is fully organised. It declares that the closing 
down of obsolete plants and the substitution of labour- 
saving appliances associated with the centralising of 
capital control is creating monopolies which give to the 
employer an advantage in connection with these mono- 
polies. All kinds of welfare and shop committees are 
being developed, it is alleged, and are being used to 
subvert trade union method and practice in dealing 
with the grievances of workers. The resolution, there- 
fore, urges upon the workers the need for complete and 
independent organisation, whereby the bargaining- 
power of the unions can be used to exact the maximum 
economic wage, leaving the workman free and untram- 
melled by supplementary payments which negative his 
right to act collectively in defence of his standard of 
living. 





A circular relating to the organisation of young 
workers has been issued by the General Council of the 
Trades Union Congress, to affiliated organisations. The 
Swansea Congress, it will be recalled, passed a resolution 
instructing the General Council to initiate a campaign 
for the organisation of young workers into the unions, 
and to set up a special committee for the purpose. 
Affiliated organisations were urged to elect youth 
committees and youth representatives on union com- 
mittees. In addition, in order to remove all barriers 
against the youths, unions were recommended to 
provide for their entry by payment of lower dues. 
Dealing with the first part of the resolution, the circular 
states that it has not been deemed necessary to set 
up a special committee for the purpose, as the existing 
Organisation Committee is, it points out, a standing 
committee charged with the responsibility of rendering 
all possible assistance in the whole sphere of trade 
union organisation. In the general effort which the 
committee has been making for the recruitment of 
members, special literature has been prepared, and 
appeals have been. made for special attention to be 
given to the organisation of women and also of young 
workers. 





“From the information obtained from the replies 
to the questionnaire sent to affiliated unions on Decem- 
ber 6 last on this question,” continues the circular, “‘ it 
is evident that only in a few cases is there no reduced 
contribution for young persons, whilst there is either 
a considerable reduction or a total abolition of entrance 
fees in nearly all cases where replies have been received. 
In only isolated instances have unions made provision 
for youth committees, and it is found, generally, that 
while no special rule provides for the representation 
of young persons on union committees, there is no 
obstacle placed in the way of their election. Under 


the circumstances, the General Council feel that. 


affiliated unions should, in the light of their own rules 
and circumstances, consider the recommendations in 
the latter portion of the resolution where they are not 
already operated.” 





The Trades Union Congress General Council, repre- 
sentatives of the Federation of British Industries, and 
representatives of the National Confederation of 
Employers’ Organisations are to meet in joint confer- 
ence on Wednesday next, further ‘‘ to examine the best 
methods of consultation and co-operation between the 
three organisations.” The words quoted are taken 
from a resolution passed at an earlier meeting, at which 
the relationship of the two employers’ organisations to 
the work of the Melchett-Turner conference was under 
discussion. 





At its last meeting, the Labour Advisory Committee 
of the League of Nations Union passed the following 
resolution :—‘‘ With a view to facilitating the ratifica- 
tion of the Washington Hours Convention, the Govern- 
ment should promote international action on the lines 
suggested at Geneva in March, 1929, by the Ministers 
of Labour of France and Germany, and should support 
the introduction in the Convention, either by the 
addition to the text of 1919, or by the adoption of a 
supplementary Convention, of the protocol of interpreta- 
tion agreed upon in London in 1926.” The Committee 
expressed the view that as the Government had 
announced at Geneva that it proposed to ratify along 
the lines indicated in the resolution, the General 
Council of the Trades Union Congress should be asked 
to pass a resolution expressing its gratification at the 
attitude announced towards the Convention. 
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THE ROYAL AGRICULTURAL SHOW 
AT HARROGATE 
(Concluded from page 43.) 


BEFORE completing our description of the exhibits, 
it may be mentioned that the show at Harrogate, 
which closed last Saturday, was marked by an un- 
usually large attendance. Final figures are not avail- 
able in time for publication, but up till Friday, the 
attendance had reached a total of 97,658. It is thus 
unlikely that the record of 147,000 for the Newcastle 
Show in 1923 would be exceeded, but the attendance 
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for the first four days was higher than any since that 
date. While this no doubt was in part due to the 
weather, only one wet day having been experienced, 
the main reason was probably the selection of 
Harrogate for the venue. The town is conveni- 
ently situated as a centre for the northern agri- 
cultural areas, and in addition, attracts a large 
number of visitors in virtue of its reputation as a 
health resort. The show was located in pleasant 
surroundings on the Stray, a convenient open space 
some two hundred acres in extent, within easy 
walking distance of the centre of the town. The 
implement and machinery section was extremely 
well arranged, the walk necessary to view any 





particular exhibit being reduced to a minimum 
owing to the provision of six relatively short avenues, 
but the system of numbering adopted cannot be said 
to have facilitated the finding of the various stands. 
An improvement could be effected on a future 
occasion by lettering the avenues, and adopting 
consecutive numbering up each avenue. 

On page 45 of our issue for January 11 last, we 
gave a description of an airless-injection locomo- 
tive manufactured by Messrs. Kerr, Stuart and 
Company, Limited, California Works, Stoke-on- 








Trent. This locomotive was of 60 h.p. and may be 


carrying a large friction cone at the right-hand end, 
and a cam disc near the centre. Sliding on splines 
on the outside of this shaft is a sleeve, to one end of 
which spring-loaded fly weights are pivoted, the 
position of the other end of the sleeve being located 
by a hand lever, provided with a notched quadrant. 
The latter is not shown in the figure, but the con- 
nection between the lever and the sleeve, through 
a ball-mounted collar, will be noticed. The large 
friction disc on the right-hand end of the shaft 
registers with a corresponding disc, connected by the 
wheel train shown to the driving axle of the loco- 
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compared with a smaller machine exhibited by 
Messrs. Kerr, Stuart, the latter being of particular 
interest due to the employment of the Robertson 
variable gear in the transmission. The engine 
is a 30 h.p. two-cylinder airless injection model 
manufactured by Messrs. J. and H. McLaren, 
Limited, and as a description of a similar engine was 
given on page 136 of vol. cxxvii of ENGINEERING, 
we may at once proceed to the description 
of the transmission system, shown in Figs. 16 and 
17, on this page. The engine flywheel is shown 
to the left of the upper shaft in the first of these 
figures, and it will be noticed that it is coupled, 
through a flexible coupling and sliding joint, to a shaft 
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Fies. 16 anp 17. TRANSMISSION GEAR FOR 30-H.P. 
LocomotivE; Mrssrs. Kerr, STUART AND Com- 
PANY, LIMITED. 


motive, but it should be observed that there is a 
floating ring concentric with the driven disc, between 
the two friction discs. It should also be noted that 
the driven disc, together with the spur-gear train, 
is free to rotate about the lower bevel shaft, as shown 
in Fig. 17. The action of the gear is as follows. 
Assuming that the hand lever is notched in one of 
the available positions, so that the position of the 
sleeve is fixed, and that the engine is idling, the gear 
is so arranged that the driving disc will be clear of 
the floating ring. As soon as the engine is speeded 
up, the fly-weights will be forced out against their 
spring by centrifugal force, and will come into 
contact with the cam disc. The latter will then be 
moved to the right, bringing the driving disc into 
contact with the loose ring, and this in turn into 
contact with the driven disc. Assuming that the 
driving axle exerts a considerable resisting torque, 
as would be the case if the locomotive were coupled 
to a stationary train of wagons, the driven disc, and 
loose ring, together with their associated spur-wheel 
train, will at once commence to precess about the 
bevel-shaft axis. As will be clear from Fig. 17, this 
is equivalent to lowering the gear, and when a suffi- 
ciently low gear has been reached, the inertia of the 
train of wagons will be overcome, and the loco- 
motive will move forward. As soon as the resistance 
to motion falls, the torque reaction on the gear train 
will be reduced, and the gear ratio will therefore 
adjust itself to a lower value, the action being 
assisted by the angle of the driving disc. When the 
locomotive has attained its normal speed, the three 
discs will be concentric, and will transmit the drive 


‘| directly. The discs will continue in this position 


until a gradient is reached, when a degree of preces- 
sion will automatically occur to compensate for the 
increased load. By altering the relative position 
of the flyweights and the cam disc, the engine 
speed at which the gear will automatically set itself 
at any given ratio is altered ; in other words, the rate 
of acceleration of the locomotive will be varied. 
This result can be obtained by altering the position 
of the hand lever, which, as already stated, is 
provided with a suitable notched quadrant and 
catch. One of the notches gives a free engine 
position. In comparing this gear with other friction 
drives which have been introduced in the past, it 
should be observed that it possesses two distin- 
guishing features. The first of these is that the 
selection of the correct gear ratio is entirely auto- 
matic, depending only on the engine speed and on the 
resisting torque, and the second is the provision of 
the floating ring between the driving and driven 





discs. The coefficient of friction between the driving 
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disc and ring is greater than that between the 
driven disc and ring, with the result that the ring 
always rotates with the former. Such slipping as 
occurs therefore takes place between two flat surfaces, 
and hence grooving of the friction material cannot 
occur. 

The remaining features of the locomotive only 
call for brief comment. The reversing gear, oper- 
ated by a separate lever, consists simply of a dog 
clutch, which can be engaged with a right or left- 
hand bevel gear as required. The locomotive 
is fitted with a hand-brake on the lay-shaft gear 
sleeve, operated by a hand lever in the cab. In 
addition, a second hand-brake with screw motion 
acts on the leading and trailing wheels. The frame 
is constructed of flat plates suitably gussetted and 
stayed, and deep buffer beams are provided at 
both ends. These come close to the rails, enabling 
any standard or special type of buffers or draw 
gear to be fitted as required. 

Following the success attained with their cable- 
ploughing tackle, Messrs. J. and H. McLaren, 
Limited, Midland Engine Works, Leeds, have intro- 
duced a tractor for operating on the direct system. 
This machine, which we illustrate in Fig. 18, page 89, 
is fitted with an airless-injection engine, similar to 
those employed on the cable-ploughing tractors. 
Although engines of the hot-bulb type have been 
frequently employed for direct tractors, we believe 
that this is the first occasion on which the airless- 
injection principle has been adopted, and the 
performance of this tractor will therefore be watched 
with considerable interest. The engine is a two- 
cylinder model developing 30 brake horse-power, 
generally similar to the four-cylinder unit, described 
on page 136 of our issue for February 1 last. We 
have already made several references to these engines 
in connection with other exhibits at the show, and 
as they are being employed for light locomotives and 
road vehicles, in addition to various types of 
agricultural plant, their reliability and efficiency 
have already been demonstrated. The engine has a 
cylinder bore of 135 mm. and a piston stroke of 
200 mm. and develops its rated power at 800 r.p.m. 
It is fitted with a centrifugal governor, by which the 
speed can be regulated between 250 r.p.m. and 
800 r.p.m. independently of the load, and is pressure 
lubricated throughout. Other details will be found 
in the description of the 4-cylinder model already 
referred to, but it may be mentioned that, in the 
tractor, it is fitted with pump cooling, the radiator 
and tank being in the conventional position, as 
shown in the illustration. An adjustable plate 
clutch is fitted, and from this the drive is taken 
through a universal joint to a gear box built in one 
unit with the rear axle. The gear box motions 
give forward speeds of 2, 3 and 6 m.p.h. and a 
reverse speed of 3 m.p.h., the changes being made 
on the gate system, as in automobile practice. The 
differential gear is provided with a locking device. 
As shown in the illustration, the rear axle is carried 
on a track, but the latter is interchangeable with 
ordinary wheels fitted with spuds and crossplates. 
These wheels are 4 ft. 44 in. in diameter by 9} in. 
wide, while the front. wheels are 2 ft. 8 in. in dia- 
meter by 6 in. wide. The general construction of 
the track is clearly shown in the figure, but it may 
be pointed out that the draw-bar pin is carried in 
two horizontal plates joining the track units below 
the axle, so that the pull is taken at the level of 
the track rollers. The tractor is fitted with a 
hand-brake, and the steering is on the Ackermann 
principle. The weight of the tractor in working 
order is 45 cwt. 








ENGINEERING TRAINING 3Y CORRESPONDENCE.—We 
have received from the Technological Institute of 
Great Britain, Temple Bar House, London, E.C.4, 
a@ copy of a guide relating to the correspondence 
engineering courses organised by them. These cover 
civil, mechanical, electrical and marine engineering, 
as well as mathematics, chemistry and physics. There 
is also a department for giving instruction in English 
and modern foreign languages. The curriculum is 
arranged either to lead up to one of the Institute’s 
own examinations, success in which is followed by the 
granting of a diploma, or to the examinations of one 
of the great engineering bodies, such as the Institutions 
of Civil, Mechanical and Electrical Engineers. The 
regulations governing admission to these Institutions 
and syllabuses of the various examinations are also 
given. 





AN INVESTIGATION OF SHORT 
WAVES. 


In a paper on “ An Investigation of Short Waves,” 
which was read before the Wireless Section of the 
Institution of Electrical Engineers in April, Mr. 
T. L. Eckersley gave an account of the researches on 
the effects of short-wave transmission, which he had 
made during the past two years, and took the oppor- 
tunity of revising the conclusions he had arrived at 
in a previous paper.* 

The chief alteration, he said, was in the estimated 
height of the lowest levels of the Heaviside layer in the 
day-time. The accumulation of evidence from the 
time-lag experiments of Breit and Tuve and the inter- 
ference experiments of Appleton and Hollingworth 
(both of which incidentally gave the group-time and 
consequently an over-estimate of the height) had led 
him to a revision of the mathematical result, by which he 
had obtained the effective height of the daylight ionised 
layer from long-wave measurement. In so doing he 
had found an error, which made the estimated height 
just double that previously obtained, for, instead of 
the relation d, = 4h?/A we had d, = h?/\, making the 
estimated height lie between 80 km. in summer and 
97 to 100 km. in winter. 

Previously also the value of 7, the mean time between 
collisions was found to lie between the limits 0-5 x 10-® 
and 0-5 x 10-7 (on the basis of magnetic storm effects). 
Calculations based on the kinetic theory would imply a 
height of 76 km. and 92 km. for these values of 7 and 
there was no necessity, as previously, to make the rather 
forced assumption that the electronic free path was 
some 10 to 50 times greater than that calculated from 
the normal kinetic theory, on the supposition that the 
electron might penetrate the outer rings of the mole- 
cules without being appreciably deflected. Apparently, 
this effect only occurred in inert gases, such as helium, 
and was not likely to take place in the upper atmos- 
phere. 

With regard to scattering, the glancing angle for 
transmission, great circle bearings of the main rays and 
the daylight attenuation, the author had found his 

revious conclusions to be on the whole well-founded. 
fos modifications of the lower wave-length limit for 
night transmission was required, it being found that 
this lower limit depended on the time of night and the 
season. Late-night regions behaved very differently 
from early-night regions, thus confirming Appleton’s 
results, which showed a progressive change in the 
Heaviside layer during the hours of darkness. The 
short-wave daylight limit appeared to be close to 
10 m., but sporadic long distance transmissions had 
been observed on wave-lengths shorter than this. 

Perhaps the main interest in short-wave transmission, 
both from the practical and theoretical points of view, 
lay in the echo and scattering effects. From the 
practical point of view signal distortion, with the 
accompanying echoes and scattering, imposed a severe 
limitation on high-speed sending and on the newer 
development of facsimile transmission. Some of the 
troubles had been overcome by employing simple 
biassing to sharpen the signals, but even with these 
the speed of transmission was limited. The time lag 
of echoes and multiple signals might be anything from 
0-001 sec. to 25 sec., but it was the short echoes of 
the order of 0-1 sec., which were associated with 
scattering. In the author’s previous paperf reasons 
were given for supposing that very considerable short- 
wave scattering existed and the intensive study that 
had been made since that date abundantly verified 
these ideas. 

The original tests made on a balanced frame and 
vertical aerial, giving a cardioid diagram, were not quite 
decisive for, owing to practical limitations in the size 
of the aerial and the coupling between it and the frame, 
it was uncertain whether the observed absence of 
bearing was due to the incidence of scattered radiation 
or to radiation of such a high angle that balance adjust- 
ment was unobtainable. 

An apparatus was therefore set up at Broomfield, 
near Chelmsford, on which signals from local stations 
could be balanced almost perfectly. Signals within 
the skip distance could not, however, be balanced, 
while long distance stations gave results between 
these two extremes. The reason for this was that the 
direct ray was attenuated very quickly and at distances 
of a few miles was swamped by radiation scattered 
from the Heaviside layer. At great distances there 
was a main ray, which could be balanced, together with 
a scattered residue, which remained when the main ray 
had faded out. The success of these experiments led 
to the development of a goniometer for studying 
scattering and transmission effects, the results obtained 
from which were so diverse as almost to defy classifi- 
cation. For instance, the bearings of the beam stations 
at Bodmin, Dorchester and Grimsby were observed 





* «Short Wave Wireless Telegraphy,”’ Journal I.E.E., 
vol. Ixv, page 600 (1927). 
+ loc. ctt.. 





regularly for a period of 9 or 10 months, and while 
the results varied from day to day in no single case was 
the true bearing of the transmitting station obtained. 
The sharpness of the bearing was also found to vary from 
time to time, while observations showed that scat- 
tering appeared to be mostly confined to the horizontal 
plane. These long-echo effects were easily recognis- 
able. 

Another cause of signal mutilation was dispersion. 
Every signal changed shape, when travelling through 
a dispersion medium, such as the Heaviside layer. The 
amount of mutilation depended on the distance travelled 
and the closeness of approach of the actual frequency 
to the critical frequency. Reasons were given for 
supposing that this effect was negligible on the short 
wave band, though there was evidence that it existed 
on long waves. There were cases of quick echo with 
a lag of the order of 0-01 sec. These were probably 
due to long distance scattering such as was evidenced 
by the observations on the local beams, where the 
source of scattering might be about 2,000 km. away. 
Blurring was due to multiple scattering and probably 
occurred mainly on local signals. Double or multiple 
signals were due to double or multiple paths producing 
a corresponding number of signals with a time interval 
between them of the order of 0-01 sec. They were 
not likely to mutilate Morse signals, but affected 
picture transmission adversely. Quick echo, blurring 
and multiple effects were likely to contribute to signal 
mutilation in different proportions, depending on the 
actual transmitting conditions. These conclusions 
were all based on directional observations, the normal 
test of scattering being the absence of bearings on the 
goniometer. 

The direction-finding results obtained during nine 
months regular interception in 1928, could be inter- 
preted on the basis of these conclusions. The stations 
were divided into two classes, depending on whether 
normally they were outside or inside the skip distance. 
Bearings were divided into three classes: Correct, 
incorrect but with some definite characteristic, and 
nil bearings, where little or no sign was given on the 
goniometer. The results gave rise to the generalisation 
that skip bearings were either flat or incorrect, while 
outside the skip distance they were usually correct. 
It could therefore be safely stated that within the skip 
distance scattering predominated and that outside 
the main ray predominated. 

Under scattering conditions, where many rays were 
present, the study of fading was of a statistical nature. 
Fading might be assumed to be produced by the inter- 
ference of two or more rays of approximately equal 
strength but of random phase difference. But under 
these conditions it was less marked than usual, though 
there was generally a very close connection between 
“fades”? and magnetic storms. Magnetic storms some- 
times, however, occurred without “fades”? and the 
reverse was also true. The latter phenomenon might 
be explained by a very penetrating radiation ionising 
the lower regions of the atmosphere. 

In conclusion, the author said that the new con- 
ception of the Heaviside layer as a complete structure 
of scattering clouds necessitated a revision of the usually 
accepted ray theory. If the scattering in the lower 
levels of the layer was particularly intense the emergent 
ray might be very highly diffused and the emergent 
energy might entirely lose its ray formation. Order 
would be again introduced, however, if the assumption 
were made that the scattering clouds were regularly 
spaced at a practically constant distance. This seemed 
unlikely. 

Ponte and T. Rocard* had developed a theory on 
these lines in which the skip effect and minimum wave 
for transmission were accounted for. It also accounted 
for a weak wholly scattered ray within the skip distance 
and was based on the fact that if the scattering centres 
were regularly spaced then the scattered rays from a 
thin element of the layer would have a pronounced 
maximum on the generating lines of a cone of revolu- 
tion, having as an axis the direction of incidence, and as 
half angle of apex the angle $6 given by Bragg’s law 
= 2d sin} 6. This theory required a definiteness 
of structure, which was very improbable. Moreover, 
to fit the observations, a height of 324 km. for the scat- 
tering layer was required, which, in view of the diffusion 
calculations given seemed improbable. The effects 
described might play a minor role in producing skip 
effects, but they were not important. It was clear, 
however, that the ray theory might require considerable 
modifications. 








CANADIAN FERRY SERVICE.—H.M. Trade Commissioner 
at Toronto reports that the Toronto Transportation 
Commission are anxious to obtain particulars regarding 
marine Diesel and semi-Diesel engines suitable for 
ferry service. Further particulars may be obtained 
on application to the Department of Overseas Trade, 
35, Bla Queen-street, London, 8.W.1. Reference No. 
A.X. 8166 should be quoted. 





* Comptes Rendus, vol. clxxxvii, page 942 (1928). 
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MODERN GLASS-FORMING 
MACHINERY. 
(Continued from page 29.) 

Ir may be mentioned here that narrow-mouth 
bottle machines may also be used for operation on 
wide and semi-wide mouth ware. However, for the 
latter class, the press and blow machine is rather 
more suitable. In Fig. 5, annexed, is shown the 
O’Neill No. 44 glass-forming machine manufactured by 
Messrs. The O’Neill Machine Company, of Toledo, 
Ohio, U.S.A. This machine is built for narrow-neck 
and wide-mouth ware, ranging from 6-0z. to 40-oz. 
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and is driven through a compressed-air cylinder or 
electric motor, and is intermittently rotated. Another 
design of a similar type is made, mounting six blank 
and six blow moulds, and suitable for operating on 
ware of 2 oz. to 8 oz., inclusive, and capable of a 
speed of up to 22 per minute. 

The mounting of all the moulds on a single table in 
a narrow mouth bottle machine permits of designing 
the machine so as to rotate continuously, as with the 
usual narrow mouth machine, no plunger is employed, 
and consequently no pause in the travel of the machine 
is necessary to permit of the descent and withdrawal 
of the plunger. Rotating the machine continuously 
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capacity. It mounts six parison moulds and six 
finishing moulds, and can operate up to a speed of 
28 per minute, depending on size of ware being made. 
The machine is completely automatic in operation, 
and is capable of producing a very wide range of 
ware both in shape and size. The dimensions of 
the articles produced go up to a height limit of 123 in., 
under the finish, and a maximum diameter of 4} in. 
There are certain advantages in mounting all the 
moulds on one mould table, as was seen in the case 
of press and blow machines. An example of the 
same practice with a narrow-mouth bottle machine is 
seen in the Edward Miller single-table narrow- 
mouth bottle machine made by Messrs. The Miller 
Machine and Mould Works of Columbus. The mould 
rangement of this machine is fairly straightforward. 
Whilst the parison is being formed, the finishing 
moulds, each of which is carried on a pivoted arm 
or carrier, is swung so as to hang down clear. When 
the parison has been formed, the parison mould opens 
clear of the parison, and the finishing mould then 
rides up an inclined track and is brought up to the 
level of the parison, round which it closes, allowing 
the bottle to be blown up. When the parison mould 
opens, the parison is left hanging from its ring mould. 
When the finishing mould has closed round the 
parison, the ring mould opens, and a blowhead then 
descends on top of the parison for blowing up the 
bottle. The machine mounts eight blank moulds 
ind eight parison moulds, and operating speeds of 
up to 22 bottles per minute may be obtained, depending 










upon the ware. The machine is entirely automatic, 
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permits of higher speeds being obtained, due to the 
easy running, and eliminates a considerable amount 
of wear and tear, due to the absence of the necessity 
for continually starting and stopping the heavy rotating 
table. With continuously rotating machines the 
change of glass is dropped into the parison mould as 
it moves beneath the feeder, no difficulty being found 
in effecting this. These machines are designed on 
the turnover parison principle. The moulds are 
mounted in two different rings, the top ring containing 
the parison moulds, and the bottom the finishing moulds 
A feature of the type is that the parison moulds are 
always in the upside down position, and are never 
inverted right way up. In operation the charge 
of glass is dropped into the closed parison mould which 


After the parison has been formed, the blank mould 
opens, and the parison is then swung completely over 
by its ring mould which is gripping the top of the 
parison, into the open finishing mould below. The 
ring mould then releases the parison, after the finishing 
mould has closed on the latter, and a blowhead descends 
on top of the parison and blows up the bottle. The 
cycle of operations in a machine of this class are 
illustrated in Fig. 6, the first position showing the 
feeding of the charge of glass into the parison moulds, 
and the last the discharge of the finished bottle. These 
machines are driven by an electric motor, and very 
high production can be obtained. They are capable of 
manufacturing narrow mouth and semi-wide mouth 
ware. The continuous rotation bottle machine repre- 
sents the latest development in gravity flow bottle 
machines. 

All modern flow machine installations are arranged 
for the forming unit to be fed with the glass charge by 
means of a feeder, the principle of which is illustrated in 
Fig. 7, annexed. The feeder consists of a platform 
of firebrick 18 in. to 2 ft. in length, projecting from 
the end of the furnace, and placed some inches below 
the surface level of the glass. An opening is left in the 
furnace wall, so that the glass flows over the 
feeder platform, termed the’ forehearth. Sides, walls 
and top and end wall are built on the feeder, to hold the 
glass which covers the forehearth to a depth of some 
inches, and the whole of the feeder structure is heavily 
covered with insulating brick, to prevent the chilling 
of the glass in the feeder. At the end of the forehearth 
remote from the furnace, a hole, some inches in diameter 
is provided, through which the glass flows into the 
parison mould of the forming machine below. A fireclay 
plunger is reciprocated in this hole; when it is moving 
downward, the flow of glass through the hole is increased 
and when it is moving upwards, out of the hole, the 
flow is temporarily checked. The flow is thus con- 
centrated at regular intervals ; the weight of glass in 
each concentration or charge may be increased or 
decreased by lengthening or shortening the stroke of 
the plunger, and the speed at which the charges are 
delivered is controlled by the speed at which the 
plunger is reciprocated. A pair of knife blades, or 
shears, operated by a compressed air cylinder, and 
placed immediately below the aperture separate the 
charges, which are dropped into the parison moulds, 
as these are successively brought below the feeder. 
The plunger is rotated on its axis, to promote 
homogeneity of glass composition, viscosity and 
temperature. As many as six feeders may be worked 
on the melting furnace, each feeder serving one forming 
machine. Fig. 4, which appears on page 29, ante, 
shows a flow machine in place alongside the glass 
furnace and the feeder connecting them, 

The other process on which bottle machines are 
operated is known as the Suction or Owen’s Process. 
Mr. M. J. Owens first developed the suction process, 
and made it a commercial success, the first machines 
for making bottles automatically being operated on 
the suction principle. The chief point in which the 
suction process of making bottles differs from the 
gravity flow process is in the means adopted to fill the 
parison mould with glass. In the case of the gravity 
flow machine, the glass is dropped in through the 
bottom of the parison mould, held upside down ; in the 
case of the suction process the glass is sucked in through 
the bottom of the parison mould, which is held right 
way up. Otherwise there is no essential difference as 
regards the bottle-forming operation, between the 
narrow mouth flow machine, and the suction machine. 
To enable the glass to be sucked up into the parison 
mould, what is known as a revolving pot furnace is used. 
This comprises a furnace built adjacent to the melting 
furnace, at the working end, in which is placed a circular 
fireclay basin, 10 ft. in diameter, in which glass is filled 
to a depth of some inches. This pot is supported on a 
central shaft, and rotated by an electric motor, at a 
speed of from 2to5r.p.m. At the front of the furnace, 
a small segment of the pot projects outside, thus 
exposing a small area of the glass. Over this segment 
the parison moulds of the machine ride, and as they 
come over the surface of the glass they are lowered, 
so that the bottom of the parison mould comes into 
contact with the glass. The parison mould of a suction 
machine is shown in Fig. 8 on page 92, approaching the 
pot. A vacuum is applied in the mould, and the glass 
is sucked up, filling the parison mould, and the ring 
mould round the tip. The parison mould is now raised 
a few inches again, so as to clear the pot rim, and a cut- 
off knife swings across the bottom of the parison and 
severs the glass in the mould from the main body of 
glass in the pot. The tip is withdrawn from the neck of 
the parison, which is then closed by a metal cover which 
slides over the top. The parison mould then opens, 
leaving the parison suspended from its neck ring 
as shown in Fig. 9. The finishing moulds are pro- 
vided with a roller at the bottom, which runs on a flat 
metal track. Until this stage the finishing mould has 





is closed at the bottom by the ring mould and the tip. 


been hung down out of the way. The track is now 
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Fie. 8. Parison Movutp or Suction MACHINE APPROACHING Pot FURNACE. 








Fic. 9. “Guass PARISON SUSPENDED FROM RING 
Movutp. 


four-stroke principle. was almost exclusively used, and 
that single-acting engines of this type were still being 
built by the Maschinenfabrik Augsburg-Niirnberg and 
its licensees, especially for Scandinavian ship owners. 
These included the 3,000 h.p. engines, which were being 
built by the Firma Kochums of Malmé, and two 
3,600 h.p. sets with airless injection, which were under 
construction at Augsburg for a Spanish firm of ship- 
builders. Single acting two-stroke machines for outputs 
up to 7,000 h.p. were also in hand. Nevertheless there 
was a decided trend towards the greater use of double- 
acting two-stroke engines, as was evidenced by the fact 
that in 1928 the firm and its licensees had built 80 
machines of this type, comprising 485 cylinders with an 
aggregate horse-power of 348,000 h.p. 

Mr. Becker went on to state that in the design of 
two-stroke engines the scavenging arrangements were 
all-important. These must be such as to secure as 
complete an ejection of the exhaust gases as possible, 
combined with the refilling of the combustion chamber 
with fresh air at a minimum energy consumption. The 
problem introduced in the double-acting two-stroke 
ergine by the presence of the piston rod was extremely 
difficult and had not yet been completely solved. 
Nevertheless, the success was such that of the twenty- 


inclined, so that the open finishing mould runs up | THE DEVELOPMENT OF THE DOUBLE- 
and then closes, enclosing the parison. The bottle 4 ACTING TWO-STROKE DIESEL EN- 


then blown up with compressed air, the ring mould | 
opens to release the neck of the bottle, and the finishing 
mould, containing the finished bottle, is swung down | 


GINE. 


THE developments, which have taken place in the 


once more, so as to clear the revolving pot, which the | design of the Diesel engine, are discussed, in a report 


eight Diesel engine ships completed in Germany in 1928 
seven, with an aggregate output of 38,850 I.H.P., were 
equipped with this class of engine. All these ships 
were of the single screw type. During the same 
period 6 per cent. of the motor ships of over 1,000 
tons rating had been fitted with M.A.N. double- 





machine has once more reached in its rotation. Arrived | 
at the other side of the revolving pot, the finishing 


mould opens and releases the bottle, which drops out. | ——— 


An early-type Owens Suction machine is shown in | 
Fig. 10, on page 93. This machine is a six-arm | 
model, and is characterised by the fact that the whole | 
machine as it revolves, is reciprocated for a short dist- | 
ance in a vertical plane; this is to allow the parison | 
mould to dip into contact with the glass, and then to | 
ride over the rim of the pot. This machine is rather | 
obsolete now, not from any serious mechanical | 
shortcoming, but because it cannot produce as cheaply 
as machines of modern design. 

A modern Owens machine is shown in Fig. 11. 
This is a large machine, and mounts 15 moulds. The | 
machine is arranged so that the head on which the 
parison mould is carried is dipped as it comes over the 
revolving pot; the machine as a whole does not dip, 
and thus a considerable amount of the vibration 
associated with the earlies machines is obviated, 
much smoother running is obtained, and much higher 
machine speeds are possible. On the 15-arm machine 
shown, a speed of 37 bottles per minute may be ob- 
tained when producing 23-0z. bottles. The machine 
rotates continuously, a feature common to all suction 
machines. The Owens Suction Machine is constructed by 
the Owens Bottle Machine Company, of Toledo. Ohio, 
U.S.A. The suction principle enables two and three 
bottles to be blown in one mould, which is a great 
advantage in the economic production of small ware. 
The suction machine makes a very high quality bottle, 
and is capable of operating on a large range of sizes, 
and of producing both narrow mouth and wide mouth 
ware. 





(To be continued.) 





recently prepared by Mr. Heinrich Becker, chief | acting engines, and this percentage was likely to 





Two-Stroke. Four-Stroke. 





Single-Acting. Double-Acting. 
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| Double-Acting. 
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| 
Cylinder diameter in mm. andin. .. we ‘ ; 650 | 700 820 840 
| (25+59) (27-56) (32-29) (33-08) 
Stroke in mm. and in. .. | 1,200 | 1,200 1,440 1,550 
| (47-2) (47-2) (56-6) (61) 
Output in horsepower .. ; oy 7,040 7,040 7,040 7,000 
| in 8-cyl. | in 7-cyl. in 8-cyl. in 8 cyl. 
Speed in revolutions per minute we 105 100 
Mean piston speed in m. and ft. per sec. os . -| 4-2 4-2 4-8 5-0 
| (13-8) | (13-8) (15-75) (16-4) 
Mean effective and mean indicated pressure in kg. | 4-95/5-9 4-95/5-9 5-2/6-34 5-12/6-56 
s : (70-4/83-9) (70-4/83 -9) (73-9/90-3) (72-8/93-2) 


per sq. cm. and Ib. per sq. in. 








Overall height in mm. and ft. and in. 9,200 | 9,2 10,000 10,000 
(30 ft. 2-2in.) | (30 ft. 2-2 in.) (32 ft. 10 in.) (32 ft. 10 in.) 














| 
105 100 
| 
| 
| 
| 
| 


| 
| 
Weight in kg. and Ib. per h.p. including compressor 65 | 66 110 126 (ex pump 
and pump... as 0 es - -+| (143-3) | (145-5) (242-5) (277-7) 
Weight of moving parts per cylinder in kg. and Ib. . e 6,500 | 7,470 9,430 12,960 
. (14,330) | (16,468) (20,789) (28,439) 
Comparative factors .. oa ea oe ‘i .| 1 | 1-15 1-45 2-0 
| 





engineer of the Augsburg Works of the Maschinen- , increase to 15 or 18 per cent. during the current year. 
fabrik Augsburg-Niirnberg A.G., special reference | The development of the two-stroke engine was 0 
being made to the advantages of the double-acting | attended by other difficulties, especially in the field 
two-stroke type. Mr. Becker said that for the first | of thermal stresses. On account of these difficulties 
fifteen or twenty years of Diesel engine development, the | the M.A.N. some twenty years ago had begun the 
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Fie. 10. 








Fig. 11. 


manufacture of double-acting four-stroke horizontal 
engines, of which some 24,000 h.p. were still in use on 





| 


| 





Frrreen-ArM Suction MacuIne; Messrs. Owens Bottte Macutnge Company. 


this were that the air consumption was small, and 
that it was specially suitable for use in the lower part 


land. Their manufacture was, however, abandoned | of a double-acting engine cylinder. This was indicated 


since their complicated design and the large amount of 
space they occupied rendered them unsuitable as a per- 
manent solution of the marine problem. The two- 
stroke engine, however, possessed so many advantages, 
especially for large outputs, that development work, 
on it was never stopped. The first engine of this type 
was built at Nuremberg in 1908, while in 1910 the 
construction of a 12,000 h.p. unit for driving the central 
propeller of a German battleship was begun. This 
engine had a cylinder diameter of 850 mm. (33-47 in.) 
a stroke of 1,050 mm. (41-3 in.) and a speed of 160 
r.p.m. The scavenging air was admitted through 
valves, and it fulfilled the difficult conditions specified, 
both on full load and overload. The next step was to 
replace valve scavenging by port scavenging, and after 
lengthy investigations the well-known M.A.N. reverse 
flow scavenging was devised.* The advantages of 





* See EngrvzERinG, vol. cxxii, page 117 (1926). 


| 





by the facts that it was possible to obtain good exhaust 
conditions on a 900-h.p. engine with an average scaveng- 
ing air pressure of 8 kg. per square centimetre (113-8 Ib. 
per square inch), and that on modern engines the con- 
sumption for this purpose did not exceed 1-35 times 
the volume of the cylinder swept by the piston com- 
pared with the 1-65 to 2 times required by other 
methods. In fact on M.S. San Francizco, which was 
equipped with five cylinder 4,500 indicated horse-power 
engines, with a cylinder diameter of 706 mm. (27°56 in.) 
anda stroke of 1,200 mm. (47-2 in.), the power required 
for scavenging was only 2-9 per cent. of the indicated 
horse power. In this case the speed was 87 r.p.m. and 
the scavenging air pressure 800 mm. (31-5 in.) water 
gauge. 

The largest Diesel engine ship in commission was the 
Augustus. This was equipped with four double- 


acting two-stroke engines, the maximum aggregate 
output of which was 28,000 h.p. Other noteworthy 


ships were the St. Louis and the Milwaukee of the 
Hamburg-Amerika Line. The gross tonnage of the 
former was 16,722 tons, and it was equipped with four 
engines of an aggregate output of 12,200h.p. Thespeed 
| of these engines was 225 r.p.m. and they wereiarranged 
|in pairs to drive the twin propeller shafts through 
mechanical gearing and an oil clutch. The latter ship 
was similar, except that there was no clutch. The 
feature of both installations was the small vertical 
space occupied. Two ships, the Olbia and the Attilio 
Deffenu, which were now being built in Italy, were 
interesting from the fact that they were equipped with 
1,500 h.p. three-cylinder engines, with which the 
scavenging pump and compressor were integral. These 
engines were very short and in spite of the three cylin- 
ders no harmful vibration was noticeable. Recently 
marine installations with outputs as high as 180,000 
h.p. had been under consideration. As for this purpose 
only high-speed engines could be used the doubie- 
acting two-stroke design was specially suitable, owing 
to the small space occupied and the exceedingly low 
weight. Whether a direct or geared drive, with or 
without hydraulic clutches, should be used for such a 
plant, could not yet be decided. But a direct-coupled 
set would take up more space, especially vertically, 
owing to its lower speed. In concluding this portion 
of his report Mr. Becker gave a proposed lay-out for 
a 100,000 h.p. installation, in which it was possible 
to place the four main sets alongside one another, 
owing to their short stroke and consequent reduced 
width. This arrangement made supervision easy and 
saved about 40 per cent. in length. In considering a 
180,000 h.p. Diesel electric installation, made up of 
11,500 h.p. sets, the weight without the electrical 
equipment was stated to be 25 kg. (55-1 Ib.) per horse- 
power. 

For purposes of comparison, Mr. Becker then 
considered the case of a 7,000 h.p. unit running at 
100 r.p.m. and working on the two-stroke double-acting, 
two-stroke single-acting and four-stroke double-acting 
principles respectively. The results of this comparison 
are given in the table on page 92. 

Dealing with the dynamics of the double-acting 
two-stroke engine Mr. Becker said that as regards 
torsional vibration the torque diagram of each cylinder 
must be considered separately, as the harmonics set 
up depended on the position of the cylinder on the 
crankshaft, the result being that harmonics which 
were unnoticeable on the torque diagram might give 
rise to considerable vibrations of this type. The double- 
acting two-stroke engine, however, had fewer critical 
speeds than the other types, and the vibrations at these 
speeds was less. This applied not only to six and eight 
cylinder engines, but to those fitted with five, seven 
or nine cylinders. These results were partly due to 
the stiffer crankshaft that it was necessary to use, 
the effect of which was to make the critical speeds 
higher, and even to raise them above the operating 
speed range. Balancing was also easier with the double- 
acting engine than in the other types, while bending 
stresses need cause no difficulty, as long as the normal 
and critical speeds were sufficiently far apart. 

In conclusion, Mr. Becker gave some details of the 
construction of the M.A.N. double-acting two-stroke 
engine, but for these our readers may be referred to 
the article on the Hamburg plant, which we cited at 
the beginning of this account of the report. 








Power RESOURCES OF AUSTRALIA.—At the meeting 
of the Premiers of the States of the Commonwealth, which 
opened at Canberra at the end of May, a memorandum 
was submitted on the effective and efficient utilisation 
of the power resources of the Continent. The Common- 
wealth Government proposed the constitution of boards 
or authorities in the various states to control and co-ordi- 
nate power development and supply. The boards would 
issue licences, determine zones, decide maximum rates, 
control distribution, &c. The chairman it was pro- 
posed, should be an engineer of wide administrative and 
general experience, the second member an engineer 
qualified in the technique and economies of power supply, 
and the third an accountant. 











IRRIGATION ON THE RIvER Murray.—A scheme is 
under consideration for thei rrigation of part of a 
suitable area below Albury, where something like 
1,000,000 acres of land could be commanded by @ 
diversion weir for which three possible sites have been 
located. The area chosen is one of 600,000 acres 
north of Yarrawonga and east of Bennigan, on the 
New South Wales side of the river, and at the head 
of a tract of about 5,000,000 acres capable of irrigation 
by gravitation in the tract between the Murray and 
Murrumbidgee Rivers. There is not water available 
or in prospect to serve the whole of this area, but the 
smaller proposal is being gone into in view of the 
progress made with the Hume reservoir. Of the three 
sites proposed for the diversion weir the one furthest 
downstream is favoured by Victoria, the upper two 
being preferred by New South Wales. As the struc- 
ture will be a joint one agreement will have to be 
reached on this point. The lower site is held to 
be unsuitable for the area New South Wales pro- 





poses to develop. 
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THERE is every indication that we are going to hear 
a great deal about the transmission and distribution 
of electricity in the near future, and that very important 
problems in connection with these branches of energy 
_ supply will have to be investigated and discussed. As 
a great deal of this discussion will undoubtedly be of a 
political or semi-political character there is some risk 
that it may be forgotten that the technical difficulties, 
which remain to be solved, are just as important and 
even more interesting. The series on Electrical Trans- 
mission and Distribution, which is edited by Mr. R. O. 
Kapp and published by Messrs. Sir Isaac Pitman and 
Sons, Limited, at a price of 6s, net per volume will, 
however, serve as a useful reminder that in this con- 
nection the design of cables is as important as say, parish 
boundaries. The series is published in eight volumes, 
each of which contains several monographs, and it will 
indicate the character of the work if we say that these 
cover such subjects as the construction, erection and 
maintenance of overhead transmission lines, distribu- 
tion in rural areas, the manufacture and laying of 
underground cables, super-generating voltage switch- 
gear (sic), and low-tension switchgear, protective 
systems, transformers, converting machines, sub- 
stations, instruments, meters, control-room design, the 
power-factor problem and electricity supply law. Each 
of the monographs is written by an engineer, who is re- 
sponsible either for the design or the operation of the 
plant concerned and the treatment is neither highly 
technical nor excessively popular, but a judicious 
blend of the two. As to obtain such a blend is not 
easy, the editor is to-be congratulated on the result. 
The volumes are well illustrated, and drawings, many 
of them on “ pull out”’ plates, are a useful feature. The 
work is descriptive rather than critical. As is perhaps 
inevitable in a work of this kind, there is a certain 
amount of repetition, and we wonder whether the 
chapter on consumers’ connections and the paragraphs 
on sub-station organisation are really essential. The 
arrangement is not always logical, and as each volume is 
indexed separately it is not always easy to find out 
where any particular information is, not by any means a 
venial failing in a work of this kind. The section 
contributed by Mr. Borlase Matthews is the only one 
with anything approaching a bibliography. He is, of 
course, an enthusiast on this subject, and we wish he 
had infected his co-authors, or better still the editor. 
Regarding the series as a whole, however, it is remark- 
ably free from blemishes, and may be recommended 
to anyone who wishes to obtain a good working know- 
ledge of an important subject. 





In Sussex wells and boreholes are very numerous 
owing to the fact that the county, which is both large 
and well populated, is more dependent on underground 
sources of water supply than the majority of English 
counties. Several bores are of great depth, no less 
than seven being recorded with depths exceeding 1,000 
ft.; of these, the bore at Petley Wood, near Battle, is 
2,071 ft. deep, and among the Sub Wealden Explora- 
tion borings at Mountfield, the deepest is 1,906 ft. 
in depth. A memoir entitled Wells and Springs of 
Sussex, by F. H. Edmunds, M.A. (London: H.M. 
Stationery Office, Adastral House, Kingsway, price 
5s. net) has recently been published to replace a 
previous memoir (“‘ Water Supply in Sussex’), which 
is now out of print. The new work, whilst embodying 
all the useful matter of the earlier memoir, has been 
brought up to date by the addition of much new 
material. The task of providing an adequate water 
supply in Sussex is one which differs from the problem 
as presented in most other counties, and is complicated 
by the fact that, in practically all the coast towns, the 
summer population is frequently twice as great as in 
winter, consequently the water supply has to be 
capable of meeting a demand during certain months 
which is twice as great as that ordinarily required by 
towns of similar size. In the western part of the 
county, the problems of water supply present no great 
difficulties, whereas, in East Sussex, the geological 
conditions are often such as to entail considerable 
trouble and complications in obtaining an adequate 
supply. The rocks of tle Weald, of which Sussex 
occupies the southern part, are folded into a huge, 
elongated dome, or pericline, the eastern limit of which 
is in France, in the Bas Boulonnais, and the centre a 
few miles north of Hastings. The denudation of this 
dome has caused the oldest rocks to be exposed at the 
centre with the beds dipping away on all sides, more 
recent rocks being found towards the edge of the dome. 
The water supply of the Weald is greatly influenced by 
this structure, and in contrast to the case of London, 
very little water enters the Weald from outside catch- 
ment areas, so that Sussex is entirely dependent on its 
own rainfall, apart, perhaps, from the western limit of 
the country, where some water may be derived from 
catchment areas in Surrey and Hampshire. In Sussex, 
water-bearing beds alternate with impervious beds ; 





thus, the Chalk with Upper Greensand, Lower Green- 
sand, Tunbridge Wells Sand and Ashdown Sand are 
water bearing, while the Tertiary Beds, Gault, Weald 
Clay and Wadhurst Clay carry very little water. The 
impervious beds prevent water circulating from one 
formation to another, and thus water from the Chalk 
and Upper Greensand is in a separate reservoir from 
that in the Lower Greensand. The most important 
water-bearing bed in Sussex is the Chalk, which has 
an outcrop area of about 330 square miles, and extends 
from the Chichester district to Beachy Head, and thus 
provides an ample catchment area to supply most of 
the coast towns. Besides dealing with the geological 
structure of the county in relation to water supply, 
and giving an account of the local conditions of supply, 
the memoir provides a very complete list of the wells 
and springs, with details and descriptions of them, 
and in conclusion, there is a selected series of analyses 
of the waters of the county. 





The sixth volume of Professor F. Emperger :—Hand- 
buch fir Eisenbetonbau: Dachbauten, Kragddcher, 
Schalen und Rippenkuppeln [ Berlin: Wilhelm Ernst 
and Sohn; price 25-50 marks] is one of the most 
interesting volumes of the whole Handbook of Ferro- 
concrete structures, which is now in its fourth, entirely 
re-written, edition. The volume deals with the con- 
struction of roofs under the following five headings. 
Balkendacher (beam roofs, defined as consisting of beam 
or girders resting on fixed columns or walls, which are 
only under vertical stress); Bogendicker (arched 
roofs); Rahmendacher (framed statically indeterminate 
structures, with or without joints over one or several 
aisles exposing their supports also to bending stresses) ; 
Kragdiacher (cantilever roofs), and Schalenor und 
Rippenkuppeln (shell or cupola roofs, with or without 
ribs, curved surfaces of large area, bit small thickness). 
The author of the first four divisions is Mr. H. J. Kraus, 
chief engineer to the Allgemeine Hochbau Gesellschaft, 
A. G., of Diisseldorf. The fifth division, which takes up 
220 of a total of 384 pages, is by Mr. F. Dischinger, 
chief engineer to Messrs. Dyckerhoff and Widmann 
A.G., of Biebrich on the Rhone. In this last field of 
ferroconcrete shell roofs progress has been remarkable 
during the last few decades, thanks largely to the 
enterprise and ability of the firm mentioned and its 
engineers, and also to Messrs. Carl Zeiss and Dr. 
Bauersfeld, of Zena, who co-operated in the develop- 
ment of the so-called Dywidag cupola roofs. These 
are roofings for rectangular and polygonal buildings, 
as we pointed out in our recent article on the Zeiss 
works. The cupola shell was known to the Romans, 
and the span of their Pantheon, 44 m., has only been 
surpassed in 1913 in the 65 m. span of the century 
hall of Breslau (built in commemoration of the war of 
liberation of 1813). The theory of these shell roofs, 
which in the first instance were surfaces of rotation, 
occupied mathematicians like Clapeyron before it was 
taken up by Miller-Breslau, Féppl, Geckeler and others 
nearly a hundred years later and extended to elliptical 
and other forms. The volume deserves commenda- 
tion both for its theoretical and practical exposition 
of its problems and the abundance of the illustrations. 
The good index should also be mentioned. 


Great efforts are now being made to improve the 
quality of electric wiring work, both by designing and 
standardising safe and efficient apparatus, and by 
taking steps to make it difficult for the shoddy workman 
or the cut-price contractor to commit anything 
that will lead to danger or breakdown. The criteria, 
which must be satisfied to allow these ends to be 
attained, are well and clearly stated by Mr. F. H. Taylor 
in his book on Installation of Electric Lighting and 
Heating, which is published by Messrs. Chapman and 
Hall at 7s. 6d. net. In this, he deals with conductors, 
systems of wiring, accessories, testing and planning, 
while in a final section the points that must be observed 
in installing circuits to supply heating and cooking 
equipment are set out. Special attention is paid 
to the details of workmanship, and the necessity of 
efficient earthing and testing is emphasised. In 
connection with earthing, in fact, Mr. Taylor might 
have gone a step further and been more critical than 
he has of the use of slip-socket conduits, particularly 
as he rightly points out that even heavy-gauge conduits 
are not suitable for underground work. We are also 
interested to see, considering the controversy to which 
they have given rise, that in some respects Mr. Taylor 
considers that the Wiring Rules of the Institution of 
Electrical Engineers are too lenient. For instance, he 
states that the voltage drop of 3 per cent. allowed is 
“very generous” and that in any well-designed 
installation it should be nothing like as high. We 
agree, but foranotherreason. At present it is common 
practice to connect additional apparatus to existing 
wiring and, however injudicious this may be, it is diffi- 
cult to see how it can bestopped. There is therefore a 
great deal to be said for planning any new installation 








on generous lines, so as to avoid subsequent risk. 
Unfortunately, as Mr. Taylor rightly says, in too many 
installations “‘ a low cost is the one factor considered.” 
The apparatus and material required in wiring work 
are well described and illustrated, and as far as lighting 
installations are concerned, are dealt with in detail: 
It is a pity therefore that the same cannot be said of the 
very short section on electric heating and cooking. 
This should be expanded considerably when a new 
edition is required. Mention might also be made 
of the use of circuit-breakers on house installations, a 
practice which, it is true, is as yet uncommon in this 
country. 





The Mercantile Year Book, the forty-third edition 
of which has been published by Messrs. Lindley-Jones 
and Brother, 32, Bishopsgate, London, E.C.2, at 
a price of 20s. net, sets out the names of the merchant 
shippers in this and other European countries, and 
also the names of the houses overseas for whom these 
merchants act. At a time when great efforts are 
being made to develop our overseas trade it should 
therefore prove a valuable tool for those who have 
goods to sell outside this country and wish to ascertain 
how they can best be placed. A useful and unusual 
feature is the grouping of the streets in the City of 
London into a series of itineraries. The names of 
the firms who have their offices or wafehouses in 
each of these streets is set out, together with the 
goods in which they dea] and the markets in which 
they trade. These itineraries are followed by directory 
matter of the more conventional kind, the various 
merchants being arranged alphabetically by trades 
and by towns, both British and foreign. Great care 
has been taken in checking and collating the information 
and, as far as we can judge, it is accurate. 





The Concrete Year Book, 1929, published some little 
time ago, has become an accepted annual for matters 
relating to the development of the uses of concrete. 
It is edited as hitherto by Dr. Oscar Faber and Mr. H. L. 
Childe and is published by Concrete Publications, 
Limited, at the price of 3s. 6d. net. Like other year 
books it tends to increase in volume, having grown by 
100 pages in the past year to 640 pages, half of which 
are occupied by advertising and catalogue matter. 
The volume is divided into three main sections, the 
first of which constitutes a handbook on cement, 
concrete, reinforcement design, and the many modern 
uses to which the materials are put. There are chapters 
on elemental parts such as beams, columns, footings, 
&c., and others dealing with structures such as water 
towers, underground tanks, staircases, sewers, &c. 
Several new chapters have been added in the latest 
edition. The section contains a great quantity of 
serviceable data. The second section constitutes a 
directory and gives names, addresses, &c., of manu- 
facturers, contractors, designers, and of firms of 
suppliers and others connected with the industry. 
Trade names are also listed. The third section, in 
classified form, is devoted to catalogue matter, and is 
likely to prove useful to parties requiring to have work 
done. It deals with the activities of some 300 firms. 





The activity of various organisations in the United 
States in the matter of standardisation is further 
illustrated by the issue for 1929 of the Standards Year 
Book, compiled by the National Bureau of Standards, 
for the Department of Commerce and published at 
1 dol. In addition to the more limited references to 
standardising agencies in the United States, and in 
other countries, of the two earlier issues, there is in 
the present volume much detailed information of work 
done by public and private bodies. The subjects 
dealt with by the various departments and societies 
relate to such diverse matters as weights and measures, 
the solar calendar, electro-technics, agriculture, drugs, 
public roads, the census, concrete, aeronautics, leather, 
rubber, and many others. The ground covered and 
modes of investigation in various enquiries are indicated. 
The constitution and activities of each of the depart- 
ments and societies named, of which there are a great 
number, are given in considerable detail. It is of 
interest to note that apart from public bodies, there 
are listed in this book well over 300 technical or semi- 
technical societies in the United States dealing with 
activity in various industries, from the more important, 
down to societies for the makers of hickory handles 
and rubber heels. As a convenient reference book for 
those interested in scientific research and standardisa- 
tion the Year Book should be of much value. 








Roap ConstRucTION.—Memoranda on road con- 
struction in Mexico and Siam have been received by 
the Department of Overseas Trade, and are available 
for firms on the Department's special register. In making 
application for copies of these, to the Department, 
35, Old Queen-street, S.W., Ref. No. A.X.8163 should 
be quoted in the former case and A.X.8211 in the latter. 
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CONTROLLING AND GAUGING 
NATURAL-GAS WELLS. 


THE capacity of a gas well to deliver gas from the 
gas sands through the producing string of pipe depends 
upon the pressure in the sand, in the determination of 
which several factors have to be considered. In order 
to establish a relation between the rate of flow and 
these factors the United States Bureau of Mines has 
been conducting observations on four hundred gas 
wells, mostly situated in Osage County, Oklahoma ; 
some wells in Louisiana, Texas and Western Virginia 
have also been studied. The two reports on this work,* 
issued last May, consist largely of tables and charts. 
The relation established is strictly applicable only to 
the well in question, but it can be used to determine the 
capacity of the well to deliver gas from any formation 
pressure against any back pressure at the face of the 
sand in the well. 

The symbols used in the formulae, particularly as 
regards the pressures, require explanation: Q is the 
rate of flow in cub. ft. per 24 hours, at 14:4 lb. per 
square inch atmosphere and 60 deg. F., assuming that 
the average temperature on the producing string of 
casing or tubing will be about 80 deg. F.; variations 
in that temperature do not cause serious errors. Pp» 
is the absolute formation or shut-in pressure at the 
well head, in Ib. per square inch ; P, the absolute pres- 
sure at the well head, plus the pressure drop 
due to friction; P, is the absolute back pressure at the 
sand face, t.e., the absolute pressure at the well head, 
plus the pressure drop due to friction, plus the pressure 
due to the weight of the column of gas in the well 
(that is, the barometric pressure); Py is the absolute 
formation or shut-in pressure in the sand, that is, the 
absolute pressure at the well head plus the pressure 
due to the weight of the column of gas. The formula 
for the rate of delivery is Q = C(Pf — P,?)". Actual 
observations have to be taken at the well head, and the 
pressure at the sand has to be computed. When the 
values of Q, observed under different conditions, are 
plotted against the difference (P? — P,?) on logarith- 
mic paper, a straight line is obtained, the slope of 
which gives the exponent 7 ; the coefficient C can then 
be calculated ; C and m depend upon the condition of 
the sand and other factors. 

Pressures were measured with ordinary deadweight 
gauges, and with spring and recording gauges. The 
latter were found sufficiently accurate for readings 
within 0-1 lb. per square inch. The rates of flow 
were determined by three methods. In the first a low 
pressure funnel meter is connected to the wellhead by 
its small end, and the other end is closed by a steel 
diaphragm with several calibrated orifices (of dif- 
ferent sizes) which can be closed by brass plugs, and 
are fitted with rubber gaskets. The gas is discharged 

through an orifice into the atmosphere. This meter 
is not applicable when the rate of flow is high, 
and the so-called critical flow meter is then used. 
This consists of a short length of pipe, into the 
cap of which one of a set of steel discs, each with 
a calibrated hole, can be fitted. The rate of flow 
through this hole is considered critical, i.e., indepen- 
dent of downstream pressure, and directly proportional 
to the upstream pressure, when the ratio of these two 
pressures (down to upstream) is less than 0-56. That 
condition will be fulfilled when the upstream pressure 
exceeds 30 lb. per square inch absolute. Before using 
the critical meter steady flow conditions have to be 
established. The third type of meter, an orifice meter, 
has to be resorted to when the gas must not be blown 
into the atmosphere. The temperature of the flowing, 
gas is determined with the aid of mercury-in-steel 
thermometers, and the density with a gravity balance. 
The procedure of testing has to be adapted to the 
operating conditions and to the equipment of the well. 
As regards the latter, a distinction is made between 
wells ‘not equipped with tubing; wells equipped 
with tubing, the gas flowing between the tubing and 


the next outer string of pipe; and wells equipped with | their distances, and the type of co-ordination, and 


tubing packed off at the well head. 
Full particulars are given concerning one gas well in 


Osage County which was producing from a depth of | of the kind X surrounding the atom A at equal mini- 
2,145 ft. through a 3-in. tubing equipped with a packer | mum distance. For a substance AX, the C.N. of A 
at the bottom. The gas, of density 0-650 (air = 1), was| would be the same as that of X, though the geomet- 
dry. The work of the Bureau has so far been limited | rica] arrangement might be different; in the case of 
to dry gas from consolidated sands. The well was | rock salt, as an example, each Na atom was surrounded 
shut-in (closed) for about three hours; after 15|by 6 atoms of Cl, and the C.N. was 6. But the 
minutes the pressure observed -with a calibrated | question arose why MgF, had the structure of rutile 
Spring was 821 lb. Adding the barometric pressure, the (body-centred prism), and SrF, the structure of 
absolute shut-in pressure was therefore 835-4 lb. per fluorspar (face-centred cube). The type of crystal 
square inch. To regulate the back pressures, the! structure could be described by the atomic arrange- 
tates of flow on the down-stream side of a manifold con- | ment, the lattice constants and the atomic distances, 
sisting of several valves of different sizes had been|j.¢, the distances between the centres of neigh- 
3 —|bouring particles. When substitutions were made, 
* The Study of a Fundamental Basis for Controlling | there was some change at every step, but sometimes 
Poeennans Samrat sie Pinay Part I. Computing the| the changes were abrupt. The alteration in the 
re at andina Gas Well. PartII. A Funda- atomic distances might be ascribed to the different 








mental Relation for Gauging Gas-Well Capacities. By 


H. R. Pierce and E. L, Rawlins, Reports of Investiga-| atomic radii. The sizes increased in various natural 


connected with the funnel meter. The formula derived 
was Q = 770-6 (Pf—P,?)*-*®. Those values for the 
coefficient C and the exponent » would in most cases 
remain applicable at any other stage of the production 
life of that well, but they would change, when the 
sand face became clogged, and that tendency has to 
be checked by occasional back-pressure tests. When the 
well is open (open-flow test) the capacity of the gas 
delivery depends upon the formation pressure, the sand 
condition and the casing or tubing of the outlet; 
the actual back-pressure depends upon the casing or 
tubing alone. Some State conservation commissions 
require open-flow test at monthly intervals, and most 
authorities limit the rate of gas delivery to 25 per cent. 
(20 per cent. in the Osage Nation Reserve) of the open 
flow. Open-flow tests are wasteful, if not otherwise 
detrimental, and the 25 per cent. does not necessarily 
represent the most efficient rate of production for all 
wells. The Bureau would prefer not to lay down 
any rules as to this permissive percentage, and 
to rely upon back pressure determination in gauging 
the potential capacity of a gas well. 








CRYSTAL STRUCTURE AND 
CHEMICAL CONSTITUTION. 


THE recent discussion on Crystal Structure and 
Chemical Constitution, held by the Faraday Society, 
was the 52nd of these general discussions arranged by 
the Society, and one of the most successful and instruc- 
tive. There is possibly, at the present time, an 
impression that X-ray workers are almost monopol- 
ising crystal study, but they themselves do not fail to 
acknowledge that they are building on the foundations 
of crystallography and physical chemistry, and the 
opening lecture by Professor V. M. Goldschmidt, of 
Oslo, and the seventeen papers which followed it, 
brought out the great strides which have been made 
in the correlation of the various methods of research 
and their results. They all pointed to the value of the 
theory of wave mechanics, the subject of the conclud- 
ding lecture by Professor P. Ewald, of Stuttgart, which 
we abstracted on page 498 of our issue of April 19. 

The first step in the study of the relations between 
chemical composition and crystal structure, Professor 
Goldschmidt remarked, in his lecture, had been the 
perception, by Haiiy in 1784, that there belongs, 
to any homogeneous substance and any chemical 
material, a definite geometrical complex of crystal 
faces which must be determined by the molecular 
arrangement of that substance. Then Mitscherlich 
in 1818 discovered that many _ substances of 
similar chemical compositions showed a similarity of 
crystalline form (isomorphism), but that the determina- 
tion of crystal structure by composition was not 
exclusive (polymorphism). A generation later, Pasteur 
observed that tartaric acid crystallised in two forms, 
representing right-handed and left-handed mirror 
images (enantiomorphs) of one another of different 
properties, and Le Bel and Van’t Hoff developed these 
considerations. In the latter half of the past century, 
P. von Groth studied morphotropism, the alteration 
in crystal structure produced by systematic substitution. 
These investigations and the studies of natural minerals 
by Broegger had become of great importance in the light 
of modern research. 

The exploration of the relations between crystal 
structure and chemical constitution should start from 
compounds of the simplest types, such as AX,, AX,, 
AX,. The induction method, applied by Professor 
Goldschmidt and his collaborators at Oslo, Wasastjerna, 
van Arkel, and others, made use of X-ray analysis, 
micro-optical research, which admitted of dealing with 
minute masses, and substitution. Substances of a given 
type of composition would crystallise in many different 
forms; the principle of their own classification was 
not, however, that of macrocrystallography, which 
grouped crystals as cubic, hexagonal, &c. What they 
actually studied was the arrangement of the atoms, 


they understood by the co-ordination number, C.N,, 
the number of nearest neighbours consisting of atoms 


Li, Na, K, Rb, Cs; O, 8, Se, Te. The dimensions were 
sufficiently constant for the same particles in 
different crystals to indicate that every particle 
had a sphere of action which was practically 
impenetrable, and that the interatomic distance 
might be regarded as the sum of the two atomic radii. 
Thus the radii could be deduced from the atomic 
distances, but the conditions of the atoms should 
really be commensurable, especially as regards ionisa- 
tion. The same atom showed very different radii for 
different degrees of ionisation. : . 

In their investigations of substituted fluorides 
and oxides, they based their calculations on the 
experimental values of W. L. Bragg and on their own 
for the radius of univalent negative ion of fluorine 
1-33 (and 1-36) A and of 1-32 (1-40) A for the divalent 
negative ion of oxygen. The figures in brackets 
which we have added, represent the values calculated 
by Pauling on Schrédinger’s wave mechanics. 
The agreement was on the whole good, except for 
the negative hydrogen ion (1-27 against 2-03 Pauling) 
and the positive ion of lithium (0-78 against 0-60). 
In the case of the fluorides, Professor Goldschmidt 
found that a sudden alteration in the crystal type 
(morphotropism) took place when the radius ratio 
Ra : Rx (A being, say, fluorine, and X some metal) ex- 
ceeded the value 0-7. That could be understood from 
the geometrical arrangement of spheres of two sizes, R, 
and R,, which could touch one another in space. 
Making the provisional assumption that, in heteropolar 
compounds, anion and cation were in actual contact, 
that would, in the case considered, require a C.N. 
between 6 and 8, i.e., a ratio 0-73 against 0-7 actually 
found. But it should not be overlooked, in comparing 
evidence from atomic and ionic spectra and from 
crystals, that the single free atom and the ion in the 
spectra might differ fundamentally from the atom and 
ion in the lattice. A crystallised metal was not an 
aggregate of single free atoms, but a compound like ZnS, 
and solid palladium did not contain the symmetrical 
atom known from the palladium spectrum. 

The conclusion drawn from these researches was 
that the transition from the crystal type of caesium 
chloride to that of sodium chloride, which were both 
cubic (7.e., from co-ordination number 8 to 6), involved a 
contraction, a decrease in the inter-atomic distance of 
3 per cent., while the change of y iron to 8 iron involved 
a similar contraction of 3-5 per cent. When diamond 
(atomic distance 1-54 A) passed into graphite (1-42) and 
into the gaseous molecule C,, the C.N. were 4, 3, 1 and 
the final contraction amounted to 17 per cent. The 
gasification of beryllium oxide involved a reduction in 
the C.N. from 4 to 1 and a contraction of 19 per cent. 
If the C.N. could be lowered from 12 to 1, the total 
contraction should amount to 30 per cent. A decrease 
in the C.N. went together with a decrease of the inter- 
atomic distance ; in other words, the fewer neighbours 
a particle had, the smaller were the interatomic dis- 
tances. 

These considerations were strongly affected by 
polarisation. According to Haber, the positive nucleus 
and the negative shell of an atom were relatively dis- 
placed under the influence of an electric field, so 
that a neutral atom might be polarised as well as an 
ion. Weak polarisation of this kind would hardly 
disturb the symmetry of the arrangement ; with increas- 
ing fields the C.N. decreased. The phenomena of 
polarisation might be described in three ways :— 
A.—When a certain amount of negative charge was 
drawn from the anion to the cation (which might 
take place in several directions with several ions), and 
part of the cation and negative shell was repelled by 
the anion, there was a transport of electricity which, 
if complete, would result in the formation of a neutral 
atom. B.—The next possibility was that amounts of 
negative charge left the anion without uniting with the 
cation, and became metallic electrons common to the 
crystal as a whole. C.—Electrons from anions formed 
electronic bonds, thereby uniting anions and cations 
to true molecules by valency. Two such cases had 
further to be considered. There might be valency 
bonds between a limited number of particles, giving 
rise to a micromolecule, or there might be unlimited 
numbers of particles, giving rise to molecules arranged 
in long linear chains, in plane nets or in three- 
dimensional spacing. : 

Passing to special cases, Professor Goldschmidt 
first considered the polarisation and dipole formation, 
under the influence of an electric field in a typical 
ionised substance like cadmium iodide Cd I,, in which 
each cadmium Cd ion was surrounded by six iodine I 
ions, while each I ion was in contact with three ions 
of Cd on one side and was therefore liable to polarisa- 
tion. The arrangement was in parallel sheets of three 
layers, a middle layer of Cd ions between two layers of 
more strongly polarisable iodine ions. That arrange- 
ment (the stratified lattice of Hund) gave giant ionic 
molecules, of unlimited extension in one plane, with 
easy cleavage along that plane. In a neutral molecule 
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groups of elements in the orders Mg, Ca, Sr, Bal] 


like iodine I,, polarisation might exist without dipoles ; 
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dipoles might also pre-exist, without external fields, 
which would direct them as in water H,0, and likewise 
in hydroxyl OH, which resembled fluorine in its ionic 
radius (1-4 or 1-5, fluorine 1-33, iodine 2-24A). 

The crystal structure seemed to be determined by the 
ratios of numbers and of sizes (not the absolute 
values) and the properties of polarisation, any of 
which factors might predominate. The bricks were 
atoms, groups of atoms or ions, simple or complex. 
The atomic weight did not come in; that made the sub- 
stitution of lead by strontium possible, and also helped 
to explain why some compounds of calcium and mag- 
nesium were isomorphous with compounds of nickel 
and cobalt. The strength of the lattice, but not its 
type, was determined by the number of valencies. Iso- 
morphous mixed crystals were possible as long as the 
departures from those constants did not exceed 10 per 
cent.; that same limit was observed by Nernst and 
Lindemann for thermal elongation, possible, in certain 
directions, without destruction of the crystal structure. 
Polymorphism was connected with thermo-dynamic 
changes, which displaced or entirely rearranged 
the particles; the quantities of heat involved were 
small compared with the heat of reaction. If electro- 
static forces held the particles together, the cohesion and 
hardness of a crystal should increase with increasing 
ionic charges and decreasing atomic distances. That 
was confirmed by substituting the SiO, by boron 
fluoride BF, in the silicates; the cohesion was weak- 
ened. The similarity of the physical properties of 
molecules like nitrogen N, and compounds like CO 
was explained by their having the same numbers 
of electrons and the same co-ordination numbers, 
and was in accordance with the theory of quantum 
mechanics. An element could be imitated by a 
compound, the one constituent of which had one 
electron more than the element, and the other one 
electron less. Much of what had been said, especially 
as to electronic interaction applied to gases as well as 
to crystals. But there was the difference that in a 
crystal the forces of mutual interaction were never 
wholly saturated, so that the crystal, but not the gas 
molecule, could grow to any extent. 

We may add a few notes on some of the other 
papers which were read. Mr. F. G. Rawlins dealt 
with the reduction which accompanies the sublimation 
{change into the gaseous state) of a solid crystal; 
contrary to what one might expect the inter-nuclear 
distances were considerably diminished owing to the 
vanishing in the gas of the polarising influences 
which neighbouring ions exerted in the crystal. 
Professors W. L. Bragg and E. Schiebold did not, in 
their papers, quite agree about the constitution of 
the natural silicates. They both accepted the 
predominant influence of the oxygen atom, and the 
importance of the co-ordination numbers, but Schiebold 
found, in some silicates, only indications of an SiO, 
group, and did not find Bragg’s SiO, group. The 
paper by Professor F. M. Jaeger on Ultramarines, has 
a direct practical interest. Ultramarine, which has 
for centuries been extracted mechanically from lapis 
lazuli, has also been prepared artificially by heating 
kaolin with sodium sulphate or soda, wood charcoal 
and sulphur by three methods all yielding blue, green 
and white compounds, which were supposed to differ 
in their numbers of sodium atoms. But Heumann 
observed, in 1880, that ultramarines really behaved 
like the zeolites known as permutites, which readily 
exchange their metals, and that the sodium could be 
replaced (though not so easy as in permutites) by silver 
and other metals, and the sulphur by selenium and 
tellurium, the resulting compounds being yellow or red. 
Applying this and other methods, Professor Jaeger 
found that the group NaAlSi,O,, was alone stationary 
in ultramarine, the other constituents being errant, and 
that the colour change seemed to be primarily connected 
with the sulphur. As regards the problems of the 
metallic state and the states of alloys, compounds 
and solid solutions, Dr. J. D. Bernal, and Messrs. 
Westgren and Phragmén, made interesting suggestions, 
without committing themselves to precise definitions. 
A brief communication by Dr. H. Mark drew attention 
to fundamental difficulties in the determination of 
the size of particles by X-ray studies. The lattice 
might be defective and the distribution of the particles 
in powdered samples not be uniform. Dr. K. Weissen- 
berg mentioned that the lattice of polycrystalline 
aggregates could be determined by purposely developing 
certain crystal forces and by strengthening the inter- 
ferences of planes with large spacings. 





RouMAantan Rattway REconsTRUCTION.—The Com- 
mercial Secret at Bucarest has reported to the 
Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1, that a project has now been submitted 
to the Roumanian Parliament by which a large credit is 
to be granted to the railways for reconstruction work 
> Ho and one British — — obtain further 
particulars upon application to epartment at the 
above address, quoting Reference No. A.X.8135. 


CENTRAL POWER STATION FOR 
AUSTRALIAN COLLIERIES. 


AN interesting example of centralisation, as well as of 
electric power supply in a partially-developed area, is 
seen in an installation recently erected by Messrs. 
Caledonian Collieries, Limited, Newcastle, New South 
Wales. This installation consists of a central power 
station superseding a number of ‘independent plants 





situated at different and, in some cases, widely separated 
| collieries. Current is also supplied to outside con- 
|sumers. The new power station is situated between 
|the Barnsley and Cockle Creek stations, on the New- 
castle to Sydney, N.S.W. Government Railway, 
|adjacent to Cockle Creek, this site being chosen as 
| affording a plentiful supply of salt water for condensing 
purposes. Continuity of working is essential, as 
outside consumers are concerned, so that the whole 
installation has been laid down in duplicate. Further, 
to avoid interruption from transmission line failure, 
special precautions have been taken. Thus, as the 
| lines cross country where bush fires are frequent, steel 
towers have been employed throughout, while the 
insulators used are in excess of the rating usual for the 
voltage of the transmitted current. It is stated that 
the results since starting up the plant have fully 
justified the additional expense entailed by this method 
of insulation, while the installation of a central power 
station has reduced operating costs considerably. 

The current is generated at a pressure of 6,600 volts 
3-phase, 50 cycles, but the main supply is transformed 
to 33,000 volts at an outdoor substation, laid out in 
duplicate, near the station. From the substation, the 
current is transmitted over a main transmission line 
of a total length of 20 miles, to substations at the various 
collieries. The remainder of the current is distributed 
by a secondary transmission line operating at 6,600 
volts, to two of the company’s collieries, and to outside 
consumers situated in the district adjacent to the power 
station. At present, such consumers include the iron 
and steel works of Messrs. the Broken Hill Proprietary 
Company, Limited, the wire netting works of Messrs 
Lysaght Bros. and Company, Limited, the wire and 
nail works of Messrs. Rylands Bros. (Austr.), Limited, 
the railway wheel and axle works of Messrs. Vickers- 
Commonwealth Steel Products, Limited, the works of 
Messrs. the Australian Wire Ropes, Limited, Messrs. 
Sulphide Corporation, Limited, some cement works, 
and others. Although from the above list it appears 
that there is already a considerable industrial com- 
munity in the district, there is at present an ample 
margin of power for sale, and, as there is also a wide 
area of land suitable for works sites, further expansion 
may be anticipated. 

The generating plant includes two 5,000 kw. turbo- 
alternators, for which steam is supplied by two Babcock 
and Wilcox water-tube boilers. Each of these has a 
heating surface of 8,619 sq. ft., and a superheating 
surface of 2,240 sq. ft. A Green’s Tri-tube economiser 
of 4,874 sq. ft. surface is provided for each boiler. The 
boilers have been specially arranged for utilising low- 
grade fuel, there being large quantities of unsaleable 
pit waste adjacent to the power station. The generat- 
ing costs are thus kept low, while the possibilities of 
stoppage through shortage of fuel arising from indus- 
trial disputes are greatly reduced. In addition to this 
favourable condition as regards fuel, there is an unfailing 
supply of fresh water of a quality suitable for boiler 
feed without treatment. The condensing water, as 
before stated, is salt, and is obtained from Cockle Creek 
by gravitation through screens. It is drawn from the 
collecting basin by circulating pumps, and, after 
passage through the condensers, is discharged by a 
gravity race into an adjoining swamp. The design 
and construction of the whole of the power station 
and transmission system was under the supervision 
of the consulting engineer, Mr. J. E. Donoghue, 
M.1.E.E., M.I.E.Aust. 








CATALOGUES. 


Desk Fans.—Messrs. Veritys, Limited, Birmingham, 
have sent us a folder illustrating their “ Orbit’ desk 
fan. 

Lathes.—Messrs. Jones and Lamson Machine Company, 
19, Water-lane, London, E.C.4, have sent us a series of 
illustrations, with times of production, of a seven-operation 
machine part cut from a bar and completed on their flat- 
turret lathe. 

Roller Bearings.—Messrs. Delco-Remy and Hyatt, 
Limited, 111, Grosvenor-road, London, S.W.1, have 
sent us three leaf catalogues dealing with load tests on 
roller and ball bearings, the Hyatt patent mine tub 
wheel, and the Hyatt helically-wound roller. 

Isolating Link.—Messrs. Donovan and Company, 47, 
Cornwall-street, Birmingham, have issued a circular 
describing an ironclad isolating link for motor, converter 
or transformer, electrical installations. The link com- 
plies with Home Office regulation No. 11. 

Electric Hoists.—We have received a list of the Demag 
electric blocks from Messrs. Aabacas Engineering Com- 











pany, Limited, Canning-place, Liverpool, giving dimen- 
sions and particulars for several types, with hand .or 
power travel. The lifting capacities listed range from 
4 to 5 tons. 

Fire Escape.—Messrs. John Kerr and Company, 
Royal Central Chambers, Windmill-street, Manchester, 
have issued a circular explaining the Davy lowering 
device for use as an escape in case of fires. The speed of 
descent is automatically regulated for any weight up 
to twenty stones. 

Electric Motors and Switchgear.—Messrs. The British 
Thomson-Houston Company, Limited, Rugby, have 
sent us particulars of a new range of protected squirrel- 
cage induction motors, type K, which are made in sizes 
ranging from 1 to 25 h.p., for three-phase current at 
400-440 volts, fifty cycles. A new leaf catalogue of metal- 
clad vertical plugging switchgear has also come to hand. 


Photo-Elastic Apparatus.—Messrs. Adam _ Hilger, 
Limited, 24, Rochester-place, London, N.W.1, have 
issued a descriptive catalogue of Professor Coker’s 
photo-elastic apparatus for determining the distribution 
of stress in structural members and machine parts. 
The ‘descriptive matter is very clear and practical, and 
is well illustrated. A list of prices accompanies the 
catalogue. 

Blowers.—A catalogue of forge blowers for supplying 
air to groups of smiths’ fires is to hand from Messrs. 
Blackman Export Company, Limited, 374, Euston-road, 
London, N.W.1. The groups comprise from 5 to 
40 forges with 1}-in. or 1}-in. tuyeres, and the blowers 
are driven electrically or by belt. Complete blowing 
units are offered for the specified groups and prices 
are stated. . 

Screws.—The Parker-Kalon hardened metallic drive 
screws are intended to take the place of machine screws 
of diameters from about 0-05 in, to 0:22in. They have 
a long pitch thread and are driven into drilled but un- 
tapped holes in steel, or the softer metals. Messrs. 
Buck and Hickman, 2-8, Whitechapel-road, London, 
E.1, have sent us circulars with particulars and a list of 
sizes in stock, 

Oil Engines.—We have received from Messrs. Tangyes, 
Limited, Birmingham, a new edition of their catalogue 
of small oil engines, which are termed fuel-oil engines, 
type W, and are of the horizontal, four-stroke type 
with solid-injection and variable-admission governors. 
The standard lists show seven sizes, ranging from 5 to 
25 b.h.p., and the catalogue gives full specifications 
with notes on fuel and on lubrication. 


Hydro-Electric Power Plant.—Messrs. Siemens Com- 
pany, Berlin, have sent us a further report on the progress 
of the Shannon electrical power scheme, describing the 
sub-stations in which the main-line voltage will be 
stepped down from 38 kv. to 10 kv., the pressure at 
which it is supplied to the local distribution lines. 
Some sixty of these stations are being constructed in an 
area from Sligo and Dundalk southwards. | 


Heat-Treatment Vessels—A number of vessels for 
heat treatment processes are shown in a catalogue 
received from Messrs. Thompson Bros. (Bilston), Limited, 
Bradley, Bilston. These include round and square 
pots, baths, and a special pot with welded joints for 
annealing wire. The material used is Messrs. Hadfield’s 
‘‘Era H.R.” steel, which has a very high resistance to 
repeated and prolonged heating up to 1,000 deg. C. 

Valves.—A new edition of their catalogue of parallel- 
slide valves is to hand from Messrs. Hopkinsons, Limited, 
Huddersfield. The standard bore sizes range from 
2 in. to 34 in., and the bodies and covers are of steel or 
cast iron, the spindles of steel or stainless steel, and in 
all cases the seats and faces are of Platnam. Pressures 
up to 450 lb. per square inch are provided for. These 
valves, when open, give a full-way passage equal to 
the bore of the pipe. 

Gas Holders.—Some very striking illustrations of 
large gas holders are given in a catalogue received from 
the makers, Messrs. Clayton, Son and Company, Limited, 
Hunslet, Leeds. The three types shown are termed 
four-lift spiral, four-lift telescopic, and waterless, and the 
respective capacities are 750,000, 3,000,000 and 1,500,000 
cubic feet. The largest of these, which is in use in 
Australia, is one-quarter the capacity of the East Green- 
wich holder made by the same firm. 

Steam Plant.—Messrs. Filtrators, Limited, Astor House, 
Aldwych, London, W.C.2, have sent us a diagram and 
description of their apparatus for receiving and treating 
the Blow-oll sludge and water from boilers. A con- 
tinuous discharge is maintained to keep the boilers 
free from sludge. About one-fifth of the water is 
returned to the feed tank as distilled water, and most of 
the remainder as clear water, so that a large proportion 
of the heat in the blow-off is recovered. 


Perforated Metals.—Messrs G. A. Harvey and Com- 
any (London), Limited, Woolwich-road, London, S.E.7, 
et sent us a copy of the new edition of their catalogue 
of perforated sheet metals, showing a large range of flat 
and embossed patterns which they produce in iron, steel, 
stainless steel, nickel, and also in the white metals. 
Articles such as cable-fixing plates, filter plates, perco- 
lator plates, &c., are shown. We have also received @ 
sheet of illustrations of some excellent steel-plate work. 
Mining Machinery.—The Whitmore patent gear for 
ensuring safety in the winding operations in mine shafts 
is described in a new catalogue issued by the makers, 
Messrs. H. J. H. King and Company, Limited, Nails- 
worth, Gloucestershire. The gear is applicable to either 
steam or electric winding engines for the prevention of 
overwinding at the top, of bumping at the bottom, and 
of dangerous speed at any point of the wind. The appa- 
ratus has been successfully installed for shafts in South 
Africa, Australia and at home. 
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A NEW HIGH-SPEED FATIGUE TEST- 
ING MACHINE. 
By H. S. Rowe tt. 


TuE machine here described was designed during 
the three years between June, 1924, and May, 1927. 
In spite or because of the apparent simplicity 
of the design, a good many calculations were 
necessary. These have been proved correct by 
the fact that one machine has been running almost 
continuously since July, 1927, and two other 
machines to the same design have been running 
since the autumn of 1927. They have given no 
trouble. 

The primary object in view was the endurance 
testing of such plates as are used in laminated | 
springs, but as a secondary and additional motive, 
a general endurance bend test was kept in mind. 
Some of the considerations that governed the 
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length of specimen arises from the fact that fractures 
in spring plates occur in various places, irrespective 
of apparent maximum stresses.. This implies the 
existence of imperfections or flaws distributed at 
random, and therefore a short specimen, containing 
no flaws, might give illusory high results. A wide 
range of stresses is necessary because materials 
vary widely, and spring stresses in practice are 
very variable. 

A general view of the machine is given in Fig. 1, 
and skeleton diagrams in Figs. 2 to 4. Each part 
is lettered with initials easily identified. 

The working of the machine may be briefly 
explained in the course of the description. In Figs. 
2 to 4, the central element is the four-throw crank- 
shaft, CS, driven by the electric motor, EM. The 
flywheel, FW, is not essential but it is advantageous 
for heavy work; two of the three machines have 
run for over a year without flywheels. Two main 





design were :—(1) Cheapness of construction. (2) 


bearings, MB, are fitted. These are standard 
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outer two already mentioned, engage with the 
coupling links, CL, and so move up and down with 
the gudgeon rod. The two inner buckles are 
mounted on four pillars, P, which are fixed to the 
frame, .F, by bridge bars, BB. By this means the 
test piece is bent by the alternating motion of the 
end buckles combined with the fixing of the inner 
buckles. The pillars, P, are screwed at the inner 
ends and held to the bridge bars, BB, by nuts. 
|The pillars are so proportioned that they spring 
| sufficiently to take up the virtual change of length 
| of the central portion of the test piece as it is bent 
|and straightened. And when the specimen breaks, 
| the release springs, RS, force the pillars apart and 
| 80 prevent the “fracture” surfaces from rubbing 
on one another. 

| A brief méntion of some minor details may be of 
interest. Lubrication is by gravity feed, from the 
elliptical tin reservoir shown at the top of Fig. 1, to 
the main bearings, whence by a centrifugal action, 
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Name of Part. Material. Abbrevia- 
tion. 
Electric motor — EM 
Crankshaft ‘ Steel cS 
Main bearings ... C.I. and bronze MB 
Connecting rods_ ... Y alloy and bronze CR 
Gudgeon rods Bright bar GR 
Guide links... Wood GL 
Crossheads Steel CH 
Coupling links Duralumin CL 
— pein erie 
(365.0) Set Screws ENGINEERING" in 
High speed of operation. (3) Ease of preparation | 
of specimens. (4) A considerable length of specimen | 
to be under test. (5) A wide range of stresses to Pp 
be feasible. oe eran a a ae ow A- eon 


Cheapness of construction is a natural preoccupa- 
tion of every sensible designer, but in the design 
to be described this was carried a good deal further 
than is usual, by designing the machine so that 
standard parts costing a few shillings could be 
utilised, instead of making parts specially at a cost 
of several pounds. Thus, in each machine, four 
motor car connecting rods are used, and four 
simple wooden guide links are used to guide the 
small ends of the main rods. By making the 
inherent balance of the machine perfect, the need 
for foundations was eliminated. The machine stands 
on the floor without any fixing whatever. Light 








plummer blocks, costing 4s. each, complete with 
bushes. As the crankshaft rotates, the four 
opposed connecting rods, CR, are driven up and 
down. Each pair of rods carnes at the little 
ends a common gudgeon rod, GR, which is about 
2 ft. long and consists of l-in. diameter bright 
drawn bar, unmachined. These gudgeon rods are 
guided by wooden guide links, GL, which are 
mounted on a } in. wood screw, fixed in a vertical 
post on the frame. For almost a year these wooden 
guide links were used without any bushes, but 





| thousands. 
| effected by a thin wire bracing from the centre of 
; the rod to the wooden guide links. 
| bracing swings with the guide links, and is only 





wooden legs support it at a convenient height 
and by making the forces in the machine internally 
balanced, a strong frame was unnecessary. 

High speed of operation is very desirable in 
fatigue testing in order that the time of the tests 
may be kept within bounds. To this end the 
1iachine was designed to take two specimens at | 
ce. By. making the parts of appropriate mass, 
high running speed was. made possible. Ease 
of preparation of specimens requires little comment. | 
In the tests, ordinary black bars, of. standard form 
22 in. by 1-5in. by 0-25 in., with very little prepara- 
tion, were employed. The need for a considerable 
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as there were signs that the gudgeon rods were 
wearing slightly, simple white-metalled pieces of 
tube were driven into the wood. The total throw 





extreme position, there are four buckles, B. The 


of the gudgeon bar is only about @ in., and as the 
connecting rods are 9 in. long and the guide links 
6 in. long, the obliquities and rotations are very 
small indeed. At the ends of the gudgeon rod 
are crossbeads, CH, each of which carries two 
coupling links, CL, and these coupling links engage 
with buckles, B, on the test piece, TP, as shown 
in Fig. 4. 

On each test piece, TP, shown bent to the 





Name of Part. Material. Abbrevia- 
tion. 
Buckles Steel B 
Pillars Steel P 
Release spvings Bright rod RS 
Bridge bars Black bar BB 


Frame = sea Wood F 
Revolution counter Starrett and Veeder RC 
Test pieces _— TP 





the big end bearings are supplied through the 
drilled crankshaft. The counting mechanism con- 
sists of a Starrett worm and worm wheel counter, 
to the worm-whee] of which a small crank is 
soldered. This crank drives intermittently a ten- 
star wheel on the spindle of a Veeder counter, so 
tbat the Veeder readings are conveniently in 
End location of the gudgeon-rod is 





This wire 


slightly flexed by the minute oscillations of the 
gudgeon-rod. 

The only remaining matter of importance con- 
cerned with the working of the machine is the 
fixing of the test piece and the adjustment of the 
stress range. Each: test piece is carried in two 
fixed buckles and in two oscillating buckles, all of 
which are identical in design, and as shown in Fig. 5. 
These buckles are of very simple construction. Two 
set screws, at the top and bottom, serve to fix the 
test piece and to compensate for the usual twist and 
irregularities in black rolled bars. To some extent 
these set screws in the buckles serve for fixing the 
mid-position or zero of the stress range, but the 
main adjustment for this is effected by the pillars 
which can be raised or lowered with. reference to 
the bridge bars, BB. 

The stress range is governed solely by the positions 
of the buckles on the test piece and by the throw 
of the gudgeon rod or crankshaft. This is made 
clear by a very simple calculation. Consider a beam 
(Fig. 6) résting on two supports and loaded sym- 





metrically at the projecting ends. Then. the . 
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ales moment. in the centre bay is Pa = M, ‘and 
the deflection of the ends below the supports is 
P a Mla M a 
$= ser + Er cE (e! +5) (1) 

where E is Young’s modulus and [ is the moment 
of inertia of the cross-section. 

Now since the stress, f, due to the bending moment, 
M, can be written 


Mt 
a 21 (2) 
where ¢ is the thickness, it follows from (1) and (2) 
that 
2 2 
6= is (at + 3) . ‘ . (3) 
or 
Et 6 a® 


I= tals 3) - (4) 
In its application to the machine under discussion, 
equation (4) expresses the stress range, f, in terms 
of the total movement 8 of the outer buckles. 

From (4) it will be seen that for a given test piece 
there are three variables that can be manipulated 
to give various stress ranges, namely, 5, a and I. 
But a fourth variation is also available. If the 
outer bays of the test piece are made rigid, 
as can be simply done by making the packing 
pieces shown in Fig. 2, extend from the fixed to 


the swinging buckles, then the term 9 in the above 


equations, vanishes and 
Et6 
J, i Bat 
where f, denotes the stress range with rigid end 
bays. When 8 = 0:5 in. and ¢ = 0-25 in., the 
values of f and f, are as in the following table ; the 
ingitn a and I are in inches. 


(4)a 


— a=4 | a 


5 a 6 
| 
f fr f fr f fr 
i = 3-5 | 97,000] 134,000 | 73,000 | 107,000 | 57,000 | 89,000 
4-0 | 88,000 | 117,000 | 66,000 | 94,000 | 52,000 | 78,000 
4-5 | 80,000 | 104,000 | 61,000 | 83,000 | 48,000 | 69,000 


From this table, the stress range, given to the 
nearest 1,000 Ib. per square inch, is seen to be 
variable from 48,000 to 134,000 lb. per square inch, 
which is more than sufficient for most purposes. 
If need be, a further variation can be secured by | 
using pieces of different thickness, and as the 
machine is very cheap to construct (about 251.) it is 
convenient to have machines with different values of 
8. The three machines at present in use have 
cranks of radii of 0-25, 0-3125 and 0-375 in., giving 
values of 8 = 0-50, 0-625 and 0-75 in., respectively. 

As each machine takes two specimens, it will be 
readily appreciated that a fatigue determination 
can be carried out very quickly. The values of 
the table above can be plotted in a graph giving 
families of curves, from which convenient settings 
of the buckles can be read off. When this has 
been done, the stress in the test piece is determined 
by the curvature gauge devised by the present 
writer in July, 1923, and since adopted by 
various workers in the United States, at Teddington, 
in Sheffield and elsewhere. The author thanks the 
Council of the Resesrch Association of British 





Motor and Allied Manufacturers for permission to | - 


publish this information. 





A REVIEW OF FLOW IN PIPES AND |- 


CHANNELS. 
By S. J. Davies and C. M. Warrs. 
(Continued from page 72. 

Tue form of the law of resistance has been dis- 
cussed at some length here, in view of its importance 
in connection with the definition of hydraulic 
roughness. A really satisfactory treatment of the 
roughness problem cannot be evolved until the 
character of the motion of a fluid can be repre- 
sented, simply and with some degree of accuracy, 
in the form of an algebraic expression whose terms 
would indicate the magnitudes of the different 
losses of energy caused by the internal motions of 
the fluid. Taken together, these losses determine 
the magnitude of the resistance to be overcome, 
while, considered separately, the terms would 
indicate the effect of those individual peculiarities 
of surface which constitute roughness. The nature 


of certain of these peculiarities will be discussed at 
a later stage. It seems at first open to question 
whether a study of the observed law of resistance 
alone, can provide sufficient data for this purpose, 
and, it may be suggested that the more fruitful field 
for future work lies in the study of the distribution 
of velocity across the pipe. The difficulties, how- 
ever, involved in the experimental determination of 
the curve of velocity distribution are considerable ; 
this is demonstrated by the absence of really precise 


1000 
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| records in the literature of the subject. Moreover, 
since for this purpose the pitot tube is the only 
suitable means of velocity measurement, the result 
must always depend upon the pitot tube coefficient, 
which itself may not be independent either of the 
character of the motion, or of the position of the 
pitot tube with reference to the boundary walls of 
the channel. Therefore, while an accurate velocity 
distribution curve would be most valuable for the 
correct interpretation of the law of resistance, it 





would appear, at present, that it is by the analysis 


| of this law of resistance for the particular case of 











surfaces are such that they can no longer be regarded 
as smooth, the information available is not so satis- 
factory. A great mass of data has been accumulated 
dealing with flow in practical pipes and channels, 
and from this data the many empirical formule of 
practice have been derived. The shortcomings of 
such formule have already been referred to. 

A fresh and exhaustive analysis of this data has 
recently been undertaken by Hopf.* As a result 
of his investigation, the existence of certain under- 
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lying laws is clearly demonstrated: he has found 
that the curves of resistance to flow are of two 
distinct types. These are shown respectively in 
Figs. 3 and 4. Tables IT and III accompanying these 
figures indicate the extremely wide field covered 
by these two families of curves, embracing as they 
do surfaces so diverse as smooth-drawn brass, wood, 
concrete, sheet iron, and bitumen-coated sheet iron ; 
while the sizes range from the smallest pipes tested 
in the laboratory up to a large conduit, 18 ft. in 
diameter. Round pipes, flat rectangular pipes, and 
also open channels, are all brought into correlation 
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Hydr. | 
No. Dent. Surface. Source of Data. 
Inches. 
= 
ei Various Smooth circular ate ..| Blasius, V.d.I. Forschungsheft | Used as ideal law for smooth pipes. 
| 131 | 
a | 0. 0- 23 as? | ‘Smooth rec tangular we Fromm, SS ow Math. u. Mech., 
1923, 
2 , to 9 0-16 16 to” Gauze surface rectangular . Fromm, Z.f.ang. Math. u. Mech., 
0-62 1923, Heft 5 
10 to | 0-16 to Chequered pl: ate rectangular Fromm, Z. f.ang. Math. u. Mech., 
13 0-58 1923, Heft 5 
ug | 28-3 Wooden circular Marx, Ww ing and Hoskins, T’rans. After two years’ service. ~ (See Fig. 10.) 
| Am.S.C.E. -» 44, 1900 Temperatures uncertain } 
15 12-0 Cast-iron lined with cement, Fitzgerald, Trans. Am.S.C.E., 
circular 35, 1896 
16 3°5 Circular 6 ar ..| Darcy, Recherches experimentales, | For values of less than 80, 000, x points are 
17 3:6 Paris, 1857 badly scattered. No temperature i is given 
18 2-9 for No. 19 
19 } 4-9 
21 4:2 to Conc rete cire reular Scobey, U. S.-Dept. of Agricul- Scobey’s test. 
3-2 ture, Bulletin No. 852, 1920 
22 7-6 Concrete, smooth _— Scobey’s test. 
23 8-3 Concrete, specially ‘smooth —_ Bazin’s test, short test, Channel, Dijon. 
24 10-7 Concrete, specially smooth, | — Scobey’s test, Victoria Aqueduct. 
with many bends 
25 | 44-5 Concrete = Moore, Wallkill Tunnel, Catskill, N.Y. 
26 55-0 Concrete — Johnson, Ontario Power Company. 
27 22-1 Concrete — Budau, Zementwerke Perlmoos, Austria. 
28 5°5 Rough wooden open chan- | Bazin, Acad. des Sciences, 19, Artificially roughened by wooden slats, 
29 to 15-6 nel, rectangular 1865; also abstracted by 1-06 in. wide, 0-4 in. thick, nailed with 
30 Thrupp, Soc. of Engineers, spaces of 2-0 in. between. 
31 1887, page 259 
32 3-6 As for Nos. 28 to 31, but of | Bazin, Acad. des Sciences, 19, | Same size of slats, but with spaces between 
33 to different roughness 1865; also abstracted by only 0-4 in. 
34 13-0 Thrupp, Soc. of Engineers, 
1887, page 259 
35 4: 4 Sheet iron circular .. --| Petit, abstracted by Ombeck, 
36 5-9 Sheet iron circular .. ‘ V.d. . Forschungsheft 158, 
1914, page 56 
- - 08 Rough circular .| Schiller, Z. f ae Math.u. Mech., | Artificially roughened by screw threads. 
0 1923, Heft 














the smooth pipe, coupled with tests, within neces- 
sarily restricted ranges, upon artificially roughened 
pipes, that a rational basis for the law of resistance 
for rough pipes may be arrived at. 

With the aid of the index law, it is possible to 
forecast the resistance of a smooth pipe within an 
accuracy of plus or minus two per cent., over a 
range of the Reynolds number from 2,300 to 200,000. 
The resistance to flow in smooth pipes is therefore 





relatively clearly defined. When, however, the pipe 





in these two diagrams. Two simple features dis- 
tinguish the groups. In the first (Fig. 3) all the 
curves approximate to horizontal straight lines, 
while in the second, the curves show a common 
characteristic, in that all slope downwards. That 
is to say, for any particular pipe in the first group, 
the coefficient is constant, and does not vary with 
the Reynolds number, that is, it does not vary with 











* Hopf, Z. f. ang. Math. u. Mech., 1923, page 329. 
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the velocity. On the other hand, the downward 


slope of the curves in the second group indicates 
that, for these pipes, f decreases progressively as 
the flow increases. 

The inference which may be drawn from this 
grouping is that two distinct forms of roughness 
are involved, and that in each group one of these 
forms is playing a dominant part. In one case 
(Fig. 4) the particular form of roughness involved 
causes the resistance of the ideal smooth pipe to 


Fig 4. 


58.0) 


be multiplied by a factor which, for a given pipe, is 
constant. The other form of roughness (Fig. 3) 
causes a complete change in the law of resistance ; 
so that the curves no longer show any obvious rela- 
tion tojthe ideal line, except that the latter still 
forms a lower limit for all the curves. The dis- 
tinctly different characters of the curves in the 
two Figs. 3 and 4 indicate that the coefficient of 
resistance f is a function of, at least, two independent 
variables other than the Reynolds number. It 
follows, therefore, that in order to define a rough 
surface, in so far as its hydraulic effect is concerned, 
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ance than a second, when the two are compared 
under certain conditions of flow, but if these con- 
ditions be altered, then the two surfaces may even 
be reversed as regards their hydraulic roughness, 
the first surface giving less resistance under the new 
conditions than the second. 

An irregular surface usually consists of an 
indefinite number of minute regular surfaces or 
facets arranged in a chaotic or discontinuous 
manner. The elemental facets themselves may be 





avm 
i 


curved, and even of a form which is not easy to 
express mathematically. A precise description of 
an irregular surface, such as is met with in practice, 
is thus impossible, but it is instructive, nevertheless, 
to consider the general form that such a description 
might take. It would be necessary to state either 
an indefinite number of independent dimensions, 
such as the rectangular co-ordinates of several 
points on each of the elemental facets, or, alterna- 
tively, to state one leading dimension of the surface, 
and to give the ratios of this and the remaining 
terms. In this way any irregular surface may be 
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| 
No. Depth, Surface. Source of Data. Remarks. 
Inches. 
{ 
'1&la | Various | Smooth As in Fig. 3 As in Fig. 3. 
2 0-17 Rough, rolled chequered | Fromm, Z. F. ang. Math. u. Resistance nearly independent of m. 
| plate, condition B, rec- Mech., 1923, Heft 5, page 389 
tangular 
3 0-25 to Rough, rolled chequered | Fromm, Z. F. ang. Math. u. Resistance independent of m. nee 
0-62 plate, condition C Mech., 1923, Heft 5, page 339 
4 0-25 to Rough, rolled chequered | Fromm, Z. F. ang. Math. u. Resistance independent of m. 
0-62 plate, condition D Mech., 1923, Heft 5, page 339 
5 18-1 Wooden, circular — Wing and Hoskins, as in New pipe. Temperature data uncertain. 
‘ig. 3 
Prema | Ea 
6 0-32 Wooden, circular Scobey, U.S. Dept. of Agricul- Hamilton Smith, New Almaden, Cal. 
ture, Bulletin 376, 1916 
7 2-0 Wooden, circular Scobey, U.S. Dept. of Agricul- Moritz, Sunnyside Project, Washington. 
8 2-0 ture, Bulletin 376, 1916 | 
9 3-6 | 
10 4-6 | 
11 14-2 Wooden, circular Scobey, U.S. Dept. of Agricul- Moritz, Mablon pressure pipe. No. 12 is | 
12 14-2 ture, Bulletin 376, 1916 from same pipe as No. 11, but one year 
| later. (Note.—Difference could be ac- 
counted for by only 7 deg. C. difference of 
temperature.) 
13 8-0 Wooden, circular Scobey, U.S. Dept. of Agricul- Moore, Sunnyside Project, Washington. 
14 8-0 ture, Bulletin 376, 1916 No. 14 is from part length of No. 13. 
(Difference could he caused partly by 
temperature differences.) No. 13 was not 
very uniform. 
15 11:3 Wooden, circular Scobey, U.S. Dept. of Agricul- Noble, Seattle Waterworks. 
16 13-8 tnre, Bulletin 376, 1916 
17 36-6 Wooden, circular Scobey, U.S. Dept. of Agricul- Scobey, Salmon River Power Company. 
ture, Bulletin 376, 1916 
18 41-0 Wooden, circular Scobey, U.S. Dept. of Agricul- Scobey, North-Western Electric Company, 
ture, Bulletin 376, 1916 Washington. Scobey’s formula agrees 
well with that of Bazin. 
19 Various | Open wooden channel, rec- | Bazin, as in Fig. 3 Hopf regards these data as the most accurate 
tangular after Fromm’s. Independent of m for 
a given Reynolds number. 
20 Various | Open wooden channel, but | Bazin, as in Fig. 3 One slope only tested. Curve formed of 
semicircular single points from several series with 
differing depths—that is, f depends only 
on the Reynolds number; curve is other- 
wise meaningless. 
— — - —. 
21 0-26 Sheet iron, bitumen-coated, | Darcy. as in Fig. 3 “A ee _ 
22 0-81 circular | 
23 1-93 
24 2:73 
| 
at least two independent factors are necessary. | regarded as giving rise to one linear dimension, 
In other words, it is impossible to arrange the| which depends upon the size of the irregularities, 
various surfaces in a, single systematic order of | and an indefinite number of ratios, which depend 


roughness. One surface may give greater resist- 





upon the shape and spacing of the irregularities. ' 


The authors would suggest, however, that, for the 
purposes of practical hydraulics, any ordinary 
surface can be defined completely by two factors 
and by two only. These may be termed, respec- 
tively, the size and the shape factors of the surface. 
The size factor is some linear dimension of the 
surface, but it should be noted that it is not neces- 
sarily an actual distance separating two particular 
points—such as the height from the crest to the 
bottom of a hollow—it could be a more complex 
quantity with the necessary linear dimension, as, 
for example, the total volume of the irregulari- 
ties divided by their superficial area. The shape 
factor depends, again in a manner which cannot be 
specified until further data are available, upon the 
various ratios which define the shape of the surface. 
But the difficulty of connecting the two factors 
with the relevant properties of the surface does not 
prevent the idea from being of value in interpreting 
and in correlating existing test data. Further, in 
the opinion of the authors, it points the way to the 
wider use, in practice, of the results of laboratory 
experiment. 

It is necessary to emphasise here that the coeffi- 
cient f is a dimensionless quantity—that is, it is a 
ratio. Its value, therefore, cannot depend upon any 
single dimensional quantity taken alone ; the latter 
must always be considered in connection with a 
second quantity of the same dimension, and must 
be taken as a ratio with this quantity. Thus, if 
the size of an irregularity is to be considered as 
having an influence upon f, it must be taken in 
relation to some other size. On the other hand, f 
can also depend directly upon the shape of an 
irregularity, since shape may be expressed in terms 
of angles, which, of course, are simply ratios. 

From these two distinct influences upon f, the 
advantage to be gained by the somewhat arbitrary 
definition of a surface by means of a shape factor 
and a size factor can now be seen. The linear size 
factor must be compared with a second linear 
dimension, and the search for this second linear 
dimension is simplified by the exclusion of all linear 
dimensions of the surface itself. This exclusion is 
essential, since the relation between the various 
dimensions of the surface must already have been 
taken into account in the definition of the shape of 
the irregularities. There are, thus, only two rele- 
vant quantities with the necessary linear dimension, 
and these are (a) some linear dimension defining the 
size of the pipe, and (b) the quantity given by the 
“The ratio (F) is the Reynolds 
number, and the choice of either (a) or (6), with 
which to compare the size of the irregularities, 
does not affect the result materially. Thus, follow- 
ing Hopf, the hydraulic mean depth may be accepted 
as that length with which the comparison is to be 
made, and the resulting ratio may be termed a 
roughness number of the pipe. The acceptance of 
this reasoning leads to the conclusion that a rough, 
pipe with a particular surface may be regarded 
for practical purposes, as having two roughnes 
numbers, one of which, as stated, varies inversel Y 
as the size of the pipe, and, a second which is co% - 
stant for any one type of surface, and which depen @’s 
only on the shape of the surface. 

To put these conceptions into a more concrete 
form, consider three pipes A, B, and C, threaded 
internally.* Let A and C be 2 in. in diameter, A 
having forty threads per inch, of Whitworth form, 
and C having a square thread of the same depth. 
The pipe B is 4 in. in diameter, also with a thread, 
forty threads per inch, of Whitworth form. These 
pipes are thus provided with rou gh surfaces of known 
dimension and form. Comparing them in the light 
of the foregoing reasoning, it will be seen that 
both the size factors and the form factors of the 
surfaces of A and B, as surfaces, must be identical, 
and that the form factor of C is certainly different. 
It is highly probable, too, that the size factor of 
the surface of C is different from that of A and B, 





* Use of screw threads as an artificial form of roughen- 
ing should be made with caution. Tests are on record 
in which the results are open to criticism, on account of 
the fact that the threads selected were too deep with 
relation to the size of the pipe. This has the effect 
that the resistance losses due to surface roughness are 
confused with those due to changes in the cross-sectional 
area of the pipe. 





same. It follows, therefore, that when these surfaces 
are considered in connection with the particular 
pipes of which they form the boundaries, a definite 
relation is seen between the roughness numbers of 
the pipes A and B. The roughness number depend- 
ing upon the form factor of the pipe A is the same 
as that for pipe B, while the second roughness 
number, depending upon size, is twice as great in 
the cese of A as for B. In the case of C, all that can 
be stated is that both its roughness numbers are 
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special steels, in which schedules are given for 
the addition of the finishings. The procedure for 
tapping, fettling and for running repairs is next 
discussed, and no doubt the particulars of the 
numbers of men employed and the time required 
for a typical repair will be found of service. The 
basic open-heart: process is dealt with in a similar 
manner. While, for instance, some of the details 
junder charging might have been equally well 
given when discussing the acid process, the 
| differences in practice are brought out and the 
| chapters follow the natural sequence. The fettling 
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beams, whether simple, continuous, or inclined, 
or for uniform, concentrated or moving loads are 
given, with applications of the influence line method. 
Combined stresses, deflections, portal bracings, 
columns, riveting and other matters are succinctly 
dealt with, generally where calculation is needed, 
without demonstrations, but in some cases with 
informing textual comments. General formule 
for moments of inertia and kindred quantities,.of an 
unusual ‘variety of sections are given, and should be 
found useful. 

There is, in the more practical part of the book, 


probably different from those of A and B. The|and repairing are again given the consideration |g very informative table giving the loads on the 
relative values of the roughness numbers of pipe | which is due to them. Modifications of the open- | foundations of many important structures, together 
C, compared with those of A or B, can be determined | hearth process are next described—the duplex | with driving tests of piles, which are’ rendered 


only by experiment. 
To complete the theory outlined above, it would 


process, hot metal working, the Hoesch, Monel 
and Talbot processes—attention being directed to 


| 


be necessary to define the connection between the | the points to be watched and histories given of | 
geometrical form of the surface and the resulting | typical charges. Directions are given for said 
roughness numbers, and also to define the connection , manufacture of special steels (i.e., those other than | 
between the coefficient of resistance and the values | for mass production by rolling) by the basic process, 
of the roughness numbers. For practical purposes, | and for heat treatment, with the results obtained. 
however, it is sufficient to determine the manner in| The author rightly points out the importance of 
which the coefficient depends upon the roughness | £88 making, and includes a chapter on the process 
numbers, since, as Hopf points out, once this general | and plant. , : 
relation is known, then any particular surface may| No book on the practice of steel making would 
be tested hydraulically and its roughness factors be complete without including the electric furnace, 
found. Knowing these, the resistance of any pipe | and descriptions are given of a few types. It is 
built with this surface can be forecast. distinctly surprising to find the Heroult and 
‘ Lectromelt furnaces described as “ resistance,” 
(To be continued.) since they are essentially of the arc type. The 
| author, as for the open-hearth process, describes 
making the bottom, working (with analyses of 
typical slags and details of charges), fettling and 
repairing. Incidentally, in describing the ease 
‘with which walls can be repaired by knocking 
By R a hole in the roof the author omits to mention 
Chapman and Hall, Limited. 1929. [Price 25s. net.]| that this is possible in only a very few furnaces. 
Waite this book is hardly unique, as stated in the | No doubt there are many steel makers (and brick- 
preface and foreword, it certainly does not belie | layers, too) who wish that it were more generally 
its title and the author deserves credit for the|true. The longest chapter in the book follows, 
production of a work which should prove of value | dealing with pit work, a subject which is engaging 
not merely to the “rising generation of steel-| more and more attention, and to which even 
makers and students” to whom it is specifically | more space might have been given with advantage. 
addressed, but also to others of more mature} A notable omission is the lack of specific guidance 
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Practical Steelmaking. By Watter Lister. London : 





xperience and knowledge. The latter will probably 
not agree with all that is put before them, but 
they cannot read the views expressed without 
being made to reconsider carefully some points 
in their own practice. Since differences of opinion, 
as well as of experience, are bound to occur, it is 
rather strange, in a book covering such wide 
ground, to find only one reference to another 
publication, and that dealing only with certain 
constructional details. This is the more surprising 
since in the foreword it is pointed out that informa- 
tion, which would be helpful in actual working, 
is to be found in the papers and discussions at 
various institutes, rather than in existing technical 
books. This detracts somewhat from the general 
value of the book, and there are places where a 





wider appreciation of the work of others would 


on the size of nozzle, although the effect of rate of 
teeming is referred to, and definite sizes mentioned 
in a few places. In conclusion some notes are given 
on the causes and prevention of roaks, cracks and 
segregation, and on the production of ferro-silicon. 
A useful index is provided but might be improved ; 
for instance, ‘‘ladle” is not to be found under 
“L,”’ but as a sub-section under “ Pit work.” 





Bridge and Structural Engineers Handbook. By ADAM 
Hunter, M.Inst.C.E. Second edition. London: 
E. & F. Spon, Limited. 1928. [Price 2ls. net.] 

On turning over the pages of this book for the first 

time, the impression will probably be that though 

somewhat heterogeneous, it is exceedingly useful. 

Mr. Hunter’s book is, indeed, of a somewhat unusual 

character, apparently intended to furnish, as to a 


no doubt have modified some of the statements | great part of its contents, matter of a kind frequently 


made. | 

After treating the acid and basic Bessemer pro- | 
cesses in somewhat cursory fashion, although | 
giving useful practical information, the author | 


proceeds to consider the acid open-hearth process. | 


needed by the structural engineer, though not com- 
monly available. Now in its second edition, it 
has been enlarged and supplemented by additional 
matter. 

The general scheme of the book appears to be 


His treatment is essentially practical and covers | to give for the convenience of the designer who 
many of the points which arise in working,|is already familiar with fundamental principles 
recognising that whilst the metallurgical question | the formulae commonly required by him, supple- 
relating to the materials used and the changes’ menting this by particulars of practice, and facts 
which take place are fundamental, the successful | derived from experience, which, though perhaps as 





operation of a steel-making plant depends upon | 
many other factors, which bulk largely in the 
regular routine of those engaged in it. The proper | 
practice to be adopted in any set of circumstances | 
is largely a matter of experience—frequently there | 
is a choice of several methods each of which is 
equally suitable, the deciding factor being some | 
purely local or even temporary circumstance—but 
the author has endeavoured to provide a guide 
which should, by directing attention to the problems 
and giving solutions for them, help those who are 
new to the work, as well as those others who may 
have overlooked something with which they are 
really well acquainted. Making the bottom, gassing, 








charging, melting and working a mild steel charge 
are dealt with, followed by a chapter on making 


to some part accessible to the diligent seeker, are 
here brought together for ready reference. It is a 
book of little use to those not already grounded by 
previous acquaintance with the subjects treated, 
but of the greatest use to those who are. A consi- 
derable amount of reliable information is thus pre- 
sented in a compact and useful form. The author’s 
very considerable acquaintance both with design 
and practice enables him to furnish just such a 
collection as will be of most service to those engage 
in construction. Able assistance in some sections 
of the book, and in proof reading—duly acknow- 
ledged—give reasonable assurance of its reliability, 
a matter of some importance where so much trouble- 
some matter is involved. In the more mathematical 
part a great number of particular cases relating to 





the more useful by diagrams of penetration. Par- 
ticulars relating to concrete—plain or reinforced— 
are furnished, with details respecting mixtures, and 
much tabulated matter of the resistances of beams 
and columns of this material. Diagrams of roof 
principles up to 80-ft. span showing the scantlings 
of all members, may be found of service, as 
indicating the minimum sections which may be 
thought permissible. In one roof of 55-ft. span 
and 15-ft. c. to c. of principals it is noted there 
is no member having a greater thickness than }-in., 
which is sufficiently light. No purlin scantlings 
are given for the various spacings of principals, 
a detail about which much diversity of practice 
obtains. Data of value are given relating to wind 
pressure and its distribution—positive or negative 
—upon buildings and structures, with instructive 
diagrams, and records of observations at the Forth 
Bridge are furnished. Perhaps the more valuable 
part of this book is that giving particulars and 
data relating to practice, miscellaneous information 
of a kind not readily found when most wanted— 
as the friction of hydraulic rams, strength of rings, 
shackles and eyebolts, stability of caissons, turning 
resistance of swing bridges, and test results of 
brickwork, timber, &c. Specifications embodying 
the practice of the firm of which Mr. Hunter is 
chief engineer are given, and will be found well 
worth study, presenting as they do the requirements 
of sound practice. 





A Manual of Marine Engineering. By A. E. SEATON. 
Twentieth Edition. London: Chas. Griffin and Com- 
pany, Limited. [Price 40s. net.] 

WHEN the original edition of this well-known work 
first appeared, 45 years ago, it took at once a 
leading position amongst those “standard books 
of reference ’’ which the engineer or draughtsman 
engaged in practice keeps close at hand to assist 
him in solving those problems which arise in his 
daily work. It is not too much to say that, in 
spite of the many wonderful advances which have 
since been made in marine engineering practice, 
the reputation of the manual as a safe and reliable 
guide has not only been maintained but has actually 
increased, thanks to the ability of the author to 
supply from his own extensive experience that 
knowledge of design and construction, and especially 
of the application of science and of scientific research 
which has been so conspicuous a feature of recent 
development. 

As the triple and quadruple reciprocating engine, 
together with the cylindrical boiler, continue to be 
generally used in the mercantile marine, they 
naturally occupy a prominent position in the book. 
But for ships of large size and of the higher powers, 
as in the Navy, the steam turbine, especially of the 
geared type, has fully justified its adoption, and for 
the higher boiler pressures required for turbine 
drives the water-tube boiler becomes necessary. 
More recently the heavy-oil engine has been adopted 
in an increasing number of cargo ships of low and 
moderate power, and for large full-powered passenger 
ships making long voyages. The metallurgist has 
succeeded in greatly improving the physical charac- 
teristics of both ferrous and non-ferrous material 
for the use of the marine engineer. 

To enable these important matters to be included, 
several new sections and appendices have been 
added from time to time, bringing the number of 
chapters in the book up to 31, with more than 900 
pages and 370 illustrations. Although the author 
is at great pains to illustrate the application of 
theoretical principles to design, the book is of an 
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essentially practical character, only the simplest 
mathematics being used. The author rather seeks 
to show that the economic side of engineering is a 
predominating factor in everyday calculations, and 
that the designer must, above all, possess some 
knowledge of the relative values of the many factors 
which have to be taken into account in the solution 
of problems with which he has to deal. Engineers 
who are in any way interested in marine engineering 
can ill afford to be without this valuable book. 








THE WELLAND SHIP CANAL. 
IV.*—(continued.) 


THE original contract was let for Section No. 3 in 
October, 1913, and considerable headway was soon 
made with various parts of the work. The plant 
collected by the contractors included several steam 
shovels and dragline machines, locomotives, and 
other stock. When work was suspended in 1916, 
the large plant was dismantled, and, between that 
time and the end of the war, a good deal of the 
smaller plant was sold. In 1919, therefore, when 
it was thought possible to recommence, the first 
work was the making good of these deficiencies, 
including the relaying of some 10 miles of railway. 
At the time, it was impossible to procure deliveries 
of new plant, with the result that second-hand 
material had to be purchased, all of which had to 
undergo overhaul before it could be put into com- 
mission. This occupied a good part of the 1919 
season, and in September the labour troubles 
referred to in previous articles supervened and 
work was not recommenced till. July, 1920. On 
the restarting of work after the war, it was estimated 
that about 55 per cent. of the excavation had been 
done in Section No. 3, and about 5 per cent. of the 





* The first part of Article IV appeared on page 7 ante. 





concrete putin. Section No. 4 had not been started, 
but work coming under the heading of Section No. 
4A, mainly concerned with parts of the Beaver Creek 
and Davis Creek culverts already dealt with, and 
the construction of a supply weir connecting the 
present and the old canals not far from the guard 
gates site, had formed the subject of a pre-war 
contract, which was brought, as previously stated, 
to a successful conclusion without interruption. 
The culverts coming within this contract consisted 
of the lengths of both the Beaver Dam Creek and 
Davis Creek culverts extending between and con- 
necting culverts then existing, and carrying this 
drainage under the present and old canals, as 
described and illustrated in our last article. It will 
be recalled that the area enclosed by these canals 
on this reach has now been filled in, and the 
culverts carry the flow under this made land. 
Section No. 31s estimated to have involved about 
2,932,000 c. yds. of excavation in rock and 5,156,000 
c. yds. in earth, as well as the placing of 1,512,000 
c. yds. of concrete. Under the pre-war contracts 
and post-war arrangements, work had progressed 
so far that early in 1922, when unit-price contracts 
again became possible, there remained about 
932,000 yards of rock excavation and some 
2,207,000 yards of earth to be removed. Con- 
creting had not progressed very far, for the reason 
that most of the concrete was required in the flight 
of twin locks, and excavation for these was not 
completed. In 1922, about 1,317,000 yards still 
remained to be placed. In Section No. 4, the total] 
rock excavation required was put at 802,000 c. yds., 
and earth excavation at 3,318,000 c. yds. The 
amount of concrete work involved was some 
117,000 c. yds., this section thus comprising much 
smaller works, as will have been evident from what 
has been said earlier. Of these quantities, by 1922, 





ConstTRUCTION OF Twin Locks Nos. 4 IN PROGRESS, SHOWING CoNCRETING TOWERS. 


but no rock, and only 1,700 c. yds. of concrete 
placed. -Early in 1922 the then existing cost- 
plus-percentage contract was determined and a new 
contract on unit-price basis awarded. The new 
contract was entered into with Messrs. P. Lyall 
and Sons Construction Company, Limited, of Mon- 
treal, for the completion of both Sections Nos. 3 
and 4, the two being worked together. 

When the work on Section No. 3 was started, 
in 1913-14, excavation was commenced at the 
upper levels and work pushed on on the site of 
Locks Nos. 6, and opened up lower down on the 
sites of Locks Nos. 5 and 4, in succession, somewhat 
later. This had the result that when the present 
contract was signed, excavation amounting to 
95 per cent. of the total had already been accom- 
plished at twin Locks Nos. 6, some 83 per cent. at 
twin Locks Nos. 5, and about 32 per cent. at twin 
Locks Nos. 4. 

Concreting had not progressed very far by this 
time. At twin Locks No. 6 all that had been placed 
consisted of small parts of the main walls, but most 
of the upper entrance walls. At the site of twin 
Locks Nos. 6, under the original contracts, a covering 
of from | ft. to 6 ft. of shale had been left over the 
bottom levels. This was drilled and blasted in 
1921, and, after cleaning up, a certain amount of 
concreting was done, including much of the lock 
floors and footings for the side walls, about 6} per 
cent. of the total being then placed. The shallow 
drilling made this excavation very costly. The 
Department was engaged during this year on the 
construction of additional concreting plant, including 
three 150-ft. concreting towers, two of which were 
for use at the flight of locks, and one for use at 
Lock No. 7. Before they were completed, the con- 
tract with Messrs. Lyall was entered into, and the 
completion of the erection of the two towers in 











some 506,000 c. yds. of earth had been removed 


Locks No. 6 was pushed on by the firm. 
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These towers, which are well illustrated ane Fig. 82, 
Plate XIV, Fig. 84, Plate XV, and also Fig. 80, page 
101, weresteel structures, each consisting of two hoist- 
ing towers 6 ft. 6 in. by 7 ft. 1 in. attached to opposite 
sides of, and supported by, a main brace tower 30 ft. 
square. The whole was carried on a base 47 ft. 
square, built of joists, and this was mounted on 12 
double-flanged cast-steel wheels 36 in. in diameter, 
the track having a gauge of 33 ft. 9} in. The axles 
were spaced at 6 ft., 11 ft. and 19 ft. respectively 
on either side of the tower centre. The track 
consisted of standard 100-Ib. rails, on tie plates, 
and spiked to 12-in. by 12-in. timbers bolted to 
the concrete floor. The height of the tower above 
the rail level was 150 ft. The hoisting towers 
were designed to carry a loaded 2 cub.-yard skip, 
a movable hopper of 2 cub. yards capacity, and a 
14-in. Lakewood trussed chute, 50 ft. long, suspended 
from the bottom of the hopper on a horizontal 
roller bearing, with a cable support from the outer 
end to the top of the tower. After the towers 
had been in use for some time the 50-ft. chute 
on the side nearest to the centre wall was replaced 
by a 60-ft. boom chute. Provision was made at 
three panel points of the main tower, to mount 
50-ft. derricks on all four corners for handling 
form panels and loads up to 2 tons. Each unit 
with its equipment weighed about 240 tons. 

The towers were self-propelled at a speed of 
30 ft. per minute. The travelling motor was a 
50 h.p. slip-ring machine, running at 750 r.p.m., 
and located on the base. Through reduction gearing, 
this motor drove a 24-in. sprocket at 6 r.p.m. 
From this the drive was taken by chain to a 48-in. 
sprocket on one of the extreme track wheels. 
Other 48-in. sprockets were attached to the outer 
ends of the extreme axles and were coupled by 
chains to distribute the drive. The main driving | 
chain was built up of links of 6 in. by 2} in. by 
} in, plates and 1} in. pins. 

Concrete was delivered into a 12 cubic yard 
hopper on the side of the tower. This hopper 
discharged into a 2 yard hoisting skip, supplying 
two 2 cubic yard hoppers attached to the face of 
the tower nearest the centre wall. One of these 
was fixed, and was only for the purpose of trans- 
ferring concrete by chute to a 12-yard hopper 
on the side wall face of the tower, for feeding the 
hoisting skip on that side. The other, as well as 
a 2 cubic yard hopper on the side wall face of 
the tower, was movable vertically and carried the 
distributing chutes. Each hoisting tower had a 
double drum hoist driven by a 75-h.p. motor, 
one drum handling the skip, the other being used 
for raising or lowering the tower hopper. The 
derricks were worked by separate motors. The 
motors were 25-cycle 550-volt machines. 

The third tower, intended for use at Lock No. 7, 
was actually not used there, having been erected 
and used in the west chamber of Locks No. 6, 
after one of the two original towers had been 
blown over the breast wall between Locks Nos. 6 
and 5 in the spring of 1923. 

The concreting plant shown in Fig. 81, Plate XIV, 
was erected on the lock chamber floor at the south 
end of Locks No. 6, and consisted of hoppers 
receiving supplies from an elevated track, mixers 
and hoisting towers from which chutes supplied 
concrete direct to nearby work, on 8 cubic yard 
hopper cars which took supplies to the towers 
as they moved north. The plant itself is shown in 

Fig. 81, Plate XIV, and the distribution in Fig. 83, 
Plate XV. In the later stages of the work, when 
the towers were employed in Locks Nos. 5 and 4, 
the hopper transfer cars ran the concrete to the 
end of Locks No. 6, where it was dumped into 
similar cars on the lower level of Locks Nos. 5, 
this operation being repeated a second time when 
the work on Locks Nos. 4 was in progress. Fig. 85, 
on this page, shows a transfer point between one 
chamber of Locks Nos. 6 and Locks Nos. 5. 

The concreting of the east wall and of the lower 
parts of the centre and west walls was done with 
the aid of wooden panel forms, 12 ft. by 20 ft., as 
is well shown in Figs. 80 and 84. They do not call 
for special remark. For large portions of the work, 
however, Blaw-Knox travelling forms were em- 
ployed. These will be described in our next article. 

(To be continued.) 
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CONTINUING our account of the principal 
exhibits at the above, we may now referto a 
particularly serviceable type of aircraft exhibited 
by Messrs. S. E. Saunders, Limited, of East 
Cowes, Isle of Wight, in the form of a four- 
seater cabin flying boat to which the appropriate 
name “ Cutty Sark ” has been applied. Side and front 
views of this machine are reproduced in Figs. 29 and 
30 on Plate XVI. It has been designed to meet 
the requirements of firms opening up new air routes 
in districts unprovided with landing grounds, but 
possessing land-locked harbours or navigable rivers, 
and.also for private owners, passenger carrying for 
hire, aerial photography and fire-fighting services. 
Every endeavour has therefore been made to reduce 
maintenance costs and first cost, and secure adapt- 
ability to the varving conditions of service. The 
machine is primarily intended for use as a flying 
boat, but, as it may sometimes be necessary to 
provide for landing on an aerodrome, arrangements 
have been made for amphibian gear to be fitted if 
required. The machine has a maximum speed of 
105 m.p.h., and a cruising speed of 85 m.p.h., while 
the main dimensions are as follow :—Wing span, 
45 ft.; wing area, 320 sq. ft.; length overall, 
34 ft. 4 in.; height, 11 ft. 2 in.; length of hull, 
32 ft.; and beam of hull, 4 ft. The weights and 
loadings are: Weight empty, 2,375 lb.; weight 
loaded, 3,500 Ib.; fuel and oil, 365 lb.; normal 
load, 760 lb.; wing loading, 10-9 lb. per square 
foot; and power loading, 16-6 lb. per horse-power. 

The power unit may be any engine or engines 
developing a total of about 200 horse-power, but 
the example exhibited is provided with two 105 
horse-power Cirrus Hermes engines, mounted as 
tractors in separate nacelles above the wing as 
clearly shown in Fig. 30. The power loading, 
given above, is lower than usual for a machine of 
this size, and the makers regard this as an important 


feature for a machine intended for use where repair 
and mechanical facilities are difficult to provide. 
The engines are started from the cabin by the 
Heywood starting system, which consists of a small 
compressor driven by one of the engines, a com- 
pressed-air reservoir, petrol vaporisers, and the 
necessary engine distributors and remote controls. 
This enables the engines to be started by the pilot 
without leaving his seat. The main fuel tanks are 
mounted in the wing, and from these petrol is 
pumped to gravity tanks behind the engines. 

The wing consists of a single full cantilever unit, 
built and covered entirely with wood and three-ply, 
this method of construction having been adopted as 
the most suitable for the service for which the 
machine is intended. Incidentally, it may be 
mentioned that, as the wing is watertight, it is 
capable of supporting the whole weight of the 
machine in the water in the event of an accident. 
The tail plane, elevators and rudder are of welded- 
steel construction, and are covered with fabric ; 
the fin, however, is built up from the tail of the 
hull in Duralumin as will be clear from Fig. 29. The 
hull, the form of which is also well shown in Fig. 29, 
is built up of Alclad-protected Duralumin, and the 
stabilising floats are constructed of the same 
material. The cabin is completely enclosed. A 
sliding window is provided on the starboard side, 
and a section of the roof on that side is also made 
to slide transversely, so as to give easy access to 
the cabin. The whole of the front, sides and roof 
of the cabin are of triplex glass or Cellon. 

A feature of the design intended to assist 
manceuvring on the water is the provision of flap 
drogues hinged on to the step on each side of the 
hull. These drogues, which are spring loaded and 
can be actuated from the pilot’s seat, are used as 
brakes to reduce the taxying speed on the water 
which, owing to the low resistance of the hull, 
tends to be too high with the two engines running 
at a speed sufficient for effective air control ; steering 
may also be assisted by means of the flaps. As 





already mentioned, the hull is constructed of 
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Alelad-protected Duralumin which is highly resistant 
to corrosion, but it is further protected by a coating 
of cellulose lacquer, both inside and ontside, the 
same lacquer being used on the wings and other 
parts. All steel is either stainless or cadmium 
plated, and all aluminium and Duralumin parts are 
treated by the anodic-oxidation process. 

The Spartan light aeroplane, exhibited by Messrs. 
Simmonds Aircraft, Limited, Weston, Southampton, 
was designed by Mr. O. E. Simmonds in the summer 
of 1928, the first machine being completed just in 
time to take part in the King’s Cup race of that 
year with practically no preliminary trials. The 
machine, however, completed the course of 1,100 
miles and subsequently flew non-stop from Croydon 
to Berlin in 7 hours 10 minutes, with a passenger, 
making the ‘return journey in under six hours. 
These two journeys, we understand, constitute 
record non-stop flights for a light aeroplane with a 
pilot and passenger, and it may be of interest to 
mention that the running cost for petrol and oil 
worked out to practically 4d. per mile. 

The machine is made as a two-seater and a 
three-seater land biplane, and one of the former 
type is illustrated in Fig. 31 on Plate XVI. An 
outstanding feature of the design is the high degree 
of interchangeability that has been secured by 
making all the wings and ailerons identical, the 
two elevators identical with the rudder, the main 
flying wires interchangeable and the left chassis 
identical with the right. The number of spare 
parts to be stored has thus been reduced to five, 
viz., main plane, aileron, fin, rudder and chassis. 
The normal flying weight of the machine is about 
1,300 lb., but it carries the full aerobatic certificate 
of airworthiness for a total load of 1,680 Ib., thus 
leaving a substantial margin for severe handling. 
For special long-distance flights, however, the 
machine may be loaded with fuel up to a total 
weight of 2,200 lb., the range then being nearly 
3,000 miles. 

The general features of the design can be seen 
from Fig. 31, and the main dimensions are :— 
Span, 28 ft. 7 in.; length, 23 ft. 11 in.; height, 
9 ft. 3 in.; width folded, 9 ft. 5 in., and wing area 
240 sq. ft. Fitted with a Cirrus Mark III engine, 
the maximum speed at ground level is 100 m.p.h., 
the cruising speed being 80-85 m.p.h., and the 
stalling speed 40 m.p.h., while the time taken to 
climb to 5,000 ft. is 104 minutes. At the maximum 
total loading for aerobatics, which is 1,680 lb., as 
already mentioned, the wing loading works out to 
7 Ib. per square foot, and the power loading to 
17-7 lb. per horse-power. Either a 20-gallon or a 
30-gallon petrol tank can be fitted and, with the 
former, the range is 320 miles at cruising speed. 

The three-seater machine is of similar design to 
the foregoing and the same spares and components 
are employed. The front of the fuselage is, how- 
ever, of different design, the two passengers being 
accommodated in a large front cockpit and the pilot 
in a separate cockpit aft. A Cirrus Hermes engine, 
developing 115 horse-power, is fitted in this machine, 
which has a maximum speed of 107 m.p.h, a 
cruising speed of 95 m.p.h., and a stalling speed of 
44 m.p.h. 

The exhibit of Messrs. A. V. Roe and Company, 
Limited, Newton Heath, Manchester, consists of 
four machines, of which that known as the Avro Ten 
is a commercial aeroplane of the high-wing mono- 
plane type, capable of carrying eight passengers in 
a closed cabin. The power plant consists of three 
Armstrong-Siddeley Lynx engines, giving the machine 
a maximum speed of 115 m.p.h., a cruising speed of 
100 m.p.h., and a rate of climb, from ground level, of 
675 ft. per min. The main dimensions of the 
machine are: Span, 71 ft. 3 in. ; length, 47 ft. 6 in. ; 
height, 12 ft. 9 in.; and wing area, 772-3 sq. ft. 
It is of composite construction, the fuselage and 
empennage being of welded steel and the wing of 
wood. The gross weight is 9,921 lb. A similar but 
smaller machine, known as the Avro Five, has 
accommodation for four passengers, and is equipped 
with three Armstrong-Siddeley Genet Major engines. 
This machine has a span of 47 ft., a length of 
35 ft. 9 in., a height of 9 ft. 6 in., and a wing area 
of 333 sq. ft.; its gross weight is 4,420 lb. The 
maximum and cruising speeds are the same as those 
of the Avro Ten, but the rate of climb is higher, being 





750 ft. per min. The fuel capacity of both machines 
is sufficient for flights of 4 hours’ duration. 

The well-known Avro Avian, also shown, is a two- 
seater biplane suitable for touring or elementary 
training work, and can be supplied either as a land 
plane or seaplane. Several long-distance flights have 
been made on the Avian machine, including one from 
England to Australia, which was accomplished in 
record time. A single Armstrong-Siddeley Genet 
Major engine is fitted, and this gives the machine a 
maximum speed of 102 m.p.h., a cruising speed of 
87 m.p.h., and a rate of climb of 750 ft. per min. 
The gross weight of the machine, which has a welded- 
steel fuselage and wooden wings, is 1,600 Ib., 
and its principal dimensions are: Span, 28 ft. ; 
folded width, 9 ft. 6 in. ; length, 24 ft. ; and height, 
8 ft. 6 in. The remaining exhibit of this firm isa 
service machine, known as the Avro Antelope, a 
photograph of which is reproduced in Fig. 32, on 
Plate XVI. This machine is primarily intended for 
duty as a high-performance day bomber, but its 
high speed, good manceuvring properties and other 
characteristics render it suitable for fighting, 
reconnaissance and general purposes. Of the two | 
wings, the lower plane is of smaller span and chord | 
than the upper plane, and Frise ‘type ailerons are 
fitted to the latter only. The upper plane is attached 
to a cabane, in the form of an inverted Vee, in frunt 
of the pilot’s cockpit, and at the point of attachment 
the wing spars are tapered so that the section offers 
but slight obstruction to the pilot’s view. This pro- 
perty is enhanced by the fact that the deck slopes 
in a forward and downward direction, and is rounded 
on each side, as shown in Fig. 32. Another point 
which may be mentioned in this connection, is that the 
main planes are slightly swept back and staggered, 
and, owing to the smaller chord of the bottom plane, 
its leading edge is well behind that of the upper 
plane, giving the pilot a clear view in the downward 
direction. 

The fuselage is of metal construction, consisting 
mainly of Duralumin channelling with a covering 
of plates of the same material riveted on. The main 
planes are also of all-metal construction, the spars 
and ribs being of Duralumin and the fittings of 
stainless steel; the covering is of doped linen. 
Welded-steel tube construction is employed for the 
tail unit, and provision is made for the incidence of 
the tail plane to be altered in flight by means of a 
handwheel in the pilot’s cockpit. The tail skid is a 
leaf spring fitted with a wearing shoe of chilled 
cast iron, rebound being damped out by the friction 
between the laminations. The engine mounting is a 
structure of welded-steel tube, and is isolated from 
the fuselage by a fireproof bulkhead. The main fuel 
tank and the gravity feed tank are situated in the 
fuselage immediately behind the fireproof bulkhead. 
For cooling the engine, which is of the Rolls-Royce 
F XI B type, developing 538 h.p. at 2,250 r.p.m., 
a honeycomb radiator is mounted in a tunnel formed 
at the bottom of the fuselage, the usual shutter 
being provided to enable the cooling effect to be 
varied. With this engine, the machine has a maxi- 
mum speed of 170 m.p.h. at 5,000 ft., a cruising 
speed of 145 m.p.h., and a landing speed of 63 m.p.h., 
the duration, at the cruising speed, being four hours. 
The rate of climb is 1,500 ft. per min. at 3,000 ft., or 
100 ft. per minute at the service ceiling of 20,000 ft., 
the absolute ceiling being 21,500 ft. The following 
are the main dimensions: Span of upper wings, 
36 ft. ; span of lower wings, 32 ft.; chord of upper 
wings, 7 ft.; chord of lower wings, 5 ft.; gap, 
5 ft. 4 in. ; overall length, 31 ft. 2 in. ; and height, 
10 ft. 9 in. The total weight of the machine empty 
is 2,687 lb., and the useful load 1,852 lb., so that the 
total weight fully loaded is 4,539 lb. This gives a 
power loading of 8-4 lb. per horse-power, and since 
the area of the main planes, not including the 
ailerons, is 377 sq. ft., the wing loading amounts to 
12 lb. per square foot. 

Of the exhibits of Messrs. The Blackburn Aero- 
plane and Motor Co., Limited, Brough, East York- 
shire, we have selected for illustration one of the 
firm’s all-metal Bluebird light aeroplanes, and one 
of their Lincock machines, also of all-metal con- 
struction; photographs of these machines are 
reproduced in Figs. 33 and 34 on Plate XVII. 
The Bluebird machine, Fig. 33, is, we believe, the 
first British all-metal light aeroplane, and is the 





only machine of its class with side-by-side seating. 
It is designed for the private owner, or for flying 
club or training purposes. The fuselage is com- 
posed of four detachable units, viz., engine mounting, 
centre and cockpit structure, rear fuselage, and 
tail unit. The power plant may be a Cirrus III, 
De Havilland Gipsy or Armstrong-Siddeley Genet 
engine, the engine mounting being of steel tubular 
construction for the “in-line” engines and of 
Duralumin plate for the Genet engine. The:centre 
and cockpit structure is composed of four main 
steel tubular longerons with Duralumin transverse 
frames, and the rear fuselage, which is also of the 
four longeron type, has four steel tubular spars all 
of the same length and section. The fuselage joints 
are steel-plate fittings with tubular rivets through 
the longerons and struts, and the tail unit is of 
similar construction with a steel tubular sternpost. 

The wings, which have a span of 30 ft., a chord 
of 4 ft. 6 in., and an area of 270 sq. ft., are made 
to fold up into a width of 9 ft. 10 in., and ailerons 
are fitted to the bottom wings only. Fittings are 
provided on the upper plane for the attachment of 
Handley-Page type auto slots. The centre section 
of the top plane forms a tank of aerofoil section, 
and can be easily removed when the wings are 
folded ; the capacity of the standard tank is 22 
gallons. The main spars are of steel, of a special 
drawn section, and the tail plane and elevators are 
of similar construction to the main planes, except 
that the spars are of tubular section. Tail-trim- 
ming gear is fitted, and the rudder is balanced. 
The wheel chassis is of the divided type, consisting 
of two bent axles and radius rods hinged outwards 
from the centre line of the machine, and two 
telescopic struts incorporating a metal springing 
device with oil dash pots. When used as a seaplane, 
the float chassis consists of a steel tubular structure 
without bracing wires, supporting two Duralumin 
floats. 

The length of the machine is 23 ft. 2 in., the 
height 9 ft. and the normal gross weight 1,496 Ib. 
As a land machine, with a Cirrus III engine, the 
wing loading works out at 6 lb. per square foot, 
and the normal power loading to 16-2 lb. per horse- 
power. Under these conditions, the top speed is 
107 m.p.h. and the cruising speed 82 m.p.h., the 
landing speed being 44-5 m.p.h. With the tank 
capacity mentioned above, the normal range is 
330 miles. The firm’s exhibit includes a Bluebird 
machine in skeleton form, one of the main planes 
uncovered to enable its design and construction 
to be seen, and an interchangeable float chassis, 
which can be fitted to enable the machine to be 
used as a seaplane. 

The Lincock machine illustrated in Fig. 34 on 
Plate XVII, was originally designed as a high- 
performance light single-seater fighter, but is 
now supplied with various power units so that it 
can be employed for other duties such as training, 
fast mail carrying, customs or police work, forest- 
fire patrol, &c. The model exhibited is fitted with 
an Armstrong-Siddeley geared Lynx engine, de- 
veloping 225 horse-power, which gives the machine 
a maximum speed of 155 m.p.h., with a cruising 
speed of 130 m.p.h., and a landing speed of 60 m.p.h. 
The climb from ground level is at the rate of 
1,450 ft. per minute and the service ceiling is 
20,000 ft., the absolute ceiling being 22,000 ft. 
The main dimensions, &c., are as follow: Span, 
22 ft. 6 in.; chord, 4 ft.; wing area, 170 sq. ft.; 
gross weight, 2,000 lb.; wing loading, 11-3 Ib. 
per square foot ; power loading, 8°9 lb. per horse- 
power; length overall, 19 ft. 6 in.; and height, 
7 ft. 10 in. 

The fuselage, in this case, is composed of three 
detachable units, viz., engine mounting, centre 
and cockpit structure, and rear fuselage. The 
former consists of a Duralumin-plate frame with 
steel-plate corner stiffenings, and the fuselage 
proper is composed of four steel-tube longerons, 
with a detachable joint behind the cockpit. No 
welding or wire bracing is used in the fuselage, 
except in the first bay, where wire bracing is em- 
ployed to enable the petrol tank to be easily re- 
moved. All vertical, horizontal and diagonal 
struts in the fuselage are steel tubes and are joined 
by steel-plate fittings with bolts through the 
longerons and tubular rivets through the struts. 
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- Below the centre structure is a vee framework | fuselage into a width of 9 ft. 10 in. The full span is 
of steel tubes, the apex of which forms the attach- | 34 ft. 2 in. and the wing area 189 sq. ft., while the 
ment for the bottom planes and chassis. The | length and height of the machine are 20 ft. 7 in. 
latter is of generally similar design to that of the| and 8 ft. 4 in., respectively. Two petrol tanks, one 
Bluebird machine, except that the telescopic struts in the centre section and one in the fuselage, are 

. are of the oleo-pneumatic type. A feature of the | carried, and their combined capacity of 30 gallons 


construction is that the bottom planes can be) 
..removed or erected without disturbing the chassis. 
Brakes are fitted to the wheels. 

Another interesting machine exhibited is the 
Ripon II torpedo plane, which is shown equipped 
for military duties, except that the armament is 
omitted. The machine is, ‘however, designed for 
the alternative duties of torpedo work, bombing 
or reconnaissance, and can be used either as a land 
plane or a seaplane, the wheel and float chassis 


gives a flight duration of 74 hours, corresponding 
to a distance of about 620 miles. The maximum 


| total weight of the land machine exhibited is 1,477 lb., 


of which 617 Ib. is useful load ; the wing loading thus 
amounts to 7:8 lb. per square foot, and the power 
loading to 16} lb. per horse-power. The maximum 
speed is 106 m.p.h., at ground level, and 99-5 m.p.h. 
at a height of 3,000 metres (9,840 ft.), the stalling 
speed at 500 metres. (1,640 ft.) being 37 m.p.h. 
The climb to 1,000 metres, (3,280 ft.) occupies 








being interchangeable. Either all-metal or com-|5 mins. 15 sec., to 2,000 metres (6,560 ft.) 13 min. 
_ posite construction can be used, the example | 25 sec., and to 3,000 metres (9,840 ft.) 24 min., the 
exhibited being of the latter type. The machine absolute ceiling being 5,400 metres (17,700 ft.). 
is a two-seater and is fitted with a Napier Lion XIA | We shall deal later with the A. 50 type engine with 
engine developing 530 horse-power, but a Bristol which this machine is fitted. 
Jupiter engine can be fitted as an alternative. Two service machines forming part of the exhibit 
The overall length is 36 ft. 9 in. and the height | of Messrs. The Gloster Aircraft Company, Limited, 
13 ft. 44 in., while the wing dimensions are: Span, Sunningend Works, Cheltenham, are of a semi- 
45 ft. 6} in.; span, folded, 18 ft. Ofin.; chord, | secret character, so that few particulars of their 
8 ft. 3 in.; and area, 720 sq. ft. The gross weight, design and construction are available for publication. 
as a torpedo carrying land machine, is 7,282 lb., One of these machines, viz., the Gloster Gnatsnapper, 
the wing loading being 10-7 ib. per square foot, | we illustrate in Fig. 36, on Plate XVII. It isa single- 
and the power loading 12-8 lb. per horse-power. | seater biplane, of all-metal construction, designed 
The top speed, at ground level, is 132-5 m.p.h.,| for use as a ship plane, but is readily convertible 
the cruising speed 115 m.p.h., and the landing into a seaplane. It is fitted with a Bristol Mercury 
speed 59 m.p.h. The Ripon II, it may be remarked, Series II engine, and weighs 3,800 Ib. fully loaded. 
has recently been adopted by the Air Ministry in| The span and chord of the top plane are 33 ft. 6 in. 
succession to the Blackburn Dart, which has been and 5 ft. 6 in., respectively, the corresponding 
the standard torpedo-plane of the Royal Air Force | figures for the bottom plane being 30 ft., and 5 ft. 
since 1920. '34 in. The total wing area, including the ailerons, 
One other exhibit of the Blackburn Company | is 360-5 sq. ft., and the wing loading is therefore 
which should be mentioned before passing on is; 12-46 lb. per square foot. The other service 
the hull of the Nile merchant flying boat, which! machine referred to is an all-metal single-seater 
provides accommodation for 14 passengers, a fighter, designed to climb rapidly to high altitudes 
crew of three persons, and a load of luggage and and to maintain a high speed at those altitudes 
mails. The Nile machine is a three-engined mono-, with good manceuvring powers. The engine, in 
plane, of all-metal construction, designed for long- | this case, is of the Bristol Mercury Series ITA type, 
distance transport of passengers and goods oversea. | and the total loaded weight is 3,269 Ib. The wings 
The design provides for three Bristol Jupiter | have a span of 32 ft. 9} in., and a chord of 5 ft. 3 in., 
engines, developing 490 horse-power each, to be | the total wing area being 300 sq. ft., which gives a 
carried in nacelles fixed into the leading edge of wing loading of 10-88 lb. per square foot. 
the wing, the span of which will be 100 ft., while The Gloster Survey machine, also exhibited by 
the maximum chord will be 17 ft. and the minimum the firm, as its name implies, has been specially 
chord 9 ft. The wing area is 1,500 sq. ft. and the | designed to meet the requirements of aerial-survey 
gross weight 20,700 lb., so that the wing loading | work, and is usually fitted with two Bristol Jupiter 
works out at 13-8 lb. per square foot and the! XI commercial-type engines, developing 465 h.p. at 
power loading at 14-1 lb. per horse-power. The 2,000 r.p.m. It is of metal construction throughout, 
maximum speed is given as 107 knots, the cruising and special care has been taken in the design to 
speed 87 knots and the landing speed 52 knots. |render the materials suitable for withstanding all 
Examples of both aircraft and aero engines | climatic conditions. The fuselage is constructed 
constructed by Messrs. Aeronautica d’Italia, S.A.,|in three detachable sections, mainly of steel and 
of Turin, are being exhibited by their London house, | Duralumin, suitably braced and faired with fabric 
Messrs. Fiat (England), Limited, 43-44, Albemarle- and panelling. The two front portions are con- 
street, Piccadilly, W.1, but, for the moment, wejstructed of square-section tubing with simple 
propoge to confine ourselves to the aircraft, which is | flat-plate joints, and the rear portion is built up of 
represented by a two-seater monoplane designed | circular-section tubing with joints of the pressed 
for scouting and training purposes and known as the | wrapper-plate type. The wing spars are of high- 
Fiat A.S.1. It is fitted with the firm’s A 50 engine, | tensile steel of the firm’s patented design, which, they 
which is of the static radial air-cooled type claim, is specially suitable for thick wing sections, 
developing 85-90 brake horse-power, and is supplied | and bridge pieces are formed in order to receive the 
either with a land undercarriage or with floats for | Duralumin rib sections, which are attached by bolts 
use as a seaplane; Fig. 35, on Plate XVII, shows the and can easily be replaced if damaged. In fixing 
machine equipped for the latter purpose, although the fabric to the ribs in the slipstream of the propel- 
‘ that at Olympia is of the former type. ler, the fabric is first placed in position with a layer 
The main structure of the fuselage is of composite | of tape, and rustless wire is then threaded through 
wood and metal construction, the stream-lining | eyelets formed in the rib, the wire being locked 
being of three-ply, except at the nose, where it is of | under the heads of the bolts which secure the 
Duralumin. The engine-bearer is of Duralumin | leading and trailing edges. This method of fixing 
tubes arranged as a jouble-cantilever bracket, | the fabric, we may mention, has been in use for 
terminating in a nose cap of Duralumin sheet, to | some years and has been found entirely satisfactory. 
which the engine is attached by four bolts. The tail| A monoplane tail is fitted, and the incidence can 
unit is built up of wood, with the exception of the | be adjusted from the cockpit for various speeds and 
main members of the elevators and rudder, which | conditions of loading. The rudder and fin are of 
are of oval-section Duralumin tube. A three-leaved | metal construction and the rudder control is designed 
laminated steel spring forms the tail skid of the|so that the position of the rudder can be adjusted 
land machine and the undercarriage, which is of the | by the pilot, from either seat, to provide directional 
rigid type, is built up entirely of Duralumin tubes. | trim if either of the engines is out of action. - A point 
The shock absorber is fitted on the front legs of the | in connection with the undercarriage should be 
carriage, and is composed of a set of rubber blocks | mentioned, viz., that it.is arranged in halves, each 
separated by Duralumin discs and enclosed in a/ part forming a triangulated Vee structure. This 
stout tubular container. arrangement eliminates the usual long axle lying 
._ The wings are of the semi-cantilever type, of wood | close to the ground, which is unsuitable for landing 
construction, and are arranged to fold back along the | in rough places. The shock absorbers are of the 





oleo type, and are arranged so that the first impact 
of landing is taken on an oil dashpot, the shocks 
due to taxying being taken on rubber buffers in 
compression. 

The overall length of the machine is 48 ft. 6 in., 
and the height 18 ft. 9 in., the wing span being 61 ft. 
and the chord 9 ft. The total wing surface is 1,025 
sq. ft., and the total load 8,570 Ib., so that the wing 
loading is 8-36 lb., and the power loading 9-2 Ib. 
per horse-power. With the normal loading, the 
maximum speed, at 1,000 ft., is 131 m.p.h., and 114 
m.p.h., at 20,000 ft., while the stalling speed is 
47 m.p.h. 

A feature of considerable historical interest 
exhibited by the firm in conjunction with their 
associated company, Messrs. The Steel Wing 
Company, Limited, is a selection of steel wings 
covering a period of 12 years of development in the 
use of corrugated metal strip for wing construction. 
The earliest wing shown, forthe old B.E.2.D. machine, 
was designed as far back as 1917, and was used in 
considerable quantities during the later stages of the 
war. The collection also includes wings for the Avro 
504K, designed in 1918, for the Aldershot, designed 
in 1923, and for other well-known machines, as 
well as wings of quite recent design for the Westland 
Wapiti and the De Havilland Moth. For the last- 
mentioned machine, the wing spars are of box type, 
of corrugated high-tensile alloy steel strip, and the 
ribs are formed as single-piece pressings of alu- 
minium. The wing is 13 ft. 11 in. in length, with a 
chord of 4 ft. 4 in., and weighs, without the covering, 
30 lb. 

Another interesting exhibit on this stand is the 
Gloster Hele-Shaw Beacham variable-pitch airscrew, 
which was described by Dr. H. S. Hele-Shaw and 
Mr. T. E. Beacham in a paper read before the Royal 
Aeronautical Society in April of last year, the paper 
being reproduced, in abridged form, on page 489 of 
volume cxxv of ENe@rNeeRING. Considerable im- 
provements have been carried out in the latest type 
of this airscrew, of which diagrammatic drawings 
are reproduced in Figs. 37 to 41, on Plate XVIII. 
It will be seen that the working cylinder, which was 
formerly on the front of the hub, has been trans- 
ferred to the interior of the hub shell, which gives a 
lighter and simpler arrangement and reduces the 
cost of production. In the new design, the motion 
of the cylinder is transmitted directly to the blades 
and not through tie rods, as was formerly the case, 
and although the hub shell is made in two parts 
as before, the outer clamping bolts have been 
replaced by a conical nut firmly gripping the 
two parts of the hub which is fitted with a tapered 
band corresponding to the internal face-of the nut. 
This alternation renders unnecessary certain difficult 
milling operations, the parts now being simply 
turned. 

Referring to Fig. 37, A represents the airscrew 
hub carrying the blades B; and B,, which are 
mounted so that they can rotate in the hub, the 
centrifugal forces being taken on ball-thrust races. 
The airscrew shaft C drives the hub through 
splines, and a piston D is rigidly attached to the hub 
so that the oil ports in the piston, numbered 1, 2 and 
3 in Fig. 39, communicate with corresponding holes 
in a projecting boss of the hub. The cylinder E, in 
which the piston D works, is arranged to slide in an 
axial direction, and projections on the cylinder, in 
which the blocks O, and O, work, as shown in Fig. 38, 
engage with the blade crankpins 1; and 1,, as 
shown in Fig. 39. It will be seen that, with this 
arrangement, the blades will be turned round when 
the cylinder is moved. Surrounding the projecting 
hub boss is a fixed sleeve R, which forms a connec- 
tion between the pipes 1, 2 and 3 and the corres- 
ponding ducts in the hub and piston. 

To effect the movement of the cylinder, oil is 
admitted on one side of the piston and withdrawn 
from the other side by means of the pump shown on 
the right of Fig. 37. The pump §, which is also 
shown in Figs. 40 and 41, is driven by the engine 
and has three radial cylinders, which revolve about 
the axis, while the pistons U revolve about 2n 
adjustable eccentric crankpin T. In Figs. 40 and 4!, 
the crankpin is shown in its two extreme pistons 
above and below the axis of rotation of the cylinders, 
the adjustment of the crankpin being made by 
means of the rod V. Two pipes connect the pump 
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with the sleeve R, and branches from these pipes 
lead to a box containing the non-return valves 
Li and L,, which communicate with an oil tank. 
With the cylinders rotating in the direction of the 
arrow in Fig. 41, in which the crankpin is above the 
centre line, oil will be pumped into pipe 1 and with- 
drawn from pipe 2, the direction of flow being reversed 
when the crankpin is below the centre line, as in Fig. 
40. The actual position of the crankpin is controlled 
by a centrifugal governor K, Fig. 37, the governor 
being driven by the engine and moving the crankpin 
by theleverH. The arrangement of the governor is 
such that, when the engine speed is normal, the 
crankpin coincides with the pump axis and no 
displacement of oil takes place. An increase in the 
engine speed has the effect of raising the crankpin 
and supplying oil to the cylinder, so that the blade 
pitch is increased, the effect of this movement 
being to reduce the engine speed owing to the 
increased torque. A reduction of engine speed has 
the reverse effect, but actually the arrangement will 
keep the engine revolutions constant. To enable 
the pilot to vary the engine speed at will, the spring 
M, the tension in which can be adjusted by the 
handwheel N, is provided, and this enables any 
desired engine speed to be maintained constant. 
It should finally be pointed out that, when the 
cylinder reaches the end of its travel, ports P; and 
P,, Fig. 37, are opened to connect the pressure 
pipes to the oil tank, and thus excessive pressures 
are avoided. 

One other exhibit to which attention should be 
directed is the Gloster-Straussler petrol pump, which 
we illustrate in Figs. 42 to 440n Plate XVIII. This 
pump, which can work in any position, has the 
particular advantage that it has no packings or 
glands, and forms an entirely closed and jointless 
circuit, so that there is no possibility of leakage. 
It is of the direct-feed type, pumping petrol from 
the supply tank through a single pipe line directly 
into the carburettor, the needle valve of which 
regulates the quantity delivered. The pump may be 
driven off any reciprocating or rotating part of the 
engine, the speed being immaterial, provided that 
the capacity at the lowest speed is sufficient to 
supply the engine. Figs. 42 and 43 show two 
methods of driving the pump, by an eccentric and 
by means of the valve-tappet rod, respectively. In 
either case, the movement imparted to a bell-crank 
lever extends a flexible metallic cylinder, the 
construction of which will be clear from the illus- 
trations, drawing petrol into the cylinder, the de- 
livery stroke being made by the extension of a spring 
which is compressed by one arm of the bell-crank 
lever during the suction stroke. A flexible-diaphragm 
dome is provided to render the delivery uniform, and 
a vacuum chamber is fitted on the suction side to 
give continuity of flow. The maximum stroke is 
} in., although that recommended is ¥ in., at which 
the delivery is 85 gallons per hour when the pump 
makes 1,150 strokes per minute. Metallic valves 
of the spring-hinged type are employed, their 
design being clearly shown in Fig. 44. 

It should here be pointed out that the spring 
employed for the delivery stroke must be calibrated 
to suit the needle valve of the particular carburettor 
with which the pump is to be employed. The pres- 
sure exerted by the spring should be just sufficient to 
lift the needle valve off its seat, and, when properly 
adjusted, the fuel delivery is automatically controlled 
by the engine requirements. This is due to the 
fact that the flexible cylinder remains extended if 
the pump capacity exceeds the quantity delivered, 
so-that the suction stroke does not then take place. 
The pump | will- draw. against a suction head of 
15 in. of» mercury,’ which ,corresponds to a 23-ft. 
head of petrol, and its dimensions are 4} in. by 
5} in. by 6 in. ; its weight is under 3 lb. 

A small single-seater light aeroplane. of the 
cabin type which should be particularly economical 
to run, since it employs a “Scorpion” Mark II 
engine, rated at only 34-40 h.p., forms part of 
the exhibit of Messrs. A.B.C. Motors, Limited, of 
Walton-on-Thames. A front view of this machine, 
which is known as the Robin, is given in Fig. 48 on 
Plate XIX, from which it will be seen that it is a 
monoplane, each half of the wing being braced by a 
pair of struts connected at a single point to the 
bottom of the fuselage. The latter is of the box 





type,” of rectangular- section .throughout, the four 
spruce longerons being covered with thin plywood 
and light formers being employed at intervals to 
retain the shape. The engine plate is also of stout 
plywood and is attached to the longerons by steel 
fittings. The forward part of the fuselage, between 
the engine plate and the cabin, has diagonal bracing 
of steel tubes, and in the upper part of this the 
petrol tank, which has a capacity of 8 gallons, is 
housed. Its height above the engine is sufficient 
to enable a gravity feed to be employed. 

The wing section used is known as R.A.F. 34» 
and the spars are of solid spruce formed to an 
I section. The ribs are also of spruce, and the 
covering is of doped fabric. The tail is of normal 
design and construction, and the design of the 
undercarriage can be followed from an inspection 
of Fig. 48. The main dimensions of the machine 
are as follow: length, 17 ft. 7 in. ; span, 25 ft. 4 in. ; 
width, folded, 11 ft. 8 in.; chord, 4 ft. 6 in.; height, 
5 ft. 9 in.; and wing area, 97 sq. ft. The permis- 
sible gross weight for the certificate of airworthiness 
is 680 lb., and the maximum speed is given as 
105 m.p.h., the cruising speed being 85 m.p.h. 
The latter would be obtained with the engine de- 
veloping only 24 h.p., at which the petrol consump- 
tion would be about 2 gallons per hour, so that 
over 40 miles would be covered per gallon. 

Messrs. A.B.C. Motors, Limited, are the designers 
and manufacturers of the Scorpion engine, which 
is installed on the machine above described, and 
also forms part of their exhibit. This engine, 
a photograph of which is reproduced in Fig. 45, on 
Plate XVIII, is of the twin-cylinder horizontally- 
opposed, air-cooled type, specially designed for use 
on light aeroplanes. As will be seen from the 
figure, the crankcase is made in one piece and is 
cast integrally with the induction manifold which, 
from its position, serves the double purpose of 
heating the mixture and cooling the oil. The 
connections between the inlet port and manifold 
are made by cast-aluminium elbows, a rubber 
joint being provided at the crankcase end of the 
elbow to allow for cylinder expansion. The 
cylinders, the bore of which is 4-015 in., while the 
piston stroke is 3-6 in., are machined from the 
solid bar, the fins being formed integrally. The 
cylinder heads, which are of cast iron, with numerous 
cooling fins, are detachable, and the inlet and 
exhaust valves fitted in them are identical in 
size. Two sparking plugs are fitted in each head 
for dual ignition, which is provided by a B.T.-H. 
magneto of a special design. By removing the 
nuts from the cylinder foot studs and those fixing 
the induction pipe to the crankcase, the whole 
cylinder unit, including the induction pipe, can be 
removed to expose practically the whole of the 
working parts for inspection. The valves are 
operated by rockers and tubular tappet rods, the 
rockers being mounted on hollow pins forming oil 
reservoirs, 

The crankshaft is machined from a high-tensile 
steel stamping, and the connecting rods are also 
formed from stampings of the same material. 
The pistons are of aluminium alloy, and are fitted 
with two gas rings and one oil-scraper ring. The 
big-end bearings are of the plain floating-bush type, 
the bushes being of bronze. Oil is supplied to the 
big-end under a pressure of 40 lb. to 60 lb. per 
square inch, by means of holes drilled through the 
crankshaft. All other bearings are of the ball or 
roller type, the ball thrust bearing being located 
between two roller bearings at the forward end 
of the crankshaft. The camshaft has one inlet 
and one exhaust cam to serve the two cylinders, 
so that timing is simplified; roller-type tappets 
bear on the cams and work in duplex plain bearings. 
Oiling is on the dry-sump system, both a pressure and 
scavenge pump being provided. The pumps, which 
are of the rotary type, are located on the rear 
cover of the crankcase. A Zenith double-choke, 
triple-diffuser type of carburettor is employed, 
and an exhaust heater, connected by pipes with 
gas-tight joints to the exhaust elbows, is fitted on 
the air intake. 

The normal output of the engine is 34 horse-power 
at 2,300 r.p.m., but it is capable of developing a 
maximum of 40 brake horse-power at 2,750 r.p.m. 
for short periods. The petrol consumption is given 
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as 0-52 pint per brake horse-power hour and the 
oil consumption as 0.04 pint per brake horse-power 
hour. The weight, complete with magneto, 
carburettor and propeller boss, is 109 Ib., and the 
main dimensions are: width overall, 32- in.; 
height overall, 26 in.; and distance from engine 
plate to front of propeller boss, 15} in. 

The A.B.C. Hornet engine, shown in Fig. 4€ on 
Plate XVIII, and also forming part of the exhibit 
of this firm, may be described as a double Scorpion 
engine, although it gives rather more than double 
the horse-power of the latter, viz., 75-brake horse- 
power at 1,875 r.p.m. An important feature of 
the design is that many of the parts of the Hornet 
engine are interchangeable with those of the. Scor- 
pion, so that the number of spares to be carried 
in stock, when both engines are employed, is reduced. 
The cylinders, which it will be seen from Fig. 46 
are arranged in two pairs opposing each other, 
are of the same bore as those of the Scorpion 
engine, viz., 4-015 in., but the piston stroke is 
4-8 in., as compared with 3-6 in. In general, 
however, the designs of the two engines are similar 
and the same materials of construction are used 
in each case. The maximum power of the Hornet 
engine is 82 brake horse-power at 2,175 r.p.m., 
and the petrol consumption is 0-53 pint per brake 
horse-power per hour. The consumption of lubricat- 
ing oil is 0-035 pint per brake horse-power per 
hour, and the weight of the engine complete is 
225 lb. or 3 lb. per horse-power on normal power. 
The width and height are the same as those already 
given for the Scorpion engine, but the distance 
from the flanges of the engine bearers to the front 
of the propeller boss is 26} in. in the case of the 
Hornet engine. 

A useful and efficient form of light monoplane, 
specially designed to meet the requirements of the 
private owner, or for photographic and surveying 
work, is being exhibited by Messrs. Desoutter 
Aircraft Co., Limited, Croydon Aerodrome, London, 
S.W. The machine, shown in Fig. 47, Plate XIX, 
is known as the Desoutter three-seater sports coupé, 
and is fitted with either a Cirrus Mark III engine, 
developing 85-95 horse-power, or a Cirrus Hermes 
engine rated at 105-115 horse-power. The mono- 
plane type of aircraft has the advantage for the 
private owner that the view of the pilot and 
passengers is less restricted, the access to the cabin 
is facilitated, and there are no bracing wires. The 
machine is of wood construction, and the wing, 
which is of the semi-cantilever type, is covered with 
plywood, the spars being of box section made from 
spruce laminations. The engine mounting is built 
up of steel tubes braced with diagonal tubes and 
attached to the fuselage longerons by means of 
steel plates; it is separated from the cabin by a 
fireproof bulkhead. The cabin contains a seat in 
front for the pilot and a wide upholstered seat at 
the back for two passengers. There are sliding 
windows on each side and an opening celluloid 
panel in the roof, which serves as an emergency 
exit as well as for the admission of light. A note- 
worthy feature of the design is the undercarriage, 
which is 10 ft. 6 in. in width, thus rendering landing 
safe on uneven ground ; the fact that the wing is 
mounted above the fuselage also assists in this 
direction. Another advantage of the wide under- 
carriage is that the machine, when on the ground, 
will not be blown over in a strong wind, 

The design of the undercarriage is such that the 
landing loads are taken on vertical struts, in which 
rubber compressor rings are incorporated, and are 
not transmitted to the spar. The whole weight 
of the engine, fuselage, passengers, etc., is carried 
in tension by diagonal flying struts, which transmit 
it to the vertical chassis legs. It should be men- 
tioned that the fuselage is not directly connected 
to the wing, although the design prevents relative 
lateral movement. The wing is theoretically free 
to bend at the centre, the whole weight of the 
machine being carried from the four points under- 
neath the wing to which the main flying struts are 
attached. These struts and the whole of the under- 
carriage are constructed of steel tubes of streamline 
section. The fuselage is built on spruce longerons 
kept apart by spruce formers, which have plywood 
corner gussets, the whole being covered with ply- 
wood and thus forming a strong box girder, well 
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adapted for resisting torsional stresses. The con- 
struction of the tailplane is similar to that of the 
wings, already described, but the elevators and 
rudders are constructed of steel tubing with steel 
ribs and are covered with fabric. The petrol tank, 
which holds 21 gallons, is fitted in the centre section 
of the wing, the feed being by gravity. The tank, 
it should be noted, is completely insulated from the 
cabin by the plywood covering of the wing, and 
by the plywood forming the ceiling of the cabin, an 
airspace being left between the cabin ceiling and 
the lower surface of the wing; the petrol pipes are 
all located outside the fuselage. 

The wing span of the machine is 35 ft. 6 in. and 
the chord tapers from 5 ft. 9 in. to 4. ft. 5 in., the 
wing area being 190 sq. ft. The length overall is 
27 ft. and the height 7 ft., while the weight, empty, is 
980 Ib. Since the machine has a British airworthi- 
ness certificate for 1,730 lb. for normal flying, the 
disposable load ‘s 750 lb. With the Cirrus Mark IIT 
engine, the maximum speed is 102 m.p.h., and the 
cruising speed 86-88 m.p.h., the landing speed being 
42 m.p.h. The normal range, with the tank capacity 
mentioned above, is about 400 miles. 

The premier position which this country holds 
in the design and construction of light aircraft 
must, we think, be largely ascribed to the success 
of the De Havilland Gipsy-Moth machine, which 
holds the world’s records for both altitude and speed 
in its class, and has other records, as well as numerous 
long-distance flights, to its credit. The machine, 
which is shown at Olympia by Messrs. De Havilland 
Aircraft Company, Limited, Stag-lane Aerodrome, 
Edgware, Middlesex, as an open landplane, as a 
coupé landplane, and as an open seaplane, is now 
two well known to require description here, but the 
general features of its design can be seen on refer- 
ence to Fig. 12, on Plate XI, published with our 
last week’s issue, which shows a standard machine 
fitted with amphibian gear designed and constructed 
by Messrs. Short Brothers. 

A more recent production of the De Havilland 
Aircraft Company, viz., the De Havilland Hawk 
Moth cabin monoplane, is illustrated in Figs. 49 
and 50, on Plate XIX, the former illustration 
showing the machine in flight. It carries a pilot and 
three passengers in a closed cabin and is intended for 
private touring, commercial passenger carrying, or 
freight transport. The machine is fitted with an 
Armstrong-Siddeley geared Lynx engine rated at 
240 h.p., and can carry a paying load of 525 lb., 
exclusive of the pilot, with 70 gallons of petrol, which 
is sufficient for a flight of 625 miles. The normal 
fully-loaded weight is 3,500 lb., but the machine 
may be loaded up to 3,800 lb., when the paying load 
would be 825 lb. with the above mentioned tankage, 
or a still greater paying load could be carried with a 
smaller quantity of fuel. The length of the machine 
is 29 ft. 1 in. and the height 9 ft. 6 in., the wing 
data being as follows: span 47 ft., span, folded, 
14 ft. 6 in., chord 7 ft., and area 304 sq.ft. Witha 
total loaded weight of 3,300 lb., the maximum speed 
is 124 m.p.h. at 1,000 ft., and the stalling speed 
53 m.p.h., the rate of climb, at ground level, being 
770 ft. per minute and the service ceiling 14,500 ft. 
This machine can alsc be supplied as a seaplane. 

Much of the success of the Moth aeroplane has 
certainly been due to the design and construction 
of the Gipsy engine with which the machine is 
fitted, and this engine, being made by the De 
Havilland Company, forms part of their exhibit 
at Olympia. One of the engines shown, it may be 
of interest to mention, had the essential parts sealed 
by Air Ministry officials, and has been run under 
normal conditions on a Gipsy machine for a flying 
time of 502-3 hours, with no attention other than 
the routine cleaning of the filter and plugs, the 
checking of valve clearances, and the correction of 
a minor defect in one of the magnetos. At the 
end of this period, the machine was found to have 
a speed of 102-1 m.p.h., and the climb to 10,000 ft. 
occupied 21 min. The engine was than taken out 
of the machine and subjected to a brake test, in 
which the power developed was only 1-9 h.p. less 
than the maximum of 98 h.p. at 2,100 r.p.m. At 
the termination of the exhibition, the engine will be 
replaced in the machine, and the reliability test 
continued. 

Figs. 51 and 52, on Plate XX, are views of the 
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clean exterior and short overall length. Details 
of its design and construction can be followed from 


given in Figs. 60 and 61, respectively, on page 107. 
As will be clear from these illustrations, the engine 
is of the four-cylinder vertical air-cooled type, and 
the cylinders, which are of 114 mm. (4} in.) bore, 
with a piston stroke of 128 mm. (5, in.) are of 
cast iron, deeply spigotted into the crankcase. 
Detachable cylinder heads, of aluminium, are each 
fitted with one inlet and one exhaust valve, the valve 
seatings being of bronze screwed and expanded into 
position. Two sparking plugs are provided in each 
cylinder head, the plugs being screwed into bronze 
adapters in order to obviate damaged threads in the 
head casting from the removal and replacement of 
the plugs. As shown in the illustrations, the 
cylinders and heads have a large fin area, which is 


exhaust ports, as shown in Fig. 52, on Plate XX, 
are arranged on the port side of the engine, and the 
slipstream from the propeller carries the fumes 
away from the cockpit. 


the longitudinal and transverse sections of the engine | 








[JULY 26, 19209. 





engine from opposite sides, and serve to show its the hollow crankpins, and supplies the big-end 


bearings at a pressure of from 30 Ib. to 40 lb. per 
square inch. Small leak holes are provided in, the 
crankpins, from which oil is thrown on to the cylinder 
walls, the oil also serving to lubricate the camshaft 
bearings, tappets, and cams. 

The camshaft, which is driven by spur gears 
from the crankshaft, is carried in five plain bearings 
provided in the upper half of the crankcase, and 
operates the valve rockers through tubular push 
rods of Duralumin having hardened-steel ball and 
socket joints at bothends. The rockers are mounted 
on a steel bracket bolted on the cylinder heads, and 
oscillate on phosphor-bronze bushes. . A vernier 
device is provided in the camshaft gear to permit 
close valve timing, which is facilitated by the 
provision of a pointer on the propeller boss, the 
pointer registering with markings on the front cover 
of the crankcase. In the camshaft-driving train, 


arranged particularly to suit the method of cooling| an intermediate gear incorporates a worm, which 
adopted in the Moth machine. Both inlet andj| drives the magneto cross shaft, the two magnetos, 


which are of the B.T.-H.-A.G.4 type, being mounted 
on platforms on the cover, and being driven through 
Simm’s flexible vernier couplings; an impulsive 
starter is fitted to one of the magnetos. A Zenith 




















The pistons are of the slipper type, of cast- 
aluminium alloy, designed so that the stress from 
the crown is transmitted directly to the gudgeon- 
pin bosses, and not to the skirt. Two gas rings 
and one oil-scraper ring are fitted on each piston, 
and the gudgeon pins, which float in both the 
piston and the small end of the connecting rod, are 
secured at each end by external Circlips and washers ; 
the compression ratio is 5:1. The connecting rods 
are machined from Y-alloy forgings, and a bronze- 
backed white-metal bearing, clamped by two bolts, 
is fitted in the big end. The crankshaft is machined 
from a single forging, and is carried in five plain 
bearings in the crankcase, which is an aluminium- 
alloy casting of very deep section, as shown in the 
illustrations. It is cross-webbed to give stiffness, 
and the main bearings are held in position by 
separate caps which facilitate assembly, overhaul 
and inspection, since the sump can be removed with- 
out disturbing the bearings. The sump is of the 
wet type, holding two gallons of oil, which is sufficient 
for a flight of 15 hours’ duration. Oil is drawn from 
the sump by a gear-type pump, driven from the 
crankshaft, and passed through an adjustable relief 
valve to the pressure oil filter, which contains a 
second release valve to relieve any excess pressure. 
From the bottom of the filter, the oil is fed to an 
internal gallery, and thence, through passages in 
the crankcase, to each of the main bearings ; a small 
feed at the rear end of this gallery supplies the timing 








gears. From the main bearings, the oil passes into 
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48 R.B. carburettor is fitted, and this is situated on 
the port side of the engine, at the centre, as shown 
in Fig. 52, on Plate XX. The location of the 
carburettor with the float chamber outboard is 
that the petrol level in the float chamber is 
unaffected by the angle of the machine when climb- 
ing or gliding; this position, relatively to the 
magnetos, also reduces the fire risk. The portion 
of the steel induction manifold immediately above 
the carburettor is jacketted and heated from the 
exhaust manifold, which is quite close to it, thus 
ensuring efficient carburation. 

As previously stated, the maximum horse-power 
is 98 at 2,100 r.p.m., the normal horse-power being 
90 at 1,900 r.p.m., and the rated horse-power 85 
at that speed. The weight of the engine, complete 
with airscrew boss, is 285 lb., and the petrol con- 
sumption is given as 0-59 pint per brake horse-power 
per hour, or 54 gallons per hour at 5%, full throttle 
with the engine running at 1,900 r.p.m.; at full 
throttle, with the engine running at 2,100 r.p.m., the 
consumption is seven gallons per hour. The con- 
sumption of lubricating oil is about 0-5 pint per 
hour. 

One of the most interesting exhibits in the aero- 
engine section is that of Messrs. The Sunbeam 
Motor Car Company, Limited, Moorfield Works, 
Wolverhampton, the exhibit comprising one of the 
largest and most powerful engines built, viz., one 
of the Sunbeam-Coatalen Sikh Series III engines. 





This engine, which has a rated brake horse-power of 
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9-FT. FREE-DISCHARGE NEEDLE VALVE. 


CONSTRUCTED BY 











Fie. 1. VatvE Bopy From UPrstREAM END. 


described the construction of the Rolls-Royce F type 
engine, in considerable detail, on page 795 of our 
126th volume, so that we need only remind our 
readers that it is of the 12-cylinder vee type witb 
the carburettors fitted into the space between the 
banks of cylinders, giving a particularly neat and 
compact arrangement. The cylinders are of 5-in. bore 
and the piston stroke is 5} in., the engine being rated 
at 490 h.p. and weighing 856 lb. The petrol con- 
sumption is 28 gallons per hour and the oil con- 
sumption 5 pints per hour. The FS engine is 
practically identical with the F type, except that a 
supercharger is fitted, the engine then developing 
480 b.h.p. at an altitude of 11,500 ft. Its weight 
is 905 lbs., and the petrol consumption is given as 
32 gallons per hour. 

A photograph of the supercharger dismantled is 
reproduced in Fig. 59 on page 106. Itis driven from 
the crankshaft through a torsionally-flexible shaft, 
which forms a spring drive, as explained in the 
previous article above referred to. The super- 
charger consists of a high-speed centrifugal fan 
mounted coaxially with the crankshaft at the 
rear of the engine and drawing its air supply through 
the carburettors. The impeller, which is of alu- 
minium alloy with radial blades, is driven by a 
speed-multiplying gear, shown on the left of Fig. 59, 
comprising a system of three planet wheels friction- 
ally driven from a pinion on the crankshaft by means 
of slippers held in engagement with the insides of 
the gear rims by light springs. As the speed of 
rotation of the crankshaft, and therefore of the 
slippers, increases, the radial pressure of the springs 
is augmented by the centrifugal force, so that the 
torque which the planet wheels can transmit increases 
as the square of the speed. As the torque required 
to drive the impeller also increases as the square of 
the speed, the gear can drive the impeller with a 
predetermined margin of torque above that causing 
slip, which is constant throughout the whole working 
range. The object of this special form of friction 
drive is to protect the gearing against damage, which 
would otherwise be caused, by the inertia of the 
impeller, when the engine crankshaft was suddenly 








(For Description, see opposite Page.) 
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accelerated or decelerated. The gear ratio between 
the crankshaft and impeller is 1 : 5-5 in the case of a 
moderately supercharged engine, and is 1 : 10.in the 
case of a fully supercharged engine, the calculated 
impeller speeds being 12,375 r.p.m. and 22,500 
r.p.m., respectively, at the normal engine speeds. 

A twin choke-tube carburettor, of the firm’s own 
design and manufacture, is employed, and is incor- 
porated with the supercharger casing at the rear of 
the engine in a position which does not increase the 
frontal area. The two choke tubes are side-by-side 
on the inlet of the supercharger, and two butterfly 
throttles are provided, one above each choke; the 
jets are of the submerged type, delivering into the 
air stream through diffusers. Two pilot jets and 
small auxiliary diffusers are provided for starting 
purposes and for running with small throttle 
openings, and the points at which they discharge 
their mixture into the main mixture stream are 
adjustable relative to one edge of each throttle 
blade, in order to ensure a smooth change-over as the 
throttles are opened. Control of the mixture strength, 
to suit different altitudes, is effected by hand, by 
means of a conical valve in the fuel passage from the 
float chamber to each jet. 

The HX type engine, of which side and rear-end 
views are given in Figs. 55 and 56, respectively, on 
Plate X XI, is of generally similar design to that of 
the F type, except that the cylinders are of 6 in. 
bore instead of 5 in., and the piston stroke is 6-6 
in. instead of 5} in. The above-mentioned article 
on the F type engine may, however, be referred to 
for the constructional details of tlie HX engine. 
The normal output of the latter is 825 b.h.p. at a 
crankshaft speed of 2,000 r.p.m., the propeller then 
running at 954 r.p.m., since a reduction gear with a 
ratio of 1 : 0-477 is fitted ; the maximum crankshaft 
speed is 2,200 r.p.m. The fuel consumption, at 
normal power and speed, is 53 gallons per hour 
and the consumption of lubricating oil is 9 pints per 
hour. The weight of the engine, including the 
carburettors, magnetos, engine feet, reduction gear 
and airscrew hub, but excluding exhaust boxes, 
radiator, airscrew, oil, fuel and water, is 1,460 lb. 





Fie. 2. Location or Vatve CENTRE Durina ERECTION. 


As mentioned on page 77 ante, where we descripea 
the Nimbus engine shown by Messrs. A.D.C. 
Aircraft, Limited, Regent House, 89, Kingsway, 
London, W.C.2, the exhibit of this firm also included 
a new six-cylinder in-line air-cooled engine, known 
as the Airsix. We now illustrate this engine in 
Figs. 57 and 58, on Plate XXI. It-has been specially 
designed to meet the demand for an_ air-cooled 
engine of medium power, suitable for installation in 
military or commercial aircraft, and the makers 
claim that the patented cooling system adopted 
renders the cylinder cooling at least as effective as 
that of any other type of air-cooled engine. On this 
system, six air chutes, one for each cylinder, are 
so arranged that the chute for each successive 
cylinder from the front projects farther into the air 
stream. The cylinder heads are cooled by air 
entering from the front between the camshaft casing 
and the cylinder heads, and flowing downwards 
through the fins. 

The engine, of which the normal brake horse power 
is 275 at 1,750 r.p.m., and the maximum horse-power 
300 at 1,950 r.p.m., weighs 620 lb., without the 
propeller boss, and the petrol consumption is given 
as 0-58 pint, and the lubricating-oil consumption 
as 0-02 pint, both per brake horse-power per hour. 
The cylinder barrels are of steel with an aluminium 
head bolted on, the cylinder bore being 137 mm. 
(5% in.) and the piston stroke 190 mm. (7} in.); 
the compression ratio used is 5:1. Slipper-type 
pistons, made from solid forgings of Y alloy, 
machined all over, are used, and the gudgeon- 
pin bosses are continued up to the crown. This 
gives good heat conductivity, and the pistons, 
it is stated, remain very cool during prolonged 
running. Fully-floating gudgeon pins are used, 
and the connecting rods, which are of high-tensile 
steel, are machined all over and carefully balanced. 
As will be clear from the illustrations, the camsha‘t 
is driven through a vertical shaft and bevel gearing 
at the rear end of the engine, and is enclosed 
in a casing which is designed as a separate 
unit to facilitate the removal of the cylinders for 
the inspection of the reciprocating parts. The 
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Fig. 3. VALVE DISCHARGING UNDER AN 80-Fr. HEAD. 


camshaft casing is carried by studs screwed into the 
steel portion of the cylinders, and this reduces 
the effects of expansion to such an extent that 
the clearance between the valves and tappets is 
practically independent of the temperature. It 
should also be noticed that the camshaft casing 
is mounted well away from the cylinder heads, 
leaving a large air space above the latter which is 
utilised for cooling them. The exhaust valves are 
operated through tappets actuated directly by the 
cams, the inlet valves being operated through rockers. 
The mixture is supplied by two carburettors, one 
at each end of the engine, as shown in Fig. 57, 
this arrangement tending to reduce the head resis- 
tance, and at the same time giving a good distri- 
bution of gas to the cylinders. In general, it may 
be stated that every effort has been made to reduce 
the frontal area of the engine to a minimum, in order 
to reduce the head resistance and to facilitate the 
development of clean streamlining in the aircraft. 
The actual overall dimensions of the engine are: 
length, 1,775 mm. (5 ft. 10 in.) ; height, 1,108 mm. 
(3 ft. 72 in.); and width between bearer centres, 
436 mm. (1 ft. 5} in.). 


(To be continued.) 








9-FT. DIAMETER FREE-DISCHARGE 
NEEDLE VALVE. 


One of the largest examples of a regulating free- 
discharge needle valve so far made has recently been 
manufactured by Messrs. Glenfield and Kennedy, 
Limited, Kilmarnock, for the Sugarloaf Rubicon Hydro- 
Electric Scheme in Victoria, Australia. The valve, 
which is illustrated in Figs. 1 to 4, on this and the 
opposite pages, is used to by-pass the water from the 

upounding reservoir when the turbines are shut down 
for any reason, since it is essential to maintain a certain 
‘low down the river for irrigation and domestic supply 
below the dam. 

The valve, which is 9 ft. in diameter at the inlet 
end, and 7 ft. 6 in. in diameter at the outlet, 
operates under a maximum head of 185 ft. It is 














constructed of cast steel, and is made in sec- 
tions to facilitate handling and transport to 
the site, as well as to conform with the railway 
loading gauge. Each section is machined and regis- 
tered on the flanges to ensure the exact co-ordina- 
tion of the parts when re-erected on the site. The valve 
is operated by hand power, transmitted by a spur and 
worm geared headstock located on a platform above 
the main casing, as shown in Fig. 4. The drive is 
taken through a vertical shaft passing into the interior 
of the body, to a pinion engaging with a high-tensile 
steel rack attached to the plunger. This operating 
shaft passes through a passage cored in one of the ribs 
supporting the inner casing, as shown in the figure, and 
is thus not exposed to the action of the flowing water. 
By this method of operation, any desired degree of 
regulation can be secured, since the plunger will remain 
stationary in any position in which it is placed, and 
hunting or creeping is impossible. An indicator, con- 
sisting of a fine screw and pointer attached to the 
vertical operating shaft, shows the extent of the 
opening at any time. The power required to operate 
the valve is reduced to a minimum by hydraulically 
balancing the plunger. Rotation of the latter is pre- 
vented by a gunmetal-lined guide bracket, bolted to 
the rear casting, and engaging with a machined slide 
cast inside the plunger. This bracket is shown to the 
right of the vertical shaft in Fig. 4. Particular attention 
has been given to the thorough lubrication of all parts 
of the operating gear, a grease gun, shown in the same 
figure, being incorporated in the headstock. From 
this gun, pipes are led to the pinion bearings on the 
vertical shaft, to the rack teeth, and to the rack guide, 
giving an independent pressure feed to cach bearing. 
The worm gear is totally enclosed in an oil bath, grease 
cups and oil lubricators being provided on all the 
remaining bearings. 

The seat rings are of gunmetal ; the yare of heavy sec- 
tion and are gripped between separate parts of the valve 
to facilitate renewal should occasion arise. A bronze 
liner is provided inside the working cylinder to prevent 
corrosion. Leakage past the plunger into the interior 
of the body is reduced to a negligible quantity by a 
Dexine packing ring, and scour valves are fitted to get 
rid of any dirt or scale that may accumulate, a clear 
passageway, free from all ribs, being provided between 
the lowest part of the cylinder and the scour outlet. 
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In view of the weight and awkward shape of the com- 
ponent sections of the valve, special arrangements 
were necessary for its erection. No ribs are provided 
between the inner and outer cylindrical portions of 
the middle section, the latter being located and rigidly 
held in position by the two end sections, as shown in 
Fig. 4. Special cast-iron saddles, with adjustable screw 
jacks, were constructed for supporting the working 
cylinder and plunger within the valve during the 
bolting up of the middle section with the front and 
rear portions. After this operation was completed, 
the screw jacks were released, and the saddles with- 
drawn between the ribs of the outlet casting, each 
saddle being made in two pieces to facilitate removal. 
Fig. 2 shows clearly how the centre cylindrical portion 
and valve were supported during erection. A view ‘of 
the valve taken during erection in the shops, and 
showing the upstream side, is given in Fig. 1, 

A very valuable and unusual feature possessed by 
this needle valve is the accessibility of all the internal 
parts, for inspection or replacement, without in any 
way disturbing the valve on its foundations, or releasing 
the pressure on the upstream side. To carry out the 
inspection, the plunger is closed on to its seat, thereby 
allowing access to the valve nose. The conical 
capis then removed from the plunger and entrance made 
to the interior through the resulting space. - In. the 
next operation, the thrust of the plunger is transferred 
from the rack to a series of special jacking screws; 
located in countersunk holes between the inside énd 
of the plunger and the internal flange on the rear 
casting. The rack can then be withdrawn ‘through 
the nose of the plunger after unscrewing the retaining 
nut and removing the split thrust collar. Finally, 
the vertical spindles can be withdrawn from outside 
the valve to allow the pinion bushes to be inspected 
and replaced if necessary. The whole of the operating 
gear can thus be removed for inspection and replace- 
ment whenever desired, without emptying the tunnel.or 
penstock upstream of the valve, or in any way inter- 
fering with the normal running of the power station,,."; 

We understand that the valve is giving entire satis+ 
faction in use, the ease of operation being particularly 
noticeable, as it has been found readily within the 
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released, when the valve is discharging 


the complete valve is just under 58 tons. 








LAUNCHES AND TRIAL TRIPS. 


meister and Wain Diesel engines. 


Nakskov, Denmark. 


sions, 485 ft. by 66 ft. by 33 ft. 6 in. Built by Messrs. 
Harland and Wolff, Limited, Govan, for the Union- 
Castle Mail Steamship Company, Limited. 


400 ft. by 52 ft. 6 in. by 30 ft. 6 in. Built by Messrs. 
Barclay, Curle and Company, Limited, to the order of 
Messrs. Biorn Biornstad and Company, Oslo, Norway. 


“Sm JoHun Hawkiwns.”—Twin-screw passenger 
steamer; triple-expansion engines. Trial trip, July 4. 
Main dimensions, 180 ft. by 43 ft. 2 in. by 15 ft. 9 in. 
Built by Messrs. Earle’s Shipbuilding and Engineering 
Company, Limited, Hull, for the Great Western Railway 
Company. 

‘* LANGLEETARN.”’—-Cargo steamer ; triple expansion 
engines, constructed by Messrs. North Eastern Marine 
Engineering Company, Limited, Wallsend. Launch, 
July 5. Deadweight carrying capacity, 9,000 tons. 
Built by Messrs. Palmer’s Shipbuilding and _ Iron 
Company, Limited, Hebburn, to the order of Messrs. 
Medomsley Steam Shipping Company, Limited, New- 
castle-on-Tyne. 

“ ANGLO Saxon.”’—Cargo steamer ; quadruple-expan- 
sion engines supplied by Messrs. North Eastern Marine 
Engineering Company, Limited, Wallsend. Launch, 
July 5. Main dimensions, 426 ft. by 58 ft. by 36 ft. 6 in. 
Built by Messrs. Short Brothers, Limited, Pallion, 
Sunderland, for Messrs. Nitrate Producers’ Steamship 
Company, Limited, London. 


“ CoRBROOK.”’—Coal-carrying steamer ;_triple-expan- 
sion engines supplied by Messrs. George Clark, Limited, 
Sunderland. Launch July 6. Main dimensions, 
265 ft. by 37 ft. 6in. by 19 ft. Built by Messrs. Cowpen 
Dry Dock and Shipbuilding Company, Limited, Blyth, 
for Messrs. Cory Colliers, Limited, London. 


“New WESTMINSTER Crry.’’—Cargo steamer ; triple- 
expansion engines. Trial trip, July 6. Main dimensions, 
400 ft. by 54 ft. 3 in. by 28 ft. Built by Messrs. William 
Gray and Company, Limited, West Hartlepool, to the 
=> Messrs. Sir W. R. Smith and Sons, Limited, 

iff. 


“Ex Amrra Fawzia.”—Twin-screw passenger and 


engines. Launch, July 8. Main dimensions, 286 ft. 
length by 38 ft. beam. Built by Messrs. Swan, Hunter 


tration of the Egyptian Government. 


“* BaRAO DE Mava.”—Barge-loading bucket dredger ; 
triple-expansion engine. Launch, July 8. The vessel 
has been specially designed for work at Pernambuco 


Limited, Renfrew, to the order of the Government of 
the State of Pernambuco, Brazil. 


“ Rosa.”—Twin-screw moter yacht; six-cylinder 
Gardner engines. Launch, July 8. Main dimensions, 
155 ft. 10 in. by 25 ft. by 14 ft. 3 in. Built by Messrs. 
John I. Thornycroft and Company, Limited, South- 
ampton, for Count R. Godo, of Barcelona, Spain. 


“ Locuness.”—Twin-screw passenger and _ cargo 
steamer ; triple-expansion engines. Trial trip, July 9. 
Main dimensions, 200 ft. by 34 ft. by 11 ft. 6 in. Built 
by Messrs. Harland and Wolff, Limited, Govan, for 

essrs. David MacBrayne (1928), Limited Glasgow. 


July 9. Main dimensions, 330 ft. by 47 ft. by 28 ft. 
Built by Messrs. Cammell Laird and Company, Limited, 
Birkenhead, for Messrs. John Holt and Company 
(Liverpool), Limited. 

“Esor WryYke.”—Steel screw trawler. 
July 9. Main dimensions, 14( ft. by 24 ft. by 14 ft. 


Shipbuilding Yard, Selby, for owners, at Hull. 


“* LANGLEECRAG.”’—Single-screw cargo steamer ; triple- 
expansion engine. Trial trip, July 12. Deadweight 
ing capacity, 9,000 tons. Built by Messrs, Palmer’s 
Shipbuilding and Iron Company, Limited, Hebburn, 


Company, Limited, Newcastle-on-Tyne. 

“ Lucutvs.”—Oil-c g motorship ; Diesel engines 
supplied by Messrs. Wallsend Slipway and Engineering 
Company, Limited. Launch, July 19. Deadweight 
carrying capacity between 9,000 tons and 10,000 tons. 
Built to the order of Messrs. The ‘‘ Lucigen ” Steamship 
Saree. Limited, Liverpool, by 
Shipbuilding and Iron Company, Limited, Jarrow. 


capacity of one man. The large amount of energy 
full-bore, can | 
be judged from Fig. 3, which illustrates the valve, | 
when partially open, discharging under a head of only | 
80 feet in the dam. Under maximum discharge con- | Lloyd’s Register Scholarship.—The annual examination 
ditions, the power momentarily dissipated in the jet for the student graduateship of the Institute of Marine 
amounts to more than 52,000 H.P. The weight of | Engineers will be held from April 7 to 10, 1930, at 


“ Atsia.”—Cargo and passenger motorship; Bur- 
i Launch, June 29. 
Main dimensions, 425 ft. by 57 ft. by 36 ft. Built to | 
the order of Messrs. The East Asiatic Company, Limited, 
Copenhagen, by Messrs. Nakskov Shipyards, Limited, 

“ LLANGIBBY CASTLE.”—Twin-screw passenger and 
cargo motorship ; eight-cylinder single-acting Harland- 
B. & W. Diesel engines. Launch, July 4. Main dimen- 


“* Beavrort.”’—Single-screw oil-tank steamer ; triple- | 
expansion engine. Launch, July 4. Main dimensions, | 


troop-carrying steamer; four-cylinder triple-expansion | 


and Wigham Richardson, Limited, Newcastle-on-Tyne, | 
to the order of the Coastguards and Fisheries Adminis- | 


and is capable of dredging to a depth of 46 ft. below | 
water level. Built by Messrs. Wm. Simons and Company, | 


“Goprrey B. Hotr.”—Cargo vessel. Trial trip, | 


Launch, | 


Built by Messrs. Cochrane and Sons, Limited, Ouse | 


to the order of Messrs. Medomsley Steam Shipping | 


essrs. Palmer's | 
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ENGINEERING TRAINING AND 
EDUCATION. 


Institute of Marine Engineers Examinations and 


centres arranged to suit candidates. Engineer appren- 
tices and students who have completed one year of 
their training are eligible as candidates. Application 
to sit at the examination should be made to the secre- 
tary of the Institute not later than March 3, 1930. 
A Lloyd’s Register Scholarship, which is valued at 
1001. per annum, and is tenable for three years at an 
approved university, is also offered for competition. 
The scholarship is open to candidates who are British 
| subjects, the age limit being from 18 to 23. The next 
| examination for the scholarship will be held on May 12 
}and 13, 1930, at various centres. Full particulars 
regarding the student-graduateship examination and 
the scholarship may be obtained from the Secretary, 
| Institute of Marine Engineers, 85, The Minories, London, 
| E.C.3. 


University of Bristol—A prospectus of the Faculty 
of Engineering of the University of Bristol, which is 
provided and maintained by the Society of Merchant 
Venturers in the Merchant Venturers’ Technical College, 
| Bristol, has just reached us. Courses of study in civil, 
|mechanical, electrical, and automobile engineering 
| are available, and particulars of these courses are given 
|in the prospectus. The ordinances and regulations 
| relating to degrees and diplomas in engineering sub- 
| jects are included, and some particulars of the Bristol 
| “sandwich” system of training engineers are also 
| given. Copies of the prospectus may be obtained from 
| the Registrar, Merchant Venturers’ Technical College, 
| Bristol. 


City and Guilds of London Institute——The report 
of the Council of the City and Guilds of London Insti- 
tute shows that, during the 1927-28 session, the City 
and Guilds (Engineering) College was attended by 482 
students. Fifty students passed the final B.Sc. (Engi- 
neering) degree examination of the University of 
London, and the Diploma of Associate of the City and 
Guilds Institute (A.C.G.I.) was awarded by the Council 
to 76 students at the close of the session in July, 1928, 
as compared with 90 in the previous year. The Council 
of the Institute has conferred the distinction of fellow 
| of the Institute on Mr. A. B. Buckley, Mr. A. C. 
| Cookson, Dr. C. V. Drysdale, Mr. M. Solomon, and Mr. 
|G. W. Tripp. It is satisfactory to note that the number 
| of scholarship holders who attended the College during 
| the session under review remains large. The total sum 
| awarded by external authorities during the year in 

scholarships to students of the College was 17,1621. 











| BOOKS RECEIVED. 


| Aeronautical Research Committee. Reports and Memoranda. 
|. ao, 4 A Mechanical Method for Solving Problems 
of Flow in Compressible Fluids. By G.I. Taytor and 
C. F. SHarman. [Price ls. net.] No. 1197. Wing 
Flutter Experiments Upon a Model of a Single Seater 
Biplane. By W. G. A. Perrine. [Price ls. 3d. net.] 
No. 1216. The Lift and Pitching Moment of an Aero- 
foil due to a Uniform Angular Velocity of Pitch. By 
H. Guavert. [Price 9d. net.] No. 1219. Investi- 
gation into the Proposed Use of a Sand-Cast Test Bar 
for Specification Purposes for Aluminium Alloys. By 
W. Rosenuar and §. L. Arcusutt. [Price 6d. net.] 
| No. 1225. Wind Tunnel Tests of a R.A.F.30 Wing 
Fitted with a Self-Setting Slotted Wing (Pilot Plane). 
| By F. B. Braprietp and 8. Scorr Hatt. [Price 
| 9d. net.] No. 1226. The Characteristics of a Tapered 
| 


and Twisted Wing with Sweep-Back. By H. GLAUERT 
and S. B. Gates. [Price ls. net.] No. 1236. The 
Control of the Fokker F VII-3M Aeroplane. Interim 
Report by the Stability and Control Panel, with an 
| Appendix giving Précis of Pilots’ Reports. [Price 4d. 
| net.] London: His Majesty’s Stationery Office. 
| Alberta. Scientific and Industrial Research Council. Report 
| No. 18. The Bituminous Sands of Alberta. Part III.— 
Utilisation. By K. A. CruarK. Edmonton, Alberta: 
| University of Alberta. 
| Catalogue of Lewis’s Medical and Scientific Circulating 
Library. Revised to the end of 1927. London: H. K. 
| Lewis and Company, Limited. [Price 15s. net or, to 
Subscribers, 7s. 6d. net.] 
| Business Profits, Professi and Employ t By 
Cuas. H. Tottey. Second edition. London: Water- 
| _ low and Sons, Limited. [Price 2s. 6d. net.] 

The New Company Lawasit A ffects: A—Private Companies, 
and B—Public Companies. By HERBERT W. JORDAN. 
London: Jordan and Sons, Limited. [Price 4s. 
net. ] 

| Department of Scientific and Industrial Research. Report 

of the Forest Products Research Board for the Period 

ended September 30, 1928. London: His Majesty’s 

Stationery Office. [Price 3s. net.] 

| Applied Geophysics in the Search for Minerals. By 
A. 8. Eve and D. A. Keys. Cambridge: University 
Press. [Price 12s. 6d. net.] 

| Energie und LEnergiewirtschaft. By Ing. F. Broox. 

Vienna: Osterreichischer Ingenieur und Architekten 








[JULY 26, 1929. 


TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing 
date of each tender is stated below. Details may be 
obtained on application to the Department at the above 
address, the reference number given being quoted in 
each case. 


Black Sheets.—The supply of mild-steel black sheets 
of various dimensions. The India Store Department, 
Simla ; August 1. (Ref. No. A.X. 8264.) 


Bucket Elevators.—The supply and delivery of power- 
driven bucket elevators suitable for handling surki 
in a.dry and finely-pulverised form. The India Store 
Department, Engineering Branch, Simla; August 12. 
(Ref. No. A.X. 8267.) 


Water-Pressure Reducing Valve.—The supply of one 
automatic water-pressure reducing valve. The New 
Zealand Public Works Department, Wellington ; Octo- 
ber 8. (Ref. No. A.X. 8272.) 


Watering Carts.—The supply of two motor-driven 
watering carts of from 4 to 5 tons capacity. L’Adminis- 
tration Communale, Ville de Liege, Belgium. (Ref. No. 
A.X. 8274.) 


Trolley Omnibuses.—The supply of trolley omnibuses 
and certain parts of overhead equipment. The Tramway 
Board, Christchurch, New Zealand ; December 1. (Ref. 
No. A.X. 8275.) 


Aircraft-—The manager of a whaling company in 
Oslo, Norway, is considering the purchase of a small 
slow-speed aeroplane with a wide radius. (Ref. No. 
A.X, 8256.) 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—The quantities of Cleve- 
land pig iron available for early delivery are inadequate, 
and local foundries are still using a good deal of 
Midland iron while a small parcel of Luxemburg iron 
is reported to have been purchased for consumption 
in a Teeside foundry. Merchants are still able to sell 
trifling lots of Cleveland pig for early delivery, and such 
parcels command high figures. Forward home sales, 
by both ironmasters and merchants are on a fairly 
good scale, some of the contracts being for delivery as 
far ahead as the end of the year. Export demand is 
very quiet, buyers abroad being still unwilling to pay the 
prices named. Odd sales to the Continent are, however, 
reported. Quotations keep steady and firm. No. 1 
Cleveland is 75s. ; No. 3, g.m.b., 72s. 6d. ; No. 4, foundry, 
71s. 6d.; and No. 4, forge, 71s. 


Hematite.—Home and Continental consumers of East 
Coast hematite continue to accept fairly large supplies, 
and are still buying. Makers have virtually no prompt 
iron to offer, and merchants are not pressing sales so 
persistently as of late. Quotations are moving upward, 
but the rise is very slow, and figures accepted are below 
the cost of production. Ordinary qualities are put at 
75s., and there are buyers who claim that they can shade 
this figure, but, on the other hand, some makers refuse 
to sell below 75s. 6d. 


Foreign Ore.—Delay in deliveries of foreign ore due 
against running contracts is very perturbing. Consumers 
are heavily bought, but just at present they are seriously 
inconvenienced by the shortage of supplies as the result 
of scarcity of steamers. Quotations are at the equivalent. 
of best rubio at 24s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—The situation as regards blast- 
furnace coke is disquieting. The make is being increased, 
but to by no means the extent required, and the threat- 
ened serious shortage is forcing up prices. Durham good 
average qualities readily realise 21s. 6d., delivered to local 
users, and above that figure is stated to have been paid. 


Manufactured Iron and Steel.—The various branches 
of manufactured iron and steel present few new features. 
A few home orders for constructional steel are coming 
forward, and export demands for railway material show 
some little improvement. Production costs are still 
rising and quotations are firm. Common iron bars are 
107. 15s. ; best bars, 110. 5s. ; double best bars, 11/. 15s. ; 
treble best bars, 12/. 5s. ; iron rivets, 111. 10s. ; packing 
(parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 61. 17s. 6d.; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 87. 2s. 6d. ; steel rivets, 111. 5s. ; steel 
ship plates, 8/. 12s. 6d.; steel angles, 8/. 2s. 6d. ; steel 
joists, 87. 2s. 6d.; heavy sections of steel rails, 8/. 10s. : 
black sheets (No. 24 gauge), 101. 5s.; and galvanised 
corrugated sheets (No. 24 gauge), 13/7. 10s. 








AUSTRALIAN ALL-MEeTAL MoNoPLANE.—A monoplane 
built almost entirely of steel has recently been con- 
structed, with the exception of the engine, at the works of 
Messrs. Larkin Aircraft Supply Company, Limited, Coode 
Island, near Melbourne, Australia. The machine 1s 
said to be the first monoplane wholly designed in Aus- 
tralia. It is named the Lacoster, and was designed by 
Mr. W. S. Shackleton, who went to Australia in March 
last. The monoplane has a wing span of 50 ft., and. 
when fitted with a 240-h.p. Siddeley Puma engine, has 
a cruising speed of 80 m.p.h. The petrol capagity 1s 
80 gallons, which enables the machine to make non-stop 
flights of 600 miles. After undergoing test flights, the 





Verein. [Price 3-50 marks.] 


aeroplane will be used on the Hay-Melbourne passenger 
route. 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 
Scottish Steel Trade.—The holiday period in the 
Scottish steel trade is fast drawing to a close, and some 
of the works have again started, while the remainder 


will commence operations next week. Business this | 


week has been somewhat dull as the holiday feeling still 
prevails, but it is learned that a fair number of specifi- 
cations have come to hand. The shipyards have con- 
sumed quite a heavy tonnage of plates during recent 
months, and although the output has been much in 
excess of new tonnage booked, there are still a fair 
number of orders on hand. The prospects for the coming 
winter are, however, not too bright in the different 
shipbuilding areas. Structural steel has been moving 
fairly well of late, but in the general engineering trade, 
with one or two exceptions, the demand for steel has 
been poor. The position in the black-sheet trade remains 
without change, with the light gauges in fairly good 
demand and the heavier sorts dull. For galvanised 
sheets quite a good trade has been passing, and there 
are indications that active conditions will rule during 
the ensuing months. Prices all round remain firm and are 
as follow :—Boiler plates, 10/. 10s. per ton ; ship plates, 
8l. 12s. 6d. per ton; sections, 8. 2s. 6d. per ton; black 
sheets, }-in., 91. per ton; galvanised corrugated sheets 
at (No. 24 gauge), 131. 17s. 6d. per ton; all delivered 
at Glasgow stations. 

Malleable Iron Trade.—In the West of Scotland malle- 
able-iron trade there is as yet little activity, and it will 
be next week before much can be said about the prospects 
for the near future. Specifications have not been 
accumulating to any extent during the holidays, and 
inquiries are only moderate. The re-rollers of steel 
bars are suffering from continental competition, and their 
order books are not very heavy. Current prices are as 
follow :—“‘ Crown ”’ bars, 101. 5s. per ton for home 
delivery and 9/. 15s. per ton for export, and re-rolled 
steel bars, 8/. per ton for home delivery and 7/. 15s. per ton 
for export. 


Scottish Pig-Iron Trade.—A dull tone prevails through- 
out the pig-iron industry of Scotland, and stocks are quite 
ample to meet all calls. There has been a fair demand 
for hematite iron this week but foundry grades are quiet. 
Up to the moment there has been no intimation of the 
re-lighting of any more furnaces. Shipments continue 
poor. The following are the current market quotations :— 
Hematite, 80s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 78s. 6d. per ton; and No. 3, 76s. per 
ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, July 20, amounted to 731 tons. All of the 
tonnage went overseas. During the corresponding 
week of last year the total shipped was 216 tons. 

Shipbuilding.—Messrs. John Brown and Company, 
Limited, Clydebank, have secured an order for the con- 
struction of a twin-screw yacht 250 ft. in length on the 
water line, for Lady Yule. Messrs. G. L. Watson and 
Company, naval architects, Glasgow, are the designers. 


Constructional Steel Contract.—Messrs. Redpath, Brown 
and Company, Limited, Edinburgh, have been successful 
in securing the contract for the constructional steelwork 
for the new Ford motor works at Dagenham, Essex. The 
steelwork is for buildings covering about 25 acres, and 
in order to ensure quick delivery, the four works of 
Messrs. Redpath, Brown will participate, in the order, 
which amounts to approximately a quarter of a million 
pounds. 


WaTER PowWER IN THE OTTAWA RIVER VALLEY.—The 
High Commissioner for Canada in London informs us that 
the Ontario Government has approved of the purchase 
by the Ontario Hydro-Electric Power Commission of the 
Claybank, Stewartville, Burnstown, and High Falls 
power sites in the Upper Ottawa valley. The acquisition 
of these sites will add approximately 100,000 h.p. to the 
available water-power resources of the Commission. 





PERSONAL.—Messrs. David Brown and Sons, Hudders- 
field, Limited, Park Works, Lockwood, Huddersfield, 
have acquired a licence for the Shorter process for the 
surface hardening of gears of all kinds, and have installed 
a complete plant.—Mr. F. T. Rundall has retired from 
active management of the London branch at 222, Totten- 
ham Court-road, W.1, of Messrs. Ferodo Limited, Chapel- 
en-le-Frith. He is succeeded by Mr. F. L.. Harrap.— 
Messrs. Samuel Osborn and Company, Limited, Clyde Steel 
Works, Sheffield, have made arrangements for stocks 
of their Mushet and Double Mushet brands of high-speed 
steel, twist drills, too] holder bits, files and chisels to be 
kept in London at the Selby Engineering Company, 
Limited, 73-74, Chiswell-street, E.C.1. 


STANDARD SPECIFICATIONS FOR ALUMINIUM AND ALU- 
MINIUM ALLOys.—Five new specifications have recently 
been published by the British Engineering Standards 
Association, relating to aluminium and aluminium alloys. 
No. 359—1929, and No. 360—1929, refer to aluminium, 
the former to notched bars and ingots, and rolling slabs 
and billets, of 98 per cent. purity, and the latter to 
notched bars and ingots for remelting purposes, of 
99 per cent. purity. No. 361—1929 deals with 7 per cent. 
copper-aluminium alloy castings for general purposes, 
and No. 362—1929 with a similar alloy but containing 
12 per cent. copper. No. 363—1929 is concerned with 
zinc-copper-aluminium alloys for crankcases, &c.—Com- 
positions and tests are specified. Each may be obtained, 
price 2s, 2d. post free, from the Association’s publication 
department, 28, Victoria-street, London, S.W.1. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel—The heavy trades here have entered 
on a quieter spell. Some of the departments, which 
anticipated financial stringency and out of the profits 
of more prosperous years re-equipped their works 
with modern plant, are operating at considerable pres- 
sure, but for the most part there is a distinct easing 
in activity. This is not confined to any particular 
section, but applies almost generally. In contrast there 
is still a large output of basic steel. Several additional 
furnaces have been lighted at works at Sheffield and 
Penistone, while the Lincolnshire plants are still 
running full time. In raw and semi-finished materials 
no further development of outstanding importance is 
recorded. Pig iron is still scarce, and sales beyond 
September are subject to a premium payment. There 
is a large daily consumption of iron and steel scrap, 
with prospects of the continuation of active conditions. 
Current quotations are as follow :—Siemens acid-steel 
billets, 92. 10s. per ton; hard basic-steel billets, 
71. 12s. 6d. to 91. 128. 6d.; soft basic-steel billets, 71. ; 
Lincolnshire foundry pig iron, 72s. 6d.; Derbyshire 
foundry pig iron, 68s. 6d.; Derbyshire forge iron, 
64s. 6d.; crown iron bars, 11/.; iron hoops, 121. ; 
steel hoops, 9/. 10s. to 10/.; soft wire rods, 8/. 10s. ; 
basic-steel scrap, 67s. 6d. Irregular conditions prevail 
in heavy engineering. Makers of large-scale forged 
drums are well employed, and in turn are finding steady 
occupation for the associated rolling mills. There is 
also a moderate amount of movement in electrical 
equipment, and in plant for the crushing of minerals 
and the disposal of colliery by-products. Business in 
the tool sections is spasmodic. Complaints of price- 
cutting are freely heard, and are not confined to foreign 
competition. 


South Yorkshire Coal Trade.—House coal business has 
suffered a further slump owing to the continuance of 
hot weather. Pits are working short time, but despite 
this, the output is in excess of requirements and surpluses 
are accumulating. The reaction in export trade is 
a feature. Industrial fuel for inland consumption is 
a steady market at recent prices. Deliveries of furnace 
and foundry coke are being made freely to works in 
this country. Quotations :—Best branch hand-picked, 
25s. 6d. to 26s. 6d. ; Derbyshire best brights, 19s. to 21s. ; 
Derbyshire best house, 19s. 6d. to 20s. 6d.; screened 
house coal, 17s. 6d. to 18s. 6d.; screened house nuts, 
15s. 6d. to 16s. 6d.; Yorkshire hards, 15s. to 16s. ; 
Derbyshire hards, 15s. to 16s. ; rough slacks, 9s. to 10s. ; 
nutty slacks, 7s. to 8s.; smalls, 3s. to 5s. 


Contracts.—A contract has just been placed with 
Messrs. General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, for electrical equip- 
ment for the rolling-stock required in connection with the 
Manchester-Altrincham electrification scheme. The line 
is jointly controlled by the London Midland and Scottish 
and the London and North Eastern Railway Companies. 
The contract covers 100 heavy railway motors, each rated 
at 328 brake horse-power, on the one-hour rating, together 
with electro-pneumatic contactor-type control equip- 
ments for 24 motor coaches, 22 driving trailer coaches, 
and 22 trailer coaches. Messrs. General Electric Com- 
pany, Limited, have also secured the contract for the 
supply of some 20,000 Pearl and Clear Osram lamps for 
H.M. Office of Works.—Messrs. Crompton-Parkinson, 
Limited, Guiseley, Leeds, have supplied a 250-kw. rever- 
sible frequency changer for the Bussey coal distillation 
plant at Glenboig. It is installed to supply 50-cycle 
power when the alternators are not in use. When the 
generating plant is in use the frequency changer, reversed, 
supplies 25-cycle current to an adjacent firebrick works. 
The 14 large retorts are each operated by a Parkinson 
Klosd induction motor mounted at the base. Messrs. 
Crompton-Parkinson have also supplied the main and 
distribution switchgear and other electrical equipment.— 
La Société d’Electricité de Paris has ordered from the 
Oerlikon Company, for the extension of their St. Denis 
Power Station, a 75,000-h.p. high-pressure steam turbine. 
During normal working conditions, the steam pressure, 
measured immediately in front of the turbine, amounts 
to from 710 to 850 Ib. per square inch (abs.), while the 
steam temperature ranges from 842 to 900 deg. F. The 
turbine is coupled direct to a three-phase generator 
running at 3,000 r.p.m. The generator develops a 
continuous output of 50,000 kw. at a power factor equiva- 
lent to 0-7 and a pressure of 10,500 volts.—Messrs. John I. 
Thornycroft and Company, Limited, are installing their 
oil-fuel gear in the Blue Star liner under construction 
by Messrs. Cammell Laird and Company, Limited, and in 
two dredgers now building in Holland.—Messrs. Thomas 
Robinson and Son, Limited, Railway Works, Rochdale, 
have received orders for their patent vacuum dust- 
collecting installations from the Southern Madras Railway 
and from the New Zealand Government Railways.— 
Messrs. South Durham Steel and Iron Company, Limited, 
West Hartlepool, who were responsible for the steel 
pipe lines constructed in connection with the Lochaber 
and Maentwrog hydro-electric schemes, have undertaken 
to supply and erect the two high-pressure pipe lines for 
the Grampians hydro-electric scheme. These pipe 
lines are stated to constitute the largest water-gas 
welded steel pipes ever manufactured, and the thickness 
of the pipes ranges from }-in. at the top of the line to 
4}-in. at the lower end. The average length of each 
pipe will be 24 ft. 6 in., and the weight of the 
heaviest pipe is approximately 12 tons. The water 
for driving the turbines will be drawn from Loch Ericht, 
1,150 ft. above sea level. The firm has also supplied 
pipe lines for schemes at Vancouver and Buenos Ayres, 
and in South Africa, India, and China, 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Prospects of more regular working 
in the coalfield have been rendered brighter by a freer 
offering of shipping on the freight market and an 
improved tonnage position. As the result of a large 
number of vessels being chartered the Russian boats 
which were required to transport Welsh coal were 
absorbed in the timber trade. Consequently shippers of 
coal were unable to place stems with collieries. Asa 
result pits, though booked up with orders, were compelled 
to effect temporary stoppages, on account of a shortage 
of onety wagons, and endeavour to sell coals purchased, 
but which could not be lifted. Many exporters are now 
in arrears with their contract deliveries, while new c.i.f. 
business has been considerably curtailed as shippers 
have become nervous of taking the risk of the uncertain 
position of the freight market. This week, however, 
tonnage has been attracted by the high level of rates 
current, with the result that loading activity at the docks 
has been increased and individual collieries much more 
comfortably placed. Supplies of large coal have, 
however, continued excessive to requirements and are 
available on the basis of the minimum schedule. Smalls, 
however, were in good request, and with production 
curtailed by the lessoned output of large, were in short 
supply with prices firmly upheld on the basis of 14s. for 
the best bunker qualities, though, if bought in con- 
junction with large, this price could be discounted by 6d. 
Pressure for supply of sized coals showed no relaxation. 
Free supplies remained scarce, with dry nuts commanding 
up to 25s. and bituminous nuts 20s., while washed duff 
were fully sold and practically unobtainable. In spite 
of the tonnage difficulties shipments of coal and coke at 
the South Wales docks of the Great Western Railway 
Company, in the past week, amounted to 651,280 tons or 
54,000 tons more than in the previous week. The total 
has, in fact, been exceeded on only one occasion this year. 
At Cardiff, shipments were raised from 139,400 tons to 
147,660 tons, at Barry from 164,400 tons to 192,580 tons, 
at Newport from 128,500 tons to 133,570 tons, at Port 
Talbot from 43,400 tons to 52,040 tons, the best aggre- 
gate this year, and at Swansea from 75,000 tons to 82,890 
tons. Penarth was the only docks to show a diminution, 
the figures receding from 46,700 tons to 42,540 tons. 

Docks Traffic.—In the first half of this year the sea- 
borne traffic of the Great Western Railway South Wales 
Docks amounted to 19,506,408 tons, or 1,243,000 tons 
more than in the corresponding period of last year. 
This increase was chiefly due to the expansion in coal 
and coke shipments, which were raised by 1,321,000 tons 
to 15,172,244 tons. Export traffic was raised by 
1,270,000 tons to 16.977,798 tons, but imports reduced 
by 73,000 tons to 2,528,610 tons. Oil shipments were 
lowered by 116,000 tons to 398,043 tons and imports by 
123,000 tons to 467,134 tons, but arrivals of iron ore were 
increased by 154,000 tons to 569,645 tons. 








Luoyp’s REGISTER oF SHtPPING.—The two bulky 
volumes which constitute the 1929-30 edition of Lloyd’s 
Register of Shipping have recently been published. As 
has previously been the case, the Register Book contains 
detailed particulars of all sea-going vessels of the world 
of 100 tons and upwards, and, in addition, data regarding 
the steel and iron vessels trading on the Great Lakes of 
North America. A record of some 32,800 steamships, 
motorships, and sailing vessels is to be found in the 
register. Numerous lists of great practical value to the 
shipping community are contained in the volumes. These 
include: signal letters assigned to all sea-going vessels ; 
shipbuilders and marine engineers in all countries ; 
detailed particulars of dry and wet docks, ports and 
harbours, at home and abroad ; telegraphic and postal 
addresses of firms connected with shipping in all parts 
of the world ; particulars of the speed of merchant ships 
capable of developing 12 knots and upwards; informa- 
tion regarding deadweight and cubic capacities of cargo 
steamers and motorships; and lists of shipowners and 
managers and bulk oil carriers. The figures given in the 
book show that the world tonnage in existence on June 30 
last totalled 68,074,312. Out of this total steamers and 
motorships represented 66,407,393 tons, of which 
20,046,270 tons flew the British flag. In 1914 some 
41-6 per cent. of the world’s steam and motorship 
tonnage was owned in Great Britain and Ireland. Owing, 
however, to the great increase which has taken place 
since 1914 on the tonnage owned abroad, this percentage 
of 41-6 has declined to 30-2. The enormous development 
which has taken place during the past 15 years in the 
utilisation of marine steam turbines and _ internal- 
combustion engines may be gathered from tables given 
in the register book. There are now 1,456 steamers 
totalling over 10,000,000 tons fitted with turbine engines, 
and 3,246 ships of 6,628,102 tons fitted with internal 
combustion engines, as compared with 730,000 tons and 
220,000 tons respectively in 1914. The book is issued 
to subscribers, and the rate of subscription for marine 
insurance companies and public establishments is 
12 guineas per annum for a single copy, and six guineas 
per annum for each additional copy. If the copies are 
periodically posted with additions and corrections in 
type, the subscription for each copy is 20 guineas per 
annum. For other subscribers the charge is 10 guineas 
per annum for each copy which is kept posted throughout 
the year, and six guineas for copies not so posted. 
Supplements containing the necessary additions and 
corrections are issued at intervals, and are supplied to 
subscribers not resident in London and not having their 
copies regularly posted. In this manner the information 
in the Register Book is maintained correct at all times, 
a feature which obviously enhances its utility. The 
offices of Lloyd’s Register of Shipping are at 71, Fen- 
church-street, London, E.C.3, 
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PLATE XV. 





| THE WELLAND SHIP CANAL, CANADA. 


MR. ALEX. J. GRANT, M.E.LC., ENGINEER-IN-CHARGE. 


(For Description, see Page 101.) 
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Fie. 83. CoNcRETE DISTRIBUTION ARRANGEMENTS FOR Twin Locks CONSTRUCTION. 





ee; 
= 


Ss 
: 


“a 
"4 a, 


tS Le 






— 


— 


’. 





aw 





Be | 
: 








* 








Pig. 84. Twin Locks UNDER CoNSTRUCTION, SHOWING SHUTTERING AND CONCRETING TOWER. 
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Frias. 37 to 41. Derraits or GLosteER HELE-SHAW BEACHAM VARIABLE-PITCH AIRSCREW ; 
Messrs. GLOSTER AIRCRAFT CoMPANY, LIMITED. 
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Fies. 42 to 44. GLosTER-STRAUSSLER FurEL Pump ; 
Messrs. GLosterR AIRCRAFT CoMPANY, LIMITED. 
































Messrs. A.B.C. Motors, LIMITED. 








Fie. 45. 34-40-H.P. “Scorpion” AERO ENGINE ; Fic. 46. 75-82-H.P. “Hornet” Agro Encine; Messrs. A.B.C. Motors, 
LIMITED. 
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TRADE WITHIN THE EMPIRE. 


THE primary object of the proposals for stiffening 
the already substantial tariff of the United States 
was not probably to strengthen the economic ties 
of the British Empire. Nevertheless, as announced 
last month by Mr. J. A. Robb, the Canadian Minis- 
ter of Finance, they have been followed promptly 
by communications from the Canadian Government 
to the Governments of the Dominions, urging the 
need for the development of a far wider trade 
within the Empire than exists already, and a pro- 
posal has now been made by the Governments of 
Canada and Australia that an Imperial Economic 
Conference should be held to concert measures 
for this purpose. The British Government has 
welcomed the’ proposal, and it is hoped that, 
as the Australian Premier has suggested, such 
a Conference may attack the problems of Im- 
perial trade relations and the development of 
Imperial resources with the same effect as the 
Imperial Conference of 1926 solved those of the 
constitutional relations. The United States an- 
nouncement has been, however, only the occasion 
of this movement, and not its cause. For many 
years past the Dominions and Colonies have 
shown a growing sense that the best use cannot 
be made of the resources of each of them without 
a much closer co-ordination of their economic efforts 
and those of the Mother Country. The request 
of the Australian Government for the despatch of 
the British Economic Mission, which followed on 
the Imperial Conference of 1926, was a sign of this 
feeling, and in our issue of December 9, 1927, we 
drew attention to the need of Canada for the co- 
operation of this country, and to the opportunities 
for British trade in that Dominion, if they were 
taken in time. The preferences in favour of British 
goods given in the tariffs of Australia, Canada, 
South Africa and New Zealand show, moreover, in a 
concrete form, which has been of great value to 
British industry, that the Dominions are willing to 





make material sacrifices to promote their trade with 





ferences in favour of Imperial produce may not be 
as large in the aggregate, nor do they constitute, 


7 | a8 is shown in the report of the Empire Marketing 


Board, just issued, the most valuable part of the 
economic advantages to the Dominions from the 
British connection. Those who have received them, 
however, who are best able to judge of their value 
to the Dominions in the circumstances of their 
industries, agree in attaching a high importance to 
them, and it is unfortunate that, almost at the same 
moment as the suggestion for the Conference is 
published, the Chancellor of the Exchequer should 
have announced his intention of removing the duties 
through which the largest part of these preferences 
have become possible. 

Never, perhaps, has a British Government had 
an equal opportunity of arriving at a common policy 
for the entire Empire, framed with the express 
object of promoting mutual trade. In each part 
of the Empire, however, the disposition which has 
made the. opportunity is necessarily the resultant 
of varying opinions. At the present time this 
resultant force is acting everywhere in favour of 
finding a way in which the resources of all parts 
of the Empire should be combined to the advantage 
of each part. Well-conceived measures concerted 
under its influence are likely to find a stable position 
in the economic systems of the countries concerned, 
with an effect which may be felt throughout them 
for generations. to come. The undeveloped re- 
sources of the Dominions and Colonies are attractive 
to other countries besides Great Britain, and if ways 
are not found for proceeding with their development 
through British assistance, the opportunity now at 
our disposal will pass to one or other of those 
countries, and is not likely to be neglected. The 
German treaty with South Africa illustrates the sort 
of danger to which schemes for linking up the 
Empire economically are exposed, and these dangers 
are the greater because they arise not merely from 
the ebb and flow of conflicting opinions not yet 
resolved into a settled policy, but still more from 
the growing need of the Dominions concerned for 
co-operation with some other country, which can 
bring them the advantages they do not themselves 
possess. It is therefore the more to be regretted 
that the British Government should have adopted 
an attitude in respect to Empire preferences 
which is already being resented in the Dominions 
and Colonies, and is little calculated to lead to 
the. success of the Conference. The amount of 
the duties in which the other countries of the Empire 
are interested, though the withdrawal of the pre- 
ferences based on them would be a serious threat 
to the prosperity of the industries concerned, is 
not so large as to justify a peremptory change, such 
as the language of the Chancellor of the Exchequer 
seems to foreshadow. Doubtless in the last resort 
each constituent legislature of the Empire is free to 
adopt what tariff it chooses, but it does not seem 
tactful for the British Government to decide on a 
change of minor importance to its own country but 
of considerable consequence to other parts of the 
Empire, while contemplating a round-table con- 
ference on Imperial economics. To decide first on 
a change and then to discuss its effect is a kind of 
looking-glass procedure, which is not wholly cour- 
teous, and it may be hoped that before the Conference 
meets better counsels will have ‘prevailed. 

It would he the more regrettable that the Con- 
ference should meet under any such disadvantage, 
because it appears likely that, by the withdrawal 
of the safeguarding and McKenna duties, British 
industries will be losing material advantages in 
their competition with other countries, and must 
become the more dependent on obtaining an 
increased outlet for their manufactures. Without 
now discussing the merits of these duties, or insisting 
on the remarkable manner in which prices and 
outputs in the industries affected have falsified 
the predictions of their critics, it may be admitted 
that, as Mr. Graham has remarked, tariffs do not 
increase the aggregate production or trade of the 
world. Opinions may differ about the conditions in 
which nevertheless they may be desirable, or 
how a Government, which professes to be seek- 
ing to remedy unemployment by promoting, in 





the words of the Lord Privy Seal, the manu- 
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facture in this country of what now is imported, 
can abolish the safeguarding or McKenna duties 
prudently or consistently. It can hardly be 
doubted however, that, if they are practicable, 
measures which do not so much redistribute 
the world’s production among scrambling com- 
petitors, as increase the volume of its products and 
the trade in them, have a more certain and per- 
-manent effect. In the proceedings of the Confer- 
ence, therefore, the more important measures should 
be those by which the financial resources, technical 
skill and industrial facilities of the United Kingdom 
are applied to the undeveloped resources of the 
Empire. 

Equally with preferential duties, they will pro- 
vide employment for manufacturers and for those 
who use their products, but in addition they will 
tap fresh sources of wealth in the countries under 
development, and lead to a permanent increase in 
the opportunities for employment there by the estab- 
lishment of fresh industries. They operate not by 
altering the distribution of employment and wealth 
but by giving more to divide, and provide fields 
which can be extended to meet the demands of 
the future as well as to satisfy those of the present. 
The measure, for example, introduced by Mr. 
Thomas, for providing the means of assisting in 
the development in the Colonies must be welcomed 
not only as a statesmanlike and broadminded 
method of attacking unemployment, but as a sub- 
stantial contribution to the well-being of the 
Empire. The value of such enterprises depends 
doubtiess on the discretion with which they are 
chosen, as well as on the energy and skill with which 
they are administered, and it will have been noted 
with satisfaction that Mr. Thomas contemplates 
asking for an increase of the relatively moderate 
amount to which his present proposals are re- 
stricted, if those to whose uses it is applied spend 
it well. 

The administration of Mr. Thomas’s fund will 
be found a complex business, but the form or 
forms which may be taken by measures applicable 
to the entire Empire will be still more intricate. 
It has indeed been urged by Sir Arthur 
Balfour, among others, that a preliminary meeting 
of business men from various parts and industries 
of the Empire might be held with advantage, in 
order to agree on the matters to be considered by 
the Conference from :the industrial point of view, 
and to suggest some agenda. A plan has also been 
suggested by Sir Robert Hadfield, which is described 
in the June number of The Empire Mail, under 
which a permanent body should be formed for 
initiating and supervising programmes of develop- 
ment for all parts of the Empire. It proposes 
that this Federal Council should consist of men of 
the highest financial and technical eminence, with no 
political bias, and that it should employ a whole- 
time staff at remunerations that would attract the 
very best men. 

No doubt this vast scheme will receive the 
consideration it merits, but it was formulated 
some time ago, before the present Conference 
proposals had been made, and for the time being 
presumably will await consideration until after the 
Conference has met, if arrangements for a meeting 
in the early future are practicable. An essential 
condition of any measures adopted serving their 
purpose is that the steps to be taken must be 
such as will not only be unaffected by political 
changes, but will be decided exclusively on their 
economical and technical merits. There will be 
no hope of success if their stability is not assured. 
The scale on which investment will be required is 
such that to undertake it for any except economical 
purposes, would be beyond what could be ventured 
by even the most opulent government. With these 
conditions assured, the work to be done by the 
Conference, and by those who may be entrusted with 
the choice and conduct of schemes for the develop- 


ment of the Empire, should be of the highest | 
permanent constructive value. No greater mission | other districts, including Scotland, Durham, Lanca- 
is open to the present Government, or has been | shire, Staffordshire, Nottinghamshire and South 
offered to any of its predecessors, and no class of | Wales. 
citizens have more interest in the offers being | been covered, and is considered to represent a fair 
accepted and carried to a successful issue than | average of present-day results obtained by the 


engineers, on whom much of the most essential 
parts of the work must depend. 
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A MINOR compensation for the coal strike o 


UNDERGROUND COAL CONVEYING. | higher outputs per man are obtained than the 


¢| best examples given in the report. It contains 


1926 was that it saved the industry and the| #2 amount of detailed information in regard to 


| 


country from being saddled with the recommendaz- | 


the various ways in which face and gate conveyors 


In| @nd gate-end loaders are applied, which probably 


tions of the Report of the Coal Commission. 
the endeavour to avert what was recognised justly | 


as a calamity of the first order, the Commission | 


the consequences, though less dramatic, might | 
have been equally mischievous. To make this 
policy practicable it was proposed to rely on the 
prospect of being able to advance the price of coal, 
whereas the fundamental interests of the industry, 
not less than of the country, demanded that every 
possible way should be taken to reduce it. These 
interests would have been the same, even though 
the entire coalfields of the world had been concen- 
trated in this country, and its collieries could 
have counted on the trade of the world without 
competition. The maintenance, not to speak of 
the progress, of the industries which depend upon 
coal would have been checked by a rise in price, 
and those who were engaged in them, as well as in 
the parent industry, would have found their 
employment reduced. As a fact, however, the 
British coal trade and its dependent heavy 
industries are conducted under keen competition, 
to which the coal strike gave an advantage from 
which even now British trade has not completely 
recovered. The removal of the compulsory 7-hour 
day has indeed been followed by an important 
reduction of costs, which on the figures for the 
March quarter of this year amount to 3s. 11d. 
per ton. For the first time since the abnormal 
first quarter of 1927, when the returns included 
the orders for restocking after the 7 months’ 
stoppage of 1926, the colliery trade of the country 
as a whole has shown a credit balance amounting 
to about 9d. per ton. The present costs of pro- 
duction other than wages average 4s. 4d. per ton, 
as against 6s. 6d. in the Ruhr, which has so often 
been held up to this country as an example of 
efficient working and the value of rationalization. 
Nevertheless, among the persisting needs of the 
industry none is more urgent than to find means 
by which the cost of extracting and transporting 
coal can be still further reduced. 

As is perhaps natural, and certainly has often 
been usual, when the affairs of an industry have 
been discussed by those who are not responsible 
for conducting it, such discussions have seemed some- 
times to proceed on the postulate that those who 
discuss it understand the business better than those 
who conduct it. This is a disadvantageous situation 
for an industry that inevitably has more than its 
fair share of technical and economic difficulties, 
particularly when those who discuss it without 
the burden of practical knowledge may have it 
in their power, at some unforeseen time, to interfere 
with the operations of its responsible adminis- 
trators. The handicap so imposed is the more 
serious when many of the most effective measures to 
which the industry might look for improving its 
position involve large capital expenditure, and a 
corresponding increase of the risk to which the 
enterprise that adopts them is exposed. To those 
who are interested in coal mining or in trades, 
such as those of engineering, which depend upon it, 
it must be gratifying to find evidence that, even 
in the face of gravely discouraging circumstances, 
the coal owners of this country are steadily pro- 
gressing in the adoption of technical improvements, 
by which the cost of their product is being reduced. 
Such evidence has been published recently in the 
report of an investigation of the underground con- 
veying and loading of coal by mechanical means, 
which has been made by a special committee 
appointed by the Midland Institute of Mining Engi- 
neers, the South Yorkshire Coal Trade Association 
and the West Yorkshire Coal Owners’ Associations. 

The investigations of this Committee extended 
to 25 collieries, 13 of them in Yorkshire and 12 in 


was prepared to recommend a policy of which | 


In this way a wide field of experience has 


use of underground mechanical conveyors. The 





Committee are informed that in several instances 


has never been available before. It places, with 
its numerous illustrations and tables, at the disposal 
of the industry an amount of data regarding practice 
and experience which should be of great value to 
colliery managers who are seeking ways of reducing 
their costs, and wish to know the particular circum- 
stances in which the use of conveyors has had that 
result. The precise arrangements vary almost 
from colliery to colliery. This indeed is only as 
is to be expected, having regard to the exceptional 
variety of circumstances in which such machinery 
has to be used. The report separates out the 
different types of machines and arrangements, 
exhibiting their effects on various factors of the 
problem of production, such, for example, as working 
in thick seams and thin seams, the provision of 
tubs and transport and the time spent on manipu- 
lating tubs, the size of coal, roof supports and 
packings, and cost of timber. Such comparisons 
are made as the data allow between the output 
with conveyors and previously, and particulars 
are given as to capital and maintenance costs, 
organisation and methods of payment, and a number 
of practical points to which attention was drawn in 
the course of the investigations. Under each 
heading reference is made to the collieries from 
which the information was procured, with summaries 
of results obtained with coal cut by hand and cut 
by machine from thin and thick seams. About 
a third of the report is devoted to descriptions 
of special conveyors and of conveyor layouts and 
special methods of opening out. The statistical 
material, &c., is finally summarised in a single table, 
including all the collieries, subdivided between 
hand-cut and machine-cut coal, and giving par- 
ticulars under 35 heads. 

Without attempting to summarise this collection of 
information, it is possible to draw attention to some 
results of general importance. The most significant 
of these is the remarkable increase in the use of 
mechanical conveying during the last few years, 
since the termination of Government control. 
Conveyors were first introduced into British coal 
mines in 1902. In many instances their working 
was unsatisfactory, and the mines reverted to hand- 
filling into tubs, so that by the end of 10 years only 
about 300 were at work in the whole of Great 
Britain. Nevertheless, not only were improvements 
being made in the design of the machines, -but the 
conditions necessary for their successful application 
were closely studied. The total number of con- 
veyors in Great Britain rose slowly but steadily 
from about 400 in 1914, to double that number in 
1921. In that year, as will be remembered, 
Government control ceased, and by 1928, 2,100 
conveyors were at work. The increase occurred 
faster in some fields than in others, but it was 
evident, without exception, in every one of the 
fields quoted, and in almost all without any notable 
interruption. 

At the beginning of the period, the number 
of conveyors employed in South Wales was 
several times as large as the largest in any other 
field, and increased rapidly in that field, reaching 
in 1927 over double the figure for 1921, though 
with a substantial set-back in 1928. In Scotland, 
the increase in each year has been absolutely 
without interruption, until now the number of 
conveyors at work in that country (463) is five 
times as large as it was in 1921, and the activity in 
installing them has extended,” without notable 
interruption, to each of the other fields. There 
have doubtless been technical difficulties to over- 
come, notably in distinguishing the mines to which 
mechanical conveying was applicable with advantage 
from those to which it was not. In the opinion of 
the Committee, however, the chief difficulty has 
been personal. The use of conveyors not only 
involves a revised organisation, if the best results 
are to be obtained, but also depends for its success 
on the individual efforts of the men, and their close 
co-operation with each other and with the manage- 
ment. Apart from other considerations, which 
may have tended to prevent this co-operation, 
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there has been difficulty in many instances in 
negotiating rates of payment by which fillers 
received wages proportionate to the work they 
did. Sometimes, too, men have been content to 
earn a moderate wage, sooner than increase the 
output and earn the very high wages that would 
have been possible. It is satisfactory to find that 
in the Committee’s firm belief, this attitude is now 
being very largely overcome. Excellent results 
have been obtained recently at several of the 
collieries visited, and illustrate the remarkable 
savings that can be made by applying mechanical 
conveying in appropriate circumstances. When in 
particular the formation of the mine is such as to 
allow intensive mining—that is to say, working a 
complete cycle of operations, from cutting the coal 
to moving forward the conveyor, in 24 hours, with, 
therefore, a constant output from a definite length 
of face—the increases have been really remark- 
able. In one colliery, for example, the introduc- 
tion of conveyors increased the output per man 
per shift from 1:9 tons to 4 tons, and in other 
cases reduced the number of men employed for 
the same output to a corresponding degree. In 
another instance, with machine-cut coal, the out- 
put per man after introducing conveyors increased 
by 170 per cent. 

The savings effected in this way have repeatedly 
enabled seams to be worked which otherwise would 
have had to be abandoned, and collieries closed 
down. The more rapid advance of the face tends 
moreover to somewhat safer working and a reduc- 
tion in the need for pit ponies. It is evident, 
however, that for a given output such measures, 
though they may be necessary for keeping a mine 
open and preventing the whole of its workers from 
being thrown out of employment, must employ 
fewer workers than if it had been possible to keep 
the mine open on the old basis. It is here that, 
even with the best will of all parties concerned to 
make the most of their opportunities, the real 
difficulty of unemployment in the mines lies. 
During the war, some hundreds of thousands of 
men not previously employed in the mines were 
taken on, and on the one hand, this increase in 
the numbers dependent on the mine, and on the 
other hand the business driven abroad by the 
operation of the 1926 strike, have increased the 
number of mouths to be fed and decreased the 
business available for supplying them. It seems, in 
fact, to be time for an estimate to be formed of 
the number of men the industry is likely to be able 
to carry, and for the surplus to cease to be regarded 
as unemployed miners, but as men for whom other 
occupations must be found. The state of the 
mining industry is not as bad as it was, nor, it 
may be hoped, as good as it will be if the activity 
of those who work at improving the efficiency of 
their undertakings is encouraged by the co-opera- 
tion of those who work in it and of the community 
it serves. The present position can, however, not 
be seen clearly so long as the unemployment 
attributed to the industry includes those workers 
whom it cannot carry as well as those that it can. 








THE CHARING CROSS BRIDGE 
SCHEME. 


PROVISIONAL agreements having been negotiated 
with the Southern Railway Company and the 
Ministry of Transport, the London County Council 
intend in the 1929-30 session of Parliament to 
promote a Bill authorising the construction of 
2 road bridge crossing the Thames on the line of 
the existing railway bridge, and the transfer of 
the station to a triangular site on the Surrey side 
of the river lying between the Waterloo Bridge-road, 
a new high level road along the Thames, and the 
southern approach to the proposed new bridge. 
The scheme now projected differs in some details 
from that submitted to the Council last year, 
when the opening of negotiations with the railway 
company was authorised, and will cost about 
540,000/. more than was then contemplated. 

On the plans then submitted, described in our issue 
of May 18, 1928, page 609, the northern approach 
would have been bifurcated, one branch descending 
direct to the road level at the Strand, and the 
other crossing this street on a viaduct and 
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terminating at the Cavell statue. The proposal to 
bridge the Strand is now abandoned, and the traffic 
problem will be dealt with by forming a traffic circus 
at the junction of the old and the new’streets. On 
the Surrey side, the approach will be carried at high 
level from the Waterloo station traffic area, past the 
west front of the proposed new station up to the 
bridge abutment. Proceeding in the other direc- 
tion, it will descend at a gradient of 1 in 30 to the 
Waterloo Bridge-road, near the New Cut, where 
another traffic circus is to be formed, which will 
involve the demolition and rebuilding of the “‘ Old 
Vic” theatre. The plans submitted last year 
involved the construction of two viaducts from near 
the south-eastern corner of Waterloo Station, 
proceeding in the one case along the line of Webber- 
street to the Blackfriars Bridge-road, and on the 
other side down to the Westminster Bridge-road 
along the line of Oakley-street. Neither of these is 
now held to be necessary, since in the latter case the 
traffic needs will be met by a widening of Oakley- 
street, whilst need for the proposed Webber-street 
viaduct will be eliminated by the improvements 
projected by the Ministry of Transport in the 
Elephant and Castle area. The present plan is 
to have a bridge of five arches, and Sir Edwin 
Lutyens, R.A., has been retained by the Ministry 
of Transport to advise on the architectural features. 

The new station site will be about twice the width 
of the existing Charing Cross station. Powers to 
widen this were obtained some years ago by the 
railway company, but were allowed to lapse, since 
the introduction of electric traction removed any 
immediate need for additional platform accommo- 
dation. The daily traffic in and out of the existing 
station was estimated at some 35,000 to 40,000 pas- 
sengers in 1927, and has, no doubt, increased consi- 
derably since then, so that the railway company were 
justified in insisting on a reasonably liberal settle- 
ment of their claims for compensation. The heads 
of the agreement made, provide for the payment of 
the whole of the direct and incidental costs of the 
transfer of the station to the new site, inclusive of 
the provision of reasonable means for enabling 
passengers to pass from the new station to both 
the main-line and underground stations at Waterloo. 

In agreeing last year to accept the Government 
scheme, the County Council stipulated that the 
reconstruction of Waterloo Bridge and the exten- 
sion of the river embankment from the County Hall 
to Waterloo Bridge should be accepted as integral 
parts of the whole scheme, to which the Government 
were prepared to contribute three-fourths of the 
total cost. The County Council added, moreover, a 
rider to the effect that in no case should their own 
contribution exceed 3,219,0001., which was one- 
fourth of the total costs as then estimated. The 
Ministry of Transport have refused to accept this 
limitation to the liability of the Council, and the 
latter will therefore have to provide an additional 
142,000/. The total estimated cost of the works 
as now projected is 13,446,000/., of which 946,000/. 
will be expended on reconditioning Waterloo Bridge. 








NOTES. 
New Rattway FRoM TouLousE TO BARCELONA. 


In the past, railway communication between 
France and Spain has only been possible by one of 
two lines, adjacent to the respective shores of the 
Bay of Biscay or the Mediterranean. These two 
lines, some 250 miles apart, are separated by the 
Pyrenees massif, and various projects have been 
under discussion, since the completion of the western 
line, for piercing the mountains. The final decision 
reached was to lay down three new lines. The 
first of these to be completed was opened in July, 
1928, and a full description of the work involved 
was given on page 541 of our issue for May 3 last, 
et seq. It will be recalled that the railway pierces 
the Pyrenees by the Somport tunnel, near Canfranc, 
and connects Oberon, St. Marie, with Jaca, in the 
valley of the Aragon, linking up Pau with Sarragossa. 
The second line, at present under construction, will 
link up Toulouse with Lerida by a line from St. 
Girons, through a tunnel under the Salau Pass to 
Lerida, a distance of about 123 miles, of which 
15 miles on the Spanish side are already in operation. 
It is expected that the remaining 31 miles on that 





side, together with about 10 miles under construction 
on the French side, will be completed in two years’ 
time. The third line, which was formally opened on 
Sunday last, is from Ax-les-Thermes in the Ariége 
valley, to Ripoll, and gives direct communication 
between Toulouse and Barcelona. The French 
portion, which skirts the republic of Andorra, in- 
cludes a very rapid climb, involving a spiral tunnel 
1,940 yards long. It, passes into the French por- 
tion of the watershed of the river Segré through a 
tunnel 3,440 yards long, at an altitude of 5,171 ft. 
It will be recalled that on the Oberon-Jaca line, the 
international station is on Spanish territory, but on 
the Toulouse-Barcelona line, two international 
stations have been constructed, one of these being 
at Puigcerd4, in Spain, and the other at La Tour de 
Carol, in France. In our reference to this railway in 
the article referred to, we mentioned that it had been 
decided to carry the European standard gauge right 
through to the Barcelona docks, with a view to 
enabling that port to compete more effectively for 
traffic from south-east France. It was not proposed 
to eliminate the Spanish gauge on the portion of the 
line in that country, and the work in hand, which will 
not be completed for some time, consists in placing 
the rails at European standard gauge between the 
wider Spanish gauge. For the present, both 
passengers and goods are transferred between two 
trains running on the respective gauges at the 
frontier. The engineering difficulties associated 
with the construction of the line as a whole have been 
at least as great as those on the Canfranc railway. 
The distance from Puigcerdé to Ripoll is some 
30 miles, and in this length there are 41 tunnels, 
the longest being 4,150 yards. This section also 
includes a spiral tunnel, 1,120 yards in length. 
On the French side, the corresponding spiral 
tunnel has already been referred to, but it may be 
mentioned that there are ten other tunnels of con- 
siderable length. Numerous viaducts have had to 
be constructed on both sides of the frontier. 
Particular interest attaches to this railway in view 
of the improved facilities which it renders available 
for reaching the important Barcelona Exhibition. 
The latter was opened in May last, and will remain 
open throughout the year. We hope to describe 
some of the exhibits in an early issue. . 


ELECTROMAGNETIC TESTER FOR WIRE ROPES 
IN SERVICE. 


One of the difficulties met with in the economical 
use of winding ropes arises from the fact that in 
most cases wire breakages are internal, so that 
a rope may be seriously weakened without any 
visible indication of its dangerous cendition. In 
a paper published in a recent issue of the Journal 
of the Institution of Electrical Engineers, Dr. T. F. 
Wall describes an electromagnetic method of test- 
ing wire ropes in service, which shows up at 
once the presence of broken wires. To this end 
he employs a powerful electromagnet built up of 
laminated plates and approximating in form to 
a horseshoe. A tunnel passes through the legs of 
this magnet, and through this opening the rope is 
steadily traversed at the rate of about 1 ft. per 
second. An autographic record shows the pre- 
sence of any flaw encountered during this opera- 
tion. The magnet is excited by an alternating 
current, and induces a current in search coils 
mounted on two thin auxiliary legs situated in 
the gap of the main magnet and parallel with 
the legs. A narrow band of magnetic flux passes 
up these auxiliary legs and through the interior 
of the rope. The search coils on the auxiliary 
legs are balanced against each other, so that, 
so long as the length of rope between the two is 
sound, a null effect is produced on the indicating 
instrument. When, however, an unsound section 
of the rope reaches the first of the auxiliary 
legs, this balance is destroyed and the indicator 
responds. This indication is repeated as the flaw 
passes through the hole in the second auxiliary leg. 
The differential current due to the two auxiliary 
coils is magnified by valves so as to obtain a 
current strong enough to work the autographic 
recorder. The record thus obtained shows a pair of 
kinks as each flaw is passed through the apparatus. 
In his paper Dr. Wall describes in detail the 
exhaustive experimental work which had to be 
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undertaken before it was possible to construct 
a practically useful tester. In this preliminary work, 
special attention was directed to the question as 
to whether the skin effect of the outer layers of 
the locked-coil type of rope would have such a 
shielding effect on the inner wires as to make it 
impossible to use alternating currents for the 
magnet. It was found that the screening effect 
was unimportant, provided the frequency was kept 
down to about 20 cycles per second, and pro- 
vided that the strength of the magnetic field, at 
its maximum, approached the saturation value. 
The flux density should exceed 16,000 lines per 
square centimetre. This high density was also 
found to be advisable for other reasons, as with 
these strong fields it was found that the permeability 
of the rope was very little affected by mechanical 
stress. Another point investigated was the effect 
of some eccentricity of the rope in the tunnel 
through the magnet legs. In practice, such eccen- 
tricity could hardly exceed 4 in., and a displace- 
ment of this value was proved to be wholly un- 
important. In order to provide a crucial test of the 
apparatus, Messrs. Latch and Batchelor supplied a 
rope into which broken wires had purposely been 
incorporated. The position and importance of these 
breaks was known only to the makers, but all were 
successfully located on the autographic record of 
the tester. A plant has now been installed at the 
Hatfield Main Colliery, near Doncaster. This has 
a shaft 860 yards deep and the winding rope is 
24 in. in diameter. 


THE REDUCTION OF NAVAL 
ARMAMENTS. 
By Professor W1LL1AM HovaGaarp. 


BEFORE a general reduction in naval armaments 
can be carried out, it is commonly considered 
necessary to have a so-called “ yardstick” for the 
measurement of naval strength, that is, a formula 
by means of which a comparison can be made 
between the fighting value of warships of different 
sizes and categories. It is hoped that by means of 
such a formula it will be possible to express the 
strength of a navy in terms of a numerical value, 
and it has been suggested that for convenience this 
value should be given in such units as to be equiva- 
lent to a certain tonnage of a type of vessel chosen 
arbitrarily as a standard. We should thus be able 
to express the total strength of a navy as being 
equivalent to a certain tonnage referred to the 
standard type of ship. Whether we use an abstract 
figure as derived directly from such a formula or 
its proportional in equivalent tonnage, is, of course, 
indifferent. 

Having thus obtained a technical means of 
estimating the naval strength of all countries, it 
would remain for the statesmen to agree on the 
value or equivalent tonnage to be assigned to each 
country. The allotment of this tonnage to indi- 
vidual ships as well as to the various categories of 
warships would be to some extent influenced by the 
method of evaluation, but it appears to be the 
intention to regulate this matter further by addi- 
tional rules. 

At first sight the method looks attractive, but 
closer consideration shows that it is extremely 
difficult, if not impossible, to derive a formula 
which will be satisfactory to all parties. Many 
attempts have been made in this direction in the 
past, but the proposed formule were either very 
involved or else obviously incomplete. Although 
some of them had the appearance of being highly 
scientific, comprising many mathematical symbols, 
they were not convincing, because the underlying 
arguments were of an arbitrary and uncertain 
nature. Such, in fact, is the inherent complexity 
of the problem, that it is believed to be impossible 
to obtain a rational solution of it or even a crude 
approximation. 

Without going into technical details the difficulties 
associated with the yardstick theory may be stated 
briefly. The principal qualities which in the 
broadest sense determine the military value of a 
warship are :—(1) Armament; (2) protection; (3) 
speed';, (4) endurance or radius of action; (5) 
ey capability, depending essentially on free- 
board. 


These qualities are obviously entirely incom- 
mensurable even for ships of the same class in the 
same navy. No mathematical operation is known 
by which, for instance, speed can be transformed 
into equivalent gunpower, or seagoing capability 
into armour protection. Any assignment of values 
must be quite arbitrary and is sure to become a 
subject of controversy. When we come to evaluate 
these qualities in ships of different categories— 
battleships, cruisers, torpedo-vessels, submarines, 
mine-vessels, &c.—the task becomes even more 
difficult, because the various types of warships are 
themselves as incommensurable as the qualities 
which they possess. They are destined for different 
duties and depend for their action largely on 
weapons and characteristics of quite different 
nature. A battleship is built for hard, long con- 
tinued fighting, and depends chiefly on her guns 
and armour. A torpedo-vessel is built for short 
intensive action and surprise attack, and depends 
chiefly on her torpedoes and high speed. 

The difficulties are still further accentuated when 
we wish to compare ships of different navies, for a 
type of warship, which, to one navy is indispensable, 
may be practically useless to another. Some navies 
need high speed cruisers of great endurance and 
good seagoing capability, requiring large displace- 
ment; other navies, intended for service in narrow 
seas, can be satisfied with smaller ships of small 
endurance and limited seagoing capability. No unit 
of measurement, common to all, can be found. 
Every country has its own strategic problems, and 
desires to adjust its naval armament to their solution 
in the most economic and efficient way. All 
countries are limited in expenditure and any 
restriction which interferes with the best use of the 
available financial means, will meet with opposition. 
The naval forces consist of a combination of ships 
of different types, but the combination which is 
best for one country may be unsuitable for another. 
If one type is penalized relative to the others by 
being given a high figure of equivalent tonnage, one 
navy may be affected favourably, another unfavour- 
ably. Any formula, on account of its inherent 
imperfection, is liable to allow evasions from the 
fundamental purpose of the agreement. Even with 
a specified number and tonnage of ships in each 
category, the intrinsic qualities of the vessels may 
differ widely. Refinements in construction ma ybe 
attained by the expenditure of relatively larger 
sums of money on individual ships. 

Finally, the yardstick method takes account only 
of the floating matériel and leaves out of considera- 
tion the number of officers and men and their train- 
ing, as well as the shore establishments. It leaves 
out also preparedness, which includes the training 
and equipment of reserves, the accumulation of 
arms, ammunition and stores, and in fact all 
measures aiming at a rapid mobilisation and 
expansion of the naval forces at the outbreak of 
war. 

Summing up, an attempt to measure the relative 
fighting value of ships seems futile. The qualities 
to be measured and the various categories of war- 
ships are inherently incommensurable. The problem 
of naval defence varies from one country to another ; 
no two countries have the same strategical and 
political conditions ; a ship which is necessary for 
one navy may be unsuitable for another. However 
carefully constructed and however comprehensive 
may be a formula for naval strength, it is not likely 
to find favour with a majority of naval powers. 
Even if a formula should be found that would be 
acceptable to all, it would be misleading as a 
measure of naval strength, because it would leave 
out of account the potential strength, which resides 
in shore establishments and in the various forms 
of preparedness. The major problem, a reduction 
in the total naval expenditures, would still remain 
unsolved. 

Fortunately, there is no necessity for a technical 
yardstick, since a much simpler and more complete 
method is at hand. The problem is essentially 
political and financial and it is believed that it can 
be solved by the statesmen without much assistance 
from technical experts. Instead of fixing attention 
on technical details, let us consider the primary 
object, which is a proportionate reduction in arma- 





ment and an assured reduction in expenditure. If 





we scale down the expenditure, we shall certainly 
scale down the armament and it remains only to 
find a way in which the financial reduction can be 
equitably accomplished. It is clear that on account 
of the difference in the buying power of money and 
hence in the cost of construction, service of the 
personnel, &c., in the various countries, it is imprac- 
ticable to compare the naval budgets directly in 
terms of monetary values, and it is suggested that 
they be dealt with as percentages of the total 
governmental budgets. For this purpose it is 
necessary first to ascertain what is the normal naval 
budget in the various countries and this can prob- 
ably be obtained as an average for a certain period, 
say the last five years, omitting, of course, all non- 
military expenses. On some such basis a schedule 
of percentages may be established—not necessarily 
identical with the average just referred to—and 
when this is agreed to by all the nations concerned, 
the reduction in naval expenditure can be effected 
simply by a proportionate scaling down of the 
percentages for all parties. 

In the past these percentages have fluctuated 
widely with the political situation. War scares 
and apathy have sent the naval budgets up and 
down. In some cases they have been suddenly 
increased partly, it seems, to serve as trump cards 
in the political game among nations. Then came 
the Washington Treaty, which was followed by an 
unparalleled reduction in the naval forces, involving 
a wholesale scrapping of warships by the great naval 
powers, but even this has not quite relieved the 
tension. It seems that now all agree that this 
hectic period of unrest, suspicion and jealousy, with 
its unexampled waste ought to come to an end, and 
this will evidently be attained if the tendencies to 
naval expansion be harnessed by fixing the expendi- 
tures on the naval budgets. 

In order to illustrate the method here suggested, 
let us assume, for instance, that the naval budget in 
one country is 300 million dollars and in another 
country 100 million dollars, while the total govern- 
ment budgets are 3,000 and 2,000 million dollars 
respectively ; then the corresponding ratios would 
be 10 and 5 per cent. Suppose now that it is agreed 
to reduce the expenditures to one-half, then the 
new ratios would 5 and 24 per cent. and the amounts 
allotted to naval expenses would be 150 and 50 
million dollars respectively. The percentages so 
established would remain unaltered, but the actual 
sums allotted to each of the naval powers would 
fluctuate with the amount of the total budget. 
This fact, as well as changes in the general political 
constellation, would of course necessitate a. revision 
of the schedule of percentages from time to time. 

If then under such a rule the naval budgets were 
fixed for each country, it would be indifferent from 
the point of view of economy whether the ships 
were large or small and whether they belonged to 
one category or another. But.it may be argued by 
some that strategically this matter is very serious 
and cannot be disregarded, for if there is perfect 
freedom in regard to naval construction, one nation 
may pursue a naval policy which is definitely and 
obviously directed against some other nation ; and 
we shall then after all have the same state of fear 
and competition as before the agreement. It is, of 
course, true that limitation of armaments does not 
directly or immediately remove the causes of 
friction and enmity among nations, but it is believed 
that indirectly it will have-a sobering and soothing 
effect. The war machinery will be less threatening 
and formidable, the warlike potential will act with 
a smaller pressure, and naval expansions can never 
attain the alarming proportions, which they have 
had in the past; in fact, if the total expenditure 
is to be kept within a certain limit, naval expansions 
and competition will become insignificant. Thus 
the actual and immediate danger will be manifestly 
reduced even if some navies should concentrate 
their efforts on certain types of warships. — 

If, however, it is considered necessary to regulate 
types and sizes of individual ships or the ratios 
between the tonnage devoted to various categories, 
there is nothing in the method here proposed to 
prevent it, and it will be noticed that in such case 
the same problem would have to be faced if the 
yardstick method is adopted. It has already been 
explained above that such regulations, which restrict 
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the manner in which the limited budgets are used, 
while favourable to some nations, will be unfavour- 
able to others and to such they will result in a 
reduced value of the naval defences obtainable on 
the given budget. Hence some nations will object 
to the regulations as unjust, and it will be extremely 
difficult to arrive at an agreement. It is believed, 
therefore, that any attempt in this direction will 
meet with failure and will seriously jeopardize the 
prospects of an international agreement on the 
major issue. It appears that actually the details of 
naval construction are of secondary importance, and 
it seems best to leave every nation free to develop 
its naval defences in accordance with the advice of 
its own experts so as to satisfy individual needs. 
The major question of naval reduction on the other 
hand should be settled by the statesmen. 

The method here proposed is more comprehensive 
and complete than the yardstick method, since it 
encompasses the entire naval establishment, ashore 
and afloat, maintenance of matériel, training of 
personnel and upkeep of all accessories such as 
navy yards, naval stations, arsenals, experimental 
stations, &c. It leaves no loopholes for evasion 
when once the naval budgetary amount is fixed. 

Under this rule there would be no haggling over 
such details as the elevation of guns, the size of 
individual ships or the number of ships of the 
various classes. Much irritation would be avoided. 
The temptation to develop a particular type of ship 
excessively would be much reduced, for due to the 
limitation on expenditure, this could not be done 
without detriment to other types, whereby the 
harmonious balance of the naval defences would be 
destroyed. Naval competition would automatically 
cease, except that every nation would try to obtain 
the best result on the allotted money, so that 
economy and efficiency would be likely to result. 
The naval shore establishment would be reduced 
to a minimum consistent with efficiency, and useless 
navy yards would be shut down. 

If such a reduction should take effect, there 
would be no need for the evaluation of existing 
ships, a point which has caused much speculation. 
Obsolescent ships would be voluntarily scrapped at 
once and the naval forces would soon be reduced to 
a point consistent with the new financial allotment. 
After a few years a new normal state of the naval 
forces would be established in which the relative 
strength of the various navies would remain essen- 
tially as before the agreement. The causes for 
suspicion and fear would be largely removed and 
naval affairs would enter into a stage of hitherto 
unknown stable tranquility. 








THE LATE MR. LYONEL EDWIN 
CLARK. 

In the death of Mr. Lyonel Edwin Clark, head 
of the firm of Messrs. Clark and Standfield, West- 
minster, on July 17, the engineering profession 
suffers the loss not only of an outstanding per- 
sonality but of the accumulated experience which 
a long practice in one branch of it confers. Mr. 
Clark, as is well known, has been responsible for 
the design of many of the floating docks estab- 
lished in both this country and abroad for the last 
fifty years or more. He was thus, from the nature 
of the work, brought into contact with those engaged 
in naval architecture, as well as in both civil and 
mechanical engineering, and will be missed by a 
wide circle. Lyonel Edwin Clark was born in 
1856, and, at the age of eight, went to Dulwich 
College. From there he went to study on the 
Continent and spent some time first in Germany, 
and later in Switzerland. Returning to this country, 
he entered Merton College, Oxford, where he re- 
mained until 1876. He was now twenty, and having 
some knowledge of engineering, was appointed 
assistant engineer for the re-erection of a floating 
dock at the Russian Dockyard of Nicolaieff, which 
dock was constructed to the designs of Messrs. 
Clark and Standfield. A period in the firm’s 
drawing office followed, and terminated in 1881. 
In this year, the Barrow Shipbuilding Company, 
now Messrs. Vickers-Armstrongs Limited, Barrow- 
in-Furness, commenced the construction of a floating 
depositing dock, and Mr. Clark went to the Barrow 
Shipyard as an improver, to extend his knowledge 





of the practical side of dock building. He was 
finally employed as outside manager during the 
construction of the depositing dock. 

This work completed, Mr. Clark rejoined Messrs. 
Clark and Standfield, and was, from 1882 to 1888, 
the firm’s resident engineer in Belgium and France 
during the construction of the hydraulic canal lifts 
of La Louviére and Fontinettes. A large part of 
1889 was spent as assistant to the late Mr. Edwin 
Clark in the preparation of canal lifts for a projected 
canal between Birmingham and Liverpool. In 1890, 
Mr. Standfield met with a tragic end in the wreck 
of the S.S. Ville de Calais, and Mr. Clark then 
became manager of the business under his father, 
the late Mr. Latimer Clark, who was the surviving 
partner. The firm was reconstructed in 1892, 
with Mr. Clark as junior and managing partner 
until the death of his father in 1898, when he 
became head of the firm. In this position he was 
responsible for the design and survey during con- 
struction of a great number of floating docks, many 
of which have been described in these columns. 
Of docks having special interest may be noted the 
two large docks designed for the Admiralty, one 
of which was towed to Invergordon from Portsmouth 
at the outbreak of the war, and the large dock at 
Southampton for the Southern Railway.* A 
measure of the extent of the firm’s practice in 
the construction of floating docks may be noted 
in the fact that at Mr. Clark’s jubilee of his connec- 
tion with the firm, which event took place some 
three years ago, 96 docks had been designed and 
constructed, having an aggregate lifting power of 
790,000 tons. | 

Mr. Clark was a member of the Institution of Naval 
Architects, having joined in 1899. He presented 
a paper on “ Recent Improvements in Docks and 
Docking Appliances,” at the summer meeting in 
June, 1896, at Hamburg, and another, and more 
notable one, for which he was awarded the Institu- 
tion Premium, on ‘“ Modern Floating Docks,” at 
the spring meeting of 1907. He was also a member 
of the Institution of Civil Engineers. His connec- 
tion with that Institution commenced in 1904, and 
in 1905 he read an important paper on “ Floating 
Docks,” which was followed by the award to him 
of a Stephenson Gold Medal. 








THE LATE MR. W. STODDART, R.N. 


Ir is with great regret that we have learnt of the 
sudden death, on June 4, at the age of 71, of Chief 
Engine Room Artificer W. Stoddart, of the Royal 
Navy, who during his life did more than anyone to 
further the interests and uphold the traditions of 
the section of the service to which he belonged. Enter- 
ing the Navy as an Engine Room Artificer in January, 
1881, he was first drafted to the famous Inflexible, 
commanded by the late Lord Fisher, and was present 
at the bombardment of Alexandria. He remained in the 
Inflexible until the ship was paid off in 1885, and was 
then selected for service in the Royal Yacht Victoria 
and Albert, where he remained for fifteen years, 
retiring on pension in 1901. After leaving the Service, 
Stoddart worked for eleven years as foreman in the 
inspection department of Messrs. Vickers’ works at 
Erith, and, then resigning this appointment, he became 
Secretary of the Portsmouth Branch of the Royal 
Naval Engineers’ Benevolent Society. 

Engine-Room Artificers had first been entered into the 
service in 1868, and their position, like that of the Engi- 
neer Officers, left much to be desired, and Stoddart found 
—just as many others who joined with little knowledge 
of naval matters—that the lot of engineers was by no 
means an easy one. Quickly impressed by the disabili- 
ties of his class, and possessing courage, versatility and 
a power of expression, it was not long before he became 
one of the many writers of anonymous letters which 
appeared in the leading engineering journals. Stoddart, 
however, did not restrict himself entirely to questions 
of personnel, but, among other things, took part in the 
controversy over the water-tube boiler question, and 
showed that he had a thorough knowledge of the 
requirements of warships. He actually contributed a 
leading article to our columns on this subject in July, 
1899; the article will be found on page 113 of our 
68th volume. 

The now defunct Selborne- Fisher scheme of 
training provided further matter for discussion in 
the Press. His contributions on this subject, how- 
ever, were not confined to the engineering journals, 





* See ENGINEERING, vol, cxvii, page 789, 





but also’found their way into the Pall Mall Gazette, 
The Navy League Journal, and even The Spectator. 
Then, too, for fifteen years, as editor, he ably conducted 
the Naval Engineering Review, the organ of the Bene- 
volent Society. Though himself not on the active list 
when promotion to warrant and commissioned rank:was 
granted to Engine-Room Artificers, he lived to see many 
of his class rise to the rank of Engineer Commander, 
and the engineering branch become the most demo- 
cratic section of the Navy, offering the greatest oppor- 
tunities for men of ability and character to climb the 
ladder of promotion. Interested in all that affected 
the welfare of his class, he gave himself unstintingly 
to the task before him, and, by his talents, sound judg- 
ment and constancy of purpose, made a place for himself 
in the history of the branch of the service to which he 
had the honour to belong. 








LABOUR NOTES. 


AppREssING the annual conference of the Miners’ 
Federation of Great Britain at Blackpool, on Monday, 
Mr. Herbert Smith, the President, said that very little 
that was fresh could be said on the subject of hours, 
except that it had been necessary in various districts 
to exercise the utmost vigilance in order to prevent 
encroachment by owners on the hours forced upon 
the districts after 1926. One of the worst evils they 
had had to contend with was the increasing amount of 
week-end work and filling coal on Saturday afternoons 
and Sundays. One could visualise the temptation 
offered to men who had had to undergo terrible priva- 
tions when they saw an opportunity of taking home a 
little more at the week-end. Principles, however, 
were sacred, and they had at all times discouraged 
this week-end work, and hoped to continue to do so. 
They were looking forward with the greatest confidence 
to a reduction in the hours of labour in their industry 
during the present year. 





Proceeding to deal with the question of wages, Mr. 
Smith said :—‘“ I am compelled to admit that the past 
year has been one of the worst on record, by reason 
of low percentages and the lessened number of days 
worked. Most districts have been down on the 
minimum, and, under the present system of ascertain- 
ment, incurred in addition, enormous deficits. In some 
districts the minima originally fixed by the district 
agreements have been reduced still more. Attempts 
have been made even to reduce the subsistence allow- 
ances, which, I regret to say, have unfortunately met 
with success. The agreements, which were foisted 
upon us after the stoppage of 1926, are rapidly coming 
to an end, and in my opinion this conference ought to 
instruct the executive committee to at once approach 
the National Coal Owners’ Association asking for a 
meeting to be arranged with a view to a national agree- 
ment being arrived at. No national agreement, how- 
ever, can be complete unless it contains the principles 
which have been laid down from time to time by this 
Federation, and I would specially particularise the 
inclusion in the ascertainment of returns from coke 
ovens and by-products and other undertakings. We 
should also press politically for an amended Minimum 
Wage Act, for the provision of a national minimum 
wage for workers in or about mines. This, I. believe, 
would be in unison with the policy of this Federation— 
that is, with a national agreement, a national guaran- 
teed minimum for all workers engaged in and about the 
mining industry.” 





A resolution was submitted by Mr. J. Doonan 
(Scotland) calling upon the Government to repeal the 
Trade Disputes and Trade Unions Act, 1927. Mr. 
Tom Cape, M.P., who seconded, expressed a hope that 
they would pass the resolution unanimously, in order 
that the miners’ members of Parliament could say 
that they had the solid backing of the Federation to 
help the Government to repeal an obnoxious Act. 
Mr. J. Jones (Yorkshire) said that his district was in 
difficulties over the resolution. They agreed with all 
that had been said by the mover and seconder, but 
they favoured not repeal of the Trade Unions Act, 
but amendment that would cancel the repressive powers 
put into the measure by the late Parliament. Mr. 
Doonan said his references were intended to be limited 
to the changes made in the Act. Mr. A. J. Cook, on 
behalf of the council, supported Mr. Jones. Simple 
repeal, he said, would not be sufficient, as they had to 
re-establish the conditions of 1927. Mr. Herbert 
Smith suggested that the matter should be referred 
to the Business Committee, and after the luncheon 
adjournment, Mr. William Straker, for the committee, 
said that Scotland had agreed to change the word 
repeal to amend, as if the Act were repealed they would 
probably go back a century. In its amended form the 
resolution was carried. 





In the House of Commons on Tuesday, Mr. Graham, 
the President of the Board of Trade, announced that 
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legislation dealing with hours of work and other 
factors in the coal industry will be introduced during 
the autumn session. In the intervening months, he 
said, the Government would be in regular consultation 
with the Miners’ Federation concerning the terms of 
the legislation. The coalowners had been informed that 
the Government desired them to develop the organisa- 
tion of district marketing arrangements, and a 
central scheme for co-ordinating the activity of the 
district organisations. In the legislation to be intro- 
duced, the Government would take powers to enable 
them, if necessary, to compel colliery owners to conform 
to the rules of a district organisation inaugurated with 
the approval of owners of collieries producing a majority 
of the output of the district. The Government would 
also take power to enable them to initiate a scheme 
in any district which failed to constitute an organisa- 
tion having the approval of the majority, and would 
take similar power to set up a central co-ordinating 
authority if one were not constituted voluntarily. The 
owners had also been invited to be in constant consul- 
tation with the Government on the terms of the legis- 
lation. 





At a private sitting, on Tuesday afternoon, of the 
Blackpool Conference of the Miners’ Federation, a 
report was submitted by the officials, of interviews 
that had taken place with the Government, with regard 
to the pledges previously given on the question of 
reducing hours of labour in the mining industry. An 
official report, issued at the close of the meeting, stated 
that “after numerous questions and discussions, the 
conference decided to adjourn for a further private 
session *’ on the following day. 





A resolution requesting the Government to intro- 
duce, at an early date, legislation repealing the Trade 
Unions and Trade Disputes Act, 1927, was proposed 
on Tuesday at the conference of the Transport and 
General Workers Union, in Newcastle-on-Tyne. Mr. 
A. Murray (Swansea), who submitted the proposal, 
said that the Act was passed in order to cripple the 
political side of the Labour movement, and must be 
repealed as soon as possible. Mr. Frank Stilwell 
(London), who seconded, said that the measure was 
really a hymn of hate against the Labour movement. 
It hit at the right to strike ; it protected the blackleg ; 
it made picketing almost impossible, and it robbed 
workers in the public service of their right to combine 
and act with their fellow workers. Tinkering or 
mending the Act would not do; it must be swept 
away altogether. The resolution was carried, with a 
few dissentients. ae 

A memorandum explaining the financial proposals 
of the Unemployment Insurance Bill, introduced in 
the House of Commons by Miss Margaret Bondfield, 
M.P., Minister of Labour, has been issued by the 
Minister. The Bill proposes to increase the Exchequer 
contribution to the Unemployment Fund to one-half 
of the aggregate contributions of employed persons 
and their employers, and the Memorandum explains 
that the effect of this will be to increase the Exchequer 
contribution by about 3,500,000/. At present, the 
total annual revenue is about 43,000,000/., of which 
about 31,000,0001. is paid by workers and employers 
and 12,000,0001. by the Exchequer. It is stated that 
the revenue of the Fund at present is sufficient to cover 
the expenditure arising from an average live register 
of about 1,000,000; the live register, on June 24 of 
this year, was 1,117,800. The debt of the Fund on 
June 29 was 36,620,000/., and its borrowing powers 
are limited to 40,000,000/. The present proposal, in 
the absence of some unforeseen circumstances, will 
enable the Fund to discharge its liabilities until early in 
1930. 





The Ministry of Labour Gazette states that employ- 
ment showed little change, on the whole, during June. 
There was a continued improvement in the building 
trade, in public works contracting, and in the brick, 
tile, artificial stone, and cement industries. The other 
principal industries in which improvement occurred 
included fishing, shipping service, coke oven and by- 
product works, glass manufacture (including glass 
bottles), pig-iron manufacture, general and marine 
engineering, and textile bleaching, dyeing and finishing. 
On the other hand, there was some decline in the iron 
and steel, motor vehicle, pottery, woollen and worsted, 
and lace industries. 


Among the workpeople, numbering approximately 
11,880,000, insured against unemployment in Great 
Britain and Northern Ireland, the percentage un- 
employed in all industries, taken together, was 9-8 
at June 24, 1929, as compared with 9-9 at May 27, 
1929, and 10-7 at June 25, 1928. The percentage 
wholly unemployed at June 24, 1929, was 7:4, as 
compared with 7-6 at May 27, 1929; while the per- 
: =e temporarily stopped was 2-4, as compared 
with 2-3. 





ENGINEERING. 


There were comparatively few changes in rates of 
wages reported to have come into operation in June. 
In the industries for which statistics are regularly com- 
piled by the Ministry of Labour, the changes recorded, 
all of which were reductions, amounted to a total of 
14,9001. in the weekly full-time wages of 150,000 
workpeople. The greater part of this amount was 
accounted for by changes under cost-of-living sliding 
scales. The principal groups of workpeople affected 
by the reductions included hosiery workers in the 
Midlands, whose cost-of-living bonus of 7d. on each 
shilling earned was reduced to 6d.; men employed by 
civil engineering contractors, who sustained a reduction 
of 3d. per hour, and coal miners in the Cannock Chase 
district, for whom the percentage addition to basis 


rates was reduced by the equivalent of 4 per cent. on | 


current rates. Other workpeople whose wages were 
reduced, in each case under cost-of-living sliding scales, 
included carpet makers, hosiery and lace bleachers, 
dyers, finishers, &c., in the Midlands, bobbin makers 
in England and Wales, metallic bedstead makers, and 
men employed by electrical contractors in London and 
in certain provincial districts in England and Wales. 





During the first six months of 1929, the changes 
reported to the Ministry of Labour in the industries for 
which statistics have been compiled have resulted in 
net increases of 7,1501. in the weekly full-time wages of 
over 106,000 workpeople, and in net reductions of 
39,6001. in those of 453,000 workpeople. In the 
corresponding six months of 1928, there were net 
increases of 14,4501. in the weekly full-time wages of 
155,500 workpeople, and net reductions of nearly 
120,000/. in those of 1,115,000 workpeople. 





The number of trade disputes involving stoppages 
of work, reported to the Ministry of Labour as beginning 
in June, was 25. In addition, 15 disputes which 
began before June were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in June (including workpeople 
thrown out of work at the establishments where the 
disputes occurred, but not themselves parties to the 
disputes) was about 16,300, and the aggregate duration 
of all disputes during June was about 188,000 working 
days. These figures compare with totals of 17,200 
workpeople involved and 218,000 working days lost 
in the previous month, and with 23,700 workpeople 
involved and 452,000 days lost in June, 1928. 





The aggregate duration of all disputes in progress 
in the first six months of 1929 was about 899,000 
working days, and the total number of workpeople 
involved in these disputes was about 67,000. The 
figures for the corresponding period of 1928 were 
930,000 days and 94,000 workpeople respectively. 





A chart prepared for the Bulletin of the Industrial 
Commissioner of New York State traces the course of 
employment for over ten years in New York State 
factories making ‘ producers’’’ and ‘‘ consumers’ ”’ 
goods. ‘ Producers’”’ goods are principally building 
materials, iron and steel mill products, and pulp 
and paper manufactures. ‘‘Consumers’”’ goods are 
mainly goods sold over the counter, such as food 
and clothing. Since the depression of 1920, it is 
pointed out, employment variations have been less 
severe, and of the same general description in each 
group. The consumers’ group employing the majority 
of workers appears to have controlled the situation, 
leading first, with the producers’ group following. 
‘“*In the last analysis,” the Bulletin says, “‘ this would 
always be true, since the only market for the producers’ 
group is the consumers’ group, and this latter group 
will place orders only as the public buys. Both 
groups show seasonal fluctuations, but, on the whole, 
the curves have flattened out with succeeding years.”’ 





** Manufacturers,” the writer proceeds, “ have made 
a definite effort to stabilise production. Instead of 
leaving sales to chance, they have estimated very 
carefully the demand for their products and have 
established sales quotas. The result is that the output 
of factories making producers’ goods now coincides 
with current demand almost as well as that of factories 
making consumers’ goods. Furthermore, this tendency 
toward more uniform factory output has done a great 
deal to maintain the purchasing power of the public. 
With steady employment the consumer demand 
varies only a little, and this may be the controlling 
factor. The chart seems to indicate that fluctuations 
in employment are becoming much less violent in 
all manufacturing industries.” 





EXTENDED STEAM TaBLES: ErraAtA.—The following 
corrections are required in Table IIIF reproduced on 
page 596 of our issue of May 10 last. The saturation 
data for the pressure of 2,800 lb. per square inch should 
read ¢ = 685-6, H = 1069-2, V = 0-1020, @ = 1-2078. 
Similarly, the saturation data corresponding to the 
—— of 3,200 lb. per square inch should read ¢ = 704-4 

= 1002-2, V = 0:0629, g = 1-1438, 
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TO THE EDITOR. 
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REPORT OF THE BRIDGE STRESS 
COMMITTEE. 


To THE Eprror oF ENGINEERING. 


Srr,—Your comments on, and Mr. Gribble’s reply to, 
Mr. Swain’s letter in your issue of May 31, makes it 
fairly obvious that you have not grasped what the 
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Indian Impact Formula is. It is not wai Pe 


cent. on the total load as you and so many others 
assume. 

Technical Paper No. 247 states the problem thus :— 
““ What is the added deflection on a span of length L 
weighing w tons per foot run, due to a train weighing 
p tons per foot run, headed by an engine whose hammer 
blow is P, at 1 revolution per second, passing over the 
bridge at critical speed?” And gives the answer : 


: PinzL? 2N . 
Added deflection = “SE * 3” where N is the 
number of revolutions made by the engine in crossing 
the bridge. As N= > where C = the circumference 


of the driving wheel, we have added deflection 
Pine? 2L 
“en “ic 
Now P, n2, is one hammer blow at critical frequency 
203 
and 1 is the deflection which would be caused 
by this if it were a static load at the centre of the 


Fig.i. DYNAMIC MAGNIFIER. 
BRITISH RESULTS. 
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Fig.2. 
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bridge. To allow for repeated blows offset by damp- 


ing, this static effect must be multiplied by the 
factor a 

The British formula for the added deflection is of 
exactly the same form, being the added deflection which 
would be caused by one hammer blow applied as a 
static load, multiplied by a “‘ dynamic magnifier” K. 
The Indian factor <3 was obtained by inspection of the 
very large number of records available, and the British 
magnifier K was obtained in the same way. Both are 
empirical factors derived from experience. And it is 


noteworthy that on is practically the same as K (vide 


3C 
Figs. 1 and 2 above). So both formule are of equally 


logical form, but, if anything, the Indian factor ac is 
more logical than the British factor K, for it takes 
account of the number of impulses given to the bridge, 
which the factor K does not. 

The Indian formula then goes a step farther and 
converts 7,2 into terms of w, p and d the measured 
static deflection under the load p. This is a virtual 
calibration of the bridge for deflection. 

So far, both formulz enable us to predict the added 
deflection that will be observed on any particular 
bridge under any particular load. The further use 
made of these formule in order to design bridges is 
exactly the same. Knowing the weights of trains and 
bridges, a maximum value is assumed for P,. The 
additional uniformly distributed load which would give 
the same added deflection as the assumed P,, is in 
the Indian case, expressed as a percentage of the train 
load. In the British case it is added to the train load 
and the sum tabulated. If the train load is 100 tons 
and the equivalent load to cover the impact effects is 
50 tons, in India we call it 50 per cent. of the train 
load; in the British Report they say design for 
150 tons. What is the difference ? 

We found in India that when we plotted these 
percentages they were covered by the formula is L 
per cent. Apparently it is this smoothing over the 
results that has misled you. 

Another point you do not seem to have realised is 
that it is open to any railway to make use of the basic 
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formula to claim an advantage for an engine with a 
P, lower than the maximum assumed for design. The 
Bridge Rules stipulate, at present, for experimental 
justification in order to collect further evidence. 

It is admitted that the Indian formula does not logic- 
ally apply to spans on which synchronism does not 
occur ; therefore the curve was drawn for small spans 
high enough to cover known existing effects. So the 
allowance on small spans is purely empirical. But the 
British allowance on small spans, though it makes a 
show of being logical, is also more than half empirical 
and a large part of that expressed in the despised form 
of a percentage. 

So the facts are that the Indian formula is practically 
the same as the British formula on spans where 
synchronism occurs, is four years older, and has 
saved money for four years already. 

Yours faithfully, 
H. N. Coram, A.M.I.C.E. 
c/o The Railway Board, Simla. 
July 12, 1929. 





To the Epiror oF ENGINEERING. 
Srr,—Mr. Gribble’s reply, in your issue of June 7 last, 
page 723, to my criticism of a certain feature of the 
above report calls, I think, for some further remarks 
on my part. I do not wish to make this a personal 
discussion, so I will confine my remarks to certain 
matters which are of some interest and, in view of 
Mr. Gribble’s remarks, possibly illuminating to him. 
The crux of the matter seems to be that Mr. Gribble 
has not read the report of the Bridge Sub-Committee 
published in 1926, or, if he has, he ignores the theoretical 
work in it wherein we produced a basic formula for 
impact quite independently of experimental results. 
Our basic formula is 


_ 10-5 P, 
‘= ot pjed 
where 7 = impact factor, 
P; = ‘hammer blow” at one revolution per 
second, 


w = the dead load per foot, 

p = equivalent live load per foot, 

c = circumference of the locomotive drivers, and 
d = static deflection. 


This formula contains all the items which influence 
impact from resonance. é 

It is clear that, given the hammer blow Pj, the 
impact varies with the dead weight of the girders, with 
the train load, with the circumference of the locomotive 
drivers and with the static deflection d of the girders 
which is a measure of their stiffness and controls their 
natural period of vibration. 

Now it is clear that if a man sets out to design a 
bridge, he cannot be expected to be able to put a value 
to all these items in advance. Especially is this the 
case in India, and the Bridge Committee had to produce 
a formula of a simple kind which would ensure that 
the average (and generally the worst) conditions were 
covered. The Committee verified the basic formula 
against experimental results in India and in America. 
They then considered how a simple formula could be 
devised which would give the right impact when applied 
to the capacity load for which the girder is designed. 
They found that the requirements were met by the 
formula 

65 
45+ L’ 

and this formula, if (as Mr. Gribble says) illogical, 
is nevertheless correct. It is correct in this sense, 
that by inserting a value for L, the span or loaded 
length, the factor obtained, if multiplied into the live 
load, will give a figure in tons which is identical in 
significance with the number of tons which Mr. Gribble 
has added in his tables to obtain the load for which 
the girder, considered statically, should be designed. 

I fail to see how it is more illogical than the tables 
published by the Bridge Stress Committee. It is 
possibly open to criticism in that on short spans and 
reversal members it makes a higher allowance than 
the Bridge Stress Committee consider necessary. We, 
however, have preferred to err on the liberal side in this 
matter, since our experience hitherto has justified it. 
We are aware that for spans below the lower limit where 
resonance cannot be reached our basic formula and 
our covering formula have no interpretive meaning, 
but it so happens that empirical requirements in this 
range are conveniently covered by extending the curve 
backwards in a single formula. It is open to argument 
as to where we should cut off its head. 

It seems to me important to emphasise that, as 
practical engineers, we should not let the scientific 
interest of the subject obscure the real requirements 
of sound practice. 

Yours faithfully, 
L. H. Swain. 
Chief Engineer’s Office, 


ENGINEERING. 


P.S.—As a matter of interest, the following table 
shows a comparison of values of “ added deflection ” 
calculated by the Indian basic formula, and the actual 
observed values as given in the Bridge Stress Com- 
mittee’s Report. 








j 
Added Deflection. | Runcorn. | ses | 5 
Se 
in. in. in. 
Near girder— | 
Calculated oe | 0-112 0-086 0-157 
Observed oat 0-112 0-095 0-140 
Far girder— | 
Calculated | 0-036 0-045 0-066 
Observed | 0-037 | 0-053 0-091 
Mean— | | 
Calculated -| 0-075 | 0-082 0-116 
Observed ; 0-075 | 0-074 0-116 








It seems doubtful if any formula could give closer 
results to the actual observed values. 


[We hardly think that our correspondents establish 
the Indian rule as logical, though it may be very 
practical. It appears from their letters that, in 
deducing it, the assumptions made were that the 
deflection due to a hammer blow was independent of 
the position of the load on the bridge, from which it 
follows that the maximum deflection under conditions 
of resonance is directly proportional to the total 
number of blows received. Damping was entirely 
neglected. Having obtained, on these assumptions, a 
logical formula, it was abandoned, and another simple 
rule was then deduced, by a comparison of results, 
From this rule the live load, the dead load and the 
stiffness of the bridge have all disappeared.—-Ep. E.] 








CORROSION AND FATIGUE. 


To THE EDITOR OF ENGINEERING. 


Srr,—The occurrence of unexplained failures of 
metals—of which the recent wreck of the cross- 
channel air liner affords a disastrous example— 
raises the question as to whether it is sufficiently 
known that the fatigue strength of materials is enor- 
mously reduced when corrosive influences accompany 
the alternating stresses. In general, the most dangerous 
situation will arise when corrosion and alternating 
stresses act simultaneously, but here the presence of 
corrosion product may be expected to reveal the 
cause to those who examine the fracture. Recently 
McAdam* has shown that if a specimen is subjected 
to corrosive influences, even in the absence of alternating 
stress, then oiled, and subjected to alternating stresses 
in the absence of corrosive influences, it will fail at a 
stress-range considerably below the true endurance 
limit of the material in the uncorroded state. Further- 
more, if during the ‘‘ corrosion stage ” a low alternating 
stress (far below the endurance limit) be superimposed 
on the corrosive influences, the reduction of the 
endurance limit during the second “ fatigue” stage 
is still more marked. Thus, in one material where 
stressless corrosion for 10 days in salt water reduced 
the fatigue limit from 64,000 lb. per square inch to 
43,000, the application of an alternating stress of 
only 12,000 during the corrosion stage, reduced the 
subsequent fatigue limit to 16,000, i.e., a quarter of 
the original value. Supposing that such a specimen 
had been cleaned free from corrosion product at 
the end of the corrosion stage, is there any feature 
which would enable an expert to distinguish the 
fracture with absolute certainty from that of an 
uncorroded specimen which had failed above the 
true endurance limit? In some materials, perhaps, 
evidences of the corrosion stage would survive; but 
I feel doubtful whether this is true of all materials. 
Some types of corrosion are conspicuous, whilst 
others are not. I have seen specimens where even 
the “‘straight’’ tensile strength had been seriously 
reduced by corrosion, and yet their appearance was 
not appreciably different from that of other specimens 
where the tensile strength was almost unimpaired. 

For this reason, it may often be difficult to state 
whether chemical influences have contributed to any 
particular breakdown, but it is likely that they are 
responsible at least for some of the “unexplained ” 
failures. If this is the case, is it not time that definite 
expression were given to the misgivings felt by many 
people regarding the present neglect of chemistry 
in the engineering curriculum in many centres in 
this country ? No doubt the tendency to “‘ squeeze 
out” chemistry, is due to the wonderful advances in 
various branches of mechanics proper. But, logically, 
success in combating failures of one kind should cause 
more attention, not less attention, to be directed to 
failures of other kinds; the decrease of failures due 
to purely mechanical causes, which we owe to the 
development of more reliable materials and more 








East India Railway, 
Calcutta, July 8, 1929. 


* Amer. Inst. Min. Met. Eng. Technical Publication 
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accurate methods of calculating the proper dimensions 
of parts, must mean an increasing proportion of failures 
due to chemical causes, unless these causes also receive 
their due share of attention. In the days when the 
designer felt doubtful about the behaviour of materials 
under mechanical stresses, he would allow a large margin 
of safety, and this would, in effect, provide for the 
possible causes of breakdown of which the engineer, 
qua engineer, had no cognizance—such as, for instance, 
chemical failure. But when the engineer feels that 
the mechanical behaviour of his bodies can be fore- 
cast more exactly, he not unnaturally reduces his 
margin, and then practically no allowance is made 
for chemical agencies. I do not wish to be an alarmist ; 
but I would venture to ask those who determine the 
programme of engineering courses to consider whether 
there may not be elements of danger in passing out, 
as qualified engineers, men equipped with a splendid 
training in the methods of avoiding purely mechanical 
breakdowns, but sometimes ignorant of the very 
existence of chemical influences which may, in some 
cases, make calculations based on purely mechanical 
principles hopelessly inaccurate. 
Utick R. Evans. 
University Chemical Laboratory, Cambridge, 

July 3, 1929. 


THE CALIBRATION OF THE ASSOUAN 
DAM SLUICES. 
To THE Epitor oF ENGINEERING. 

Str,—It should, I think, be emphasised that the 
verification of the discharge of the Nile, which has 
been rendered possible by the calibration of the sluices 
of the Assouan Dam, to which reference was made in 
the article in your issue of the 2Ist ult., page 792, 
constitutes a distinct asset for the engineering pro- 
fession, whose members, as a rule, are obliged to rely 
on current-meter measurements. The demonstration 
that the flow of one of the world’s greatest rivers can 
be determined with an error of probably less than 


PLAN OF R.L. 100 SLUICE. 
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3 per cent., is surely, in itself, something remarkable. 
A systematic discrepancy only occurs in the determina- 
tion of the highest discharges, and, in any case, this 
is only of the order of 5 per cent. The path of action 
of the current meter, as used in the calibration of the 
sluices, is illustrated in the accompanying figure, and 
it will be remembered that the meter axis, at each 
end of its run, was only 0-20 metre from the line of 
the vertical side face of the culvert. Under these 
circumstances, it would appear that the possibility 
of some slight inaccuracy arising from obliquity of 
flow of the water relative to the axis of the current 
meter ought not to be altogether excluded. 
Making: allowance for this possibility, the agreement 
is excellent, and I therefore think that the engineering 
profession can congratulate itself on the proof thus 
afforded that complete confidence may be placed in 
observations which have been carefully made, or 
which in the future may have to be made with the 
help of the current meter. 
Yours faithfully, 

A. Burton Buckiry. 
49-50, Parliament-street, S.W.1. 
June 26, 1929. 


New SoutH WALES PorRTLAND CEMENT PLANT.—A 
large cement-making plant, which is stated to have cost 
750,000/. to build, was completed and put into service 
recently at Berrima, a town in New South Wales, Austra- 
lia, 83 miles south-west of Sydney. The plant is owned 
by Messrs. Southern Portland Cement, Limited, and the 
estimated annual output is 150,000 tons. 
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CATALOGUES. 


Office Furniture.—A list of writing tables and chairs 
for office use is to hand from Messrs. Libraco, Limited, 
62, Cannon-street, London, E.C.4. The illustrations show 
@ variety of substantial and neat designs. 

Machine Tools.—A catalogue of second-hand machine 
tools received from Messrs. Geo. Cohen Sons and Com- 
pany, Limited, 600, Commercial-road, London, E.14, 
contains over 350 items, including all usual machines. 

Driving Chains.—A description of textile and small 
power chain-drive equipments has been issued in pamph- 
let form by Messrs. The Morse Chain Company, Limited, 
Letchworth, Herts, with illustrations of 20 different 
machines, 

Fans.—We have received a folder illustrating a number 
of fans especially suitable for hotels, theatres and other 
large public buildings from Messrs. James Keith and 
Blackman Company, Limited, 27, Farringdon-avenue, 
London, E.C.4. 

Trucks.—A catalogue of trucks, barrows, stackers, 
portable platforms, ladders, &c., from Mr. H. C. Slingsby, 
89, Kingsway, London, W.C.2, shows a great variety of 
designs for special purposes. A section deals especially 
with the requirements cf the printing trades. 

Lubricants.—We have received from Messrs. The 
Texas Company, 17, Battery-place, New York City, 
U.S.A., a copy of their monthly journal, with an article 
on the lubrication of automatic coal-firing machinery, 
of both the stoker and pulveriser systems. 

Electrical Machinery.—A handsomely printed and 
illustrated pamphlet, describing their works and principal 
products, is to hand from the A.C.E.C. Company, of 
Charleroi. The text is in English, and the London 
office of the company is at 56, Victoria-street, London, 
8.W.1. 

Testing Apparatus for Petroleum, d&-c.—Messrs. Griffin 
and Tatlock, Limited, Kemble-street, Kingsway, London, 
W.C.2, have issued a catalogue of apparatus for testing 
petroleum, bitumen, asphalt, and road tar. The list covers 
40 pages, in which all the principal instruments and 
utensils are illustrated, and every item is specified and 
priced. 

Dovetail Sheeting for Walls and Partitions.—Messrs, 
Fredk. Braby and Company, Limited, Petershill-road, 
Glasgow, send a list of steel sheeting for floors, walls, 
&c. The corrugations form a dovetail slot on both sides, 
to hold cement or plaster. The sheets range from 14 to 30 
gauge in thickness, and weights and prices per square yard 
are stated. 

Steam Traps.—aA list of steam traps is to hand from 
Messrs. Alley and MacLellan, Limited, Worcester, 
showing an extensive range of sizes in materials suitable 








for working pressures of from 5 Ib. to 500 Ib. per square 
inch. Prices are stated, with full particulars of connec- 
tions and capacities. Lists of spare parts, valves, and 
auxiliary fittings are also included. 


Electric Motor Control Gear.—Two new catalogues are 
to hand from Messrs. Brookhirst Switchgear, Limited, 
Chester. One deals with the electric control of ships’ 
auxiliaries, describing some recent detail improvement 
in the drum-type motor-starting panels. The second 
deals with the control of synchronous motors and power 
factor correction. 


Ash Removal.—A catalogue describing a Hydrojet 
system of removing, loading and disposing of ash is to 
hand from Messrs. The Ash Company (London), Limited, 
63, Lincoln’s Inn Fields, London, W.C.2. Particulars 
are given, with illustrations and line drawings, of the 
application to mechanical stoker and pulverised-coal 
furnaces. 

Electrical Apparatus.—We have received new cata- 
logues from Messrs. The General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
dealing with high-speed circuit breakers, electric ovens 
and furnaces for industrial purposes, and lampholders. 
A number of revision sheets for addition to their general 
catalogue have also been received. 


Bronze.—A catalogue of bronzes and white metals, 
recently issued by Messrs. J. Stone and Company, 
Limited, Deptford, London, S.E.14, conveys some idea 
of the wide range of special uses to which the red and 
white metals, and their alloys are put in engineering. 
The catalogue shows many successful products, ranging 
from large ship’s propellers to the smallest mechanical 
parts. 

Instruments.—Messrs. The Drayton Regulator and 
Instrument Company, Limited, West Drayton, Middlesex, 
have sent us a number of new catalogues of instruments 
for indicating, regulating and recording temperature, 
humidity, &c. Amongst these is a combined tempera- 
ture and pressure instrument, with two dial indicators, 
and a recorder specially designed to meet the require- 
ments of the beet-sugar industry. 

Electrical Machines.—A new catalogue, issued by 
Messrs. The British Thomson-Houston Company, 
Limited, Rugby, contains a full description of the rotary 
converter, dealing with its construction, operation, effect 
on power factor, and the conditions of application. A 
leaf catalogue of auto-transformer starting equipment 
for large squirrel-cage motors, salient-pole synchronous 
motors, and condensers is also to hand 

Aluminium.—Messrs. The British Aluminium Com- 

y, Limited, Adelaide House, King William-street, 
mdon, E.C.4, have sent a number of supplementary 
data sheets for insertion in their general handbook— 








several of these deal chiefly with transmission lines, and 
one with expanded aluminium sheet metal. A book of 
post cards, illustrating motor cars in the construction of 
which aluminium is used, has also come to hand. 


Air Motors and Tools.—We have received three cata- 
logues from Messrs. Holman Brothers, Limited, Cam- 
borne, Cornwall, dealing with pneumatic appliances. 
These include a rammer for use in the foundry, for making 
concrete blocks, &c., and for back-fill road tamping. A 
ripper for breaking up concrete roads, and the Hele-Shaw 
Beacham air motor are also dealt with. The latter is 
specially suitable for pumping and haulage work in 
mines, and is made in sizes developing 20, 40, 45 and 75 
b.h.p. when supplied with air at 80 lb. per square inch. 


Steam-Heating.—Messrs. Bellis and Morcom, Limited, 
Birmingham, have issued a third edition of their booklet 
dealing with combined power and heating and the 
financial savings resulting from reorganising the power 
plants where there is an extensive use for heating or 
process steam. This firm has carried out a large number 
of contracts in a wide range of industries and is able to 
give data of the economies effected. The system is now 
well known, but this concise statement of facts may well 
be studied by those who have not taken full advantage 
of it. 


Furnaces.—The Wellman-Chantraine furnace is the 
subject of a special catalogue received from the makers, 
Messrs. The Wellman Smith Owen Engineering Corpora- 
tion, Limited, Darlaston. In this furnace a downward 
flow of air striking a horizontal flow of gas is employed 
to produce a uniform and highly efficient distribution 
of heat, suitable for all the usual heat treatments of steels, 
billet reheating, &c., at temperatures up to 2,000 deg. F. 
The multiflame and rotary flame types and the recupera- 
tor are fully described, with illustrations of details and 
notes on the operation of the furnaces and the work for 
which they are especially suitable. 








TECHNICAL LITERATURE IN PusBLIc LIBRARIES.—We 
have at one time and another drawn attention to the 
efforts made at Coventry to provide facilities in connec- 
tion with technical literature through the public library 
service. An example of the measures adopted is to 
be found in the July-August issue of the Readers’ Bulletin 
published by the Libraries Committee. This contains 
among other matter a special list of works in the library 
dealing with modern machine-tool practice, and includes 
many works by accepted authorities on their several 
subjects. As far as we can gather these are all post-war, 
a large proportion being quite recent publications. The 
subjects covered embrace cutting tools, grinding machines, 
gear cutting, pressing, &c. Such an effort to make a 
library of practical service deserves success. 
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IMPROVEMENTS IN BRITISH HIGHWAYS. 


TYPICAL CROSS SECTIONS OF ARTERIAL ROADS 
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|four amalgamated groups, have secured from Parlia- 
ment authority to own and run road transport services 
in conjunction with their railways. They have, of 
course, always exercised the rights so far as the convey- 
| ance of goods over highways is concerned, to and from 
| their stations, in their character as common carriers, 
| but the lack of the powers now secured was felt to be a 
Vites 5.0 20 30 w 50) % $0 90 1OMics | disability. The road transport companies and under- 
OOS et —— re rp | takings handling passenger traffic have developed at 
5S > | so rapid a pace, and their services commend themselves 
Dawa FZ F | so much to the public that practically every village in 
(naze.ay'sS socal | England is now linked up, by some form of regular 

service. with the nearest market town or shopping 
es and modifications will arise from time to| centre. The standard maintained by the well-estab- 
ferred to, | lished transport companies touches a high level of 
ted which | efficiency and, indeed, of luxury. 
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adopted, which will ensure the fitness and adequacy of| Chang 
the roads so built, for present and future traffic. The} time; some now pending will be later re 


surface condition throughout the road system has been | but in the main, machinery has been crea ei 
much improved, so that road transport moves reason- | will function steadily and efficiently toward the common The advent of this new form of transit has had in- 


ably easily and economically, with the corollary that | good, and will aid those economic conditions which | jurious effects upon the tramway:systems in the country, 
the confidence and patronage of the community has | make for this country’s prosperity. | and although the larger continue to receive @ fair 
been secured for the very excellent passenger vehicles| Among the more recent changes which have tak: n | measure of support, the smaller, which never had a very 


which are now so generally in use throughout the length | place, reference should ‘be made to a group of| large margin of profit, have been so seriously affected 
and breadth of Great Britain. 





statutes. The railway companies now consisting of the | t 











hat. without rate aid, they must have gone out of 
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business. Some of the tramways owned and operated 
by companies are also in an extremely unsatisfactory 
financial condition, owing to the competition of the 
newer and more flexible vehicle now made available 
to the public. 





(To be continued.) 








TRANSPORT COSTS IN ROADLESS 
COUNTRIES AND THE POSSIBILI- 
TIES OF MECHANISATION.* 


By Lieut.-Col. Paitrp Jonnson, C.B.E., D.S.0. 


At the Southampton Meeting of the British Associa- 
tion in September, 1925, the Author read a paper en- 
titled ‘‘ The Roadless Transport Problem.t’’ In that 
paper emphasis was laid on the necessity of finding a 
means of movement over land intermediate between 
load carrying and hauling vehicles, ranging from half a 
ton to 20 tons capacity, and the arterial railway goods 
train, with a load capacity of 500 tons or more. An 
attempt was made to show that the cost per ton-mile 
for transport, when other things are approximately 
equal, must always vary inversely as the load, and that 
the development of the British Empire must depend to 
a considerable extent on the finding of some means of 
movement which, by the bulk of goods carried at one 
time, will be cheap in cost per ton-mile, and not demand 
for its operation the building of enormously costly 
railways or roadways, the economic justification of 
which cannot be provided by thinly-peopled countries, 
with that intermittent demand for transport, which is a 
feature of those countries dependent mainly upon 
agriculture for their prosperity. 

The object of this paper is to review the situation in 
the light of the experience gathered in the last four 
years, during which an increasing amount of attention 
has been concentrated on the subject. As it is sug- 
gested that the problem is primarily one of cost, it is 
this aspect of the subject which is here considered in 
detail. 

Importance of Cost Factor in Transport in General.— 
Before proceeding to this detail, it is perhaps as well to 
emphasise the supreme importance of the cost factor 
in all transport. It is commonly supposed that speed 
is a factor of great importance in transport, but it is 
suggested that unless either directly or indirectly the 
question of speed influences that of cost, then the 
consideration of speed can be left entirely out of account. 
As an illustration of what is meant, cargoes of non- 
perishable goods are sent by sea at a speed of, roughly, 
10 to 12 knots, which speed is found upon the whole 
to give the lowest cost per ton-mile. If these same 
cargoes were transported, as is perfectly feasible, in 
vessels averaging from 20 to 30 knots, much time would 
be saved, but as the cost would be increased it is not 
done, the carge having the same value at destination 
whether it arrives there in one month or three months. 
The interest on the capital locked up in the cargo for the 
short extra period is negligible compared with the 
increase of cost which would be necessitated by the 
extra speed. In the case of perishable goods, economic 
advantage can often be obtained by employing high 
speed, but in this case it is the expense of the deteriora- 
tion of the goods which results in the saving and justifies 
the costly speed. It may easily be the source of an 
indirect saving in cost for a business man to spend 
considerable sums on speed of travel because of the 
value of his time, but speed for its own sake is nothing 
better than a pleasurable sensation. In all circum- 
stances, the lowest possible figure of cost is the vital 
factor in all methods of transportation. It is probable 
that if the cost of transportation throughout the world 
could be halved, the resulting prosperity would be 
doubled and even possibly quadrupled. As an instance 
of the circumstances in which the relation between 
production and prosperity is calculable, it is only 
necessary to consider how the cost of transport regulates 
the areas in which production can take place. If we 
visualise a market centre with the surrounding area 
devoted to the production of, say, maize, it is obvious 
that the economic circle round the market centre in 
which maize can be produced is entirely regulated by 
the cost of transport to the market centre. Suppose 
that after paying for all the costs of production and 
providing for a reasonable profit to the producer, a 
sum of 10s. per ton of maize is available for transport 

to the market centre, then if the transportation costs 
per ton-mile are ls., the extreme economic radius 
from the market centre at which maize can be grown 
is 10 miles. But if the cost of transport is halved 
the economic radius immediately becomes 20 miles, 
and the area of the circle surrounding the market centre 
1s not doubled but quadrupled, the area of a circle 
mereasing as the square of the diameter. As these 


* Paper read before Section G of the British Association 
* ape Town, on July 25, 1929, 
' See ENGINEERING, vol. exx, page 337. 
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arguments apply under all circumstances in all countries 
and with every type of product, the effect of a reduction 
in the cost of transport, even though a small one, is 
almost incalculable.. It may be true that without 
transport of any sort civilisation, and often even life 
itself cease to exist. It is equally true that they will 
cease to exist just as readily if this transport is pro- 
hibitive in cost ; if, in other words, it absorbs in money 
or human effort a greater sum than the community can 
afford to expend. It is probably no exaggeration to 
say that human prosperity varies inversely as the 
square of its transport costs. 

Transport Costs in Africa.—Before examining what 
may be possible to reduce the cost of transportation in a 
country such as South Africa, which, after all, presents 
problems very similar to those which exist in many 
other parts of the world, it may be advisable to review 
the present unsatisfactory state of affairs in the African 
Continent in general. 

Costs of Porterage.—The first means of movement 
common in Africa at the present day is the human porter 
carrying a load of perhaps 60 lb. His total daily 
mileage capacity is 15 or thereabouts, which gives a 
transport capacity a day of rather less than half a ton- 
mile. The charges per ton-mile range from 5s. to 1s. 6d., 
depending upon conditions, wages paid, &c. It is 
common practice to say that this means of movement is 
indefensible from either economic or humanitarian 
points of view. It is suggested, however, that the use 
of human porters for transportation is perfectly defen- 
sible when the radius of action of the human porter is 
proportionate to the load carried at one time. To 
secure economy in working costs the radius of action 
of any vehicle must always be in direct proportion to 
the load carried, and this is true of all means of move- 
ment. The economic radius of action of the human 
porter is probably a few yards, and if this is exceeded 
then it is true that there is no humanitarian or economic 
justification for his use. It will probably be agreed, 
therefore, that though the human porter is an essential 
factor in the transportation system, and that goods 
must be handled by human beings for short distances 
and in small quantities, whatever means of movement 
are subsequently employed, it must always be the 
most expensive perhaps of all means of movement, and 
if economy is to be secured must be cut down to the 
shortest possible distance. 

Costs of Pack Animals.—The next stage in the trans- 
portation system of such countries as South Africa is 
the use of pack animals, with a load capacity of 200 Ib. 
to 400 lb. and a daily mileage capacity of, say, 24. 
Assuming that of this 24 miles, 12 to 18 only will be 
under load, we get a daily ton-mile capacity for pack 
animals of 1 to 3, at a cost per ton-mile of from 5s. 
to 2s. It is rather remarkable that, according to such 
figures as the Author has been able to collect, the average 
cost per ton-mile of pack animal transport tends to be 
rather higher than the cost of transport by human 
porter, indicating possibly an even lower standard of 
existence for the human being than for the animal. 
There may be justification in some cases for the use of 
pack animals for very short distances, where the loads 
involved are not large enough to justify capital and 
other expenditure on heavier and more economic 
methods. In the Union of South Africa the use of 
pack animals is not widely spread, and is mainly 
confined to very difficult and hilly routes, where the 
expense of preparing tracks suitable even for the 
South African bullock wagon is not justified by the 
volume of traffic available. 

Costs of Animal-Drawn Vehicles.—The third stage in 
the transportation system as known at present is the 
anima]-drawn vehicle, and it is remarkable that in this 
means of movement South Africa probably leads the 
world. The Author believes that in no other country 
has animal transport been carried to the pitch of 
perfection which is common practice in the Union. 
The taking of a 5-ton net load across the most difficult 
country through steep and winding drifts, over boulders, 
through river beds and ravines, hauled by 16 or more 
oxen all carefully trained to work in unison—without 
which the feat would be impossible—is a most remark- 
able achievement, and under similar conditions and 
difficulties has probably never been excelled elsewhere. 
In all probability the bullock wagon of South Africa is 
the most economic means of animal transport that has 
been evolved up till the present, or ever will be. If 
we put the net load carried at from 1 to 5 tons, the 
daily mileage capacity at 16, the daily miles loaded 
at from 8 to 12, we get figures of ton-miles per day of 
from 8 to 60. Speaking from many years experience of 
South Africa, but with no knowledge whatsoever of it 
during recent years, the cost per ton-mile is estimated 
at from 1s. 6d. to 9d. It is probably within the recol- 
lection of many present that figures very much lower 
even than 9d. per ton-mile for bullock wagon transport 
have been obtainable. At one period within the 
Author’s own experience, about 1905, transportation 
was regularly carried out by bullock wagon in parts of 
the Orange Free State and Transvaal at a figure as low 
as 2d. a ton-mile. The conditions, however, under 





which this was done were not those of genuine transport, 
in that such rates were only obtainable from wagon 
owners during periods when no other use was available 
for the animals, when feed was obtainable by the 
road side or when a return journey empty was the only 
alternative. It is hardly thinkable that at such a rate 
a wagon and 16 oxen could be run at a profit under less 
favourable conditions, and as these are quite excep- 
tional and local, figures like 2d. per ton-mile need not be 
considered. As far as the Author is aware, no data 
exist to show what proportion of the general agricul- 
tural transportation of South Africa (leaving the rail- 
ways out of account) is performed by bullock wagon. 
Twenty-five years ago the proportion must have been 
nearly 100 per cent. Even to-day, outside the cities 
and towns, and again neglecting the railways, 
the proportion of transport which is performed by 
animal-drawn vehicles must be very high indeed. The 
comparative failure of mechanical vehicles to compete 
with animal transport in South Africa is due, not only 
to the scarcity of roads suitable for such vehicles, but 
also to the great efficiency to which the latter means of 
movement has been carried by the pioneers of the 
development of the country. 

Costs of Mechanical Vehicles with Small Load Capacity. 
—We now come, not perhaps to a further stage in the 
transportation system, but to what might be more 
justly described as merely an alternative to the South 
African bullock wagon, i.e., the mechanical vehicles 
designed to carry or haul about the same load at one 
time. These can only succeed in competition with the 
bullock wagon if they can show an economic advantage, 
and in places like South Africa, where animal transport 
has been carried to such perfection, it is no easy matter 
for the mechanical vehicle to supplant it. While it 
must be borne in mind that finally the one and only 
criterion is cost, the mechanical vehicle usually has 
an advantage in speed which often indirectly affects 
cost ; it is also perhaps more independent of seasons 
than the bullock wagon, which is only at its cheapest 
when feed for the animals is available by the roadside. 
Some advantage is gained from the fact that the 
mechanical vehicle can be kept at work for longer 
periods, thus minimising capital charges. In some 
cases, especially with the lighter pneumatic-tyred 
vehicles, indirect savings are effected by the fact 
that less damage is done to the route. There are few 
vehicles more destructive to earth road. surfaces than 
the bullock wagon, and which are the chief offenders, 
the wagons themselves or the bullocks, it is difficult to 
say. There is only one transport animal which 
improves instead of deteriorating earth road surfaces 
and that is the camel, due to the fact that with a 
maximum load it puts a pressure per square inch on the 
ground of no more than 15 lb. When we come to 
consider the question of the cost of transport in its 
widest aspects, it is essential that we should realise 
that such cost must include that of route upkeep. 
Though the individual may not fully appreciate this 
charge or the extent of his necessary participation 
therein, it must always form part of the cost of transport 
from the national point of view, and anything which 
can be done to economise on route upkeep must ulti- 
mately be of benefit to the community. A striking 
example of the importance of this route or road question 
is given by the contrast between the adjacent territories 
of Kenya and Uganda. In Kenya nearly all the heavy 
transport, other than by rail and outside the main 
towns, of course, is done by bullock wagon of the South 
African type, the result being that the country routes 
are always in the most appalling state of disrepair. 
So serious has this become thatit is now common practice 
to reserve special roads for use by light pneumatic- 
tyred vehicles, prohibiting under severe penalties the 
use of these by bullock wagons. The authorities 
realise that good routes and bullock wagon transport 
are not compatible with one another. In Uganda, on 
the other hand, bullock wagons cannot be employed 
on account of the tse-tse fly. This has resulted in a 
transport development on the lines of light pneumatic- 
tyred lorries, the use of solid tyres being prohibitive on 
account of their effect upon the roads. As a conse- 
quence, we find in Uganda an astonishing net-work of 
well-surfaced smooth roadways, which must very 
greatly contribute to the prosperity of that country. 
These roadways have little or no foundations as we 
understand the term in England, and are mostly 
surfaced with gravel or laterite, but the light pneumatic- 
tyred vehicles which run over them do little damage, 
even though rain is frequent and the surfaces are 
generally moist. It has been suggested that the 
difference in respect of routes in Kenya and Uganda is 
mainly accounted for by the fact that material for 
surfacing is available in Uganda and not in Kenya. 
It is doubtful if this is the case to any appreciable 
extent, but even so, this would not alter the fact that 
the roads of Uganda would be cut to pieces in a very 
short time if bullock wagon transport were employed 
over them. The bulk of the credit for the good roads 
and consequent material prosperity of Uganda, is in all 
probability due to the tse-tse fly. 
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Difficulties of Comparison of Costs of Animal and 
Mechanical Transport.—It is difficult to apportion the 
respective costs of transport by mechanical and animal 
means owing to the necessity for taking into account | 
not only the cost of route or road construction and | 
maintenance, but also the comparatively remote 
mechanical effects of bad or good surfaces. If a vehicle 
is driven over a continuously smooth surface, the work 
done in time and actual running costs must be ulti- 
mately very much less than if the route is broken and 
irregular, but these costs are not easy to estimate owing 
to their enormous variation, and too often they are 
entirely disregarded. It is even common practice, 
especially with mechanical vehicles, to make no proper 
provision for maintenance, depreciation, interest on 
capital and other standing charges when preparing 
estimates of cost. Where this is the case, it is not to be 
expected that due allowance will be made for the 
direct and indirect charges which occur in respect of 
the routes used. Innumerable instances can be found 
of transport being undertaken at a cost which may show 
a so-called profit on the actual running expenses of the 
vehicle, no provision whatsoever being made for stand- 
ing charges even. Leaving such instances out of con- 
sideration, and regarding only those where proper 
provision is made for standing charges and all inci- 
dentals, it may roughly be stated that under the severe 
conditions which are usually found in continents like 
Africa the cost of mechanical transport, where vehicles 
carrying from one to three tons at a time are employed, 


is not less than 1s. per ton-mile, and is often as high as | dry 


2s.; and these figures take no account of route or 
road construction or maintenance. It is not to be 
wondered at therefore that the mechanisation of 
transport, in places such as South Africa, has made so 
little progress, compared with that in countries having 
sufficient volume of traffic to justify the enormous 
cost of well-made roads. 

Gap between Vehicles with Small Load Capacity, and 
the Railway Train.—It naturally suggests itself at this 
stage to inquire why the cost of mechanical transport 
has not been reduced by the employment of larger 
vehicles carrying a greater load at one time. Why is it 
that in such countries as Africa, Canada, Australia, &c., 
and neglecting, as we are justified in doing, those parts 
of these countries which are developed by good hard 
roads, there is practically no means of movement 
between the small load-carrying vehicle, taking one or 
two tons at a time, and the main line railway with a 
vehicle load-capacity of 500 tons and upwards. This 
gap in the transport system is all the more noticeable 
if we compare the ton-mile capacities per day of these 
small load-carrying vehicles with the ton-mile per day 
capacity of a railway train working over a single line 
with hourly crossing stations. A mechanical pneu- 
matic tyred vehicle carrying a load of 1 ton, and travel- 
ling say 80 miles a day half laden and half empty, has a 
daily ton-mile capacity of 40. If of two tons capacity, 
and the daily distance travelled is the same, this is 
increased to 80. A South African bullock wagon taking 
a maximum of 5 tons and travelling say 12 miles laden, 
has a capacity of 60 ton-miles in the day. Roughly, it 
can be said that these small load-carrying vehicles 
have a daily ton-mile capacity of under 100. A train 
of 500 tons capacity, travelling a distance of say 300 
miles in the 24 hours, has a ton-mileage capacity per day 
of 150,000. Attempts are constantly being made to 
provide a means of movement intermediate between 
these two extremes, but so far with little success. 
Lorries and other vehicles carrying or hauling loads 
of anything from 5 to 15 tons are perfectly feasible 
and are commonly used over the good hard roads of 
the towns ; but when an effort is made to employ these 
vehicles over the earth road surfaces and tracks further 
afield, it is immediately realised that such traffic is 
impracticable, the principal source of trouble being 
the high pressure per square inch transmitted to the 
ground, and the fact that, even under occasional traffic 
of this nature, the road surfaces rapidly deteriorate and 
become impassable. In certain parts of the British 
Empire, the use of vehicles having a greater load capacity 
than 2 tons is prohibited over such roads as are avail- 
able, and in some cases it has been made illegal merely 
to import solid rubber tyres or vehicles fitted therewith, 
so serious is the view taken of the damage these occa- 
sion. The problem therefore remains of finding some 
means of cheapening the cost of transport by the carry- 
ing of a large bulk of goods at one time without the 
limitations and inefficiencies which have been found 
in such vehicles as have been tried hitherto. It is not 
suggested that there should be any interference with 
the minor means of movement representing the first, 
second and third stages in the transportation system 
already mentioned, though quite possibly improvements 
in detail can be effected therein. What is wanted is 
a new stage altogether, and a much cheaper stage, 
 appene automatically for a larger radius of action. 

ot only does the cost of transport vary inversely 
as the load, but the radius of action of any means of 
movement varies directly as the load. The human 





porter has an economic radius of a few yaris, but the 
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railway train a radius of many thousands of miles. | 
What is wanted is an intermediate means of movement, | 
having an economic radius of action of several hundreds | 
of miles. Railways are not economically justified by 
the traffic likely to be available in agricultural coun- | 
tries at a less distance apart than 300 to 400 miles, | 
which appears to call for a vehicle having an economic | 
radius of 150 to 200 miles. 

Practicability of Bridging this Gap by means of Vehicle 
with Load Capacity of 100 tons.—The solution of this 
problem lies, in the Author’s opinion, in a vehicle 
carrying or hauling a load at one time of not less than 
100 tons, because it is only when some such vehicle as 
this is reached that sufficient economic advantage is 
gained in cost per ton-mile to justify, not only the 
capital expenditure involved, but the recurring expen- 
diture in the expert attention, which such a vehicle 
would inevitably have to receive. This vehicle would 
be obliged to fulfil] the requirement of not imposing 
upon the earth surfaces, over which it must travel, a 
greater pressure per square inch than this surface will 
support without deterioration. It is also extremely 
desirable that the pressure should not be high enough 
to cause loose wind-blown sand to flow underneath it. 
If we exclude hilly roads, which are naturally well 
drained and comparatively hard, and confine our 
attention to that class of surface by far the most 
frequently encountered, i.e., the flat or undulating 
plains of the world, it will be realised at once by those 
who have experience of such conditions that, while in 
weather and with certain classes of soil, pressures 
as high as 50 lb. or 60 lb. per square inch are possible 
without rapid deterioration of the surface, on the other 
hand, these comparatively hard surfaces are by no 
means found everywhere, nor at all seasons of the 
year. Under many circumstances pressures as low as | 
10 lb. to 12 lb. per square inch will have the effect of | 
disintegrating the surface. This matter of pressure per | 
square inch has been very carefully studied under a| 
variety of conditions in many parts of the world, and | 
when the information obtained is summarised and | 
considered, the conclusion is inevitable that a greater | 
pressure per square inch than about 15 Ib. will sooner | 
or later, and depending upon the intensity of the traffic, | 
destroy an earth surface, whereas at this figure or less | 
not only does the surface fail to disintegrate, but it | 
steadily improves and consolidates with the traffic. 
A loaded camel puts a pressure upon the ground of 
approximately 15 lb. per square inch, and wherever | 
camels are used the result of their passage is a hard, 
smooth, and compact surface. It has been conclu- 
sively demonstrated also that, at this pressure, vehicles 
can pass with ease over the lightest of wind-blown sand 
without sinking, provided, of course, that a flat surface 
is offered for contact. Therefore, it is suggested that 
if a weight like 100 tons net load at a time is to be 
transported over earth road surfaces under the average 
conditions which are obtained the world over, this 
vehicle must not impose upon the ground a greater 
pressure per square inch than 15 1b. A sketch of such a 
vehicle is shown in Figs. 1,2, and 3, opposite. The load is 
carried on four trailers each of 25 tons capacity mounted 
on track units bringing the pressure per square inch 
down to the required figure—in fact, somewhat lower, 
i.e., 12 lb. persquare inch. The principal characteristic 
of the track units upon which the trailers are mounted, 
is that by their girder-like construction they have a | 
remarkable road-rolling effect upon the ground, | 
smoothing out its inequalities as the road is traversed. | 
The tractor itself is a heavy and powerful vehicle | 
weighing about 25 tons, equipped with a Diesel engine | 
of 300 h.p. to 400 h.p. It is mounted upon tracks | 
specially designed for the purpose of giving the adhesion 
essential for the draw-bar pull required. Again, the 
pressure per square inch is kept down to 12 Ib. evenly | 
distributed. A novel principle of construction is | 
embodied in the design of this track in that there are no | 
metallic joints between the links and plates which go to | 
form it. The joint is formed of blocks of rubber, and | 
it is by internal movement of the rubber itself that 
the necessary resiliency for steering and turning round 
the sprockets of the machine is obtained. It is impos- | 
sible in the time available to go into any minute | 
details regarding the construction of such a vehicle, 
nor must it be assumed that it has in fact, been 
produced. Vehicles of a similar nature, but of smaller 
size, have been constructed, and the principles embodied 
tested exhaustively. This does not mean, however, 
that the construction of such a large vehicle is non- 
experimental. Every change in scale involves an 
element of experimentality, but if the principles of 
construction are sound, there is every ground for hope 
that success can be achieved. The principal charac- 
teristics of the roadless train visualised, are an average 
speed of 5 m.p.h., a turning radius of 100 ft., a drawbar 
pull enabling the machine to cope with gradients when 
fully loaded up to 1 in 15, and the capacity to negotiate 
water up to 4 ft. in depth. No part of the vehicle 
will impose upon the ground a greater pressure per 
square inch than 12 Ib. 

The Author is firmly of the belief that not only is 











such a vehicle practicable, but that it will provide 
that means of movement which is lacking in the agricul- 
tural cross-country transport systems of the world, 
and will so reduce the cost of movement as to develop 
the areas it feeds to an almost incalculable extent. 
Transport Costs by 100-ton Vehicle.—It may be of 
interest to attempt to realise what the cost of transport 


| per ton-mile with such a vehicle would be. We have 


seen that the cheapest means of movement, apart from 
railways and under the conditions we are considering, 
varies from 9d. to 1s. 6d., or even more, per ton-mile. 
On the other hand, railways can show a figure of 
approximately 2d. per ton-mile. A consideration of 
the following figures will indicate, it is suggested, that 
such a roadless train as is visualised can provide 
movement at a cost per ton-mile only slightly in 
excess of that provided by railways, leaving for opera- 
tion over short distances, and as feeders to this train, 
the minor means of movement, which are of neeessity 
more expensive. 

In order to estimate even approximately the operating 
costs of a roadless train, such as is visualised, it is 
necessary to assume a capital cost, but it would not be 
fair or reasonable to burden this capital cost with the 
expense which would be incidental to the development 
of the type. In moderate production, and comparing 
the cost per ton weight of similar machinery, it can 
confidently be stated that the capital cost of this train 
would not be likely to exceed 10,0007. On this figure 
the estimate given below is based. 


Annual Capital Charges. 
£ 
Interest at 5 per cent. on 10,0001. Pre 500 
Depreciation at 20 per cent., allowing for a 
total life of 5 years only... ae ie 2,000 





2,500 

Running Charges. 
Maintenance. A very ample figure for the 
cost of an annual overhaul and such expert 
attention at other times as may be required, 
is probably 1,0007. Doubling this for the 


sake of safety, say, ... 2,000 


Labour. 

Expert attention to such a heavy and valuabie 
piece of machinery is undoubtedly required, 
and provision should be made for two 
experts at, say, 1,000/. a year each, and 
additional unskilled assistance, say, 500/., 


total 2,500 


Fuel. 
Good quality Diesel fuel oil costs approximately 
4l. per ton at any seaport of the world. Allow 3i. 


per ton for delivery to destination by rail—7l. total, 
say, 7d. per gallon. 


The fuel consumption of Diesel engines we will take 
at 0-6 pints per horse-power hour, though very much 
lower figures than these are readily obtainable. 
Assuming an outside figure of 300 h.p. continually 
exerted when the train is loaded, then the consumption 
per hour Joaded will be 4} gallons per mile at a cost of, 
say, 2s. 8d. The consumption empty will be possibly 
half the above, or 1s. 4d. per mile. As running time is 
assumed to be half loaded and half empty, the average 
cost of fuel per mile will be at the very outside 2s. 


Incidentals. 


For lubricating oils, stores, etc., it is usual to make 
an allowance equal to about one-fifth of the fuel costs, 
but it is suggested that an allowance equal to the fuel 
cost should be made, i.e., 28. per mile. 


On the basis of the foregoing, the total annual cost 
would be as under :— 


£ 
Capital charges ... as ee ie — 2,500 
Maintenance ... aie fee eis ee ’ 
Labour ... ees Ses See dos ‘ws 2,500 
Fuel for 20,000 miles at 2s. ... = aa 2,000 
Oil, &c., for 20,000 miles at 2s. aes wus 2,000 
Total =o nee ‘co. . EE,000 


The work done for the above expenditure might be 
estimated as follows. 

If we take a daily mileage of 80, this would mean at an 
average speed of 5 miles per hour, a 16-hour working 
day as against a 24-hour working day for railway trains. 
It is not usual, of course, for motor vehicles to run at 
night, especially under severe conditions, but it is 
one thing to run at night at very high speeds over 
rough roads and quite another to jog steadily along at 
5 miles per hour over a known route, with a vehicle 
to which such obstacles as may be encountered are 
negligible. There is no reason why, with suitable 
changes of personnel, the whole 24 hours should not be 
employed, but it would be inadvisable to estimate on 
this, as the necessity always arises for smal] running 
repairs and adjustments, and time must be left for 
these. Therefore, 80 miles per day is probably all that 
can be allowed for, and it must be assumed that only 
half this mileage is done loaded, for the other half no 
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ownership of the railway systems, is in the hands of the | 
Government. It may well be that though the organisa- | 
tions so provided for the running of the railways would | 
not and could not concern themselves very intimately | 
with the minor means of movement carrying small | 
loads for short. distances, yet it would appear that such | 
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HIGH-SPEED MULTIPLE DRILL 


MESSRS. THE BAUSH MACHINERY TOOL COMPANY, SPRINGFIELD, MASS., U.S.A. 





an item and such an essential factor in the transporta- | 
tion system as the 100-ton roadless train, is one which | 
might well come under the existing organisation 
provided for railways. This is specially so when it is 
remembered that these trains amount to branch feeders 
for the railways, not only economical in themselves, 
but serving the railways by supplying them with 
traffic which would otherwise not be available. 








BAUSH HIGH-SPEED OIL-GEAR 
MULTIPLE DRILL. 


THE vertical drilling machine illustrated in the accom- | 
panying figure forms a good example of a practice | 
which, though not uncommon in the United States 
and on the Continent, has not yet been adopted to any | 
marked extent in Great Britain. We refer to the sub- 
stitution of hydraulic mechanisms for the more custom- 
ary toothed gears of the feeding movement of the | 
cutting tool in machine tools. The machine in question, 
known as the Baush No. 2 high-speed oil-gear multiple | 
drill, is made by Messrs. Baush Machine Tool Company, 
Springfield, Massachusetts, U.S.A., and is handled 
in this country by Messrs. Alfred Herbert, Limited, | 
Coventry, in whose shops we recently saw it in| 
operation. The chief claims advanced for the oil-gear | 
which is the characteristic feature of the machine, 
the drilling head being of a type already fairly well | 
known, are, that in many instances tools can be run | 
at double the cutting speed obtainable with a mechan- | 
ical feed ; that an infinite variety of feeds is available | 
without the use of change gears; and that the rate of | 
production is increased by rapid traverse of the tool | 
up to and away from the work. It is also maintained 
that considerably less power is required than with a 
mechanical feed, and that the movement of the tool 
is smooth regardless of the speed or the load. | 
Further, as the gear is protected from overloads by | 
relief valves, the drilling head can be stalled without ' 
damage to the tools, machine or work. 

The figure gives a good idea of the general construc- 
tion of the machine, the type of drilling head adopted 
being particularly clear. Beyond remarking that it 
can also be supplied of a circular pattern up to 
32-in. in diameter, as well as the rectangular shape 
illustrated, and that the machine has a capacity of 
24 4-in. drills, or their equivalent, in cast-iron, little more 
need be said about its constructional features. The 
drive is by belt from a 10-h.p. to 15-h.p. motor carried | 
on the bedplate at the back of the column. The full | 
traverse of the drilling head is 24-in., and, as will be 
seen, movement is effected by the direct thrust of the 
piston in the hydraulic cylinder bolted to the head 
casting. The drilling head is counterbalanced by a| 
weight in the column, and it can be moved by hand | 
when required by means of the large handwheel shown, 
the ends of cylinder having meanwhile been put into | 
communication with one another. 

The medium used for the hydraulic control is oil,| point in the control valve. The provision of two 
which is delivered to the cylinder either by a pump| (definite feeds during one traverse is distinct from 
giving a maximum pressure of 1,000 Ib. per square inch, | the change of rate of feed. The latter is, between 
or one having a maximum of 250 Ib. per square inch, | the limits provided, infinitely variable, and any de- | 
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at the top, and at the side may be seen in the figure’four 
branches from which pipes are led to the pump unit. 
A fifth connection is plugged up for the reason given 
above. The piping, as arranged in this case, provides 





according to the particular movement being effected 
at the time. These pumps are seen in the figure on 
the bedplate to the rear of the column. They are 
driven at a constant speed of 860 r.p.m., either by 
belt or by a direct-coupled electric motor. The high- 
pressure pump takes a maximum of 1} h.p., the low 


pressure one, a max'mum of 3 h.p., but in general | 


the power required is considerably lower, the figures 
given being for the machine on its heaviest load. A 
fair average power consumption is 2 h.p. for both 
pumps. The high pressure pump has a variable delivery 
of, from zero to 400 cub. in. per minute; the low pres- 
sure pump has a constant delivery of 2,400 cub. in. 
per minute. The pumps are controlled by regulation 
on the pipe lines, and not by mechanical means. 

The pump unit, in addition to the high and low- 
pressure pumps, consists >f an internal control valve, 
a control valve operating mechanism, and a stroke- 
changing mechanism witk two adjustable stops for 
the variable delivery high-pressure pump. In addition 


there is an external control valve for distant point | 


operation. The high-pressure pump is used for the 
feeding movement of the drilling head, hence the 
provision of variable delivery. Two cutting feeds 
within the range of the capacity of the pump can be 
obtained during one working traverse, thus, a feed of 
3 in. per minute can be used whilst drilling, with a 
subsequent feed of }? in. per minute when counter- 
sinking. In many cases, however, only one cutting 
feed per working traverse is desired, and the pipe 
conrections are then modified by the omission of 
one pipe, and by the plugging of the corresponding 


sired rate may be selected for the motion throughout | a rapid traverse forward, a feeding motion, a neutral 
the traverse. The additional connection permits how- | position in which the oil is short-circuited, and no 
ever of two selected rates being employed for one | movement of the drilling head takes place, and a 
traverse with automatic change over. The cutting | reverse rapid traverse. The rapid traverse feeds are 


feed cannot be reversed. 

The delivery of the high-pressure pump is varied 
by altering the length of itsstroke. This is determined 
by two adjustable stops, accessible from the outside. 
This high-pressure pump is driven by oil supplied from 
the low-pressure constant-delivery pump, which also 
operates the main feed cylinder to give the rapid 
traverse to the drilling head in both directions, 





| that is, when the head is being brought up to and 
| withdrawn from the work. The function of the in- 
| ternal control valve is to direct the delivery of 
| the high pressure pump to the main cylinder to 
give feeding movement in one direction, and to direct 
the delivery of the low pressure pump to the cylinder 
in one of two directions to provide the rapid traverse 
movement up or down as the case may be. 

| Both the stroke-changing mechanism and the internal 
valve operating mechanism receive the oil which works 
them through the external distant control valve. This 
valve is seen in the figure immediately to the left of 
the top of the drilling head. It is operated either 
by hand or by the treadles in front of the machine 
when starting the machine, &c., or automatically when 
work is proceeding. The valve rotates in its seating, 
the spindle being furnished with a cylindrical cam 
worked by a stop rod, which in its turn is actuated 
by the movement of the drilling head. The delivery 
from the low-pressure pump enters the valve chest 





constant. The machine can, of course, be stopped 
|immediately at any time during the period of auto- 
matic working. 








| DeatHs By Gas Portsontne.—The President of the 
| Board of Trade has appointed a committee to consider the 
|inerease during recent years in the number of deaths 
| ascribed to poisoning by coal gas supplied for domestic 
| purposes, and to make recommendations as to any 
| measures relating to the production and use of gas for 
| domestic purposes which might be taken with a view to 
| diminishing the number of such deaths. The committee 
| consists of The Rt. Hon. Sir Evelyn Cecil, G.B.E. (Chair- 
| man), Sir John Robertson, Professor R. V. Wheeler, 
j and Mr. F. J. Wrottesley, K.C.; with Mr. H. L. Spencer 
| of the Board of Trade, Great George-street, Westminster, 
| as secretary. 

| THe Cunarp LINE AND CAMBRIDGE ENGINEERING 
| StupeNnts.—During the long vacation, engineering 
students from Cambridge University are to make round 
trips to New York and back in the engine rooms of Cunard 
liners. Contingents are sailing in the Berengaria, 
Mauretania, Aquitania, and Franconia, and the other 
| Cunarders until the end of September. During the voyage 
| these temporary engineers will take watches in the ordinary 
| course of their duty, and will be treated in every respect 
like engineer officers in the ship. The scheme has been 
arranged jointly between the Faculty of Engineering ol 
Cambridge University, and the authorities of the Cunard 
Line, to provide practical engineering experience tor 
students. 
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RECENT TORNADOES AND HURRI- 
CANES. 
By Rosrins FLeEmMIne. 

THE National Geographic Society (U.S.A.) is 
rendering good service in their endeavour to elimi- 
nate the present looseness in the popular use of 
names descriptive of the various kinds of air in 
motion. Two of the definitions in their “‘ Who’s Who 
Among the Winds” are as follows :— 

Tornado.—A violent, powerful whirlwind, cover- 
ing a small area, that sucks up heavy objects or 
twists them from their moorings. Its vertical 
forces are more important than the horizontal 
ones. 

Hurricane.—A violent circular system of winds 
in the tropics and semi-tropics of the Atlantic and 
Caribbean covering a considerable area and moving 
long distances. These are the stroygest of the pre- 
dominantly horizontal winds. One hundred miles 
an hour is their usual maximum for the winds 
toward the centre of circulation. 

The Daily Science News Bulletin (Washington) 
of Science Service, recently stated that ‘“ About 
a hundred tornadoes occur each year in the United 
States, and they take a toll of about 300 lives yearly 
on the average.”’ This toll of life is far below that 
of the automobile but it is more spectacular. The 
Weather Bureau does not issue forecasts of tornadoes 
other than to warn of “severe local storms.” 

Of recent tornadoes in the United States that 
known as the St. Louis Tornado of September 29, 
1927, was the most destructive. A report, bearing 
the date September 1928, issued by a joint committee 
of the Engineer’s Club of St. Louis and the St. 
Louis Chapter, American Institute of Architects, 
may be regarded as authoritative. The writer is 
largely indebted to this report for what follows 
regarding the tornado. 

The total length of the storm path was about 
20 miles, eight miles of which were within the city 
limits of St. Louis. The zone of greatest destruction 
had a varying width of from 300 ft. to 600 ft. and 
its centre was not far from the geographic centre 
of the city and about 3 miles west from the principal 
business section. In the few minutes, between 
1 p.m. and 1.10 p.m., of the storm’s passage, a 
residential district covering over 200 blocks was 
transformed into a mass of wreckage. More than 
3,000 houses were seriously damaged, the total dam- 
age to buildings being approximately 25,000,000 dol. 
Street cars, and electric and telephone installations 
suffered heavy losses and it was estimated that 
2,400 automobiles parked and in service along 
streets, or housed in structures within the wake of 
the storm, were damaged. The death list, however, 
reached the small number of but 82 and the cases 
of serious injury demanding hospital attention 
were less than 1,000. If the storm had passed an 
hour earlier, when school children and the noonday 
traffic were on the streets, the loss of life and per- 
sonal injury would undoubtedly have been much 
greater. 

According to the Report, the action of the storm 
upon structures resolves itself into three main 
heads. These may be considered as : 

(a) Effect of Internal Pressure.—By far the most 
complete destruction was caused by the effect of 
partial vacuum at the core of the tornado. The 
sudden, probably almost instantaneous, reduction 
of normal pressure results in an excessively high 
unbalanced force within closed buildings and air- 
pockets, which in many cases is too great to be 
resisted by any economical type of construction. 

(b) Effect of Direct Wind Pressure.—To quote 
from the report itself—‘‘ The wind velocity near the 
centre of the tornado probably reaches 400 miles 
to 500 miles per hour over a small area and it is not 
to be expected that any economical construction 
can withstand the force which will result. On the 
other hand there seems to exist on either side of the 
tornado vortex a strip of varying width which is 
subjected to direct wind pressures of high intensity, 
but not too great to be met by economical con- 
struction. This effect is plainly observed when 
making a study of a tornado path. It would seem 
that in this particular area the damage might be 
reduced to less than one-fourth if buildings were 
properly constructed to withstand wind pressures 


the pressures in this area probably exceed to some 
extent the customary forty pounds per square foot, 
the ‘factor of safety’ should easily provide for a 
fifty per cent. increase above this value without 
serious damage.” 

| (c) Flying Debris—Damage from this source 
|can only be prevented by more adequate con- 
struction and by the prohibition of temporary 
structures, such as sign boards. 

From hundreds of available photographs the 
committee selected 27 which show in an admirable 
manner the results of the tornado. It should be 
noted that in the damaged area every type of con- 
struction was represented. The report states that 
‘almost every known building material in every 
conceivable form was used. Construction was good, 
bad and indifferent with the indifferent predominat- 
ing. No material could be called a failure, although 
this could not be said of the combinations of 
materials.” This is in distinct contrast with a 
report from a special industry which draws “ four 
conclusions of far reaching importance to the con- 
struction industry ” the first of which is “The... 
frame provides the greatest possible security 
against storm damage,” the frame of course being 
furnished by this special industry. 

The greatest lesson to be learned from the 
disaster is that mentioned near the close of the 
report where the statement is made that “In 
conclusion, and disregarding any explanation of 
tornado action, the indisputable teaching of the 
disaster is the importance to all buildings of integral 
bonding throughout all parts, from the individual 
bricks of a wall to the completed structure.” 

In a meteorological sense, according to M. W. 
Hayes, the Meteorologist of the U.S. Weather Bureau 
at St. Louis, the tornado was not as severe as the 
St. Louis tornado of May 27, 1896 or the Southern 
Illinois tornado of March 18, 1925. ‘‘ Destruction 
of life and property is obviously no criterion of the 
relative severity.” 

After a tornado many recommendations are 
usually made regarding future construction.* The 
U.S. Department of Agriculture have circulated 
widely a short news-release of an article, “ Tornado- 
Resistant Construction of Buildings Possible by 
Venting,” by L. V. Teesdale, Engineer in Forest 
Products. Mr. Teesdale regards the difference in 
atmospheric pressure set up by a tornado between 
the inside and outside of a building as the most 
serious cause of damage. “It is possible,” he says 
“to relieve the internal pressure of air thus set up 
in a building by providing automatic vents in it.” 
While the methods outlined may be feasible it is 
doubtful if they will be followed to any appreciable 
extent. 

The severest storm that ever devastated 
the West Indies of which records are available is 
the Porto Rico hurricane of September 13, 1928, 
known as the second “San Felipe” or “San 
Felipe, Jr.”” In Porto Rico hurricanes are named 
as babies are named. The almanac is consulted 
and the name of that day’s saint is given to the 
new-born. It happened that on September 13, 
1876, the island was visited by a severe hurricane 
which was named San Felipe, so the 1928 hurricane 
is San Felipe 2nd. 

The hurricane was first reported off the Leeward 
Islands on September 11. The French island of 
Guadeloupe and the English islands of St. Kitt’s 
and Montserrat suffered heavy losses. Great 
damage was done in the Virgin Islands. The storm 
reached Porto Rico early on Thursday morning, 
September 13, the centre of the storm entering 
Guayama, in the south-eastern part, about 30 miles 
south of San Juan, passed over the island, leaving 
at the north-west corner on the way to Florida. 
The Bahamas, on the north of the path, and Haiti 
and San Domingo, on the south, suffered little 
damage. The storm centre moved across the 
island in about eight hours at the rate of 13 m.p.h. 
The greatest intensity of wind was felt through a 
strip of less than one-half the width of the island, 
but the entire island was devastated. The loss of 
life was reported at 300, more than 500,000 people 
were rendered homeless, and material losses were 





* « Buildings in Earthquake and Tornado Regions,” 
ENGINEERING, Vol. cxxi, pages 95 and 127, Jan. 22 and 





ordinarily specified in a. building code ; for although 
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estimated from 50,000,000 dol. up. The losses to the 
Government of Porto Rico were heavy, roads being 
damaged and bridges swept away. More serious 
was the injury tocrops. Sugar and tobacco interests 
lost heavily. The coffee and citrous crops suffered 
badly. In addition to the loss of the coffee crop, 
the shade trees, requiring years to replace, were 
largely destroyed. Probably 80 per cent. of the 
inhabitants of Porto Rico live in the rural districts. 
Their buildings were of such flimsy construction 
that great numbers of them were levelled to the 
ground. Professor Calor Mota, of the University of 
Porto Rico, in a letter to the writer says: “In 
regard to the damages done to buildings, I can say 
that those well designed resisted the force of the 
storm very well, whether wooden or reinforced 
concrete or steel. Those roofs of corrugated steel 
which were blown off can be attributed to the 
following causes: first, the sheets of corrugated 
steel were not fastened securely to the purlins or 
rafters by means of bolts; second, the roof 
trusses were not properly anchored to bearing walls 
and columns. Various steel chimneys of 
some sugar factories and power houses fell down 
due to the following causes: first, the guys were 
not strong enough and were broken; second, the 
connection of the guys to bands were sheared off ; 
third, the chimneys were not anchored properly 
to their foundations. I know of several examples 
of chimneys which stood during the storm.” It 
may be stated that Professor Mota is located at 
Mayaguez, in the south-western part of the island, 
where the storm was less violent than in the centre 
of the path farther north. 

A colleague of the writer, Mr. George E. Howe, 
who left New York for Porto Rico a week after the 
storm, has placed the following information at the 
writer’s disposal :—San Juan is the principal city 
in Porto Rico with a population of about 90,000. 
The station anemometer used in obtaining wind 
velocities was located here at the top of a steel tower 
50 ft. high located on the crest of a small rise of 
ground. The highest building in San Juan is an 
eight-storey apartment house of reinforced concrete. 
It is a narrow building. The principal direction of 
the wind was nearly in line with its longest dimen- 
sion. The building was practically undamaged. 
The same was the case with three or four six-storey 
steel-frame buildings. A number of small buildings 
were completely destroyed. Generally throughout 
the city the damage done was mainly in the unroofing 
of buildings, the breaking and uprooting of trees, 
and the destruction of telephone and telegraph 
lines. 

It should be noted that the centre of the storm 
passed approximately 30 miles south of San Juan. 
The velocity near the storm centre was estimated 
at 180 to 200 m.p.h. compared with the 150 miles 
recorded at San Juan. Caquas, Juncos, Humacao, 
Yabucoa, Cayey, all suffered more, as did towns 
along the east coast. A cross-section of the storm 
would show winds that varied greatly in short 
distances both in velocity and character as to 
twisting effects. The wind was accompanied by a 
rainfall so dense that objects were almost invisible 
as in a heavy fog. This probably increased the 
pressure. 

Perhaps the most interesting structures to the 
engineer are the 600-ft. wireless towers at Cayey. 
The effects of the wind were as destructive here as 
anywhere, yet the towers stand—a credit to their 
designer. Nuts were loosened, anchors yielded 
slightly to the violent swaying of the lofty struc- 
tures, bracing members bowed and snapped back to 
a taut position like cords, but no rivets were reported 
as being sheared or any members broken. The 
army barracks near by collapsed completely, as did 
several large tobacco sheds both of wooden and 
reinforced concrete construction. Telegraph poles, 
both steel and wood, were laid low. 

Although self-supported steel stacks swayed 
violently, they stood up where guyed stacks were 
blown down. This may have been due to their 
greater elasticity. Perhaps the fierce impulses of 
the wind snapped the guys when a self-supported 
stack yielded by swaying. 

It was observed, contrary to other reports, that 
many buildings of first-class construction were 
damaged seriously, in some cases destroyed. Heavy 
masonry structures such as churches had their walls 
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blown down. Some modern steel-frame buildings | lost one of its cups just after recording a maximum 
were badly injured. However, this was not general. | velocity (the greatest average velocity for a 5-min. 
As a rule, well-constructed buildings stood up.| period) of 150 m.p.h., and an extreme velocity 














It was observed that in some cases there were 
buildings near each other of about the same type 
of construction some of which were badly damaged 
while the others escaped serious injury. Buildings 
that were not in open or exposed locations and that | 
did not receive the full force of the wind often escaped | 





(the highest average velocity in a 1-min. period) 
of 160 m.p.h. These velocities probably excel all 
official records of the Weather Bureau for similar 
storms. The storm increased in intensity for three 
hours after the record of 150 miles was made. 

In this connection it should be noted that new 





with little injury. The location of the building in | standard anemometers were furnished to each first- 
relation to the direction of the wind played an_| order station in the United States, and put into use 
important part. Most buildings are stiffer in one | on January 1, 1928. These anemometers run so close 
direction than in arother. It was noticed that} to the true velocity of the wind that errors in the 
when the longitudinal axis of a building coincided | anemometers themselves are smaller in magnitude 
with the direction of the wind it did not suffer as | than errors from other causes. Hence, the indicated 
much as when the direction of the wind was at, values from the new instruments are recorded, re- 
right angles to the side of the building. | ported and published without correction. The new 
The most distressing effect of the storm was the | anemometers have three cups of 5-in. diameter 
iotal destruction of thousands of small houses of | and 6-29-in. length of arm, instead of four cups of 
the poorer class. Aimost as sad was the loss of a 4-in.diameter and 5-in. length of arm of the Robinson 
large number of the public school buildings. These | anemometer. 
were well equipped, neat and commodious, built; The nearest approach to the intensity of San 
of reinforced concrete and were the pride of the| Felipe was ‘San Ciriaco,” on August 8, 1899. 
island. The principal in one of the largest high | The loss of life in this case was 3,000, mostly 
schools relates that the only books of his that were | caused by floods. That the loss of life was kept to so 
not lost, or damaged, were those he had loaned to | low a figure in the recent hurricane is due to the 
his pupils before the storm. It seems that when the | meteorological service. Warnings of a coming 
storm broke the students’ first thoughts were for| storm were broadcast from. the Naval Radio 
their books. The sacri:ice that some of these | Station every 2 hours from 8 p.m. on Tuesday night. 
people make to obtain an education is touching. | Warnings were also telegraphed to the 75 police 
According to Mr. Oliver L. Fassig, the Meteoro- | districts of the island. Vessels in San Juan harbour 
logist at San Juan, of the U.S. Weather Bureau, | delayed sailing and no vessels were reported lost. 
from whose report data has been drawn, the | In the “San Ciriaco ” hurricane, because of the lack 
minimum barometer reading at San Juan was 28°75 | of facilities for prompt distribution of warnings, the 
in. (28-81 in, reduced to sea-level). The lowest record | storm struck the rural communities unannounced. 
of the storm was at Guayama on the south-east} As previously mentioned, while the great majority 
coast, a minimum of 27:50 in. (27-65 in. reduced to | of buildings wrecked by the hurricane were those 
sea-level) being reported. At San Juan and else- | of poor construction, this was not always the case. 
where rain gauges were overturned before the} What the structural engineer needs properly to 
height of the storm was reached. |design against is an average static pressure 
At 11.44 a.m. of the 13th the anemometer at | equivalent to the pulsating force of the wind. The 
the office of the U.S. Weather Bureau in San Juan | records for the past 100 years show that severe 
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hurricanes occurred at intervals from 9 to 29 years 
the most severe of which was that of October 13 
1928. As a building of importance is expected 
to last at least 30 years, purchasers should insist 
that their buildings be designed to resist high winds. 
The present writer suggests that proposed steel 
frame buildings in Porto Rico be designed for a wind 
pressure of not less than 40 Ib. per square foot of 
exposed surface with unit stresses of not more than 
two-thirds the elastic limit. However, when 
thought advisable to design for a force equivalent 
to that cf the hurricane that has recently passed 
over Porto Rico, the pressure should be assumed 
at not less than 50 lb. per square foot. 

The Porto Rico hurricane struck the palm 
beaches of south-eastern Florida, on September 16, 
followed an irregular course with lessened velocity 
into Georgia and thence along the Atlantic seaboard, 
““ Wind velocities cannot be definitely ascertained, 
but a conservative estimate places it at about 
100 miles per hour.” An unofficial barometric 
reading at West Palm Beach was reported of 27-57 
in. at 6.18 p.m. The meteorologist in charge of the 
Weather Bureau Station at Jacksonville, while 
saying that this record is not improbable, calls 
attention to the fact that the lowest official reading 
ever recorded for the United States was 27°61 at 
Miami during the 1926 storm. 

Roughly speaking, the area of greatest damage 
extended about 25 miles north of West Palm Beach 
and an equal distance south, but continued west 
into the Everglades to the eastern shores of Lake 
Okechobee. The conditions around Lake Okecho- 
bee, where the greatest loss of life occurred, were 
particularly distressing. The entire southern and 
eastern shores of the lake are confined by dykes to 
prevent overflow into the Everglades. The hurri- 
cane produced a strong west and north-west wind, 
piling the water up at the south-east side of the lake 
to such an extent that it topped the leve> and rail- 
road embankment and flooded the whole eastern 
Everglades area. Practically the entire Everglades 
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Drainage District of 1,000,000 acres was flooded. | 
The loss of life exceeded 1,000. | 

Mr. R. 8. Tilden, in an article in the Engineering | 
News Record of October 4, 1928, succinctly sums | 
up the lesson to be drawn in regard to building | 
construction : ‘‘ The lesson of the Florida hurricane 





of 1928 is the same as that of the one of 1926 and | 





of all similar disasters, and can be expressed in few 
words: Well-designed structures, honestly built o 
reliable materials, have again demonstrated their | 
trustworthiness; skimped design and 


workmanship, resulted in enormous loss.” Mr. 











f | on page 128, 


shoddy | 
construction, either as to quality of materials a | whole was of sufficient length to cover a 60-ft. section | 22 ft. of width on each side for a certain length, 
| of the lock structure, and was built up of a series of | thus increasing the yardage considerably. 


| object of this change was to improve the anchorage 





THE WELLAND SHIP CANAL 
IV.*—(continued). 


As stated on page 102, ante, Blaw-Knox travelling 
forms were employed for the upper parts of the centre 
and west walls. The centre wall forms are well shown 
in Figs. 89 to 92, on Plates XXII and XXIII, Figs. 
95 and 96, on Plate X XV, and in'the drawing, Fig. 86, 
A single structural steel skeleton strad- 
dled the whole of the upper part of the wall, being 
carried on tracks laid along the centre of the wall. The 


Tilden concludes his article : “ It is the duty of the | frames of angles, as shown in Fig. 86, and 10 ft. apart, 


engineering and construction profession to work 
ceaselessly to protect the thoughtless or uninformed 
against a catastrophe similar to that enacted on 
September 16, 1928, in Palm Beach County, Florida.” 

An editorial in Concrete, of November, 1928, 





pertinently concludes: ‘As usual, there was a 
lot of printer’s ink used after the recent Florida 
storm to extol the advantages of this or that con- | 
struction material. And yet, competent, unpre- | 
judiced investigators have found that the real 
lesson of the disaster, as was the case also in the 
storm of 1926, was the need for adequate building 
codes and their observance. It was the shoddily | 
built structure, regardless of its type, that suffered 
damage and caused injury to its occupants. Time 
and again this lesson has been brought home forcibly, 
and yet each new disaster emphasizes the need 





again.” 


connected and cross braced longitudinally. The 
overall height was 49 ft., and width 76 ft. 8 in. 
The wooden forms were built up and suspended 
inside the steel framework, as shown in Fig. 86. 
Each side form was suspended from gussets by a 
turnbuckle, the latter being attached to wales 
taking the form of joists 12 in. deep by 31-5 lb. 
The form timbers were 12 in. by 10 in., and the 
planking was 2 in. thick. 2}-in. rods were run 
through the forms from the centre to the outside 
legs, encased in pipe, to maintain correct distance. 
The forms were held to the frames at intervals 
vertically by turnbuckles, while at the joist-section 
wales, folding wedges were driven. In the in- 
terior, forms for conduits and tunnels were sus- 
pended, as shown, and correctly located by rods 





* The first part of Article IV. appeared on page 7 ante, 
and the second part on page 101 ante, 








and wires. The wall section on the right of Fig. 86 
will be seen to differ from that on the left, due to 
the presence on that side of the large rectangular 
conduit passage with a rectangular section drain 
below. The smaller form below on both sides 
made provision for a mooring passage. The several 
features mentioned may be seen clearly in Figs. 89, 
95 and 96. Fig. 95 shows the steelwork of the large 
frame under construction. The structure behind 
it is one of the concreting towers, described in our 
last issue, standing on the lock floor. Fig. 96 shows 
the wooden forms fitted inside, with the forms for 
the conduits, &c., suspended inside these again. 
Fig. 89, on Plate XXII, shows the shuttering com- 
pleted with end bulkheadsin place. The forms of the 
side walls are illustrated by Figs. 87 and 88 annexed. 
The frame shown in full lines was employed for locks 
Nos. 5 and 6, the dotted lines showing an alteration 
required for Locks No. 4, involving greater spread. 
These units were again built up mainly of angles, a 


‘series of transverse frames being spaced 10 ft. apart, 


with cross and longitudinal bracing to make a struc- 
ture 60 ft. long. One leg ran on a rail laid on the 
concrete at the back of the upper part of the wall, 
and the other on a rail supported by brackets on 
the lock pit face, as shown at the lower left-hand 
corner of Fig. 87, and also in Fig. 97, on Plate XXV. 
Distance rods kept the legs properly spaced. The 
units were carried on 14-in, wheels, in pairs, at each 
transverse frame. The inside shuttering was of 
the type already described in connection with the 
centre wall forms, and was held in place by turn- 
buckles and wedges in a similar manner, the arrange- 
ment of the wedges being as shown in Fig. 88. The 
inside forms for tunnels, &c., were also located in 
the same way as has already been detailed. The 
side wall forms are shown in Figs.-91 and 92, on 
Plate XXIII. 

When concreting was begun on Locks Nos. 6 by 
Messrs. Lyall, 12-hour and double shifts were 
worked in 1922, and about 83,600 c. yds. were 
placed in that season.. The work was continued up 
till December 22, when bad weather caused it to be 
discontinued. By this time, some of the céntre wall 
had already been carried to coping level, and starting 
up again in April, 1923, it was possible to continue 
work again till the end of December of that year, 
by which time the centre wall had been carried to 
coping level for a distance of 754 ft., the east wall 
for a length of 958 ft., and the west wall for a length 
of 670 ft. This year saw 164,500 yards of concrete 
placed and Locks Nos. 6 70 per cent. completed. 
By the end of 1924, the north end of the structure 
had been completed and the whole was 86 per cent. 
complete in 1925, and 88 per cent. in 1926. The 
whole structure was practically finished, save for 
decking, &c., in 1927. Part of Locks Nos. 6 having 
been concreted before the design of the gates was 
changed, some work was required in the way of 
making new and smaller gate recesses, as described 
in connection with Lock No. 1. 

On the site of twin Locks Nos. 5, some 83 per 
cent. of the excavation had been completed at the 
time of the final contract ; no concreting had been 
done on this part of the work. Excavation had 
been taken out to 132 ft. on each side of the centre 
line, at this lock, but a change of plans required 
additional work to be done to the extent of another 


The 


of the sidewalls to the rock. - On the east side of 
the lock pit, the rock showed a great deal of disinte- 
gration where it had been exposed for some years, 
and this necessitated cutting the face back another 
5 ft. over a large area. In 1923, however, excava- 
tion was completed over most of the site, and 
drilling for the anchor rods to tie the concrete to 
the rock was well advanced. Concrete was first 
placed on the floor in July, 1923, but only about 
3 per cent. of the total necessary was poured that 
year. In November of that year, the Blaw-Knox 
travelling form unit for the centre wall was let 
down from the wall of Locks Nos. 6 in the manner 
shown in Fig. 92, on Plate X XIII, and was placed in 
position for work on the centre wall for twin Locks 
Nos. 5. The travelling form for the west wall was 
similarly moved down in February, 1924, and the 
east concrete-placing tower was also lowered into 
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Fie. 99. Breast WALL ExcavaTION AT HEAD oF Twin Locks Nos. 4. 


Lock No. 5 about the same time. All these were 
moved on inclined skidways, using heavy timber 
carriages under the control of anchored hoisting 
engines. The engines are shown on the left in Fig. | 
92 on Plate XXIII. Fig. 97 on Plate X XV, shows | 
the headblocks and engines used for lowering the | 
towers, this view being actually of the arrangement | 
used for lowering from lock chamber No. 5 to lock | 
pit No.4. The drop to be negotiated was, it will be | 
remembered, no less than 46} ft. Excavation was | 
almost completed at this time, and, with the rest of 
the concreting plant moved down and ready for a| 
start early in April, a great deal of progress was 
made in 1924. With double shifts for many weeks, 
it was possible to place about 160,820 c. yds. of con- 
crete before the work closed down on account of the 
weather in December, some 58 per cent. of the total 
being poured in the season. The following season 
was rather shorter on account of bad weather at | 
both the beginning and the end, but in spite of this, 
111,280 c. yds. were placed. This practically com- 
pleted the concrete work at Locks Nos. 5, except | 
for the floors. With the setting of the quoins and 
other work in 1926, concreting was completed to 
the extent of 96 per cent. at the close of that year. 
Twin Locks Nos. 4 were the last of the flight to be 
taken in hand, and in 1921, at the time of the final 
contract, only 32 per cent. of the excavation had 
been done. The only concreting accomplished had 
been the foundations required for the temporary 
crossing of the Canadian National (then the Grand 
Trunk) Railways bridge, which were early put in 
hand, so that the work could be pushed on without 
further disturbance of the track. In 1922, excavation 
was recommenced and about 74,000 c. yds. of earth 
removed. In the following year, this was raised 
to 161,000 yards of earth and 14,000 of rock, while 
in 1924, working double shifts, some 58,000 yards | 
of earth were removed, and a further 330,790 c. yds. 
of rock were taken out. In 1925, 110,000 c. yds. | 
of rock removed brought excavation up to 96 per | 
cent. of the total required. The following season | 


| pleted save for small portions. 


saw this stage of the work complete, except for|in the Port Weller breakwaters. In some years 
small portions. In 1925, as soon as excavation had | the material thus disposed of amounted to about 
been carried down to grade, the floor protectio1| 350,000 c. yds. For the exposed northern end 
slab was laid, this job being continued until cold|of the breakwaters, selected rock of 1 c¢. yd. 
weather stopped the work in November. During the | size, blasted with black powder, was insisted upon. 
winter following, this slab was flooded to a depth of | For some of the excavation work channelling was 
4 ft. of water, in order to protect it from frost. | resorted to. This method of dealing with the rock 
Fig. 99 above, gives a good idea of the scale of| had been largely employed on the neighbouring 





|the excavation in rock at the south end of Locks | Queenston-Chippawa Development canal, but was 


Nos. 4, the steam shovel there shown being at work | not found quite so successful on the Ship Canal. 
on the breast wall face. In conjunction with|In many places the rock proved suitable, but in 


| the work on twin Locks Nos. 5, a certain amount of | others it was too seamy, and close drilling had to be 
' concreting was done on Locks Nos. 4 (south end) in | adopted instead. In close drilling the spacing of holes 
| 1925, but only about 10 per cent. was poured at the | was 12 in. or less ; when blasting, the close drilled 
| close of that year. In the spring of 1926, pouring | holes were not loaded. In channelling, Sullivan 


was recommenced in earnest, and the season saw | machines were employed, in which cutting is accom- 

290,430 c. yds. placed, work being carried on day | plished by what is practically a large saw operated 

and night from April to November, and then by; by steam. Some of these machines are shown at 

day only into December, the structure being com-| work on Lock No. 5 in Fig. 98, on Plate XXV. 

| Before passing on to the remaining work on 
Although the above presents a record of fairly rapid | Sections Nos. 3 and 4, we may refer to Figs. 93 and 

progress, the work suffered a very serious set back | 94 on Plate XX1V, showing the work as it stands 


|in August, 1925. At this time, the centre wall of | at present. T e two views were taken within the 
|twin Locks Nos. 5 had been completed, and the| past month. : ..; ust shows the present state of the 


contractor was lowering the Blaw-Knox travelling | twin-locks structure. This view is taken from the 
forms used on the centre wall down to the Locks | top of the C.N. Railways bridge at the north end of 
Nos. 4 level, in the manner previously described, | Locks Nos. 4, facing south towards the rising ground. 
under the control of hoisting engines. During the| It will be noticed that gates are in position and 
operation, a defective shackle failed and the | the work well advanced. The temporary trestle to 
forms slid sideways off the ramp and became a/| be seen in the middle of the chamber in the fore- 
complete wreck in the east lock chamber. The! ground in Lock No. 4, was employed for conveying 
accident was unfortunately accompanied by the| material to the centre wall, for filling in the space 
loss of three lives, and much delay ensued, due to} left in its upper part. The trestles and concrete- 
clearing away the wreckage and preparing standard | placing towers will be cleared away towards the 


| wooden forms for use on Locks Nos. 4, since the | close of this summer. The flights of steps leading 


others were no longer available. The Blaw-Knox | from Locks Nos. 4 to Nos. 5 will be noticed, and 

centre-wall forms were not replaced. The side wall | corresponding flights leading to Locks Nos. 6 are 

form was used to complete Lock No. 5, but was | visible in the distance. 

not lowered into Lock No. 4. | Fig. 94 shows the approach to Locks Nos. 4 
A very large part of the suitable rock excavated | at the northend. This is taken from the same bridge 

from the site of the flight of three twin locks| looking north towards Lake Ontario, as will be 

was hauled over Sections Nos. 1 and 2 and placed | evident from our previous description on page 
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7 ante. It shows the Canal prism with slab protec- | curve of Fig. 2(page 70 ante). This agreement hasa| by the parallel straight lines obtained for each of 
tion on the side slopes, and the way the channel | particular interest, since it shows that the shape| the four different surfaces. The remarkable result 
widens out as the lock entrance walls are approached. | of the cross section of a pipe is satisfactorily taken | was found that as the distance between the surfaces 
In the middle distance Bridge No. 5 will be seen |. k flv | of each pipe was increased—that is, as the hydraulic 
under construction. | into account in the usnel Sommale, A= <—, but mean depth became greater—the values of the 


This bridge, it will be remem- | 29m’ 
bered, is of the vertical lift type. One of the towers | this point will be discussed more fully later. | coefficients, which were naturally very differeni 


on the west side of the canal will be seen nearing | The series of rough surfaces which were then tested 
completion, and the false work for use in the erec- | ranged from wire gauze, through surfaces of various 
tion of the lifting span may be seen placed across | intermediate degrees of roughness, to a coarse 
the Canal prism. | pressed zinc chequered plate the projections of which 
(To be continued.) | were about one-thirtieth of the distance between the 

two surfaces, and of an especially unfavourable 











A REVIEW OF FLOW IN PIPES AND 
CHANNELS. 


(Concluded from page 100.) | 

A COMPREHENSIVE laboratory investigation into 
the roughness problem was carried out by Fromm,* 
working in collaboration with Hopf, at Aix-la- 
Chapelle. His data, included in Figs. 3 and 4, 
(pages 98 and 99 ante) provide direct evidence 
as to the existence of two roughness factors as 
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Fig. 7. RELATION BETWEEN f AND HYDRAULIC MEAN 
DEPTH FOR PIPES IN WHICH H VARIES AS V2 
f INDEPENDENT OF Aya 
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separate independent variables, and, further, go a 
long way towards showing the manner in which the 
coefficient f depends upon the two roughness 
numbers. In view of the importance of these 
conclusions, it is desirable to consider Fromm’s 
experiments in some detail. 

The tests were carried out with a built-up pipe | 
of rectangular section, whose depth was small | 
compared with its breadth. Pipes of this type, | 
although of a cross section rarely met with in| 





practice, have the peculiar advantage that the) 
same surfaces may be utilised for various cross 
sections or hydraulic mean depths, thus eliminating 
all doubts as to whether a particular surface has 
been reproduced in several pipes to the degree of 
accuracy essential in such investigations. The 
surfaces under test provided the upper and lower 
boundaries of the section, while the relatively 
small side surfaces were smooth throughout, and 
formed interchangeable distance pieces. The upper | 
and lower plates were secured to the sides by screws, 
the whole constituting the built-up pipe. By 
changing the distance pieces, the depth of the) 
pipe could be varied, thus altering the hydraulic | 
mean depth without changing the surfaces. 
Fromm first investigated zinc surfaces which were 
hydraulically smooth, and obtained results which | 
agreed sufficiently well with the ideal smooth pipe | 





* Fromm, Z. f. ang. Math. u. Mech., 1923, page 339. | 


| 
By 8. J. Davies and C. M. Wuire. | 


f= (S)" 


geometrical form. Thus, although no tests were 
recorded for actual materials of construction, the 
range must be regarded as most comprehensive, 


since it extends from the ideal hydraulically smooth 
surface up to one that, so far as the size factor 


/is concerned, is considerably rougher than any 


ordinary practical surface. All the tests with 
gauze show the characteristic of the first group 
under Hopf’s classification. In these tests, after 
the region of the critical velocity is passed, the 
coefficient becomes remarkably constant, and but 
little variation with change of Reynolds number 


Fig.6. VARIATION OF f WITH CHANGE OF SIZE 
OF PIPE. WIRE GAUZE SURFACE. 
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can be detected. The curve shown in Fig. 5 is 
typical. This curve, of course, relates to one 
particular pipe only, and a different constant 
value of the coefficient will be obtained if the size 
of the pipe be altered, while retaining the same 
surface. Fromm investigated the relationship 
between the several values of the coefficient and 
the corresponding distances between the surfaces. 
Fig. 6 shows the result. Here the values of the 
constant coefficient for the various pipes are plotted 
logarithmically against half the distance between 
the surfaces—that is, against the hydraulic mean 
depth. The straightness of the resulting curve at 
once suggests that the relation takes the form, 








for the respective surfaces, all decreased uniformly, 
and all at practically the same rate. The unifor- 
mity of slope suggests that the index n, in the 


relation f = -S. Ne is independent of the size and 


the form of the irregularities, but further confirma- 
tion on this point would seem desirable. The 
value 0-314 for n, obtained by Fromm, is con- 
siderably higher than that obtained when the 
formule of previous workers are recast into the 
present form. For example, Thrupp* gives h = f ne 
as representing the law of resistance in new cast- 
iron pipes. This formula can be rewritten with a 


dimensionless coefficient, and with the appropriate 


ly2 
= Le. » where 


ash 2gm 


constants for cast-iron, 
Cc 0.13 f th 
f=(=)"- of the 


index is easily explained by the probability that 
some of the pipes, considered when deducing 
the formula, did not come within the first rough- 
ness group. It will be shown later that the value 
of n is zero for the second group. So that, 
unless a careful selection is made with regard to 
Hopf’s classification, bearing in mind that pipes in 
the second group must be rigorously excluded, a 
value for n may be obtained which is less than the 
real value for pipes in the first group. It appears 
reasonable at this stage, therefore, to accept the 


c \ 0:3 
( a ) , as general, while 


The lower value, 0-13, 


approximate relation, f 


awaiting confirmation by full-scale experiments. 

In Fig. 7, log f is plotted on a base of log m, 
the resulting straight lines giving f as a function of 
m for each of the surfaces. Since all these lines 
have the same slope, they may be plotted as a single 


c e ° 
curve on a base of { — ), which is merely a number,’ 


and which may be regarded as that roughness number 
of a pipe, which depends upon the size factor of the 
surface. This is done in Fig. 8, and the curve 
gives at once the value of the constant coefficient 
of resistance for any particular pipe for whose surface 
the linear dimension C is known. 

Fromm then investigated the effect of progres 
sively flattening one of the chequered plates by 
rolling. In its original state it gave the second 
curve from the bottom in Fig. 7. After rolling, 
however, it no longer gave a constant value of the 
coefficient. Further, the variation of the coefficient 
with change of distance between the surfaces d, 
for any given Reynolds number, was progressively 
reduced. After a third rolling the coefficient became 
unaffected by change of d, that is, all the pipes, 
in spite of a range of d from 1-3 to 3 cm., gave the 
same resistance coefficient. Yet the surface could 
not be called smooth, for the resistance was still 
some 1-6 times that given by the smooth zinc cheet. 
Here, clearly, was a rough surface in which the size 
factor had no influence whatever upon the resis- 
tance. The largest pipe was 2-3 times the size of the 


, in which case n would have the value smallest, the surface was definitely rough, but the 


0:32, and the roughness dimension C for this | effect of this variation of that roughness number 


particular gauze would be 0-76 = 10-§ cm. 


The | depending upon size was not measurable. Thus, 


| spacing of the wires. r ‘ 
| at this stage to specify the connection, since the rela- | dence at all upon the size of the pipes, and therefore 


|linear roughness dimension C ecm. will depend,| the shape only of the irregularity can have an 
'in some unknown manner, upon the size and | influence in this case. This appears to be the 


form of the gauze—that is, upon the size and _| characteristic of the second group, Fig. 4, in which 
It is, however, unnecessary | the position of the various curves shows no depen- 


| this first roughness group. 


. 5 0°76 « 10-6 ) 0-32 
tion f ——— 


gives the value of the coefficient for all pipes, 


, or the curve in Fig. 6, 


| with this particular gauze surface, which are 
| within the range covered by the tests of Fromm. 


Four of the surfaces which were ‘tested gave 
constant values of the coefficient, and so fall into 
The surfaces themselves 
—wire gauze, two different kinds of chequered plate, 


|and corrugated zinc—were distinctly different in 
| nature, and the corresponding values of the coeffi- 


cient varied over a range of about three to one. 
Yet all these surfaces gave a similar connec- 


| tion between the value of the coefficient and the 


size of the pipe. This is clearly to be seen in Fig. 7 





the coefficient must also be correspondingly inde- 
pendent of the size of the irregularities. A parti- 
cular surface, or any other surface geometrically 
similar to it, will give rise to a single curve, which 
is independent of the size of the pipe when f is plotted 


against °°”. Further, it appears that such curves 


are sensibly parallel to the straight line representing 
flow in the ideal smooth pipe. The actual spacing 
of these curves depends on factors which are as 
yet unknown, and all that can be done at the 
moment is to suggest a scale of roughness, based 
on the observed resistance, but not yet related to the 

* Gibson, Hydraulics and its Applications,’ 1912, 
page 203. 
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| 
geometrical form of the surface. This may be done | 
very simply by taking, as a measure of roughness, 
the ratio given by dividing the size of a smooth | 
pipe which would give the same loss of head (for | 
the same quantity flowing) as the rough pipe, by | 
the size of the rough pipe under consideration. 
Or, what is perhaps better, take the reciprocal of | 
this ratio as the “smoothness number” of the | 
practical pipe. To make this clear, consider, for | 
example, pipe No. 16 in Fig. 4. This pipe, which is | 
circular in section, gives, over the whole range | 
tested, 1-66 times the resistance coefficient of a} 
smooth pipe at any value of the Reynolds number. | 
Thus, in order to convey the same quantity of water | 








circular pipes, and it was explained that the use 
of the hydraulic mean depth, in the formula 


, = {~, takes the shape into account so well, with 
laminar flow, that the coefficients for the varied 
forms of cross-section mentioned all fall within the 
3-33 6 
range from pom to pum. With turbulent flow, 
a Me 
however, the variation is much smaller; so small, 
in fact, that for practical purposes it may be 
said that the coefficient of resistance is independent 
of the form of the cross-section. This question has 
been investigated by Schiller,* who tested smooth 
pipes with the cross-sections shown in Fig. 11. 


| In each case, the tests extended over a wide range 
| of Reynolds number (actually from 4,000 to 240,000 
|in the case of the triangular section), but in no case 
| was there any marked deviation from the ideal 


with the same available head, the equivalent smooth | 
0.21 
pipe would be (5s) = 0-9 of the diameter of 


the rough pipe. The power of 0-21 in this expres- 
sion is obtained from the conditions that the 


[AUG. 2, 19 


29 





at any point in the pipe, depends upon the pressure 
lost by frictional resistance in the earlier part of the 
pipe. In both cases a rigorous solution is seldom 
necessary, and, provided that the variation in mean 
velocity is small, it is sufficient to deal with the 
acceleration as the difference of kinetic heads at the 
two ends of the pipe or channel, and to use an aver- 
age value of the two mean velocities at the respective 
ends of the pipe in order to compute the resistance 
loss. 

From what has been said, it can be seen that 
important advances in our knowledge of the flow 
of fluids past fixed boundaries have taken place 
within the last fifteen years, and it must be affirmed 
that these advances have been primarily due to the 
use of the principal of dimensional similarity.* For, 
whenever the Reynolds’ criterion is used as the basis 
for correlation, then Rayleigh’s principle is assumed. 





quantity flowing is the same, and that the loss of 
head is the same in the two cases; that the ratio | 
of their resistances for a given Reynolds number is | 
known, and that the resistance coefficient varies | 
as the Reynolds number to the power of — 0-25. | 
It is reasonable therefore to speak of pipe No. 16 | 
as having a smoothness factor of 0-9. A pipe) 
would then be designed according to the ideal | 
smooth pipe law, and the resulting diameter modified | 
according to the smoothness factor of the surface | 
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to be adopted. A smoothness scale on this basis has | 
been added to Fig. 4 at the right-hand side of the | 
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Fig.i1. FORMS OF CROSS SECTION 
TESTED BY SCHILLER.  .,29¢,.+ 





















figure. 

At first sight, the foregoing classification of pipes | y : 
into two distinct groups may appear somewhat | RY <1:800Gne § 
artificial. Certainly, in order to effect the classifi- | & & 
cation, it has been necessary to reject a considerable | 4; 
number of pipes which showed characteristics of | JA60° | gar acoso 
an intermediate nature, and, in accepting the) “*/ “ENGINEERING: 


classification, the reservation must be made that | 


there are no hard and fast limits to each group,|smooth pipe law. The points were somewhat 
and that the one gradually merges into the other. | scattered, and formed bands about 10 per cent. 
Nevertheless, the two laws do appear to be distinct, | wide, but nowhere did these bands fail at least 
rather than the limiting cases of a more general law. | to touch the ideal line. Whether the resistance to 
An accidental occurrence during Fromm’s experi-| flow in open channels is similarly independent of 
ments lends support to this point of view. In a/| the shape of cross-section, it is impossible to decide 
preliminary series of tests, wire gauze, attached to| at this stage. There are few reliable records, and 
the plates by paraffin wax, was being used as a/|from the very nature of such channels, precise 


roughness element, when a striking change was 
observed in the nature of the results. The earlier 
points of the test gave the sloping line in Fig. 9, 
while the later points gave the horizontal line. The 
cause of the change was traced to the fact that, in 
the first series, particles of wax, that had been used 
to cement the gauze to the interior surface of the pipe, 
were still adhering to the gauze, giving a roughness 
which was influenced also by the form factor. When 
these particles had been washed away, the roughness 
depended only on the size factor, and the gauze had 
then attained its normal condition of surface, and | 
gave consistent horizontal lines. It may be argued | 





results can hardly be expected. The chief difficulty 
is to obtain a constant mean velocity of flow along 
the channel: a very small difference of cross- 
sectional area at the two-gauge points, caused by 
the water running more deeply at one, will cause 
large errors in the result, particularly at high values 
of Reynolds number. The limits of experimental 
error, therefore, are wide, but within these limits the 
results follow those for closed pipes, and there 
would be little ground for suggesting that the general 
results for closed pipes do not apply to such channels. 
Air friction on the free surface, and the energy dis- 
sipated in surface waves, do not appear to influence 


that this effect is too remote from practical conditions | the result materially, or, at least, their combined 
to warrant attention, but Hopf cites a similar effect | effect is obscured by the errors of observation, and 
in connection with the ageing of a certain wooden | certainly, up to the present, there is no justification 
pipe, Fig. 10. Itis suggested that with new wooden | for adopting different treatments in the two cases. 
pipes the form factor is playing a dominant part, | In the case of open channels, however, allowance 





while, when the pipe has been in use for a sufficiently | 
long time, the size of the irregularities relative to the 
dimensions of the pipe become of first importance. 
Taking everything into consideration, this classifica- 
tion appears to the authors to be a most promising 
step towards the solution of the roughness problem, 
and one that should not be overlooked by future 
workers in this field. 

The effect of the shape of the cross-section of a 
pipe upon the law of resistance has already been 
referred to in connection with laminar flow in non- 


must be made for any acceleration due to a lack of 
coincidence or parallelism between the hydraulic 


The principle, now an almost universal tool of the 
scientific worker, has received as yet insufficient 
recognition by the practising engineer. To syste- 
matic laboratory work along these lines must be 
attributed this progress, and the knowledge thus 
obtained is being applied, for example, with marked 
success to aircraft design. In the older branches of 
hydraulics, practice cannot be said to have advanced 
to the same degree. The difficulty of utilising the 
results of laboratory tests, in the form in which 
they are usually presented, was referred to at the 
outset of the paper, but it is necessary to indicate 
the advantage of the principle of similarity to the 
engineer, and to emphasise the necessity for basing 
any tests he may be able to carry out in the field, 
or in the works, upon this principle. In this way, 
there is less risk that he will omit to give in his 
results the information that is vital to proper corre- 
lation. Whether the work here described is likely 
to have any direct and permanent value in connec- 
tion with the design of engineering projects can be 
| decided only by large-scale tests, which, the authors 
/ would urge in conclusion, should be made when- 
|ever an opportunity can be found. 

The authors would acknowledge their indebtedness 
'to Professors Gilbert Cook and Alex. H. Jameson, 
| of King’s College, London, for support and helpful 
|eriticisms in connection with this review, and to 
| Mr. Edmund Giffen for assistance with the figures. 











THE INTERNATIONAL AERO 
EXHIBITION. 


(Concluded from page 109.) 


WE conclude below our account of the exhibits 
at the International Aero Exhibition at Olympia, 
which closed on Saturday last, the 27th ultimo, 
dealing first with the remainder of the engines. 

A number of static radial air-cooled aero engines 
were shown by Messrs. J. Walter and Company, 
whose address is Prague XVII, Jinonice, Czecho- 
slovakia. One of these engines, viz., the Walter 
Castor I, and the largest exhibited by the firm, is 
illustrated by the side and rear views reproduced in 
Figs. 62 and 63 respectively, on page 133. This 
particular engine, it will be seen, has seven cylinders, 
the bore and piston stroke being 135 mm. (5; in.) 
and 170 mm. (6} in.), respectively, and the power 
developed 260 h.p. at 1,750 r.p.m. Its weight is 
550 Ib. and the fuel consumption is 220 grammes to 
230 grammes (0°485 Ib. to 0°507 lb.) per h.p.-hour, 
the oil consumption being 10 to 16 grammes (0°022 lb. 
to 0-035 Ib.) per h.p.-hour. The maximum diameter 
is 1,190 mm. (3 ft. 10% in.) and the overall length 
1,130 mm. (3 ft. 83 in.) 

The other engines shown by this firm were: the 
Vega, having five cylinders and developing 85 h.p. ; 
the Venus, with seven cylinders, developing 110 h.p. 
and the Mars, with nine cylinders, developing 





145 h.p.; the speed being 1,750 r.p.m. in all cases. 
In these engines the cylinder barrels are of forged 


gradient and the channel gradient. In this respect, | steel with the cooling fins turned out of the solid. 
an open channel behaves in the same manner as a | The cylinder head, of cast aluminium, is screwed on 
pipe through which a gas is flowing. In both cases | to the barrel, a tight joint being secured by means 
there is no fixed relation between the quantity flow- | 
ing and the mean velocity of flow ; for,inthechannel| * The general statement of the principal of dimensional 
the velocity depends upon the depth, which, in its| similarity appears to be due to Rayleigh, although 





turn, depends upon the resistance, while in the pipe 


* Schiller, Z. f. ang. Math. u. Mech., 1923, page 9. 


| the method to hydraulics. 
| a pa 


Reynolds, many years earlier, had successfully applied 
Reference may be made to 
r by Buckingham, Phil. Mag., 1921, page 696, in 
| which the method is discussed in a very readable form. 
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Fie. 62. 260-H.P. ‘‘ Castor” ENGINE, SIDE VIEW; 
Messrs. J. WALTER AND CoMPANY. 




















of the master rod. The cam 
ring is located in the front 
portion of the crankcase and 
is driven from the crankshaft 
by spur gearing. In the case 
of the Vega and Venus en- 
gines, the cams are arranged 
in one row, but three rows 
are employed in the Mars 
engine. The crankshaft, 
which is of the built-up type, 
is made from forgings of 
heat-treated nickel-chrome 
steel; balance weights are 
fitted on extensions of the 
crank webs. It runs in three 
ball bearings, two of which 
are fitted in the crankcase 
close to the webs, while the 
third, which is of the deeply 
grooved race type, is fitted 
in the front end cover and is 
used to take the propeller 
thrust. The crankcase is of 
aluminium, and is made in 
two parts and fitted with 
two end covers. A faced 
joint is made in the plane of 
the cylinders and the whole 
assembly is held together by 
through bolts, which also 
serve to attach the engine to 
its mounting. The carburet- 
tor is mounted on the lower 


+ 








part of the rear half of the 


Fic. 64. 90-H.P. «A 50” Encine; Messrs. Fiat (ENGLAND), LimiTep. crank-case, as shown in Fig. | 
62, the mixture being de-| forged steel, machined all over, and the gudgeon 
livered into a circular passage cored in the crank- | pins are fixed in the small ends by a taper cotter, 


of a split clamp drawn together by means of two 
bolts. The two valves fitted in the cylinder head 
have bronze seats and guides, and are operated 
through rockers oscillating on ball bearings. The 
pistons are of cast aluminium alloy, the crown being 
stiffened by ribs which also strengthen the gudgeon- 
pin bosses. The gudgeon pins are of the full-floating 
type, with bronze bearings. Chrome-nickel steel is 
ised for the connecting rods, which are of tubular 


section ; two ball bearings are fitted on the big-end | 





case, from which each cylinder is supplied by a 
separate induction pipe. Dual ignition is provided, 
and lubrication is effected by a special form of 
plunger pump which is used for the supply of fresh 
oil and also for scavenging the crankcase and sump. 
The parts of these engines, it is stated, are all made 
to fine limits, and are completely interchangeable. 

In describing, on page 104 ante, the A.S.1. 
monoplane exhibited by Messrs. Fiat (England), 


Fie. 63. 260-H.P. “Castor” EnGinz, Rear-Enp VIEw ; 
Messrs. J. WALTER AND CoMPANY. 


Limited, 43-44, Albemarle-street, London, W.1, 
we mentioned that this machine was fitted with 
the Fiat A.50 engine, which, together with other 
aero engines, formed part of the firm’s exhibit. 
A rear view of the A.50 engine is given in Fig. 64 
annexed, and from this it-will be seen that it 
is of the static radial air-cooled type, with seven 
cylinders. These have a bore of 100 mm. (3} in.) 
with a piston stroke of 120 mm. (423 in.), giving 
a total piston displacement of 402 cub. in. The 
compression ratio is 5:1 and the normal output, 
at 1,600 r.p.m., is 90 brake horse-power, the 
maximum output being 100 brake horse-power at 
1,800 r.p.m. The fuel consumption is given as 
0-507 lb. per brake horse-power per hour at normal 
output, the corresponding figure for lubricating 
oil being 0-022 Ib. The overall length and diameter 
of the engine are 303 in. and 354, in., respectively, 
and the weight, including the airscrew hub, is 
275 Ib. 

The cylinder barrels of the A.50 engine are of 
forged steel with cast-aluminium heads shrunk 
on. The combustion chamber is of hemispherical 
form and, as will be clear from Fig. 64, both the 
inlet and exhaust passages are at the back of the 
cylinder head. The crankcase, which is of cast 
aluminium, is split vertically, and the front half 
contains the epicyclic gears driving the valve 
mechanism. A cast-aluminium casing, attached 
to the rear half, contains the radial inlet passages 
to the cylinders and also carries the oil pump, 
carburettor and magnetos, as will be clear from 
the figure. Flat-topped pistons, of heat-treated 
aluminium alloy, are employed, each being fitted 
with two gas rings and two oil-scraper rings. Both 





master and auxiliary connecting rods are of drop- 


|so that they oscillate in the piston bosses. The 


| big end of the master rod is of the solid type, and 
| wrist pins, which are rigidly fixed in the auxiliary-rod 
| big-ends, work in bronze bushes fitted in the master 
|rod. The crankshaft, which is of drop-forged steel, 
|is made in two parts connected together at the 
|erankpin, the webs being balanced by counter- 
weights. It runs in two steel bearings with centri- 
fugally-cast white-metal linings, a third bearing, 
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of the deep-race ball type, being fitted near the 
propeller boss to take the thrust. The valves are 
operated by a single cam disc, driven by the 
epicyclic gearing already mentioned, through 
push rods and rockers, screws being fitted for 
adjusting the clearance. Both inlet and exhaust 
valves are of the same diameter, their stems being 
inclined at an angle of 29 deg. with the axis of 
the cylinder. The stems work in cast-iron guides 
and the seats are of bronze, hot pressed into the 
cylinder heads. Two gear-type oil pumps, both 
contained in a single casing, are provided for 
lubrication. Of these, the pressure pump delivers 
oil to the two main bearings, the big-end bearing 
and the gearing, a calibrated valve being provided 
for regulating the pressure. The oil returned 
by the scavenge pump is passed round the body 
of the carburettor, the heat from the oil assisting 
carburation. The mixture passes through cored 
passages in the rear portion of the crankcase, and 
thence through radial induction pipes, clearly 
shown in Fig. 64, to the cylinders. Ignition is 
effected by two Marelli magnetos, also shown in 
Fig. 64, two plugs being fitted in each cylinder 
head, one in front and one at the rear. 

Two 12-cylinder vee-type water-cooled engines 
were also shown by the firm and one of these, 
known as the A.22, is similar to that fitted in the 
Savoia monoplane in which Messrs. Ferrarin and 
Del Prete flew non-stop from Rome to Brazil in 
July, 1928, the distance covered being 4,450 miles 
and the time occupied 49 hours 19 minutes. In 
this engine the cylinder bore and piston stroke are 
135 mm. (5% in.) and 160 mm. (6% in.), 
respectively, and the power developed is 620 brake 
horse-power at 2,100 r.p.m. The other engine, 
designated the A.25, develops 1,000 brake horse- 
power at 1,900 r.p.m., the cylinder bore, in this case, 
being 170 mm. (64 in.) and the piston stroke 200 
mm. (7Zin.) The weight of the A.25 engine 
is 1,854 Ib. and that of the A.22 engine is 
1,004 lb.; by making the crankcase, &c., in 
Elektron alloy, instead of aluminium, the weight 
of the latter engine can be reduced to 914 lb. The 
fuel consumption, at normal power, of the A.25 
engine is 0-529 lb. per brake horse-power per hour, 
and the oil consumption 0-044 Ib. per brake horse- 
power per hour. The overall length, width and 
height of this engine are, approximately, 6 ft. 8 in., 
3 ft., and 3 ft. 10} in., respectively. 

Three aero engines constructed by La Société 
Francaise Hispano-Suiza, of Bois Colombes, France, 
were shown by their English house, Messrs. Auto- 
mobiles Hispano-Suiza (Great Britain) Limited, 
whose address is 71, Carlton House, Regent-street, 
London, S8.W.1. One of these, known as Type 
6 Pa, is intended for use on light touring, instruction 
and mail machines, and is of the six-cylinder in-line 
type with a nominal horse-power rating of 100 and a 
maximum brake horse-power of 145 at 2,000 r.p.m. 
The cylinders are 110 mm. (4,4 in.) in bore and 
the piston stroke is 140 mm. (5} in.), the compres- 
sion ratio being 5-5: 1. The weight of the engine 
dry, including propeller hub and accessories, is 
170 kg. (375 Ib.) and the fuel consumption is 
0-552 pint per horse-power-hour, the corresponding 
figure for the oil consumption being 0-0056 pint. 
The main overall dimensions of the engine are: 
Length, 1,362 mm. (4 ft. 58 in.), width 537 mm. 
(1 ft. 92 in.) and height 1,021 mm. (3 ft. 4} in.). 
In common with other recent productions of this 
firm, the cylinder barrels of the 6 Pa engine are 
hardened internally by the nitrogen process. 

The engine illustrated in Fig. 65, on this page, 
which was also exhibited at Olympia, is known as 
Type 12 Hbr, and has a nominal horse-power of 
500 and a brake horse-power of 580 at 2,000 r.p.m. 
This engine, which is particularly suitable for 
transport aeroplanes and seaplanes, bombers, &c., 
has been developed from the 180-h.p. engine 
manufactured by the firm during the war, and used 
in large numbers by the Allied Forces. As will be 
seen, it is of the 12-cylinder V-type. The bore and 
stroke are 140 mm. (54 in.) and 150 mm. (5{ in.), 
respectively, and the compression ratio used is 
6-2:1. The cylinders are screwed into aluminium 
water jackets for the greater part of their length, 
each cylinder being separately bolted on to the 
crankcase. The crankshaft is carried in seven 
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plain bearings, and an epicyclic reduction gear is | 


fitted with a reduction ratio of 2:1. There are 
six carburettors, one being located between each 
pair of cylinders, as will be clear from the illustration. 
The valves are operated directly from overhead 
camshafts, no tappets or rockers being employed. 
Dual ignition is provided, two magnetos and 


distributors being mounted at the rear end of the | 


engine. One pressure pump and two scavenge 


pumps are provided for lubrication, and there are | 


two petrol pumps and one water-circulation pump, 
the latter being of the centrifugal type and having 
one inlet connection from the radiator and two 
delivery connections, one to each cylinder block. 
The weight of this engine dry is 470 kg. (1,036 lb.), 
including the propeller hub and auxiliaries, and the 
fuel and oil consumptions are given as 0-528 pint 
and 0-0127 pint, respectively, both per brake horse- 
power per hour. The following are the main overall 
dimensions : Length, 6 ft. 24 in. ; width, 2 ft. 4}in., 
and height 3 ft. 3} in. 

The third engine shown, viz., Type 12 Nb, was a 
more recent. model than that just described, and in 
this the cast-aluminium water jacket is bolted to 
the crankcase, the cylinder barrels being fixed at the 
top of the jacket only and being free to expand 
downwards through a water-tight joint at the lower 
end. As in the case of the 6 Pa engine, the cylinder 
barrels are nitrogen hardened internally. A device 
for injecting oil into the cylinders when starting 
up, especially in cold weather, is also provided, and 
it is stated that this greatly reduces the time required 
for the operation, and also renders unnecessary the 
usual process of running the engine slowly in order 
to warm it up. In most other respects the engine 
is similar to the 12 Hbr engine, but the cylinders 
have a bore of 150 mm. (5{ in.) and the piston 
stroke is 170 mm. (6}§ in.) The nominal rating 
is 650 h.p., the brake horse-power developed at 
2,000 r.p.m., being 750; no reduction gear is fitted 
in this case. The weight and fuel consumption are 
the same as those of the 12 Hbr engine given above, 
but the oil consumption is only 0-01 pint per 
brake horse-power per hour. The main overall 
dimensions of the engine are: Length, 6 ft. 10 in. ; 
width, 2 ft. 7} in. and height 3 ft. 43 in. 

Messrs. Fabrica Automobili Isotta Fraschini, 
of Milan, whose London office at 37, North 
Audley-street, W.1, showed three aero engines, 
one of which, known as the Asso Caccia, although 
of the 12-cylinder vee-type, employs air cooling, 
a special cowling being provided to ensure a uniform 
distribution of the air over the whole surface of 
each cylinder. This engine develops 420 brake 
horse-power at 2000 r.p.m., and drives the propeller 


is 
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directly. Its weight, including the propeller hub, 
is 693 lb., and the main dimensions are: length 
overall, 1,646 mm. (5 ft. 4? in.); width, 700 mm. 
(2 ft. 3%); and height, 780 mm. (2 ft. 6} in.). The 
cylinders, which are machined from carbon-steel 
forgings, with integral cooling fins, have a bore 
of 125 mm. (4% in.), the piston stroke being 
140 mm. (5$ in.). The compression ratio used 
is 5:4:1. Each cylinder barrel has a separate 
|head, and the six heads in each bank of cylinders 
are connected by the overhead camshaft casing, 
which is fitted with a light cover. The crankcase 
lis made in three parts, from Elektron castings, 
| the upper part carrying the cylinders and crank- 
| shaft bearings, the central portion acting as a 
stiffener and the lower part as an oil sump. By 
removing the latter, the whole of the connecting 
rods and main bearings, of which there are eight 
in all, can be examined ; an additional double-row 
ball bearing is fitted to take the propeller thrust. 
Both master and articulated connecting rods are 
of steel, of H-section, and the pistons are made 
from castings of aluminium alloy. Two inlet 
and two exhaust valves, operated from separate 
camshafts, are provided on each cylinder head, 
and four carburettors are used, two being mounted 
on each side of the engine on the upper portion 
of the crankcase. The fuel consumption given is 
220 grammes (0°485 lb.) and the oil consumption, 
15 grammes to 18 grammes (0-033 Ib. to 0-039 lb.), 
| both per horse-power per hour. 
| The other two engines shown were of the 
| water-cooled type, and one of them, known as 
[the Asso 500, is of the 12-cylinder vee-type, 
| developing 500 brake horse-power at 1,850 r.p.m. 
The other engine, viz., the Asso 1,000, is of the 
| broad-arrow type, with three rows of six cylinders 
|each, and has an output of 1,000 brake-horse-power 
at 1,700 r.p.m. The bore and stroke of the Asso 500 
are 140 mm. (5! in.) and 150 mm. (5{ in.) respec- 
tively, and the compression ratio is 5-65:1. The 
weight of this engine is 925 lb. and the fuel con- 
sumption is 215 grammes to 220 grammes (0°47 lb. 
‘to 0.48 lb.) per horse-power hour. In the case of 
the Asso 1,000 the bore of the cylinders is 150 mm. 
(5% in.) and the piston stroke 180 mm. (73 in.) the 
compression ratio being 5-3: 1. The fuel consump- 
tion of this engine is about the same as that of the 
Asso 500 and the weight is 1,768 lb. The overall 
length, width and height of the Asso 1,000 engine 
are 2,159 mm. (7 ft. 1 in.), 1,060 mm. (3 ft. 5? in.), 
and 1,115 mm. (3 ft. 8 in.) respectively. Both 
engines drive the propeller directly. 

Various attempts have been made from time to 





|time to reduce the frontal area of the static-radia! 
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air-cooled engine by arranging the cylinders 
parallel with and around the crankshaft, with the 
object of lessening the air resistance of the aircraft 
and improving propeller efficiency. The fact 
that this type of engine is not in general use seems 
to indicate, however, that, in the designs so far 
produced, the drawbacks have outweighed the 
advantages. Considerable interest therefore attaches 
to the Redrup lever engine, a sectioned working 
model of which was exhibited at Olympia by 
Messrs. The Redrup Lever Engine Syndicate, 4, 
Broad Street-place, London, E.C.2. In the model 
exhibited, a photograph of which is reproduced in 
Fig. 66, annexed, seven cylinders of 3% in. bore, 
with a piston stroke of 4%, are arranged in an axial 
direction around the crankshaft, as will be clear 
from the illustration, the pistons each being con- 
nected to one arm of a star-shaped member by 
connecting rods having simple universal joints at 
each end. The star-shaped member, which is a 
hollow casting of aluminium, is mounted on the 
inclined crankpin of a Z-shaped crankshaft, which 
runs in ball and roller bearings, the crankpin 
bearing being formed by a phosphor-bronze shell 
with a white-metal lining. A fork, hinged at the 
centre of oscillation of the star member and held 
at a point of the crankcase where the full torque 
reaction of the engine is taken, prevents the star 
member from rotating, so that the motion imparted 
to the latter by the pistons causes the crankshaft 
to rotate. 

The cylinders are of aluminium with cast-in 








steel liners and ample cooling fins, on to which 
air is delivered by the propeller. Short aluminium 
pistons, with two gas rings and one scraper ring, 
are employed, and, as already mentioned, they are 
connected to the star member by universally- 
jointed connecting rods. As, however, the angu- 
larity of the rods is very slight, the wear on the 
joints should not be excessive. The valves are 
directly operated through epicyclic gearing, and the 
mixture is supplied through separate induction pipes 
leading to each inlet valve from a centrally-located 
carburettor. Dual ignition is provided, by two 
magnetos mounted at the rear end of the engine. 
Forced lubrication, on the dry-sump system, is 
employed, a jet feed being provided for the cylinders 
and connecting rods. The normal rating of the 
engine is 90 brake horse-power at 2,000 r.p.m., and 
the maximum power developed is 106 brake horse- 
power at 2,200 r.p.m. The weight of the engine 
is 175 lb., the overall length 39 in., and the overall 
diameter 17% in., while the fuel consumption given 
is 0-55 pint per brake horse-power per hour. At 
present, we understand, the engine is being prepared 
for the Air Ministry type test, but a 90 hours’ bench 
test, including continuous runs of 10 hours’ duration, 
has been carried out. We are also informed that 
it has been fitted on a Simmonds Spartan aeroplane, 
of the type described on page 103, ante, with 
satisfactory results. The makers claim, in addition 
to the decreased head resistance and improved 
propeller efficiency, that the engine has a high 
mechanical efficiency with a nearly perfect dynamic 








balance, and that it is easily and effectively mounted 
in the aircraft by means of a single ring. 

Another engine in which the cylinders are ar- 
ranged parallel with the axis was shown by Messrs. 
The Statax Motor A.G., Limmatquai, 34, Ziirich, 
Switzerland, but, in this case, the cylinders rotate 
about a stationary shaft. The appearance of 
the engine, which is suitable for light aeroplanes 
and has a normal rating of 40 brake horse-power 
at 1,800 r.p.m., is shown in Fig. 67, on this page. In 
this engine the seven cylinders have a bore of 62 mm. 
(24 in.), with a piston stroke of 110 mm. (44 in.), 
and the pistons are connected by ball-ended con- 
necting rods to a ring which runs on the edge of 
an inclined disc fixed to the stationary shaft. The 
effect of the explosions is to cause the cylinders and 
connecting rods, as well as the ring on the inclined 
disc, to rotate about the fixed shaft. Another 
feature of this engine is that the inlet and exhaust 
are controlled by a single sleeve for each cylinder, 
the sleeves forming the cylinder liners and being 
operated by a cam drum mounted on the fixed 
shaft. Part of the air for combustion enters the 
cylinder through the exhaust port, the remainder 
entering, with the gas, through a separate inlet 
port, and it is claimed that this arrangement, by 
cooling the sleeve, effectively prevents any burning 
of the edges of the exhaust port. The weight of 
the engine, not including the propeller hub, is 
110 lb., the length overall and diameter being 
28-5 in. and 17-35 in. respectively. The fuel con- 
sumption is given as 0:49 to 0-51 lb., and the oil 
consumption as 0-020 to 0-028 lb., both per brake 
horse-power per hour at the rated output. 

Of the few remaining machines exhibited with 
which our available space permits us to deal, we 
may first refer to the Ford three-engined all-metal 
monoplane, which has not previously been shown in 
this country. An identical machine employed in 
the Southwest Air Express, operating in the United 
States between Kansas City, Tulsa, Oklahoma 
and El Paso, Texas, is illustrated in Fig. 68 on 
page 136. It will be seen from this that of the 
three engines, which are of the Pratt and Whitney 
Wasp type, each developing 425 h.p., one is 
mounted in the nose of the fuselage and the other 
two are suspended from the wings. The latter, 
as well as the fuselage, are covered with corrugated 
sheeting of Alclad non-corrodible aluminium alloy, 
which gives the machine an unusual appearance 
when viewed closely on the ground ; the propellers 
used are also of metal construction. Seating 
capacity is provided for 14 passengers and two 
pilots, the cabin measuring 18 ft. 9 in. in length, 
6 ft. in height, and 4 ft. 6 in. in width. The wings 
have a span of 77 ft. 10 in. and an area of 835 sq. ft., 
while the overall length and height of the machine 
are 49 ft. 10 in. and 13 ft. 8 in., respectively. The 
track is 18 ft. 7 in., and in connection with the 
undercarriage it may be mentioned that the wheels 
are provided with hydraulic brakes. A wheel is 
also employed in place of the usual tail skid, and 
the makers claim that the arrangement adopted 
enables the machine to be controlled on the ground 
as easily as a motor car, and also renders the services 
of a ground staff unnecessary while taxying or 
testing the engines. Completely equipped for 
passenger service, the weight of the machine is 
7,500 lb., and as the useful load carried is 6,000 Ib., 
the total loaded weight is 13,500 lb. This gives 
a wing loading of 16-1 lb. per square foot, and a 
power loading, with all three engines in service, 
of 10-6 lb. per horse-power. A maximum speed of 
135 m.p.h. is attained, the cruising speed being 
115 m.p.h. and the stalling speed 60 m.p.h. The 
normal fuel capacity is 277 gallons, which is sufficient 
for a flight of 500 miles; a maximum of 355 gallons 
of fuel can, however, be carried, and with this 
the radius is increased to 650 miles. The machine 
was shown at Olympia by Messrs. Ford Motor 
Company, Limited, Trafford Park, Manchester, and 
Radnor House, Regent-street, London, W.1. 

An interesting light two-seater monoplane, of the 
low-wing type and of German construction, was 
shown by Mr. S. T. Lea, 141, New Bond-street, 
London, W.1, who is the agent for these machines 
in this country. The machine, known as the 
Klemm L. 25, is illustrated in flight in Fig. 69 
on page 142. It is of timber construction, and is 
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mainly covered with plywood, only the portion 
of the wing to the rear of the front spar having 
fabric covering. The wings are of the full-cantilever 
type, with a span of 42 ft. 8 in. and an area of 
215 sq. ft. As an alternative to folding, they are 
made so that they are easily detachable from the 
fuselage. For the construction of the wings, box 
spars, built up of plywood, are employed, the ribs 
being cut out of the same material. Solid spruce 
longerons and struts, without wire bracing, are 
used in the construction of the fuselage, the 
necessary stiffness and torsional rigidity being 
obtained from the plywood covering. Wire bracing 
is, however, employed in the wings to resist the 
drag stresses. The length of the machine is 23 ft. 8 in. 
and the height 7 ft. 3 in., while the weight, empty, 
is 665 lb. and the total weight 1,150 lb. This 
gives a wing loading of only 5-35 per square foot 
and a power loading of 28-8 lb. per horse-power 
when a Salmson A.D.9 type engine, of which the 
rated horse-power is 40, is fitted, as was the case 
in the machine exhibited at Olympia. Other types 
of engine, including the Cirrus Mark III, developing 
85 h.p. to 95 h.p., and the 80 h.p. Armstrong- 
Siddeley Genet, can, however, be employed. With 
the Salmson engine, the maximum speed is given 
as 88 m.p.h., the cruising speed as 78 m.p.h., 


and the landing speed, with full load, as 28 m.p.h. | 
With a pilot only, we understand that the landing | 
speed is aslow as 25m.p.h. The petrol consumption, | 


with the Salmson engine, is 2 gallons per hour, 


and as the tank capacity is 22 gallons, the flight | 


duration is about 8} hours. With this duration, 
a distance of about 650 miles could be covered 
at the cruising speed. 


well suited for use by private owners and also 
for training purposes, full dual control being 
fitted. 

A light single-seater monoplane of which the 
first cost and running costs are exceptionally low 


was exhibited by Messrs. Glenny and Henderson, | 
The machine, known | 
low-wing full-cantilever | 
type, and an interesting feature of the design is | 
that the wing can be completely detached in one | 


York Road, Byfleet, Surrey. 
as the Gadfly, is of the 


piece and lowered on to the ground, it being 
normally held in place by four quick-release pins. 
The machine is mainly of timber construction, 
no fabric being used and no bracing wires being 


employed either internally or externally, except | 


for the undercarriage; all the flying surfaces and 
the fuselage are covered with three-ply wood. 


It is claimed to be extremely stable and to be 


suitable for use by pilots of but little experience, 
so that it may well be used in clubs for giving 
instruction in advanced solo flying in place of 
the more costly two-seater machines with dual 
control. 
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A photograph of the Gadfly in the air, taken by 
our contemporary Flight, is reproduced in Fig. 70 on 
page 142, but the machine there shown is fitted 
with rotary ailerons for lateral control, which 
we shall refer to later. With the usual type 
of aileron, the wing span is 25 ft., the chord 4 ft. 9 in. 
and the wing area 108 sq. ft., but with the wing 
detached, as explained above, the width is only 
7 ft. and theJheight 5 ft. The tare weight of the 
machine is 455 lb., and as the total loaded weight 
is 750 lb., the disposable load amounts to 295 Ib. 
This gives a wing loading of 7 lb. per sq. ft. anda 
power loading of 18-62 lb. per horse-power, when 
the machine is fitted with an A.B.C. Scorpion 
Mark II engine which has a rated output of 40 h.p. 
With this engine, the maximum speed is 92 m.p.h., 
the cruising speed about 80 m.p.h., and the landing 
speed 45 m.p.h., the initial rate of climb being 
500 ft. per minute, and the ceiling 13,000 ft. 
It may here be mentioned that, subject to official 
confirmation, the machine holds the world’s altitude 
record for the 200 kg. class of aeroplane. Tank 
capacity is provided for 9 gallons of petrol and 
1 gallon of oil, which is sufficient for a range of 
about 350 miles, and the makers state the actual 
running costs for oil and petrol do not exceed 





The machine is claimed | 
to have exceptionally good stability and to be | 


5s. per hour, or ?d. per mile at the cruising speed. 

The rotary aileron, mentioned above, is the 
invention of Captain K. N. Pearson, and consists 
of a member having an aerofoil section in two 
directions at right angles, mounted so that it can 
be turned about an axis which is inclined to the 
vertical, and carried at the outer end of an arm 
extending outwards from the front spar beyond 
the wing tips. The proportions and position of 
the member can be seen in Fig. 70, which shows 
| the device fitted to a Gadfly monoplane from which 
|the usual flap-type ailerons have been omitted, 
'so that it is entirely dependent upon the rotary 
| ailerons for lateral control. In normal flight, the 
position of the rotary aileron is such that it presents 
an ordinary aerofoil section at a positive angle of 
incidence to the direction of flight, so that a lifting 
force is produced in the ordinary way and added 
to that of the main planes. If, however, the 
aileron is turned through an angle of 90 deg. 
}about its inclined axis, the other aerofoil section, 
of which the cambered surface is downwards and 
| the flat surface upwards, will be presented to the 
| wind direction at such an angle that a downward 
force will be produced accompanied by an increased 
| drag. Only one aileron is turned in this way at 
a time, so that one wing tip is depressed and 
retarded, the other being unaffected, and the 
machine thus makes a properly banked turn. 
No rudder movement is necessary, except for 
| aerobatics, complete control being obtained by 
| movement of the control stick only. It is claimed 
| for this device that, since the aileron is independent 
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of the main wing conditions, complete lateral 
control is obtained when the wings are stalled, 
and that it is impossible for the machine to stall 
and spin unintentionally. The control is also 
said to be very light to handle. Operation is 
effected by a push and pull rod connected to the 
control stick at one end and to a wire cable at the 
outer end, passing round and positively fixed to 
a pulley on the inclined axis of the rotary aileron. 
The mechanism is, of course, arranged so that only 
one aileron is rotated by the lateral movement of 
the control stick in one direction. 

The only machine exhibited at Olympia of which 
the aerodynamic principles differ materially from 
those employed by the Wright Brothers, was the 
Cierva autogiro which made its appearance in this 
country some four years ago. The machine, in its 
original form, has been illustrated and described in 
our columns on previous occasions.* In it the usual 
supporting wings are replaced by a large horizontal 
rotor, in the form of an airscrew, the blades of 
which are hinged to a vertical hub so that they 
are free to move in the vertical plane. The. rotor 
is not driven by power, but, when once started up, 
is kept rotating in the horizontal plane by the 
movement of the machine which is propelled by 
an engine and airscrew in the ordinary way. The 
machine must not be confused with an helicopter, 
as it cannot rise or descend quite vertically, and 
cannot hover stationary in the air. It can, however, 
take off with a very short run on the ground, and 
can descend under full control at any angle between 
18 deg. and 87 deg. with the vertical, in still air. 
The machine, moreover, cannot be stalled, and, in 
the case of a forced landing, descends slowing and 
almost vertically still under control. 

In the autogiro exhibited at Olympia by Messrs. 
Cierva Autogiro Co., Ltd., Bush House, Aldwych, 
W.C.2, and illustrated in Figs. 71 and 72, on page 142, 
a number of improvements have been made on the 
original form of the machine, the most interesting 
being that relating to the method of starting up the 
rotor. This was formerly started in a rather element- 
ary manner by pulling on a rope by hand, but the 
slip-stream of the propelling airscrew is now used for 
the purpose in an ingenious manner. From the 
general view of the machine, Fig. 71, it will be seen 
that the tail unit is of the biplane type, and this tail 
is shown on a larger scale in Fig. 72. Of the two 
planes there shown, the lower one is fixed in flight, 
except that a small adjustment can be made from 
the cockpit, by a screw gear, for trimming purposes, 
the upper plane being used as the elevator. For 
starting up, however, the lower plane can be tilted 
upwards to an angle of about 75 deg. by a lever and 
rachet mechanism, and the upper plane can be 








* See ENGINEERING, vol. cxx, pages 521 and 54% 
(1925), and vol. cxxii, pages 207 and 246 (1926). 
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turned into a similar position by pulling the control 
stick right back; the gear ratio of the elevator 
control, it should be explained, is of the increasing 
type to enable this to be done. If the two tail 
planes are inclined in this way, when the engine 
driving the propelling airscrew is running, the slip- 
stream striking the planes will be directed upwards, 
and the vertical air current thus created impinges 
on the blades of the rotor causing it to revolve. In 
this way a rotor speed of about 130 r.p.m. is obtained, 
which speed is increased to about 140 r.p.m. by 
running a distance of some 30 yards on the ground, 
after which the machine can take off. The speed 
of the rotor in normal flight is 150-160 r.p.m., which 
increases to about 170 r.p.m. in descending. 

An improvement has also been made to the 
stationary stabilising plane, the ends of which 
are now turned up at an angle of about 40 deg., 
the effect being similar to increasing the dihedral 
angle so that better lateral stability is obtained 
during turning. It should, perhaps, be men- 
tioned that only the rudder need be moved in 
making a turn, the machine banking automati- 
cally. Wheel brakes are now fitted to hold the 
machine when starting up the rotor, and, as these 
brakes are both separately controlled, they may be 
used to assist the steering of the machine on the 
ground. The rotor gear has been improved by 
making it simpler and lighter, and it may also be 
mentioned that the blade hinges are now plain 
bearings, although ball bearings, of the combined 
radial load and thrust type, are used for the rotor 
itself. A small hand brake is also provided on 
the rotor hub in order to bring the rotor to rest 
when the machine has returned to the ground after 
a flight. 

With regard to the construction of the machine, 
it may be stated that the rotor blades are built up 
on steel tubular spars, with box ribs and mahogany 
planking. The blades are hinged to a forged steel 
hub, which is supported by a quadrupod mast. 
The stabilising planes are of normal construction, 
and the tail unit is built up of welded steel tubing, 
two rudders and fins being provided in addition to 
the two tail planes already referred to. The fuse- 
lage is constructed of welded steel tube, and the 
undercarriage is of the split-axle type incorporating 
oleo legs of 12-in. travel. The main dimensions 
of the machine are: Span 30 ft., length 30 ft., 
height 10 ft., chord of rotor blades 1 ft. 3? in., 
total area of rotor blades 25-74 sq. ft., mean chord 
of stabilising plane 2 ft. 64 in., and area of stabilising 
plane 42 sq. ft. The tare weight of the machine 
is 750 lb. and the total loaded weight 1,300 lb., the 
distribution of the load between the rotor and the 
stabilising plane being such that the rotor loading 
amounts to 45-5 lb. per square foot, and that 
of the stabilising plane to 3-1 lb. per square foot. 
The machine has a maximum speed of 95 m.p.h., 
and a cruising speed of 80 m.p.h., at which its 
duration, with 23 gallons of petrol, is 280 miles ; 
the rate of climb is given as 500 ft. per minute. 
These figures are for the machine fitted with an 
80-h.p. Armstrong-Siddeley Genet Mark IT engine, 
but we understand that the production models 
will be fitted with the Armstrong-Siddeley Genet 
Major engine, which is rated at 105 h.p. 

We can only deal very briefly with the various 
national collective exhibits, of which the French 
included examples of revolving beacons and landing 
floodlights by Messrs. Anciens Etablissements 
Barbier, Benard and Turenne, of Paris ; aero engines 
by Messrs. Société Lorraine des Anciens Etablisse- 
ments de Dietrich et Cie de Lunéville, of Argenteuil, 
Seine et Oise, by Messrs. Société Anonyme des 
Usines Renault, Billancourt, Seine, and by Messrs. 
Société des Moteurs Salmson, Billancourt, Seine ; 
superchargers for aero engines by Messrs. Société 
Rateau, 40, Rue du Colisee, Paris; and aircraft 
by Messrs. Société Anonyme des Aéroplanes Henry 
Potez, 75, Avenue des Champs-Elysees, Paris, and 
by Messrs. Liore et Olivier, of Levallois-Perret. 

In the German collective exhibit, we noticed 
aircraft exhibited by Messrs. Bayerische Flug- 
zeugwerke A.G., of Augsburg and Munich, by 
Messrs. Dornier-Metallbauten G.m.b.H., of Fried- 
richshafen, by Messrs. Ernst Heinkel Flugzeugwerke, 
G.m.b.H., of Warnemiinde, by Messrs. Junkers 
Flugzeugwerke A.G., of Dessau, and by Messrs. 
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Rohrbach Metall-Flugzeugbau, G.m.b.H., 9-12, 
Kiautschoustrasse, Berlin. Variable-pitch -air- 
screws, of all-metal construction, were shown in 
this exhibit by Messrs. Haw-Propellerbau, G.m.b.H., 
of Berlin-Staaken, and aero engines, of the air- 
cooled, four-cylinder in line, inverted type, by Messrs. 
Argus Motoren, G.m.b.H., of Berlin-Reinickendorf. 

A collective exhibit arranged by the Italian Air 
Ministry included aircraft constructed by Messrs. 
Officine Ferroviarie Meridionali, of Naples, by 
Messrs. Officine Ernesto Breda, of Milan, and by 
Messrs. Aeronautica d’Italia, S.A., of Turin, as well 
as models of aircraft, a model of the Benito Musso- 
lini Medical Institute, for testing pilots, now under 
construction at Monte Celio, near Rome, and various 
accessories such as landing wheels, propellers, 
radiators, parachutes, &c. 

The British Air Ministry had a very extensive 
exhibit in the gallery, part of which consisted of a 
series of models illustrating the development of 
flight from a flying boat designed by Francesa Lana 
in 1670 to H.M. Airship R. 101. The work of the 
medical, meteorological, wireless, research and 
inspection branches of the Ministry was also 
demonstrated, that of the inspection branch being 
particularly interesting to engineers, and covering 
the testing and inspection of engines, instruments, 
components, non-metallic materials, such as ply- 
wood, fabric and dope, as well as ferrous and non- 
ferrous metals and alloys. 

A particularly interesting historical exhibit was 
arranged by the Royal Aeronautical Society with 
the object of illustrating man’s attempts to fly 
from the earliest times, the exhibit including a 
unique collection of books, manuscripts, engravings, 
drawings and photographs. The Royal Aero- 
nautical Society’s exhibit was mainly confined to 
the history of aviation as developed in this country, 
but the work of Italian, French and German 
inventors was covered by exhibits arranged by the 
Associazione Italiana di Aerotecnica, the Service 
Technique de lAéronautique, and the Wissen- 
schaftliche Gesellschaft fiir Luftfahrt, respectively. 
An adequate description of these exhibits would 
obviously occupy much more space than we can 
possibly devote to the matter, but we may briefly 
mention one or two items included in the Inventions 
Section of the Royal Aeronautical Society’s exhibit. 
These were a spring propeller hub designed by 
Major Carter for eliminating torsional oscillations, 
and now being tested out by the Air Ministry ; 
a rotary pump for oil designed by Cav. E. Lanzerotti- 
Spina, Chandos House, Buckingham Gate, London, 
§8.W.1; and the Arens control unit, the object of 
which is to avoid the use of bell-crank levers, pul- 
leys, torque tubes and special joints when a pushing 
or pulling action has to be transmitted round 
a corner, in connection, for instance, with throttle, 
ignition, aileron, shutter and brake control mechan- 
isms. The Arens control consists essentially of a 
tubular casing, which can be bent to any shape or 
angle required, with sliding rods fitting the tube 
internally at each end. The sliding rods are con- 
nected inside the tube by a length of flexible cable, 
which passes through the central opening of a closely- 
coiled spring, the latter butting against the ends of 
the sliding rods inside the casing. With this arrange- 
ment, either a push or a pull applied to one of the 
sliding rods is transmitted to the other, a pull being 
transmitted by the cable and a push by the coiled 
spring. The latter is a close fit inside the tubular 
casing, so that it cannot buckle. The device, 
which has been in use in the United States for some 
years, has been introduced into this country by 
Mr. L. H. Freeman, 6, Neville-court, Abbey-road, 
London, N.W.8. 

As nearly 200 firms and organisations exhibited 
such items as instruments, accessories and supplies 
for aircraft manufacturers, it is obviously impossible 
even to mention these, so that we must conclude 
our account of the exhibition by congratulating the 
organisers on its undoubted success. The arrange- 
ments were made by a joint committee, of which 
four members represented the Society of British 
Aircraft Constructors, Limited, and five members of 
the Society of Motor Manufacturers and Traders, 
Limited. Captain P. D. Acland was the Chairman 
of this Committee. The total attendance, we are 
informed, amounted to about 77,000 persons. 





BRAKE AND DOOR - OPERATING 
MECHANISM FOR PASSENGER 
VEHICLES. 


Ir is perhaps more by good fortune than anything 
else that the very rapid development in road passenger 
transport has not been accompanied by a greater 
number of serious accidents. Such as have occurred, 
however, have served to draw attention to the neces- 
sity for the provision of really adequate brakes on the 
vehicles employed, and to the further necessity for 
door-handling apparatus which will operate effectively 
in all circumstances. While there are many highly 
efficient braking systems on the market, it need not be 
assumed that further progress in this direction is 
impossible, but it is mainly in the means employed 
for opening and closing the doors that road transport 
vehicles compare unfavourably with that say, adopted 
on the underground railways. The latter have had 
the advantage of gradual development over a com- 
paratively long period, in which defective design has 
been eliminated by trial and error, and it is distinctly 
to the advantage of passengers travelling by road 
that the firms engaged in this development should apply 
the experience gained on the one class of vehicle to the 
requirements of the other. The firm of Messrs. G. D. 
Peters and Company, Limited, of Caxton House, West- 
minster, S.W.1., will be familiar to many of our readers 
as the manufacturers of safety appliances for railways, 
and we recently had an opportunity of inspecting a 
road vehicle to which this firm had fitted the braking 
and door-control systems, in addition to other minor 
details. During a trial run, it was demonstrated that 
the brakes, although very powerful, were exceptionally 
smooth in their action, while the door mechanism 
operated perfectly on all occasions. It was not of 
course possible to demonstrate the behaviour of this 
mechanism after an accident to the vehicle, but from 
a study of the design, which we describe in detail below, 
it would appear that every precaution has been taken 
to ensure that the passengers should not be trapped in 
such circumstances. 

While the two systems of brake and door control 
can be operated independently, they are, to some 
extent, interlocked, and it will therefore be expedient 
to deal with them both in the same article. Of 
the illustrations given on pages 138 and 139, Figs. 1 
to 4 refer to the brake mechanism, while Figs. 5 
to 8 show various details of the door apparatus. The 
former may conveniently be considered first. The 
braking system is of the pneumatic pressure type, and 
represents an application to road vehicles of the tram- 
way brake developed by Messrs. Consolidated Brake 
and Engineering Company, Limited, who are associated 
with Messrs. Peters. A diagram of the layout is 
given in Fig. 1, which is, to a great extent, self-explana- 
tory. It will be seen that the control valve is operated 
by a pedal, which is also coupled by a cross shaft and 
rods to the rear brake drums. When the pedal is 
depressed, no direct motion can be imparted to the 
cross shaft until the end of the slots in the shackle, 
embracing the central cross-shaft lever, come in 
contact with the pin on the lever. This will only occur 
in the event of the failure of the pneumatic system, 
since the movement of the levers on the rear drums 
will normally rotate the cross shaft in an anti-clockwise 
direction, thus causing the pin continually to lead on 
the end of the slot. 

Turning now to the details of the braking system, the 
compressor, which also serves for the door mechanism, 
is mounted beside the engine, as shown in Fig. 4. It is 
driven by chain from the magneto shaft, an auto- 
matic clutch being incorporated in the drive. The 
clutch, which is contained within the flywheel, is 
controlled by an air relay connected to the main air 
reservoir, and operated by variations in the air pressure. 
So long as the pressure remains above a pre-determined 
minimum, the clutch is held out of engagement, but as 
soon as this minimum is reached, the relay valve closes. 
The movement of this valve opens the exhaust valve 
of the clutch cylinder and allows the air in the latter 
to escape to atmosphere, when the spring re-engages the 
clutch and starts the compressor. ‘The relay valve is 
set to give a maximum pressure in the air receiver of 
90 Ib. to 95 lb. per square inch, and a minimum 
pressure of 75 lb. to 80 lb. per square inch. 

From the reservoir, the air passes through a strainer, 
shown in Fig. 1, to the central control valve. A section 
of this valve is given in Fig. 2, the parts being shown 
in the position when the brakes are free. The airfrom 
the reservoir enters at the right-hand end, the two 
outlets at the top being connected together, and to a 
port common to all four brake cylinders. It will be 
noticed that the main air-supply port is normally 
closed by a light spring-loaded valve, which is held 
firmly on its seat by the air pressure. When the pedal 
is depressed, the bottom of the lever shown in the 
figure is moved to the right. A cam face on the end of 
this lever is in contact with a centre piece, carried on a 
diaphragm at the right-hand end and extended at the 





ENGINEERING. [AUG. 2, 1929. 





COMPRESSED-AIR BRAKE FOR ROAD VEHICLES. 


CONSTRUCTED BY MESSRS. G. D. PETERS AND COMPANY, LIMITED, ENGINEERS, LONDON. 
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left-hand end, through a sliding bearing, to a flat head | 
attached to a second diaphragm. The centre piece is | 
kept in contact with the lever by a strong spring at the | 
right-hand end. It will be noticed that the centre 
piece is hollow, the cylinder so formed terminating in | 
a chamfered valve face to the right, the corresponding | 
valve being of the mushroom type sliding in the cylin- 
der. The valve head is slotted, a T-piece in the slot | 
being connected to the inlet valve, shown to the | 
right. The space between the two diaphragms is open | 
to the atmosphere, and, in the position of the parts | 
shown in Fig. 2, the two outer spaces are also open | 
to the atmosphere, as the valve at the end of the central 
cylinder is open, and air can pass along this and through | 
ports in the centre piece into the central space. The 
movement of the lever is imparted to the centre piece, 
and first moves the seating against the valve, thus | 
closing the outlet to the atmosphere. Further move- | 
ment of the centre piece brings the exhaust valve, into | 
contact with the inlet valve, and air then enters the | 
spaces on the outside of the diaphragms, and from them | 
passes to the brake cylinders. The object of the two 
diaphragms is to enable the valve to be operated with a | 
minimum of effort. Without the left-hand diaphragm, 
the driver would be exerting a force in opposition to both | 
the spring and the air pressure as soon as the inlet valve 
was opened, but as actually the compressed air is also | 
admitted to the outer side of the left-hand diaphragm, | 
the force due to the air pressure is practically balanced. 
The effective area of the right-hand diaphragm is 
slightly greater than that of the left-hand one, for | 
reasons which may now be explained. 

It should be pcintcd out that the opcrating rod | 
actuates the brake-valve lever through a_ spring, 
and the air will continue to flow through the inlet 
valve until the pressure differenge between the two | 
diaphragms is just sufficient to overcome the resistance 
of this spring. The centre piece will then move slightly | 
to the left, allowing the inlet valve to close. The air 
pressure in all the brake cylinders will now be equal, 
giving perfect brake compensation. If the pedal is | 
then further depressed, more air will be admitted, 
increasing the braking force. If, on the other hand, 
the pedal is eased off slghtly, air will escape through 
the exhaust valve until the control-spring pressure is 
just sufficient to overcome the reaction of the dia- | 
phragms and reseat the valve. It may be noted that | 
the spring to the right of the centre piece is always | 
tending to move this piece into the brake release posi- 
tion, ensuring a rapid release, free from lag, and render- 
ing a supplementary release valve unnecessary. 

The brake cylinders, one of which is shown in section 
in Fig. 3, only call for brief comment. They are of the 
leather packed piston type, and are generally similar 
to those used on tramway and railway work. It may 
be noted that, owing to their compactness, they can 
be located close to the brake drums between the chassis 
frame and wheels, the operation being effected through 
a vertical lever, as shown in Fig.1. An internal spring 
is provided to return the piston to its normal position 
when the brake is released. 

Turning now to the door-operating mechanism, a 
diagram of the system employed on the vehicle already 
referred to is given in Fig. 5. The vehicle has an 
entrance door at the front and an exit door at the rear, 
and the system is arranged so that either or both doors 
are under the control of the driver, or the front door is 
under the control of the driver and the rear door under 
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vertical shafts carried in ball-thrust bearings at their | ments for its operation may conveniently be considered 


that of the conductor. Both doors are of the two-| upper and lower ends. As the front door is always | first. While the vehicle is running, the door cannot be 


leaf single-folding type, the leaves being mounted on 


under the control of one man, the driver, the arrange- | opened, except in the case of emergency, but the 
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DOOR-CONTROL GEAR FOR ROAD VEHICLES. 


CONSTRUCTED BY MESSRS. G. D. PETERS AND COMPANY, LIMITED. 

































































































































ty vdoed DRIVER'S ENTRANCE DOOR 12 VOLT LIGHTING BATTERY 
SWITCH. CONTROL SWITCH ° NI 
(MAGNETIC Type) /|( MAGNETIC TYPE ‘3 A/R-OPERATED = 
} INTERLOCKING SWITCH Fig. 5. 
DRIVER'S BRAKE UNIPED' BRAKE VALVE 
INTERLOCKING VALVE 4 LTO RESERVOI 
6 ‘Ye" 3-WAY COCK) — ? 
phd SHOWN IN INTERLOCKEQ| POSITION. TO BRAKE CYLINDERS 
ti 
EMERGENCY TREADLE. i 
sey 70 RESERVOIR 
8 CONDUCTOR'S EXiy. 
= VALVES * ook * CONTROL 
15 PASSENGER'S EMERGENCY x. i , 
DOOR CONTROL SWITCHES wee S > one 
? (MECHANICALLY COUPLED). ‘ 
| EXIT DOOR ENGINE I 
TYPE « 4 
< q pil med EMERGENCY | 7 | TREADLE 
218 wervave AIR STRAINER. poe 
Pl UPPER & LOWER 
i YaCOCK CG TREADLE SWITCHES. 
WITH BLEED, | 10x 33 RESERVOIR. ; 
12 ane 
CHECK VALVES. Ye COCK WITH BLEED 
(z ENTRANCE DOOR ENGINE. 
TYPE J” 
“ENGINEERING 


1349.E.) 


(3496) 









NX 
\N 


NN sia 
| Soop 
mi. 


\ 
SS 





Uf 










SSrezzzzzz-eccd y) ys KKH > 
Gr2NY VOY) 
A a 
A) > Y Gzy AY 






LY fa 
Seas 












BK 






K«<C(K GEN 


- 878 Fixing Bolt Cens 
SS SSIES IAIN 










MGM wr NN 















Y WA \S 
S 









7 
DV Kos ) 






Me------~ 





TENGINEERING 
“ENGINEERING” 








se 


~ 











thee 
“ 


-7" 











Ni Hard Wood Block 
N 2'8°longx2" wide 




















“ENGINEERING 





0949.4) 7 
























139 


application of the brakes releases the locking mechan- 
ism of the door-operating switch. When the brake is 
released, the door automatically closes, and the controls 
are automatically reset ready for the next stop. 

The door-operating switch is shown at 1, in Fig. 5, 
and a section of this switch is given in Fig. 6. The 
contact drum is mounted on a shaft terminating at the 
top in a square for the operating handle, and at the 
bottom in the upper half of a flanged sieeve, of which 
the lower part is attached to the moving core of 
an electromagnet. The flanged sleeve is free to move 
vertically against the action of a coil spring, although 
at the same time it is caused to rotate with the drum 
spindle. When the brakes are applied, an air-operated 
interlocking switch, connected to the brake valve, 
closes the circuit of which the coil in the door switch 
forms part. This coil being energised, the flanged 
sleeve is drawn down so that the flange bears on the 
heads. of the screws on the top of the coil housing. If, 
subsequently, the switch handle is put into the “on” 
position, slots in the flanged sleeve register on 
the heads of the screws, thereby holding the con- 
tact drum in the contact-making position during the 
time that the coil is energised. Putting the switch 
in the “on” position closes the circuit between the 
lighting battery and the electro-pneumatic valve 
marked 2, in Fig. 5. The movement of the core in 
this valve opens one end of the door engine to atmos- 
phere, with the result that the compressed air from 
the receiver, acting on the other side of the piston, 
opens the door. No further attention is necessary 
on the part of the driver, as the release of the brake 
pedal automatically closes the door by cutting off the 
current to the coils of both the electro-pneumatic 
valve 2, and the magnetic control switch 1. The 
latter resets itself in the “off” position ready for 
operation at the next stopping place. A removable 
key renders it impossible for the door to be operated 
by unauthorised persons in the absence of the driver, 
and a boss in the shroud for the drum spindle return 
spring, ensures that an incorrect handle cannot be 
employed for operating the switch. 

The door engine is shown in section in Fig. 7, drawn 
in the vertical position for convenience. The space 
below the piston is always open to the receiver. 
In closing the door, the electro-magnetic valve 2, 
Fig. 5, will be in the position in which the port 
to atmosphere is closed, and the air entering on 
the top of the piston, as a result of the greater 
area on this side, will force the piston downwards. 
It will be observed that the interior of the piston 
trunk will be filled with air at receiver pressure. After 
the piston has travelled § in., the valve inside 
the piston trunk will seat, as the end of the valve 
stem is held against the cylinder cover by the spring 
shown during the movement of the piston. Air is 
thus trapped, at receiver pressure, in the space inside 
the trunk. As the piston continues its travel, the air 
on the lower side is forced into the supply system, 
passing through a check valve 11 in Fig. 5. This is a 
ball valve with a restricted by-pass, and, as the ball 
seats almost immediately the piston begins to move, 
practically all the air has to escape through the by- 
pass, thus slowing down the movement of the engine 
to any speed required. If the space above the piston 
is now connected to exhaust, for the purpose of 
opening the door, in the manner already explained, 
the piston will be forced upwards at a rate depending 
on the setting of the by-pass in the check valve 12, 
Fig. 5. When the piston reaches a point § in. from 
the end of its stroke, the high-pressure air in the 
interior of the trunk escapes into the space above the 
piston. This increases the air pressure on this side of 
the piston, and checks (without stopping) the door move- 
ment, so that the final closure is made very gently. 
Ample time is given during the last part of the move- 
ment for a passenger to get clear of the door, which, how- 
ever, is too far closed to permit other persons to enter. 

The control of the rear door need not be described in 
any great detail, as it is generally similar to that for 
the front door. As the door can be arranged for opera- 
tion either by the driver or conductor, duplicate 
magnetic switches, marked 6 and 7 in Fig. 5, are 
provided. A single detachable lever serves for both 
these switches, so that the door can only be operated by 
either the driver or conductor, but not by both. The 
switches differ from that fitted to the front entrance 
system, in that they have two “‘on,”’ a “‘treadle,” and an 
“emergency ”’ positions. Normally, as soon as the appli- 
cation of the brakes has released the interlock, the switch 
is placed in the “ treadle”’ position. This does not 
open the door, as a second switch, operated by a pas- 
senger stepping on a treadle plate in front of the door, 
must be closed before the circuit to the electro- 
pneumatic valve 8, in Fig. 5, is completed. The 
exit is provided with a step, so that it is necessary to 
provide two treadle plates as shown in Fig. 8.. The 
switches operated by these vlates are in parallel, so 
that the door remains open until the passenger steps 
off the lower one on to the ground. . 
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The “ emergency ”’ position of the exit door switch 
permits the door to be opened independently of the 
treadle plate control. If the operator has first placed 
his switch in the “ treadle”’ position and desires to 
change to the “emergency” position, he must first 
trip the switch by pressing up a button similar to that 
shown in Fig. 6. The switch then returns to the off 
position, and may be re-set as required. On the 
release of the brake pedal, the treadle plates auto- 
matically become inoperative, or the exit door shuts, 
depending on whether the control switch is in the 
emergency or treadle position. The control switch is 
also automatically reset in the ‘“‘ off”’ positon ready 
for use at the next stopping place. For use at termini, 
or where the driver has to dismount, a change-over 
valve 9, Fig. 5, is provided in the driver’s cab, to 
enable him to release the brake pedal without closing 
the doors. This valve must be reset before starting, 
as otherwise the safety interlocking feature is lost. 
In an emergency, both doors may be opened by a 
passenger pulling a chain attached to an emergency 
switch in a convenient position inside the ’bus. This 
switch is marked 15 in Fig. 5, and it will be seen that 
it short circuits the driver’s and conductor’s control 
switches. Finally, it may be mentioned that either 
door may be opened from the outside of the vehicle 
in case of a serious accident. This is effected by 
opening one or both of the bleed cocks shown in Fig. 5 
in the supply pipes to the door engines. These cocks 
are situated in such a position that they are unlikely 
to be interfered with by unauthorised persons. 











THE LATE PROFESSOR PETER 
GILLESPIE. 


THE news of the death, on May 26 last, of Professor 
Peter Gillespie, at the early age of 56, will be received 
with profound regret by engineers in all parts of 
Canada. Professor Gillespie had been connected 
with the University of Toronto for the past twenty- 
five years, and, since 1923, had been head of the 
Department of Civil Engineering. He obtained the 
degree of B.A.Sc. at Toronto University in 1904, and 
was immediately appointed demonstrator in applied 
mechanics. Subsequently he carried out post-graduate 
research work at McGill University, Montreal, and 
was granted the M.Sc. degree of that institution. After 
serving for some years as demonstrator at Toronto, 
he became lecturer, and, in 1911, assistant professor. 
Nine years later he was made professor of applied 
mechanics, and finally head of the Department of Civil 
Engineering. In his younger days he was engaged, 
during the summer vacations, on engineering works in 
various fields. He served for several years, in various 
capacities, on the surveying and construction of the 
Canadian Northern Railway. From 1906 to 1908, he 
was with Messrs. Sinclair and Smith, New Liskeard, 
Ontario, and was engaged upon municipal engineering 
undertakings. In 1909, he devoted his time to work 
connected with the construction of power plant for the 
town of Campbellford, Ontario. The 1910 and 1911 
vacations were again spent on the railways, Professor 
Gillespie being placed in charge of bridge reconstruction 
works on the Toronto and Eastern Branch of the 
Canadian Northern Railway. In 1912, he was appointed 
assistant-engineer on the Moose Jaw water-supply system 
construction works. In after years, Professor Gillespie 
undertook a considerable amount of consulting work 
in addition to his professorial duties at the University. 

A warm tribute to the activities of Professor Gillespie 
as a member of the Engineering Institute of Canada is 
contained in the current issue of The Engineering 
Journal, the periodica! of the Institute. He became 
an associate member of the Institute on March 12, 
1908, and was elected to full membership on April 20, 
1915. In 1918, he became chairman of the Toronto 
branch of the Institute, and served on the council from 
1918 to 1920 and as a vice-president in 1926 and 1927. 
He was also a member of many of the committees of 
the Institute. Professor Gillespie had been a member 
of the main committee of the Canadian Engineering 
Standards Association, representing the University of 
Toronto, since its establisi:ment, and was also for 
some time a vice-chairman of the Association. At 
the time of his death he was serving as chairman of the 
committee on concrete and reinforced concrete, which 
committee published, only just recently, a comprehen- 
sive specification. Professor Gillespie became a 
member of the Institution of Structural Engineers of 
zreat Britain in 1909. He was also a member of the 
Association of Professional Engineers of Ontario, and of 
the Society for the Promotion of Engineering Educa- 
tion. Among the treatises published at various times 
by Professor Gillespie may be cited ‘The Cement 
Industry of Ontario’ and “‘ Methods of Treatment of 
Sewage Sludge.” 

Professor C. R. Young, formerly professor of Struc- 
tural Engineering at the University of Toronto, has 
now been appointed to succeed Professor Gillespie as 
professor of Civil Engineering. 
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LAUNCHES AND TRIAL TRIPS. 


‘* VIKINGEN.”—Twin-screw steam floating whale-oil 
factory; triple-expansion engines. Launch, July 6. 
Main dimensions, length 490 ft., beam 71 ft. Built to 
the order of Messrs. Viking Whaling Company, Limited, 
London, by Messrs. Swan, Hunter and Wigham Richard- 
son, Limited, Wallsend-on-Tyne. 

** LAURELWOOD.”—Twin-screw oil-tank motorship ; 
single-acting, four-stroke cycle Diesel engines constructed 
by Messrs. J. G. Kincaid and Company, Limited, 
Greenock. Trial trip, July 17. Main dimensions, 454 ft. 
length, by 59 ft. breadth. Built to the order of Messrs. 
Molasses and General Transport Company, Limited, 
London, by Messrs. Sir W. G. Armstrong, Whitworth and 
Company (Shipbuilders), Limited, Walker-on-Tyne. 

‘** HINDANGER.”’—Twin-screw cargo motorship; Har- 
land and Wolff-B. and W. single-acting Diesel engines. 
Launch, July 23. Main dimensions, 415 ft. by 54 ft. 
10 in. by 28 ft. 9 in. Built for Messrs. Westfal-Larsen 
and Company, Bergen, Norway, by Messrs. Sir W. G. 
Armstrong Whitworth and Company (Shipbuilders), 
Limited, Walker-on-Tyne. 

“ ABEILLE No. 24.’’—Twin-screw steam tug;_triple- 
expansion engines constructed by Messrs. C. D. Holmes 
and Company, Limited, Hull. Launch, July 25. Main 
dimensions, 127 ft. by 31 ft. by 14 ft. 6in. Built for the 
Compagnie de Remorquage et de Sauvetage ‘“ Les 
Abeilles,” Le Havre, France, by Messrs. Cochrane and 
Sons, Limited, Ouse Shipbuilding Yard, Selby. 


‘* ForTHBANK.’—Cargo steamer; quadruple-expan- 
sionengines. Launch, July 25. Main dimensions, 436 ft. 
by 56 ft. by 36 ft. 3in. Built by Messrs.Workman Clark 
(1928), Limited, Belfast, for Messrs. Andrew Weir and 
Company, Bank Line, Limited, London. 


‘* Hamia.”—Ore-carrying steamer; triple-expansion 
engines. Launch, July 25. Main dimensions, 384 ft. 
by 52 ft. 3 in. by 28 ft. 3 in. Built by Messrs. John 
Readhead and Sons, Limited, South Shields, for Messrs. 
F. C. Strick and Company, Limited, London. 


‘* ARABISTAN.”’—Screw passenger and cargo steamer ; 
triple-expansion engines. Trial trip, July 27. Main 
dimensions, 440 ft. 3 in. by 55 ft. by 31 ft. Built by 
Messrs. John Readhead and Sons, Limited, South 
Shields, for Messrs. F. C, Strick and Company, Limited, 
London, 

‘* PoLzELLA.”’—Screw cargo steamer; triple-expansion 
engines. Trial trip, July 29. Main dimensions, 413 ft. 
6 in. by 54 ft. 2 in., by 27 ft. 6 in. Built by Messrs. 
William Gray and Company, Limited, West Hartlepool, 
for Messrs. The Eclipse Shipping and Trading Company, 
Limited, Cardiff. 

** PENRITH CASTLE.’’—Twin-screw motor ship ; engines 
constructed by Messrs. North-Eastern Marine Engineering 
Company, Limited, Wallsend-on-Tyne. Trial trip, July 
30. Built by Messrs. Cammell Laird and Company, 
Limited, Birkenhead, for Messrs. The Lancashire Ship- 
ping Company, Liverpool. 

“* Kosmos.”’—Single-screw whale-oil factory ship and 
oil tanker; quadruple-expansion engines. Trial trip, 
July 30. Main dimensions, 570 ft. by 77 ft. by 50 ft. 6 in. ; 
displacement 32,000 tons. Built ‘by Messrs. Workman 
Clark (1928), Limited, Belfast, to the order of Messrs. 
Kosmos Whaling Company. 








BOOKS RECEIVED. 


Massenverteilung und Kosten der 
Erdarbeiten. By Dr. Inc. WILHELM MULteR. Berlin: 
Wilhelm Ernst & Sohn. [Price 7.50 marks. ] 

United States Bureau of Mines. Bulletin No. 281. 
Precipitation of Lead and Copper from Solution on 
Sponge Iron. By G. L. OLpRIGHT and others. [Price 
35 cents.] No. 285. Coal-Mine Ventilation Factors. By 
H. P. GrREENWALD and G. E. McEtroy. [Price 
25 cents.] No. 297. Petroleum Refinery Statisiics, 
1927. [Price 20 cents.] By G. R. Horxrys. Wash- 
ington : Government Printing Office. 

The Association of Special Libraries and Information 
Bureaux. Report of Proceedings of the Fifth Con- 
ference, Oxford. September 14-17, 1928. London: 
Offices of the Association. [Price 5s.] 

United States Bureau of Labour Statistics. Bulletin 
No. 475. Productivity of Labour in Newspaper 
Printing. Washington: Government Printing Office. 
[Price 50 cents.] 

Field Engineering. A Handbook of the Theory and 
Practice of Railway Surveying, Location and Construc- 
tion. By the late W. H. SEaRLE. Twentieth edition, 
revised and enlarged by H. C. Ives. New York: 
John Wiley and Sons, Inc. London: Chapman and 
Hall, Limited. [Price 20s. net.] 

Radio Telegraphy and Telephony. By RupotrxH L. 
Duncan and CHARLES E. DrEw. New York: John 
Wiley and Sons, Inc. London: Chapman and Hall, 
Limited. [Price 37s. 6d. net.] 

Engineering Workshop Drawing. By A. C. Parkinson. 
London: Sir Isaac Pitman and Sons, Limited. [Price 
4s, net.] 

Aeronautical Research Committee. Reports and Memo- 


Massenermitilung, 


randa No. 1185. The Strength of Tubular Struts. By 
Proressor A. Rosertson. [Price 2s. 6d. net.] No. 


1231. The Skin Friction on a Circular Cylinder, By 
A. Face. [Price 9d. net.] London: His Majesty's 
Stationery Office. 

Institute for Research in Agricultural 
University of Oxford. Bulletin No. 5. Electricity in 
Agriculture. By C. A. Cameron Brown. Oxford: 
Clarendon Press. London: Humphrey Milford. 
[Price 2s, 6d, net.] 
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TENDERS. 

We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing 
date of each tender is stated below. Details may be 
obtained on application to the Department at the above 
address, the reference number given being quoted in 
each case. 

Motor Rollers.—The supply of a naphtha motor roller 
weighing approximately 10 tons without ballast. A 
firm of engineers and contractors in Sarajevo, Yugo- 
slavia; August 5. (Ref. No. A.X. 8300.) 

Electric-Generating Set——The supply and delivery of 
one 5-kw. oil-engine driven, direct-current, three-wire 
generating set for the military engineering services, Bel- 
gaum, Bombay Presidency. India Store Department, 
Simla ; August 5. (Ref. No. B.X. 5517.) 

Breakdown Cranes.—The supply of two steam cranes, 
mounted on trucks for breakdown service and for use 
in the construction of railway bridges. The Chilean 
State Railways, Santiago; October 21. (Ref. No. A.X. 
8309.) 

Electric-Generating Set.—The supply and delivery of one 
30-kw., two-wire, direct-current generating set for the 
military engineering services, Razmak. India Store 
Department, Simla ; August 28. (Ref. No. B.X. 5522.) 

Kimberley Sockets and Hydrants.—The supply of five 
hundred Kimberley sockets, two hundred 3 in. and three 
hundred 4 in.; also three hundred 24 in. hydrants. The 
City of Johannesburg, South Africa; August 22, 1929. 
(Ref. No. A.X. 8326.) 

Terminal Insulators-—The supply of 10,000 terminal 
insulators, together with 1,000 covers for them. The 
Posts and Telegraphs Department, Melbourne, Australia ; 
September 3. (Ref. No. B.X. 5530.) 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—The present is one of the quietest 
periods of the year, and it is not surprising that com- 
plaints of a shortage of work are heard from sections of 
the steel and engineering trades in this area. In the 
heavy departments, particularly in railway rolling-stock 
and armaments manufacture, there is ample room 
for improvement, while firms supplying shipbuilders, 
though operating at higher capacity, could handle 
more business. The decision of the Government to 
suspend all work on the 8-in. gun mountings for 
H.M.SS. Northumberland and Surrey, has been received 
with perturbation in Sheffield. The present amount of 
armaments work in circulation is very limited, and the 
outlook has not ‘been improved by the restrictive policy 
thus announced. In contrast, a better state of affairs 
is in existence in departments devoted to the manufac- 
ture of supplies for road transport development, electrical 
schemes, and power plant equipment. A fair amount 
of work is passing in special steels, including non-corrosive 
materials, colliery and coke-oven by-product plant, 
mining apparatus, and stone-crushing and cement- 
making machinery. The requirements of automobile 
and aircraft engineers were never more varied, or in 
such volume. Engineers’ tools are in better demand, 
while agricultural implements and machinery, especially 
that used in harvesting, is being purchased in increased 
quantities. A good deal of business continues to be 
entered into with producers of raw and semi-finished 
steels. The latest price advances are, in the main, 
confined to alloys for manufacturing high-class steels. 
Basic steel is an active section, but acid varieties do not 
seem to make much progress, and form an unsatisfactory 
feature. The latest quotations are: Derbyshire foundry 
pig, 71s.; Derbyshire forge, 67s. ; Lincolnshire foundry, 
25s.; Lincolnshire basic, 72s.; crown iron bars, 111. ; 
iron hoops, 12/.; steel hoops, 9/. 10s, to 10/.; Siemens 
acid billets, 91. 10s.; hard basic billets, 7/7. 12s. 6d. to 
91. 12s. 6d.; soft basic billets, 7l.; and soft wire rods, 
81. 10s. 

South Yorkshire Coal Trade.—The position of the coal 
industry, locally, is one that does not afford much 
encouragement. Business generally, in most classes of fuel, 
is not up to the recent level. The demand for industrial 
sorts, though substantial, has fallen off somewhat largely, 
as a result of a quieter tone in the iron and steel trades. 
As is only to be expected, the call for house coal is very 
poor, prospects being not much better. Large quantities 
of blast-furnace coke are going into consumption, while 
furnace and foundry sorts are steady, both on home and 
foreign account. Gas coke is fairly strong. Quotations are : 
Best branch handpicked, 25s. 6d. to 26s. 6d. ; Derbyshire 
brights, 19s. to 21s.; best house, 19s. 6d. to 20s. 6d. ; 
screened house, 17s. 6d. to 18s. 6d. ; screened house nuts, 
15s. 6d. to 16s. 6d.; Yorkshire hards, 15s. to 16s. : 
Derbyshire hards, 15s. to 16s. ; rough slacks, 9s. to 10s. : 
nutty slacks, 7s. to 8s.; and smalls, 3s. to 5s. 








SHrpwREcK Straristics.—Returns issued recently by 
Lloyd’s Register of Shipping show that 101 ships. 
aggregating 173,327 tons, were totally lost or condemned 
in consequence of casualty or stress of weather during 
the quarter ending December 31, 1928. Of these 
101 vessels, 74, totalling 160,403 tons, were steamers 
and motorships, and 21, aggregating 56,386 tons, flew 
the British flag. Of the 27 sailing ships lost, two smal! 
vessels were British. Ships, to the number of 72, of 
148,112 tons, were otherwise broken up or condemned, 
and the greater part of these were steamers or motor- 
ships. Included in this total were 20 British steamers, 
totalling 26,507 tons, and a British sailing ship of 480 tons. 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Scottish Steel Trade.——Conditions in the Scottish steel 
trade have been somewhat sluggish this week, the market 
having barely settled down after the holidays. Work 
has been generally resumed, but the accumulation of 
specifications might have been better. The number 
now on hand, generally, however, means fairly active 
conditions for the next week or two. A similar state 
prevails in the black-sheet trade, but whereas the lighter 
gauges are good, the demand for the heavier sorts is 
rather poor. Prices are steady, and the following are the 
market quotations :—Boiler plates, 10/. 10s. per ton; 
ship plates, 8/7. 12s. 6d. per ton; sections, 8/. 2s, 6d. per 
ton; black sheets, } in., 9J. per ton; galvanised corru- 
gated sheets (No. 24 gauge), 131. 17s. 6d. per ton, all 
delivered Glasgow stations. 

Malleable-Iron Trade.—Although work has again been 
resumed in the malleable-iron works in the West of 
Scotland, the outlook is none too promising. Bookings 
since closing down for the holidays have only been fair, 
but there are, nevertheless, a sufficiency of specifications 
on hand to keep plant moving meantime. In the steel 
bar re-rolling departments, the competition from Con- 
tinental sources is keenly felt here, and business is 
inclined to be quiet. The current quotations are :— 
‘““Crown ” bars, 101. 5s. per ton for home delivery, and 
91. 15s. per ton for export; re-rolled steel bars, 8/. per ton 
for home delivery, and 7/. 15s. per ton for export. 


Scottish Pig-Iron Trade.—Dullness is general in the 
Scottish pig-iron trade, and there is no expansion in 
demand. Deliveries to the steel works have been very 
satisfactory since the holidays, but foundry iron moves 
slowly. Prices remain strong, and are as follow :—Hema- 
tte, 80s. per ton, delivered at the steel works ; foundry 
iron, No. 1, 78s. 6d. per ton; and No. 3, 76s. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, July 27, amounted to 889 tons. Of the total, 
853 tons went overseas, and 36 tons coastwise. Durin 
the corresponding week of last year, the total shipment 
amounted to 452 tons. 


Wages in Scottish Pig-Iron Trade Advanced.—Intima- 
tion has been made by Messrs. Kerr, Macleod and 
Macfarlan, C.A., Glasgow, to Mr. James C. Bishop and 
Mr. Owen Coyle, joint secretaries of the Board of Concilia- 
tion for the regulation of wages in the pig-iron trade of 
Scotland, that they have examined the employers’ 
books for April, May and June, 1929, and certify that 
the average net selling price is 31. 13s. 3d. This means 
that there will be an increase in the wages of the workmen 
of one per cent. on basis rates. 


Scottish Manufactured Iron Trade Wages Unchanged.— 
Sir John M. MacLeod, Bart., C.A., Glasgow, has intimated 
to Mr. James C. Bishop and Mr. Owen Coyle, joint 
secretaries of the Scottish Manufactured Iron Trade 
Conciliation and Arbitration Board, that he has examined 
the employers’ books for May and June, 1929, and that 
he certifies that the average net selling price brought out 
is 101. 12s. 3-23d. This means that there will be no 
change in the wages of the workmen. 


Scottish Shipbuilding.—Work in the shipyards during 
the past month has been fairly steady, and despite the 
holiday stoppage, the output was very satisfactory. 
New contracts continue scarce, and only something like 
10 new vessels were reported in July. The high costs 
now prevailing, and the uncertain trade outlook are 
combining to keep owners out of the market, and as 
output continues so much in excess of fresh business 
being booked, the prospects for the coming months are 
not too bright. The following are the figures for the 
launches of the past month :— 


Vessels. Tons. 

The Clyde ae soe ope re 13 38,374 

The Forth ... = aa aon 5 3,256 
The Tay si Ss ea oo —_— 

The Dee and Moray Firth ... eve 3 1,020 

21 42,650 


The Clyde output for July is some 350 tons under the 
same month of last year, but the total for the year to 
date is now 132 vessels of 323,939 tons. That total is 
very satisfactory, and is well up to the average of past 
years, but is less than the high record of 1913 by 538,331 
tons. 

Submarine Cancelled.—Instructions were received 
to-day by Messrs. Wm. Beardmore and Company, 
Limited, Dalmuir, from the Admiralty, to suspend 
operations on the construction of the submarine they are 
at present building. 








Tue Late Mr. J. W. Dartinc.—We regret to note 
the death on July 20 last, at his home in Earl-street, 
Keighley, of Mr. John William Darling, for many years 
Chairman of Messrs. Darling and Sellers, Limited, 
machine tool makers, Airedale Works, Lawkholme-lane, 
Keighley. Mr. Darling was born at Keighley on April 12, 
1856, and was educated at Heversham Grammar School. 
In 1872 he entered upon an apprenticeship of five years 
with Messrs. Darling and Sellers, which firm had been 
established in 1853. Upon completing his apprenticeship 
he remained in the drawing office of the firm from 
1877 to 1887. He was then appointed general manager 
of the works, a post he continued to occupy until 1896, 
in which year the firm of Messrs. Darling and Sellers 
became a private limited liability company. He was 
appointed chairman and held this position until quite 
recently. Mr. Darling was elected a member of the 
Institution of Mechanical Engineers in 1902. 
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NOTES FROM .CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Conditions continue far 
from satisfactory. Supplies of Cleveland pig are inadequate 
forearly needs, with the result that substantial quantities 
of iron from other areas are being used by local and 
other pig consumers, who usually draw their supplies 
from Tees-side firms. Forward parcels are, however, 
offered fairly freely by both ironmasters and second 
bonds, and considerable home contracts are reported to 
have been entered into for delivery over periods from 
September to the end of the year. Transactions for 
shipment overseas are difficult to put through, exporters 
being unwilling to pay the figures asked. Parcels of 
Continental iron are reported to have been offered here 
at slightly reduced rates, but not on terms sufficient to 
tempt founders and other users of pig to negotiate for 
supplies of moment. No. 1 grade of Cleveland is 75s. ; 
No. 3 g.m.b., 72s, 6d.; No. 4 foundry, 71s. 6d.; and 
No. 4 forge, 71s. 


Hematite.—Prices of East Coast hematite iron are 
rising, but movement in that direction is at much too 
slow a rate to satisfy producers, who complain that 
quotations are still well below economic level. Substan- 
tial advance would cause little surprise. Customers 
claim they can place orders with merchants at the 
equivalent of 75s. for ordinary qualities, but makers 
are not disposed to name below 75s. 6d., and as much as 
76s. is asked, 


Increasing Production of Pig-Iron.—Outputs of pig-iron 
are being enlarged as circumstances permit. Following 
closely on the restarting of two hematite furnaces at 
the Linthorpe Iron Works, a furnace that has been 
temporarily inactive at the Cargo Fleet Ironworks is 
being rekindled, and Messrs. Bolekow Vaughan are 
putting into operation, at their South Bank works, an 
additional furnace on Cleveland pig. Messrs. Gjers, 
Mills and Company, whoh ave two furnaces running on 


| hematite, may shortly start a third on the manufacture 


of ferro-silicon. 


Foreign Ore.—Business in foreign ore is unheard of, 
and inadequate deliveries against running contracts, 
owing to continued scarcity of tonnage, is causing much 
inconvenience and anxiety to consumers. Nominally, 
market rates remain on the basis of best rubio at 24s. 6d. 
c.i.f. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
searce, and good average qualities are fully 21s. 6d. 
delivered to local users. 


Manufactured Iron and Steel.—Sales of manufactured 
iron and steel are not numerous, but producers hope to 
book a few orders during the dull season, and as they 
have substantial contracts already closed, plant promises 
to be kept employed until autumn buying sets in. 
Among the principal market quotations are: Common 
iron bars, 107. 15s.; best bars, 111. 5s.; double best 
bars, 11. 15s.; treble best bars, 12s, 5s.; iron rivets, 
1ll. 10s.; packing (parallel), 8/.; packing (tapered), 
102. ; steel rivets, 111. 5s. ; steel billets (soft), 62. 17s. 6d. ; 
steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 2s. 6d.; steel ship plates, 8/. 12s. 6d.; steel angles, 
81. 2s. 6d.; steel joists, 81. 2s. 6d.; heavy sections of 
steel rails, 87. 10s. ; black sheets (No. 24 gauge), 101. 5s. ; 
and galvanised corrugated sheets (No. 24 gauge), 13/. 10s, 








Contracts.—Messrs. Sir John Jackson (Singapore), 
Limited, the main contractors for the Singapore Naval 
Base, have placed an order with Messrs. John M. 
Henderson and Company, Limited, King’s Works, 
Aberdeen, for eight electrically-driven travelling aerial 
cableways for the construction of the docks, dock walls, 
and wharves at the Naval base. The cableways are to 
handle loads of 5 tons and have spans varying from 
350 ft. to 860 ft.—Messrs, the English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, 
have received an order from the Nottingham Corporation 
Tramways for six double-deck, six-wheel electric trolley 
omnibuses, The equipment will consist of an 80-h.p. 
motor, and the vehicles complete will be built at the 
company’s Preston works.—Orders for many water- 
softening and purification plants have been received by 
Messrs. United Water Softeners, Limited, Aldwych 
House, London, W.C.2, from all parts of the world. The 
orders include nine Permutit insfallations of a total 
capacity of 177,500 gallons per day, four Zerolit plants, 
the aggregate capacity of which is 118,500 gallons per 
day, six Lassen-Hjort plants having a collective output 
of 2,488,000 gallons per day, and eight pressure sand 
filters, the total capacity of which is 1,824,000 gallons 
per day.—Messrs. Clayton, Son and Company, Limited, 
Pepper-road, Hunslet, Leeds, have received an order 
from the Birmingham Corporation for about three miles 
of 62-in. diameter mild-steel water mains, concrete-lined, 
this being a further extension to their Elan re 
Messrs. Birmingham Electric Furnaces, Limited, 55. 
George-street, Parade, Birmingham, have received an 
order from Messrs. Charles Clifford and Son, Limited, 
Birmingham, for a brass-annealing electric furnace, 
having a usable hearth 7 ft. long and 3 ft. wide, and a 
maximum rating of approximately 120 kw.—Messrs. The 
English Electric Company, Limited, have secured a 
contract from the London County Council for 50 double- 
deck, all-steel tramway cars and 100 motor equipments, 
The equipments will each consist of two 57-5 h.p. motors 
with controllers, circuit breakers, resistances, cabling 
and trolleys. The cars and equipments will be constructed 
at the Company’s Preston works. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—New business for Welsh coal is 
exceedingly quiet, partly because many consumers 
booked up their requirements some months ago, and 
partly on account of the uncertainty regarding working 
conditions at the collieries next year. Contracts have, 
however, been made for deliveries to foreign bunker 
depots next year on the basis of 19s. for ordinary 
Admiralty large, 17s. 9d. for ordinary dry large, and 
13s. for smalls, the contracts being, as usual, subject to 
any directions of the British Government. Whether 
this clause would apply in the case of the hours of labour 
at the pits being reduced, or wages increased, in conse- 
quence of any intervention of the Government in respect 
to the arrangement of coalfield conditions at the expira- 
tion of the present agreement, which terminates at the 
end of the year, is a point which is causing considerable 
controversy amongst operators. Meanwhile coal is 
moving off more freely under old contracts, but large 
descriptions remain plentiful on the basis of the minimum 
schedule. Smalls and sized classes, however, are scarce 
and relatively dear. Smalls, when bought in conjunction 
with’ large, can be secured at discounts, but dry sized 
coals are in exceedingly short supply, as also are washed 
duffs. Shipments of coal as cargo foreign last week 
amounted to 505,320 tons, which was 51,000 tons less 
than in the preceding week. With better arrivals of 
shipping increased activity is, however, expected this 
week, 


Cambrian Combine Pits.—The purchase of the pits of 
the Cambrian Combine, one of the most famous groups 
in South Wales, by Sir D. R. Llewellyn, Bart., for Messrs. 
Guest, Keen and Nettlefolds, Limited, for 745,000/. is 
part of a scheme of amalgamation and consolidation now 
under negotiation. The pits of the combine comprise 
those formerly owned by the Cambrian Collieries, Li- 
mited, the Britannic Merthyr Colliery Company, Limited, 
the Naval Colliery Company (1897), Limited, and the 
Glamorgan Coal Company, Limited. The properties 
consist of 13 pits, employing some 7,500 men, covering 
a mineral area of 6,870 acres, with an annual capacity of 
2,100,000 tons and available resources estimated at 
66,431,000 tons. The bulk of the shares in the four 
companies, which are in voluntary liquidation, were held 
by Consolidated Cambrian, Limited, of which 90 per 
cent. of the ordinary shares are held by Messrs. Guest, 
Keen and Nettlefolds, Limited. One effect of the 
purchase of the pits is that an early resumption of work 
will be made at the four pits of the Naval company, 
which have been idle for the past nine months. 


Pulverised-Fuel Burner.—The first pulverised-fuel 
burning steamer to take bunkers at Cardiff arrived 
yesterday from Avonmouth. The vessel is the West 
Alsek, owned by the United States Shipping Board, and 
will take 350 tons of Powell Duffryn Ely Valley small 
coal and 350 tons of Princess Royal Forest of Dean small. 
The vessel, which has come from the United States on 
American coal to Glasgow, used Scottish coal on the 
passage from Glasgow to Avonmouth and Cardiff. The 
result of the experiences with the different classes of 
coal will be awaited with exceptionally keen interest by 
coal operators who recognise that pulverising for marine 
purposes is yet but in its infancy. The West Alsek is 
fitted with the Todd system, described on page 87, anie. 


Iron and Steel.—Shipments of iron and steel goods last 
week totalled 11,165 tons, against 11,082 tons in the 
preceding six days. Exports of black-plates and sheets 
were raised from 132 tons to 562 tons, of galvanised 
sheets from 1,753 tons to 2,083 tons, and of other iron 
and steel goods from 1,151 tons to 1,740 tons, but those 
of tin plates and terne plates were reduced from 8,046 
tons to 6,780 tons. 





Crry anp Gurtps Institute FriLowsutirs.—The 
Council of the City and Guilds of London Institute has 
conferred the distinction of fellow of the Institute 
upon Dr. O. Faber, Mr. G. J. Gibbs, Mr. C. D. LeMaistre, 
Mr. H. J. P. O’Gorman, and Mr. J. 8. Wilson. The 
fellowship is conferred by the Council upon those who, 
having obtained the associateship of the Institute 
and spent at least five years in actual practice, produce 
evidence of having done some original and valuable 
research work, or of having otherwise contributed to 
the advancement of industry. 


BritisH STANDARD SPECIFICATION FOR ILLUMINATION 
GuLasswaRE.—A new specification dealing with neck 
and flange dimensions of illumination glassware and 
carriers, and designated No. 364—1929, has just been 
issued by the British Engineering Standards Association. 
The publication will ensure that the glassware and 
carriers shall be interchangeable. Dimensions are 
given for the necks and galleries for electric light and gas 
fittings and for the flanges and supporting rings for 
cowl fittings for electric light and gas. The diameter 
of the clearance hole in shades, reflectors, or their appro- 
priate zalleries for the British Standard bayonet lamp- 
holder is also included. These dimensions have been 
arrived at after due consideration of the external lug 
circle diameters of gas mantles, and the dimensions of 
electric lamps and those of the British Standard bayonet 
lampholder. For convenience, extracts from the appro- 
priate British Standard specifications Nos. 52 and 161, 
and a table giving the external lug-circle diameters for 
gas mantles are given in appendices. Copies of the 
new specification may be obtained from the B.E.S.A. 
Publications Department, 28, Victoria Street, London, 
8.W.1, price 2s. 2d. post free. 
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THE WELLAND SHIP CANAL, CANADA. 


MR. ALEX. J. GRANT, M.E.1L.C., ENGINEER-IN-CHARGE. 
(For Description, see Page 129.) 
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Fie. 89. Braw-Knox CENTRE WALL Forms CoMPLETE. 
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THE WELLAND SHIP CANAL, CANADA. 


ALEX. J. GRANT, M.E.LC., ENGINEER-IN-CHARGE. 


(For Description, see Page 129.) 











Locks Nos. 6; CENTRE WALL UNDER CONSTRUCTION, SIDE WALL FoRMS ON THE RIGHT. 
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THE WELLAND SHIP CANAL, CANADA. 


MR. ALEX. J. GRANT, M.E.LC., ENGINEER-IN-CHARGE. 





(For Description, see Page 129.) 














Fru. 93. GENERAL View or Twin Locks Structure; JuLy 3, 1929. 

















Fig. 94. CanaLt Prism AND ApproacH TO Locks Nos. 4; Looxine Nortu; Juty 3, 1929. 
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a broken reed in connection with the improvement 
of our water supplies. 
markable ingenuity and insight in devising methods 
of detecting sewage pollution either recent or 
remote, but this was of little or no help to the 
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EXPERIMENT AND EXPERIENCE. 


THE late Professor Perry claimed engineering as 
a science, but it may be more satisfactorily defined 
as the most scientific of the arts. This appears 
to be very much the view expressed in the Presi- 
dential Address of Professor F. C. Lea to 
Section G of the British Association now meeting 
in South Africa, a reprint of which will be found 
on page 151 of this issue. Professor Lea, whilst 
admitting that bridges were built successfully long 
before the development of stress analysis, claims 
with reason that the knowledge and insight of 
these pioneers would have been quite inadequate 
to the construction either of the Forth Bridge or 
of the 3,500-ft. span now in course of erection 
over the Hudson. 

The steam engine again was brought to a high 
level. of efficiency with very little guidance from 
thermodynamics, though admittedly Watt was 
well abreast of the science of his time. Later 
developments, however, were very much less 
directly applicable to practical needs. Indeed, 
the textbooks of a past generation were often 
actually misleading. Carnot’s theorem that the 
efficiency of a reversible engine was independent 
of the nature of the working agent was often 
interpreted as holding good of actual engines, and 
the theory, further, afforded no explanation of 
the advantages of compounding. Moreover, engine 
tests were comparatively rare, and in those days 
of cheap fuel, and mechanical reliability and moder- 
ate capital charges were quite commonly more 
important than a low steam rate. Hence it is 
not surprising. that the directors of many famous 
engineering firms, now for the most part defunct, 
roundly refused to have “a scientific man about 
the place.” Contemporary science also proved 


The chemist showed re- 
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ments, but of itself is far from sufficient to ensure 
the permanent prosperity of the manufacturing 
engineer. Pioneering is essential if a leading 
position is to be maintained, and this makes it 
necessary that the laboratories shall undertake 
much more than routine tests. All work of this 
kind is necessarily somewhat uncertain, and may 


50 | be difficult to justify to carping critics at a general 


meeting of shareholders or to an accountant ill- 
equipped for judging whether an enterprise which 
unluckily ended in a blind alley was really a legiti- 
mate venture. In the recent past many have been 
inclined to avoid criticism thus arising by purchasing 
indifferent foreign patents instead of doing a little 
thinking for themselves. This is not only damaging 
to their own prestige, but implies an undeserved slur 
on the capabilities of their technical staffs. 

A certain proportion of failures is, of course, 
inevitable in all pioneering work. A striking in- 
stance of this was provided recently by the sponta- 
neous fracture of wires in the cables of two large 
suspension bridges in course of erection in America. 
The material which proved so unreliable had, not 
without reason, been regarded as a new triumph for 
metallurgical science. As the result of careful and 
prolonged experiments the yield point of the wires 
had been very materially increased, and what 
appeared to be drastic laboratory tests seemed to 
ensure its soundness in service. As it turned out, 
however, the whole of the cables had to be removed 
and replaced by a nominally inferior material. 
This result shows that whilst, lucky accidents apart, 
Professor Lea may be quite justified in maintaining 
that whenever “success has been sure the methods 
of science have been followed,” the converse pro- 
position does not necessarily hold good in the prac- 
tice of engineering. Nevertheless, the risks must be 
faced, and these are certainly reduced if the utmost 
possible use is made of what the laboratory and 
the computer can teach us, even although the 
last word must lie with practical experience. 

Our predecessors had to rely on this almost 
exclusively. It was experience of the fact that 
whereas failures of cast iron by temperature 
stresses were not infrequent, none had been recorded 
with wrought iron, which led Fox to adopt this 
latter material for the Grosvenor Bridge, whilst 
it was his somewhat rudimentary knowledge of 
stress analysis. which was responsible for certain 
curious and extravagant features of the design. These 
were criticised by Baker, who belonged to a later 
generation of - bridge builders more adequately 
equipped in this regard. This bridge has given 
excellent service, but illustrates well a point made 
in Professor Lea’s paper, viz., that whilst experience 
taken per se may prove a bridge adequate to its 
load, it gives no indication of the margin of safety. 

It seems probable that the collapse of the first 
Quebec Bridge, to which Professor Lea makes 

reference in his address, originated in too exclusive 

reliance on what was thought to be the teachings 

of experience. As the result of direct experiments, 

Fairbairn had formulated the rule that in a built-up 

strut the plating should not be less in thickness 

than one-thirtieth of the distance between the 

lines of rivets. Competition in America had led 

certain firms to abandon this rule, and thirty 

years ago popular textbooks had reduced the 

proportion to one-sixtieth, without justification 

either from experiment or theory. The bracing of 
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and for long without disaster, owing perhaps to 
the liberal allowances made for prospective increases 
in live loads and for impact effects. The real factor 
of safety must, however, in some cases have verged 
. on the dangerous, and at Quebec was overpassed. 
Mathematical investigations made subsequent to the 
disaster showed that the inadequacy of the bracing 
could have been predicted from theoretical con- 
siderations. Professor Lea suggests further experi- 
ments on the strength of built up struts, but makes 
no reference to the very valuable large-scale experi- 
ments made in connection with the design of the 
steel towers of the great Delaware River suspension 
bridge. These have substantially confirmed the 
general accuracy of Fairbairn’s rule, and also an 
important theoretical deduction of Professor G. H. 
Bryan concerning the most effective: way of 
stiffening plating. In view of these and other 
large-scale experiments made in America conse- 
quent on the Quebec collapse, it may be doubted 
whether Professor Lea’s demand for further expen- 
sive tests of this kind is justified. 

The need for research in engineering if this 
country is to maintain a leading position in the 
art, raises the question as to how the personnel 
required for this work is to be recruited, and 
whether any modification is required in our methods 
of technical training. For many years past there 
has been an increasing tendency towards special- 
isation, due perhaps, in part, to the short-sighted 
demand, that the student shall be ‘‘ immediately use- 
ful”’ on terminating his course without seeking further 
experience in the shops or on works. This tendency 
towards early specialisation has been repeatedly 
criticised in our own columns, and it is gratifying 
to note that its attendant drawbacks are at length 
being realised. Highly specialised courses test 
a student’s receptivity rather than his intelligence. 
That this is now being realised is clearly shown by 
a statement made in the inaugural address of 
Professor H. N. Davis, as President of the Stevens 
Institute of Technology. This was to the effect 
that a leading American industrialist made _ it 
an invariable rule never to use a newly employed 
engineering graduate on a job in which he had 
specialised. Were this subject electrical engineering, 
for example, the ex-student got as a first job, 
work generally classified as mechanical or civil 
engineering. In this way the young man was 
forced to think instead of relying solely on what 
he had been taught. In this connection objection 
may well be taken to the regulations now governing 
the award of the Whitworth Scholarships. In the 
old days the examinations covered a very much 
wider field, and the papers were relatively easy. 
To-day fewer subjects are taken, but the standard 
of attainment has been raised. The result is that 
the present test is one of the teacher rather than 
of the student. This seems to be conclusively 
proved by the very large proportion of the scholar- 
ships carried off by the dockyard apprentices. 
It would be absurd to assume that these have a 
monopoly of intelligence, whilst it is notorious that 
the dockyard schools are exceptionally good. We 
may be certain that in founding his scholarships 
Sir Joseph Whitworth never intended them to be 
a test of the ability of the teacher rather than of 
the candidate. In the early days, moreover, not 
a few of the successful candidates owed their 
success to private study. Other things being equal 
it is fair to conclude that a youth who bore off a 
prize by his own unaided efforts afforded a greater 
proof of innate ability than if he had been carefully 
coached in a well-equipped technical school. Under 
the present regulations, however, he is not even 
allowed to compete. It is difficult to believe that 
such an iniquitous rule would ever have been 
sanctioned by the founder of the charity 

It was an experienced headmaster who declared 
that the best test of intelligence was a long and 
easy paper, and it is of interest to note that this 
seems to have been much the view of the late 
Lord Rayleigh, since, as stated in his biography, his 
practice was to ask easy questions but to insist 
on full and complete answers. 

Tests of intelligence rather than of acquirements 
are now, we note, being advocated even for 
elementary schools. In his presidential address to 
Section L of the British Association, Dr. C. W. 





| 


ENGINEERING. 
Kimmins remarks that the old system of classifying 
children by age has proved most unsatisfactory 
and advocates special provision for super normal 
pupils, as well as providing that so far as possible 
scholarships shall be awarded on the basis of in- 
telligence, rather than on that of attainment. 








TIMBER SUPPLIES. 

THE engineering trades are naturally always 
pleased when they can substitute products of their 
own for those customarily made of timber. A 
large part of the volume of the steel and the cement 
trades is due to their success in making this substi- 
tution, and it may well be that, with further experi- 
mental study of the conditions in which the substi- 
tute products are used, other instances may be 
found. Steel sleepers form an example of which 
a good deal has been heard of late. When all is 
said and done, however, the purposes for which no 
satisfactory substitute for timber has been found, or 
seems likely to be, are numerous and important. 
The demand for timber is so great as to have created 
a fear of a coming world shortage in soft-wood build- 
ing timbers, and the maintenance of adequate 
supplies is recognised in all countries as among the 
urgent post-war problems. It has a twofold interest 
for the engineering trades. On the one hand, 
timber is used as a raw material in many engineering 
operations. On the other hand, the manufacture of 
timber articles has led to a highly developed demand 
for wood-working machinery, which does not appear 
by any means to have reached its limits. The 
economical importance of the British timber trade 
may, perhaps, be best illustrated by reference to the 
imports, which, though not quite so large as the 
total exports of coal, are of about the same order 
of magnitude. Nevertheless, the general stock- 
taking of national resources, which has taken place 
since the war, has shown that the production of 
timber has been carried on under conditions of 
extravagant waste. The woodlands of the country 
have been felled for sale without being replaced. 
The relative mechanical properties of timber, and 
the sizes in which each is most economically used, 
are imperfectly known, and a toll is levied on the 
entire output through avoidable decay and poor 
seasoning. Moreover, the possible applications of 
timbers produced in the Empire have been 
inadequately explored. 

The Forestry Commission is attending to the 
management of the standing crops, so far as existing 
knowledge enables this to be done. The success of 
some part of its work, however, like the bulk of the 
improvement to be made in the saving of waste, 
depends on the accumulation and correlation of a 
vast body of accurate and systematic data, without 
which any measures for the improved utilisation of 
timber supplies must be more or less guess work. 
The collection of such knowledge in forms in which 
it will be of practical use to industry has been 
entrusted to the Forests Products Research Board 
of the Department of Scientific and Industrial 
Research, and the publication of its first annual 
report (H.M. Stationery Office, 3s. net) exhibits its 
operations as now in full working order. Its central 
establishment is the Forests Products Research 
Laboratory at Princes Risborough, where an organi- 
sation and equipment have been set up, providing 
for each of the several aspects of the work to be 
covered with a completeness unique in this country. 

Like the building trades, the timber-using indus- 
tries depend mainly at present on the practical 
knowledge embodied in traditional experience, and 
an essential part of the business of the Laboratory 
is to make the fullest use of that knowledge, and 
to couple it with such investigations as will explain 
what has been learnt by experience, and as far as 
possible evolve fresh principles from which it may 
be extended systematically. The subject to be dealt 
with begins with the tree as soon as it is felled, and 
the Laboratory has therefore a number of problems 
to investigate from the point of view of the timber, 
which have to be considered by the Forestry Com- 
mission from the point of view of the living tree. 
The constitution and working arrangements of the 
Laboratory and of the Imperial Forestry Institute 
provide, accordingly, for the most intimate liaison 
between the two bodies, and arrangements for 
similar co-ordination with allied bodies in each 
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other branch of the Laboratory’s activities have 
been made and are at work. In respect to questions 
of the decay of timber, whether through micro- 
organisms or insects, the Laboratory has, whenever 
desirable, the benefit of the advice of the Section 
of the Department of Mycology and Entomology of 
the Imperial College of Science. It is represented on 
the Imperial Institute Committee on Timbers, the 
business of which is to promote the use of Empire 
timbers, and maintains close personal touch with 
the timber trade and the wood-using industries, 
as it does also with the allied laboratories of the 
Department, such as the Building and Fuel Research 
Stations. In this way it is furnished with ample 
connections between its work and the various classes 
of bodies who may assist or profit by it or, as happens 
with many of them, may exchange assistance and 
information. 

The subdivisions of the work itself are numerous, 
and naturally these sections are furnished with 
similar arrangements for intercommunication. One 
group of sections deals with the identification of the 
kinds of timber by the preparation of a collection of 
identified specimens and a study of their structure, 
so as to enable fresh timbers to be classified. With 
this work goes the study of the relation of the 
structure to the properties of the wood, and both 
branches of work are in progress. It may be remarked 
that the value of using photo-microscopic sections 
of wood in identifying the uses of new types, and 
the methods most suitable to their preservation, 
has been already demonstrated in the experience 
of the Research Station at Dehra Dun, in India. 
Another sub-section of this group is the study of 
timber physics, in which much fundamental 
investigation has been and is being done, or is in 
prospect, to throw light on the changes in the wood 
arising from variations of moisture and heat, and 
to enable basic principles to be laid down for the 
practice of seasoning. With this goes a third class 
of work, which investigates the practice both of air 
seasoning and of kiln drying. A second group of 
sections is concerned with timber in actual use, its 
mechanical properties, the methods of its preserva- 
tion, and its behaviour when sawn, machined, and 
finished. It is hoped that, in addition to the direct 
practical results which are being obtained in this 
way, relations may emerge between the results given 
by test pieces and those obtained on structural 
sizes, by which the uses of different varieties of 
timbers may be predicted from the results of tests 
on small specimens. The number of observations 
necessary for obtaining such results, and indeed for 
permitting general statements of any kind in 
regard to the great diversity of timbers, is very 
considerable, and though they have the advantage 
of yielding some practical results as the work pro- 
gresses, it is evident that much time and perseverance 
is necessary before general results are arrived at. 
Perhaps the extensive scheme of investigation re- 
quired in this and other branches of timber study 
may be compared in its order of magnitude with the 
Bertillon system of finger prints, which has been 
applied with such amazing success to the protection 
of society. Another group of work includes the 
section of pathology, in which the decay caused by 
fungi and the attacks of insects are studied, while 
that devoted to chemistry is partly ancillary to 
other branches, such as seasoning and pathology, 
and has also to furnish the foundations on which 
industrial derivatives of wood may be examined 
and discovered. The fourth group concerns the 
utilisation of the results, and includes both the 
extensive liaison between the laboratories and the 
industries, and the initiation of industrial investiga- 
tions to confirm the uses of individual timbers and 
the suitability of suggested markets. 

The report traces the history of the Board and its 
Laboratory from the outset, and shows that by now 
its work is in full swing, and is regularly solving 
difficulties that arise in practice, and that it 1s 
proceeding with the investigations from w hich 
more general results are to be expected. The num- 
ber of observations required for the latter part of 
the work makes it necessarily slow, and tends to 
throw therefore into relief the operations of the 
Laboratory in its relations with industry. As with 
other research laboratories of the Department, these 





relations are wide and intimate. Most people have 
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to take timber largely on trust, depending on 
experience for the knowledge of what it is best to 





use for their purposes, and how best to apply it. | 


The work of the Laboratory and its various connec- 


tions puts it in an excellent position to serve as a; 


clearing house of experience and information. 
With its assistance, the choice and specifications 
of timbers for various purposes can be made with 
more precision, and often with more economy, 
and the evils to which timbers in use are liable can 
be recognised and cured with more certainty. 
Valuable results may be expected with confidence 
from the purely scientific work. It is evident, 
however, that during the uncertain interval which 
may elapse before they warrant general conclusions, 
active use is being made of the experience already 
available. 


HYDRO-ELECTRIC POWER IN 
ONTARIO. 


‘““THE endeavour of the Ontario Hydro-Electric 
Power Commission,” says Mr. Charles A. Magrath, 
chairman of that body, in submitting the twenty- 
first annual report to the Lieutenant-Governor of 
the Province, “is not the concentration of industry 
at a few large power sites, but rather the broader 
policy of making as widespread a distribution of 
electrical energy as is economically possible.” As 
how to do this is also a problem in this country, 
some of the results which have been obtained, 
admittedly by the use of the extensive water- 
power resources with which the province is blessed, 
are worthy of notice in ENGrnerrine. In this 
connection it should be mentioned that at the 
date of the report (October 31, 1928) the Com- 
mission had 4,103-54 miles of rural line in opera- 
tion, 956-47 miles of which were added during 
the twelve months under review. The number of 
consumers thus supplied was 31,063, 12,994 of 
which were farms, while the number added during 
the year was 5,918. Arrangements are in hand 
for the construction of 850 miles of additional line. 
It may be added that a typical rural district covers 
about 100 sq. miles and that its boundaries are not 
arbitrarily geographical. This development has 
been greatly stimulated by propaganda work, by 
financial assistance and by improvements, which 
have enabled a service to be given when three farms 
or their equivalent can be connected per mile of 
line. 

Turning to the main system, it is stated that, 
as a whole, the growth of the load during the year 
was encouraging, though a reduction was experienced 
in the Thunder Bay area, owing to the shutting 
down of a number of large mills. The total energy 
generated in the twenty-two stations of the Com- 
mission was 4,104,537,584 kw-h., an increase of 
200,000,000 kw.-h. over the previous year, while, 
in addition, 236,961,050 kw.-h. was purchased, an 
increase of 35,000,000 kw.-h. It is stated that all 
the stations were at times heavily loaded, the 
output of the Queenston station increasing by 
171,000,000 kw.-h. and that of the Ontario Power 
plant at Niagara by 23,000,000 kw.-h. This large 
output was rendered possible by the system of 
dispatching adopted, which enabled the load to be 
distributed, so as to secure the maximum output 
from the water available. This also explains why 
the output of the lower efficiency plant at Toronto 
was reduced by some 7,000,000 kw.-h. Favourable 
water conditions also played a part in the achieve- 
ment of the increased output, since for the first time 
in recent years the stream flow was higher than 
normal, though this had the less fortunate result 
that two of the stations were flooded and the capacity 
of others was at times reduced owing to the high level 
of water in the tail races. Happily, this occurred 
when there was surplus generating capacity. 

During the year the Queenston station was used 
as a base load station and operated satisfactorily 
with the exception of coil failures on two generators. 
While the first set effected was out of commission 
the opportunity for a general overall was taken. It 
was then found that the draught tube cone, which 
measured 24 ft. in diameter at the base and was 
8 ft. high, had disappeared altogether, the floor also 
having been undermined at one point for a distance 
of 12 ft. The floor was reconstructed in reinforced 
concrete and the cone re-built in a way which, it is 




















hoped, will prevent the re-occurrence of the trouble. 
In the second case, the fire destroyed fifty coils. 
At the Ontario power plant the principal work was 
the construction of a new gallery along the east 
curtain wall to facilitate the removal of ice, and 
alterations to the inner forebay for the same 
reason. A large number of the stop logs were also 
armoured. At the Wasdells power station extensive 
maintenance work was carried out on the concrete 
sub-structure, as well as on the piers and sluiceway 
floors of the dam, while a quantity of material 
was added to the top and front of the earth and 
rock dam at Minden Bay, to increase the factor of 
safety. The Hollow Lake dam was also strengthened 
by the addition of a rock-filled timber crib. At 
Morrisburg, a 300-kv-a., 44,000-26,400-volt trans- 
former was almost totally destroyed by fire during a 
storm. As a result, the line supplied by it was 
re-insulated to work at the higher voltage and the 
sub-station itself was dispensed with. At Cameron 
Falls station the eroded areas on the runners of 
one turbine were repaired by electric welding. On 
all the systems a great deal of work was done on 
the insulation of the transmission lines, and it is 
evident from the report that conditions in this 
respect are more severe than those likely to be met 
with in this country. 

As regards new work, on the Niagara system, the 
more important constructional activities were the 
completion of the last section of the Commission’s 
railway under the Canadian National Railway 
and the building of a road bridge over the Queens- 
ton-Chippawa Canal. The latter is a steel structure 
of three spans resting on concrete abutments and 
piers, and carries a 20-ft. roadway and one .6-ft. 
sidewalk. Work was also begun on a new station 
at Trethewey Falls on the South Muskoka River. 
This will be equipped with a 2,300 h.p. propeller 
type turbine, working at a head of 35 ft. A 
reservoir covering 175 acres is to be formed above 
the station. Investigations into the possibility 
of using the Musquash river for power generation 
up to 40,000 h.p. were also begun. Work on a new 
development at Elliott Chute was also started. 
Thisincludesa reservoir with a capacity of 5,000 acre- 
feet above the Bingham Chute station and a further 
station in which a 1,800 h.p. unit working at a 
head of 39 ft. will be installed. This station will 
be supplied through a 10-ft. wooden-stave pipe 
200 ft. long. A large dam is being constructed 
at the outlet of Lac Seul into the English river. 
This dam, which will also benefit Manitoba by 
its regulation of the Winnipeg river, is to be 44 ft. 
high and 601 ft. long. It will be a pier and stop- 
log structure with gravity end walls, and will have 
20 sluice ways each 14 ft. wide. The reservoir thus 
created will have a capacity of 400,000 acre-feet. 

The most important development on the 
transmission side has been the construction of 
the 220-kv. lines from the Gatineau River in Quebec 
to Toronto, and the St. Lawrence, Rideau, Ottawa 
and Central Ontario systems. In this connection a 
good deal of work was done in the Commissions’ 
laboratories, inspecting the steel towers and other 
equipment, and in investigating the electrical 
characteristics of the line. The latter included 
studies of pressure rises on the “ dead ” line during 
lightning disturbances, and tests on the completed 
line at normal voltages and under short-circuit and 
earth conditions, with a view to obtaining informa- 
tion regarding the efficiency of the relay protection 
and the inductive effects on neighbouring com- 
munication circuits. A special study of the surges 
was made with the aid of klydonographs, the 
results of which seem to justify the design adopted. 
Some progress was made in the development of a 
satisfactory acoustic shock absorber. This work 
is necessitated by the fact that many of the Com- 
mission’s telephone lines are carried on the same 
poles as the power lines, and are thus subject to 
considerable disturbance. 








NOTES. 
THE CHARING Cross BRIDGE. 


At meetings held on Tuesday, July 30, both the 
Southern Railway Company and the London County 
Council approved of the amended scheme, described 
in our last issue, for the reconstruction of the 





Charing Cross bridge and the transfer of the existing 
station to the south side of the river. Neither 
of the bodies concerned was enthusiastically in 
favour of the proposals, and doubts were ex- 
pressed at the County Council meeting whether they 
would do much to solve the traffic problem. 
It was suggested that the Government grant of 
12,000,000/. would have been more advantageously 
expended in slum clearances. These, however, 
would afford less opportunity for architectural 
effects than the development of Lambeth, which 
is expected to follow on the completion of the 
proposed works. It will be some five or six years 
before the new station can be opened even if 
everything goes smoothly. At the meeting of the 
railway shareholders it was stated that by an Act 
passed in 1917, the company were forbidden to 
enlarge or improve either their existing station 
or the hotel, This ban will not apply to the new 
works, but nevertheless the company felt that the 
inconvenience to passengers, due to the removal, 
would be such that their opposition of the scheme 
was withdrawn only on the assurance of the late 
Minister of Transport that the provision of a new 
road bridge over the Thames was a matter of 
national urgency, and that the transfer of the 
station was vital to the scheme. A variation of 
the plans now approved was discussed both at the 
railway and the Council meeting. On this scheme 
the new station would be located further east, 
near Waterloo Junction, instead of on the bank 
of the river. This proposal has always been 
strenuously opposed by the railway company 
mainly on the ground that it would be extremely 
difficult if not impossible to work the traffic in and 
out of Charing Cross during the construction of 
the new station. The additional distance from the 
Strand is also considered objectionable. 
THE NEwcoMEN Soorety. 

In accordance with the programme, which we 
gave in our issue of July 12, the members of the 
Newcomen Society began their summer meeting 
at Dartmouth on the afternoon of July 23. In the 
absence, through illness, of the Mayor, Dr. H. J. 
Campbell, the Deputy Mayor, Alderman Pillar, 
officially welcomed the members of the Newcomen 
Society and the Devonshire Association, and made 
sympathetic reference to the efforts being made 
to commemorate the bicentenary of the great 
Dartmouth inventor, Thomas Newcomen. After 
the reception, a gathering took place in the public 
gardens, at the site of the Newcomen memorial, 
where an address was given by Mr. L. St. L. Pendred. 
Speaking of Newcomen as a man who had brought 
fame to his town, his county and his country, and 
one who had given to the whole world the art of 
converting fuel into useful power for the benefit 
and convenience of bumanity, Mr. Pendred said 
that, in his day, Newcomen was unknown, except 
to a handful of engineers, and 40 years later was 
entirely eclipsed by Watt, who himself climbed to 
fame on the shoulders of Newcomen. As heirs of 
all the ages, it was difficult for us to visualise the 
conditions under which the pioneers did their work, 
but unless we could project our minds backwards a 
couple of centuries, we must fail to appreciate the 
marvel of Newcomen’s intelligence. It was worth 
asking ourselves could any one of us, in the same 
circumstances, have invented the atmospheric 
steam engine ? Necessity was the impelling force 
in great inventions. The mines of Devon and 
Cornwall, amongst which Newcomen lived, were 
being killed by the influx of water, with which the 
antique pumping plant of the day was unable to 
cope. It was not a vision of the future, of the 
possibilities that pumping by power might open out 
to the miner, but the absolute present difficulty of 
the flooded mine, that inspired Newcomen. The 
need of the miners had been increasing year by 
year, and Newcomen introduced his invention 
when that need had reached its apex. Newcomen’s 
glory is that he, and he alone, saw the means of 
meeting the need, and that he produced a design 
so perfect in its simplicity that for many a long 
day no radical improvement in it was effected, 
and no other engine appeared in opposition to it. 
Though during the course of the next three 
days the two societies carried out their own pro- 
grammes of visits, the members having the pleasure 
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of listening to Dr. G. P. Bidder’s Presidential 
Address to the Devonshire Association on “ The Sea,” 
and to a popular lecture by Engineer-Captain 
E. C. Smith on “Thomas Newcomen, Two Hundred 
Years of Steam Power.” Dr. Bidder spoke as a 
biologist and endeavoured to show how our life 
depends on the ocean, how from the sea we have 
all come and back to the sea we shall all go, but 
there was much of interest to the engineer in his 
striking survey of the interchange of certain elements 
between sea and land over very long periods. In 
speaking of the effects of the winds in purifying the 
atmosphere of England, he said that in Britain, 
where our animals produce nearly all the carbon 
dioxide that our plants can fix, we burn some 200 
million tons of coal annually. This puts out into the 
air an amount of carbon dioxide which would average 
200,000 cubic feet per acre all over Great Britain— 
13 times what our vegetation can use, and 15 times 
as much as we and our animals produce. “If Britain’s 
atmosphere were separated from the rest by a verti- 
cal wall from the cliffs up to heaven, so that we really 
became a self-contained country, with our own share 
of air secured to us, the coal we burn would add, in a 
year, 50 per cent. to the quantity of carbon dioxide in 
the atmosphere above our island, together with far 
worse poisons, of which the natural atmosphere is 
practically innocent.” 








THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 86.) 
Puysics DEPARTMENT. 


Heat Standards. International Temperature Scale. 
—The work on the determination of melting points 
at high temperatures by the crucible method has 
much been delayed by the want of suitable refractory 
materials. Mr. E. H. Schofield has completed his 
determination of the melting point of palladium by 
the wire method ; his value of 1,555 deg. C. agrees 
within 2 deg. with the previous values obtained at 
Charlottenburg and Washington, and the melting 
point of platinum is now being re-determined. The 
international comparison of high temperature scales 
with the Bureau of Standards and the Reichsanstalt 
is being carried out with the aid of tungsten-strip 
lamps supplied by the Nela Research Laboratory of 
Cleveland. An exchange of thermocouples has also 
been made. The comparison, between 0 deg. and 
100 deg., of platinum-resistance thermometers with 
the Tonnelot and Baudin mercury standards in verre- 
dur has involved about 100,000 and 6,000 readings, 
respectively, on the mercury and platinum thermo- 
meters. Up to 50 deg., the mean values accord 
within 0-004 deg. For higher temperatures, four 
platinum thermometers, 70 cm. long, have been 
constructed. Experience suggests that platinum 
thermometers should be wound on silica instead of 
on mica, to eliminate contamination by the iron in the 
mica. The accuracy of platinum thermometry is of 
special importance in connection with the wave-length 
standard of length, for which elaborate apparatus is 
being set up in the Metrology Department. This 
work involves the determination, within a few 
thousands of a deg. C., of the temperature of a steel 
end-gauge 1 m. in length. 

Thermal Conductivity.—In view of the multiplicity 
of the solid and liquid forms of sulphur, the proper- 
ties of its modifications have been reinvestigated 
during recent years. At ordinary temperatures, 
only rhombic a-sulphur is stable. At 95 deg. C., 
it changes into monoclinic §-sulphur, which melts 
at 119 deg.; the liquid is first light-coloured, but 
then turns brown, and becomes more and more vis- 
cous, becoming mobile again above 250 deg. and 
boiling at 444-6 deg. There are also the plastic and 
colloidal modifications. Dr. G. W. C. Kaye and 
Mr. W. F. Higgins have determined the thermal 
conductivity by the plate method, interposing a thin 
disc of crystallised sulphur between the hot and cold 
plates, either directly or by allowing fused sulphur to 
penetrate into the gap. Films of glycerin are used 
on the sulphur to secure good contact with the faces 
of the plates, as otherwise the temperature drop in 
the air films would be of the same order as that of 
the specimen. The thermal conductivity is found to 
drop sharply at 95 deg., then rise slightly, drop once 
more at the melting point, and rise again, first very 





slowly, and then more rapidly, the change occurring 
at 160 deg. With single crystals of bismuth, tested 
in plates and in cylinders 1 in. diameter and 6 in. 
long, the thermal conductivities in the three axial 
directions show remarkable differences, when the 
crystals are placed in strong magnetic fields of up 
to 12,000 gauss. 

Flame Temperatures.—On page 449 of our issue of 
October 12 last, we referred to a British Association 
paper by Dr. Ezer Griffiths and Mr. J. H. Awbery on 
the measurement of maximum flame temperatures 
by the reversal of spectrum lines, observed when a 
small incandescent sphere of tungsten was viewed 
through sodium vapour. When the flame was the 
hotter, the sodium lines appeared bright; when the 
tungsten was the hotter, they were dark. From other 
experiments, Dr. Griffiths and Mr. R. W. Fenning 
concluded that the explosion flames in a cylindrical 
bomb reached 2,100 deg., and that the maximum 
temperature of CO-air flames rose with increasing 
air supply, but was not constant for the same ratio 
CO: O,, probably because the flame length changed. 
Measurements of the temperature of the flame of 
the atomic-hydrogen blow pipe yielded temperatures 
ranging from 2,490 deg. to 2,525 deg. C., values con- 
siderably lower than that of incandescent tungsten, 
which is 3,200 deg., as measured by the optical 
pyrometer. 

Specific Heat of Gases.—The uncertainty of flame 
temperatures, which may vary by 200 deg. from the 
base to the tip of a flame, affects the use of flame- 
temperature methods for the determination of the 
specific heat of gases at high temperatures. Forsuch 
determinations, at pressures up to 30 atmospheres 
and at moderately high temperatures, Messrs. Scho- 
fieldand Sherratt pass a measured volume of the gas 
through a small-bore tube, coiled bifilarly into a cy- 
linder which is surrounded by a heating coil and pro- 


vided with a guard tube. Another apparatus of 


Messrs. Awbery and Sherratt for the determination 
of the ratio y of the specific heats, consists of a long 
horizontal glass tube, 6 mm. in diameter, which is 
partly wound with a heating coil. A piston fits 
into one end of the tube. The other end leads to a 
box, in which a slab of quartz, lcm. square, and 
10 cm. long, mounted between brass electrodes, is 
excited to longitudinal vibrations by a valve oscil- 
lator. The stationary high-frequency wave which 
is thus set up in the gas is reflected by the 
piston, and the positions of the nodes are determined 
by moving the piston with the aid of a micrometer 
screw. The variations of y with temperature and 
pressure can thus be deduced. In the glass tube, 
temperatures of 600 deg. can be reached ; for higher 
temperatures carbon tubes are to be tried. 

Thermal and Electrical Conductivity of Alloys.— 
Last year Messrs. E. Griffiths and Schofield (see 
ENGINEERING, March 9, 1928, page 301) found that 
for the series of aluminium alloys with Cu, Ni, 
Mg, Fe, Mn, Zn, Ag and Si, and of copper alloys 
with Fe, Mn, Zn, Al and P, the Lorenz law* held for 
the temperature range 50 to 250 deg. C. Thus, for 
the copper alloys, the product of the thermal 
conductivity and the electrical resistivity, divided 
by the absolute temperature, had the same value as 
for copper itself, i.e, 5-8 »% 10-9 unit, and for 
21 aluminium alloys (except those with Si) the 
Lorenz constant was 5-4 x 10-%, as for Al itself. 
In continuing these experiments at temperatures 
up to 900 deg. C., Mr. R. W. Powell used cylindrical 
bars, 3 in. in diameter and 42 in. long, placed verti- 
cally above one another, the contiguous faces being 
recessed in such a way that only the rims of the 
bars touched, space being left for a flat heating 
coil in the recess. The whole was surrounded by 
an iron cylinder, 6 in. in diameter, wound with 
nichrome wire and heated to the same temperature 
as the inner cylinders. An iron bar, of 99-8 per cent. 
purity, served as a comparison standard, and was 
heavily nickel-plated to prevent oxidation. A bar 
of nickel itself would be too expensive and its change 
point near 350 deg. would also be inconvenient. 

Work for the Food Investigation Board.—These 
investigations by Dr. E. Griffiths and Mr. J. H. 
Awbery are of a very varied character. Examina- 
tion of commercial distant-reading thermometer 





* Originally known as the Wiedemann-Franz rule that 
the ratio of the thermal to the electrical conductivity is 
nearly constant for all metals. 





outfits, of the mercury-expansion and vapour-pres- 
sure types, show them to vary considerably in their 
reliability and time lag. In mercury-in-steel thermo- 
meters, the effect of hydrostatic pressure on the bulb 
consequent upon a change in the vertical distance 
between the indicator and the bulb may be serious. 
This is particularly the case for vapour-pressure 
instruments in which, in one case, an increase of 8 ft. 
in height lowered the reading by 4 deg. C. Resist- 
ance thermometers may be deficient in lead com- 
pensation, and switch-contact resistance may vary 
considerably. For cold storage, in particular, the 
bulbs should be impervious to moisture and able 
to carry heavy currents without becoming warmer 
than their surroundings. This enables robust 
moving-coilindicatorsto be used. The heat transfer 
between brine pipes and also between hot pipes 
and air streams is being studied in a large wing 
tunnel, made in the Aerodynamics Department, 
for air streams of variable humidity at speeds 
of 50 ft. per second maximum. The air is cir- 
culated by a propeller in the tunnel, and has 
to be reheated in the return section. The 
heat losses are measured with the aid of thermo- 
couples and flow meters. In order to estimate 
the efficiency of water sprays for moistening or 
cooling air, single streams of drops were made to 
fall from metal or glass tubes in a glass channel 
against an ascending air current, the moisture of 
the air being determined on entering and on leaving 
the channel. Other factors remaining constant, 
the humidifying power of the drops seems to be 
proportional to the radius of the individual drops. 
In comparative tests of moisture absorbents, it was 
ascertained that calcium chloride absorbed, in the 
first 12 hours, twice as much water as silica gel. In 
this time, the silica gel was found to be saturated and 
to contain 30 per cent. of its own weight of water. 

The latent heat and specific volume of sulphur 
dioxide has been the subject of special study in 
view of the uncertainty of most refrigeration con- 
stants. The apparatus for the latent heat deter- 
mination at various temperatures is placed inside 
a constant-temperature enclosure, consisting of a 
cylinder of aluminium, 1 ft. in diameter, which is cast 
about a coil of steel tubing, through which ammonia 
gas is circulated ; the heat of evaporation is balanced 
by a measured electric current. The specific-volume 
apparatus consists of two metallic reservoirs con- 
nected by a pipe and a valve; the whole is im- 
mersed in a constant-temperature bath which is 
magnetically stirred from outside. The first reservoir 
is filled with the liquid SO, ; the second is evacuated, 
and the valve then opened, so that the receiver 
reservoir fills with vapour at the bath temperature. 
When pressure equilibrium has been obtained, 
the valve is closed, the weight of the liquid SO, 
which has evaporated is determined, and the 
process is repeated. 

Heat Transfer in Cable Ducts and in the Soil. 
End Connectors.—Experiments were made by Dr. 
Griffiths and Mr. Awbery, for the British Electrical 
and Allied Industries Research Association, on the 
conditions in which a cable laid in a duct disposes 
of the heat generated by the current carried. For the 
first series of experiments, the cable and duct were 
each represented by a brass pipe, polished or black. 
Later, the duct was represented by an earthenware 
pipe, and the cable by a lead pipe. The latter 
was heated by an electrically-heated nickel strip 
inside, the whole being immersed in a water bath. 
The temperatures were determined by means of 
thermocouples or resistance thermometers, extension 
pieces, with independent heating coils, being pro- 
vided to allow for losses of heat from the cable 
ends. In connection with this work, the report 
on which has not yet been published, the ground 
temperature near buried cables was also studied. 
The general inquiry into the thermal conductivity 
of various soils was begun by burying a copper 
shell, 6in. diameter, in a box of sand, of 6} ft. cube, 
placed inside a constant-temperature room, and is 
being continued with spheres buried 3 ft. deep in the 
natural ground at various spots. In the investi- 
gations of the thermal resistivity of the insulating 
wrappings of end connectors used in the stators 
of large alternators, the connectors are replaced 
by hollow copper bars, of rectangular or circular 
section, enclosing electric heaters, the whole being 
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mounted in an air tunnel. The outer and inner 
bar temperatures are determined by means of 
hermocouples and resistance thermometers wound 
directly on the insulation. After the first measure- 
ments, the bars and their wrappings are heated for 
a fortnight to 100 deg. C. for remeasurement. 

Pumps for High Vacua.—The first annular-jet 
mercury-vapour pumps of Dr. Kaye and Mr. I. 
Backhurst, made in steel, had an aperture of 0-7 mm. 
and a pumping speed of 3,000 cub. cm. per sec. 
at a pressure of 0-1 mm. against a back pressure 
of up tol mm. The boiling vapour struck a cup- 
shaped deflector and escaped through the diffusion 
aperture. By using a modified pair of deflectors, the 
aperture may be increased to 5 mm., and pumping 
speeds of 10,000 cub. cm. per sec. are then reached 
at a pressure of about 0-03 mm. with a back 
pressure of 0-1 mm. In connection with speed 
trials of other pumps, a Holweck molecular pump 
evacuated 800 cub. cm. per sec. at 3,000 r.p.m. 
and 2,000 cub. cm. per sec. at 5,000 r.p.m. at a 
back pressure of 1 mm. Some commercial rotary 
oil pumps were tested at pressures of 10, 1, 0-1 mm. 
when working from atmospheric pressure. The 
pumps, viz. the Edwards A and B, the Cenco 
Megavac, and the Cenco Hyvac were all two-stage, 
except the Edwards A. The first three required 
4 h.p. each to drive and the Hyvac 4 h.p. In 
all cases the measured volume evacuated increased 
as the speed increased, but the percentage efficiency, 
relative to the geometrical capacity of the pump, 
decreased slightly at the higher speeds. Water jet 
filter pumps gave a maximum speed of 70 cub. cm. 
per second at 20 mm. pressure, and 4 cub. cm. 
per sec. at 10 mm. pressure. 


(To be continued.) 








THE NATIONAL SCHEME OF ELEC- 
TRICITY SUPPLY FOR GREAT 


BRITAIN.* 
By C. H. Merz. 


AFTER referring to the development of the distant 
transmission of electric power in this and other countries 
since 1891, the author said that geographical conditions 
and the distribution of industries in Great Britain 
presented a special problem in this connection, which 
had been investigated by a number of committees in 
1916-18. The recommendations of these committees 
were embodied in the Electricity Act of 1919. As a 
result of ten years’ experience, however, it was found that 
without these powers progress would only be slow, while 
the advantage of dealing with the technical problem on 
national rather than regional lines was indicated. In 
1925, therefore, a committee was appointed, under the 
chairmanship of Lord Weir, to review matters, and the 
principal recommendations this Committee were em- 
bodied in the Electricity Supply Act of 1926. This Act 
provided for the establishment of a Central Electricity 
Board to take full charge of generation and to inter- 
connect the selected stations by a national network of 
transmission lines. 

The reasons for constructing this network, or grid, 
were that it would enable small and inefficient stations 
to be eliminated, and supplies to be given in rural 
districts at an earlier date than would otherwise have 
been possible. Its justification lay not in an immediate 
reduction in the cost of electricity to the consumer, 
but in the fact that it initiated a definite policy of 
expansion. Even when the grid was completely estab- 
lished, however, much remained to be done before 
electricity would be equally available to large and 
small consumers everywhere. In this connection, an 
teresting development was the initiation by the 
government of a demonstration scheme to show the 
practicability of supplying electricity to villages and 
farm areas. A locality of about 100 square miles, 
containing a country town of from 60,000 to 70,000 
inhabitants, had been chosen, and the intention was to 
lay mains to the villages and then invite residents and 
‘armers to avail themselves of the supply. Hire and 
hire-purchase schemes for paying for the wiring and 
other equipment would be adopted, the underlying 
assumption being that the success of such a scheme 
would stimulate rural electrification on a large scale, 
and tend to attract to the cleaner atmosphere of the 
country many industries dependent on electrical power, 
thereby assisting to ease both housing and transport 
congestion in the towns. This scheme might well have 
fa -reaching effects in fostering a more courageous policy 
in districts which had hitherto remained undeveloped, 





* Summary of a paper read before Section G of the 
British Association at Johannesburg, on August 1, 1929. 
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The spread in the use of electric power would not 
only have an important effect upon the conditions in 
factories and in private houses, but also far-reaching 
results on the atmospheric conditions obtaining in 
great towns. During the past 30 years, increasing 
attention had been given to the reduction of smoke in 
towns, and an undoubted improvement in the atmos- 
phere had been brought about by stricter regulations 
regarding the discharge of smoke, and by the increasing 
adoption of gas and electric fires. The abolition of 
small plants and generating stations, and the concentra- 
tion of production in larger units, coupled with the 
removal in many towns of the generating stations to 
the outskirts, had further improved matters. Electric 
heating and cooking offered so many advantages that 
even in districts where, at present, the cost of electric 
power was relatively high, they were making consider- 
able progress. But in London and many large towns, 
the domestic fire was still probably responsible for the 
bulk of the pollution. In Great Britain, over the last 
10 years, the total output of coal used for home con- 
sumption had been about 170 million tons per annum. 
Of this quantity, probably 8 per cent. was devoted to 
electricity production, while 23 per cent. was consumed 
for domestic purposes. Owing to the low efficiency of 
domestic fires and coal-fired heating and cooking 
apparatus in general, it was probable that for no 
greater consumption of coal, the whole requirements 
of the country in regard to domestic fuel could have 
been supplied electrically from modern power stations, 

The latter could supply power “ off the peak” at 
very low rates. While electricity could not be con- 
veniently stored and was, therefore, relatively an 
expensive form of energy at those times of the day 
when the demand was not great, there was no difficulty in 
storing in the form of hot water the energy required for 
the heating of buildings. An installation of the thermal- 
storage type had now been in operation for some con- 
siderable time in a modern office building in Newcastle- 
upon-Tyne, The cubic capacity of the building was 


13 million cubic feet, and the whole of the heating | 


requirements were dealt with by panel-type radiators, 


built into the ceilings of the rooms, and supplied with | 
hot water at a temperature of about 110 deg. F. from | 


a storage system located in the basement. Heat was 
supplied to the storage system by electric boilers which 
were on load only at night, when the general demand 
on the supply was low. To supply such a demand 
required little or no capital expenditure on the part of 
the supply authority. Generating plant and mains were 
already in existence, and their capacity was only drawn 
on during times when they would normally be idle. 
The cost of supplying such heat, therefore, practically 
represented only the cost of the additional fuel. 

If the entire fuel requirements of an average 
English community were supplied electrically, it 
appeared that the resulting consumption for domestic 
purposes would be of the order of 1,500 kw.-hours per 
inhabitant per annum, compared with the estimate 
of 500 kw.-hours per annum for all purposes, which, it 
was anticipated, would result in 1940, if present 
methods were adhered to. It was clear, therefore, 


that the result of drastic action to eliminate the open | 


fire over a period of years would not cause such a 
disproportionate demand for electricity that the 
requirements could not be met. It appeared that 
some action of this kind was necessary if the present 
problem of atmospheric pollution was to be firmly 
dealt with. One method of bringing such a change 
gradually into being would be to provide that all 
town-planning schemes submitted by Local Authorities 
for approval, should contain adequate provisions for 
the supply of electricity and gas on economic terms, 
and in sufficient quantity for supplying the entire fuel 
requirements of the area. The installation of open 
domestic fires in new houses under such schemes might 
even be prohibited by law, and the continuance of 
open fires in other cases could be discouraged by 
taxation. Such steps might appear drastic at the 
present time, but compulsion was already placed upon 
owners of property in connection with water supply 
and sanitation. Under such conditions, the amenities 
of town life would be radically improved by the same 
instrument which was destined to do so much to 
improve the amenities in other directions in rural areas. 

As regards the power stations themselves, modern 
methods were reducing the production of smoke to a 
minimum, but the grid would certainly facilitate this, 
and result in the location of generating stations in 
districts remote from population. There were, more- 
over, signs that public opinion was beginning to 
demand that as much as possible should be done to 
eliminate the discharge of sulphurous fumes into the 
atmosphere. If the legislative pressure above suggested 
were adopted, combined with the provision of a supply 
of electricity at a steadily-falling price, a great improve- 
ment in the atmospheric conditions in large towns might 
be expected at a comparatively early date. In 10 to 
15 years, the majority of domestic fires and other 
sources of smoke and fumes in towns might reasonably 





be expected to have disappeared, at least in residen- 
tial districts, while in, say, 25 years, there was no reason 
why these sources of pollution should not have com- 
pletely disappeared. Such a development would be of 
advantage to the community in three ways: General 
health, comfort, and domestic efficiency would be 
increased, the damage done by the atmosphere to 
buildings, ironwork, works of art and decorations 
would be greatly reduced, and, finally, the increase in 
the output of electricity to meet domestic consumption 








would operate to reduce the price of electric power for 
industrial purposes, and hence affect very materially 
the costs of production in many branches of industry. 
The delivery of coal to centralised, instead of to 
scattered, points, would effect a considerable saving in 
distribution, and result in economy to the ultimate 
consumer. Moreover, apart from the impetus given 
to coal carbonisation and kindred processes by the 
establishment of very large power stations, the total 
demand for coal would almost certainly increase, since 
every economy in the utilisation of coal might be 
expected to produce greater demands for power in 
industry, and, owing to the higher standard of living, 
in domestic use also. 

In conclusion, Great Britain could claim to be the 
first country to lay down a comprehensive national 
system of electric trunk mains, thus maintaining its 
traditional attitude as a pioneer in engineering. None 
too soon, it was being realised that the amount of 
mechanical power used per capita was a true criterion 
of development in a manufacturing nation, while the 
amount of power used for domestic purposes (whether 
in the form of coal, gas, or electricity) bore a definite 
relation to the standard of living. The extended use 
of power increased both the amount of wages earned 
and the amount of comfort these wages would buy. 
‘The grid, by lowering the cost of power, and also by 
making supplies of it available in many districts now 
without them, would expedite the attainment of both 
these results. 


ENGINEERING TRAINING AND 
EDUCATION. 


Institute of Transport Examinations.—The examina- 

tions for graduateship and associate membership of 
the Institute of Transport will be held in London and 
_other centres from April 24 to 26, 1930. The graduate- 
ship examination covers general economics, a foreign 
language or mathematics, traffic working, principles of 
transport statistics, and a geographical subject. The 
associate-membership examination is divided into 
‘four main sections, dealing respectively with traffic, 
engineering, accounting, and the law relating to 
transport. The latest dates for the deposit by candi- 
‘dates of forms of application are, for exemption, 
November 30 next, and for examination, February 1, 
:1930. Further particulars, forms of application, and 
copies of the complete syllabuses and of the papers set 
‘at previous examinations may be obtained on applica- 
‘tion to the Secretary, Institute of Transport, 15, 
‘Savoy-street, London, W.C.2. 
' University College, Swansea, Engineering Depart- 
mert.—The prospectus of the Department of Engi- 
neering of the University College of Swansea for the 
session 1929-1930 has recently been issued. The 
college provides degree and diploma courses, extending 
over three years, in each of the three main branches of 
engineering—namely, civil, mechanical, and electrical 
engineering. The work in mathematics, physics, and 
engineering during the first year is the same for all 
three branches. The engineering courses taken during 
the second and third years depend upon the branch 
selected, but always include one-year courses in the 
strength and elasticity of materials and electrical 
technology. Lectures on the business, administrative, 
‘and managerial sides of industrial undertakings are 
also delivered at intervals. Copies of the prospectus 
may be obtained from the Registrar, University College 
of Swansea, Singleton Park, Swansea. The Michael- 
mas term commences on Tuesday, October 1 next. 























LauncH or H.M.S, “ AnTELopE.”—H.M. Torpedo- 
Boat Destroyer Antelope was launched from the 
Hebburn-on-Tyne shipbuilding yard of Messrs. R. & W. 
Hawthorn, Leslie and Company, Limited, on July 27 
last. The vessel is a sister ship of H.M.S. Active, which 
was launched on July 9. H.M.S. Antelope has an overall 
length of about 323 ft. and a displacement of approxi- 
mately 1,330 tons. The vessel is built with a long 
forecastle deck, and the armament will consist of 4-7-in. 
guns and machine guns. The propelling machinery 
consists of twin-screw single-reduction geared turbines, 
developing, collectively, a shaft horse-power of 34,000. 
Steam is supplied by three water-tube boilers fitted 
with superheaters designed for a working pressure of 
300 Ib. per square inch and a superheat of 200 deg. F., 
under closed stokehold conditions. Messrs. Hawthorn, 
Leslie also have in hand two further destroyers for 
the British Admiralty, namely, H.M. S.S. Blanche and 
Boadicea, as well as the main propelling machinery for 
three sloops, 








LABOUR NOTES. 


AT a meeting in London last week, representatives 
of the Executive Councils of the engineering trade 
unions decided that the Engineering and Allied 
Employers’ National Federation be asked to give their 
considered reply to the application for increased 
wages at a joint conference in the third week in 
September. The unions desire an advance of 8s. per 
week for timeworkers and a corresponding addition to 
piecework rates. When the application was last 
under discussion, the employers proposed that the 
matter should be adjourned until the end of the year. 
During the discussion they modified their proposal by 
substituting “the beginning of December” for “ the 
end of the year,” but the men’s representatives adhered 
to their original suggestion of “‘the end of July.” 
They have now, as will be seen, gone some way to 
meet the employers. 


The meeting of executive council representatives 
also discussed the question of Great Britain’s relations 
with Russia. The following resolution was adopted 
unanimously :—‘‘ That this conference of the Execu- 
tives of the unions connected with the engineering 
industry strongly urge upon the Government the 
importance of expediting the diplomatic negotiations 
now taking place between this country and the Soviet 
representatives, with a view to bringing about a better 
understanding and closer trade relations, believing 
that they wouid effect a great improvement in the 
conditions in the engineering industry, thus facilitating 
the obtaining of a wage advance.” 


The Railway Shopmen’s Joint Council, on which 
the National Union of Railwaymen and the craft 
unions are represented, decided at a meeting in London, 
last week, to give notice to the railway companies to 
terminate the agreement under which wages were, a 
year ago, reduced by 2} per cent. All the Labour 
organisations whose members agreed to the reduction 
have now decided to oppose the continuance of the 
arrangement. 


The joint committee set up by the Trades Union 
Congress General Council, the National Confederation 
of Employers’ Organisations, and the Federation of 
British Industries on April 23, to examine the best 
method of consolidation and co-operation of the three 
organisations, held its first meeting in the Hotel 
Metropole, London, last week. Sir Ralph Wedgwood 
occupied the chair. After a full discussion and ex- 
change of views, the meeting adjourned to allow of a 
further and more detailed examination by a joint sub- 
committee prior to the next meeting. 


A report issued by the Chief Registrar of Friendly 
Societies states that the total membership of trade 
unions in this country declined by 244,605 in 1927, 
the number of members having been 4,147,653 at the 
end of 1926, and 3,903,048 at the end of 1927. The 
loss of membership in the preceding year amounted to 
over 300,000. There was an increase in the total of 
the accumulated funds of 1,240,927/., bringing them 
up to 9,709,538/., which compares with a decrease 
in the preceding year—the year of the general strike 
and the long stoppage of the mines—of 4,100,000/. 
In the two years, the decrease in the membership has 
been 544,770. In 1927, the various unions of men 
engaged in transport lost 81,184 members, the unions 
of miners and quarrymen 58,294, the metal workers’ 
unions 31,812, the textile unions 7,585, and the build- 
ing industry unions 6,177 members. In the mis- 
cellaneous group of unions not classified by industries, 
the loss of members was 46,203. 


At the end of June, 11,616 members of the Boiler 
Makers and Iron and Steel Shipbuilders’ Society were 
signing the books, as compared with 11,679 at the 
end of May. The num ber of members in receipt of 
superannuation benefit was 4,565, as compared with 
4,499, and the number ia receipt of sick benefit 2,512, 
as compared with 2,529. In May, when there were 
outlays covering five weeks the expenses were 12,778). 
12s, 5d.; in June they were 10,2911. 10s. 


Discussing the shipyard wages question, Mr. Hill 
says :—‘ Low wages, with irregular employment, are 
killing the trade of this country. British workmen are 
the best in the world, and young craftsmen of spirit 
and ambition are giving up hope of ever being in a 
position to set up a home and keep a family in comfort. 
They are looking abroad. The United States have 
realised the value of British immigrants, and have 
now decided to close the door a bit tighter to other 
European countries and open it much wider to 
Britishers. The number of immigrants formerly 
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admitted into the United States from Great Britain 
and Northern Ireland was 34,000 per year. The 
new figure is 65,721—almost double. Thousands of 
young shipyard craftsmen would have been in 
America long ago only for the restrictions. . . . 
Now, we may have a rush.” 


The questions of hours and wages were discussed at 
a private session of the Blackpool delegate conference 
of the Miners’ Federation of Great Britain. The 
official account of the proceedings communicated to 
the Press stated that ‘‘on the hours question, the 
following resolution was carried unanimously: ‘That 
we press for the immediate repeal of the Eight Hours 
Act and instruct the executive committee to take such 


steps as are deemed necessary to secure the repeal of | 


the said Act, as we are convinced that its operation 
has caused wages to be reduced, aggravated the causes 
of unemployment and increased the number of acci- 
dents in the mining industry.’ It was understood 
that the Government would honour their pledges on 
the question of miners’ work and hours, and if the 
Government desire the representatives of the Miners’ 
Federation to meet them to discuss the whole position 
the committee will be at their call.” 





‘“The conference then proceeded,” the official 
report continued, “to discuss the wages question, 
and the following resolution was carried unanimously : 
‘That the time has arrived when the Miners’ Federa- 
tion of Great Britain should take steps to secure a 
higher standard of life for the miner. A higher 
minimum rate of wages than the one we have at 
present, considering the time when it was fixed and 
the present cost of living, is long overdue, and also a 
return to a national wages agreement so as to give 
all mineworkers a living wage and a decent standard 
of life, such national agreement to be based on the 
cost of living and contain a uniform minimum per- 
centage guaranteed to all grades of workmen in and 
about the mines. Also this conference instructs the 
officials and executive committee to take whatever 
steps are necessary to secure that the output and profits 
of all by-product plants be included in the ascertain- 
ments.’ ”” 

Four resolutions condemning the Melchett-Turner 
Conference on industrial peace were on the provisional 
agenda for discussion at last week’s delegate con- 
ference, in Newcastle-on-Tyne, of the Transport and 
General Workers’ Union, but, under the standing 
orders, they were set aside in favour of an executive 
resolution expressing approval of the movement. 
Mr. Ernest Bevin submitted the resolution. Mr. 
Purcell (Swansea) moved an amendment declaring | 
that Mondism could only result in the surrender of the | 
class interests of the workers. He asserted that these | 
negotiations with capitalist employees for the rationali- | 
sation of industry could only result in the break up of | 
trade unionism. Mr. Owen (Swansea), who seconded, | 
said there was no sincerity on the part of the em- 
ployers really to co-operate with the workers in industry. | 
On a vote, the amendment was defeated by an over- | 
whelming majority. The executive resolution was then | 
put and carried with about 10 dissentients. 





On the following day the conference unanimously 
passed a resolution dealing with the question of | 
holidays. It was in these terms :—‘‘ That this con- 
ference, realising the strain of modern life upon the | 
workers and the effect upon them of the tendency | 
towards speeding up in the industries and services of 
the country, is firmly of opinion that all workers 
should have not less than a fortnight’s holiday annually 


with pay.” 





On December 31, 1928, out of 822 contracts for 
salaried employees in Germany, there were 791 which 
contained provisions for holidays with pay. The) 
duration of leave is generally calculated on the basis 
of the years of service with the undertaking. Fre- 
quently, however, the period of service in the occupa- | 
tion and the age are also taken into account. The 
duration of the leave varies considerably. Out of | 
791 collective agreements, 1 fixes the maximum 
duration of leave at 6 days, 72 at 12 days, 47 at 14 
days, 110 at 15 days, 20 at 16 days, 419 at 18 days, 
10 at 20 days, 42 at 21 days, 3 at 22 days, 22 at 24 days, 
31 at 36 days and 2 at 42 days. Twelve agreements 
call for special arrangements with the employers. The 
number of days generally refers only to working days. 


Dealing with the question of America’s immigra- | 
tion system in the course of an address in| 
New York recently, Mr. W. W. Husband, Second 
Assistant Secretary of Labour, said that neither | 
the national origins plan, nor the 1890 census 
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basis satisfied him as a proper system for the control 
| of immigration. The admission of immigrants should, 
|in his view, depend upon their qualifications to pursue 
la vocation for which an economic demand existed in 
|the United States. As an example of the manner 
| in which his plan would work out he cited the dairying 
industry in the State of Vermont. Production of 
| dairy produce there, he said, was increasing, but not 
|rapidly enough to meet the growing demand. Cana- 
| dian milk and cream passed through Vermont in 
| great quantities at present on its way to the Eastern 
| markets, while in Vermont itself more and more farms 
| were being deserted. On the other hand, the Nether- 
| lands and Denmark had a large surplus population of 
| fine dairymen who could find opportunity in the United 
| States. 





The annual meeting of the British Section of the 
International Federation of Metal Workers was held 
| at York on Saturday last, Mr. T. McKenna, of the Blast 
Furnacemen’s Union, presiding in the enforced absence 
through illness of the president, Mr. John Hodge, of the 
Iron and Steel Trades Confederation. In opening 
the proceedings, Mr. McKenna said that 17 countries 
were affiliated to the organisation, whose total member- 
ship exceeded 2,000,000. The British Section repre- 
sented 320,000 organised metal workers. ‘‘ We are 
gratified,’ said Mr. McKenna, ‘‘ by the pledge given 
by Miss Bondfield, immediately on taking up office, 
on behalf of the Government to ratify the Washington 
Eight Hours Convention. This is what we expected 
a Labour Government to do. France, Germany, and 
a few others are pledged to sign the Convention as 
soon as this has been done by Great Britain, so that 
this action on the part of our Government will have 
great and far-reaching consequences.” Britain’s deci- 
sion to ratify the Convention was also mentioned in his 
annual report by Mr. J. T. Brownlie, who is secretary 
of the British Section. Like themselves, he said, 
their Continental comrades welcomed the British 
pronouncement. A resolution was subsequently passed 
congratulating the Government on its decision. 





Mr. Brownlie’s annual report contained a great deal 
of information relating to the overtime worked in 
the different countries and the rates paid for it. In 
the course of a discussion on the subject, Mr. A. 
Smethurst, of the Amalgamated Engineering Union, 
said that they ought to do their utmost to reduce the 
system of overtime on production work to the lowest 
possible limits. He was in favour of prohibition, but 
he agreed that it was useless in Great Britain rigidly 
to adhere to certain conditions, when their competitors 
on the Continent were not prepared to fall into line. 
The Amalgamated Engineering Union alone had ten 
thousand unemployed members, and for that reason 
overtime was to be deprecated. He regarded the over- 
time question as even more important than that of 
wages. It was decided to take up the matter inter- 
nationally. 





At the time of writing, the stoppage in the British 
cotton industry is, to all intents and purposes, com- 
plete, and, in round figures, 500,000 operatives are 
idle. Negotiations on the decision of the employers 
to reduce wages by 12} per cent., or 2s. 6d. in the 
pound, were continued until the last moment. Satur- 
day, however, found the workers’ three organisations 
divided, and the division eventually resulted in a 
deadlock. The employers had intimated in the 
course of the discussions that if the operatives’ repre- 
sentatives agreed that a reduction was necessary, 
they would ‘“‘ modify to some extent” their original 


|demand. The Executive of the Spinners’ Amalgama- 


tion were prepared to negotiate a settlement on the 
basis of a reduction. The Cardroom Amalgamation 


| were of the same mind until they consulted their 


delegate meeting, which returned the inconclusive 
vote of 38 in favour of negotiations, 25 against, and 
7 neutral. The negotiators declined to act on so 
narrow a margin, and withdrew from the discussions. 


| The unions with members on the manufacturing side 


of the industry adhered all along to the original demand 
of all three organisations for a reference to arbitration 
under the Industrial Courts Act. 





On July 22, 1929, the number of unemployed persons 
on the registers of Employment Exchanges in Great 
Britain, was 1,122,600. Of these, 756,000 were wholly 
unemployed, 292,300 were temporarily stopped, and 
74,300 were persons normally in casual employmeitt ; 
873,500 were men, 28,300 boys, 196,200 women, «nd 
24,600 girls. Of 1,136,665 on the registers on July 15, 
1929, 766,899 were wholly unemployed, 293,830 were 
temporarily stopped, and 75,936 were persons normally 
in casual employment; 882,505 were men, 23,!!83 
boys, 199,637 women and 25,540 girls. The number of 
unemployed persons on the registers on July 23, 1928, 














tt © &e& Dm ee 


sh 


re 
rs 


he 


ral 
la- 
the 
ion 
eir 
ive 
ind 

so 


ns. 
ide 
und 
jon 








AUG. 2, 1929.| 


STREAMLINE FUNNEL; 8.8. ‘“ BREMEN.” 








was 1,282,934, of whom 1,018,912 were men, 33,975 
boys, 201,710 women, and 28,337 girls. In a state- 
ment issued on Tuesday night, the Minister of Labour 
announces that, in addition to the usual weekly state- 
ment, she proposes in future to issue to the Press a 
monthly statement summarising the weekly figures and 
giving the estimated numbers of insured persons in 
employment. 


The writer of the editorial notes in Man and Metal, 
the organ of the Iron and Steel Trades Confederation, 
expresses the opinion that the raising of the wages 
of the workpeople abroad would have a beneficial 
effect on the wages of workers in this country. ‘‘ We 
ought to do our best,” he says, “‘ to raise the standard 
of living of workers in other countries up to our level, 
rather than accept the employers’ argument that we 
must come down to their level.’? The low wages costs 
of some of their continental rivals certainly give 
British employers a great deal of concern, but they 
like low wages as little as their workpeople do. The 
Iron and Steel Trades Confederation is, however, in 
a better position than many other British unions 
to lead a strong movement of this character, as it is 
affiliated to the International Federation of Metal 
Workers, and if it moved in the direction indicated 
it would have the best wishes of every employer. 








STREAMLINE SUPERSTRUCTURES 
ON SHIPS. 


THE importance of making structures, driven at 
great speeds through the air, of streamline form, was 
carly recognised in the history of aeronautics, and has 
received some attention in connection with locomotives. 
{n the latter connection, however, the advantage of 
reducing air resistance to the motion in an ahead 
direction is largely offset by the frictional effect of the 
pressure of the wheel flanges on the rails, due to the 
wind, should this be blowing in any but a head-on or 
following direction. In shipbuilding, lateral resistance 
is of an essentially different nature, and, further, the 
velocities involved are nothing like those obtaining 
in an aeroplane or even a locomotive. The study of 
the subject as regards the superstructure of ships is, 
im consequence of the low speed, of much later date ; 
thus reference was made to it as a new departure, 
in @ paper on “The Effect of Wind on Power and 
“peed,” read by Mr. H. J. R. Biles at the Spring 
Meeting of the Institution of Naval Architects, 1927,* 
ind in the discussion following it. An interesting 
example illustrating modern views on the value of 
stream-line super-structures is given in the accompany- 
ing figure, which shows one of the funnels of the new 
German 8.8. Bremen. The tapering at the leading side 
of the funnel is evident from the photograph ; the edge 
thus formed appears to be very little wider than the 











whistle forward of it. It is rather puzzling, however, 
why, when this precaution has been taken, the large 
ventilator fan casings at each side should not have been 
rounded off, at least on the outside vertical portions. 








THE CHAMBER OF SHIPPING 


ANNUAL REPORT. 


Tue Chamber of Shipping is concerned actively and 
intimately with every aspect of its industry, and its 
proceedings relate not only to the many branches of 
shipping in which something has to be done in 
the common interest of ship owners, but also to the 
diverse aspects in which shipowners are interested 
jointly with shipbuilders, engineers and the commercial 
community generally. These extensive functions are 
well reflected in the Annual Report of its Council for 
1928-29, which has just appeared. On many subjects the 
Council put on record firm opinions, which lose nothing 
in their authority by the temperate manner in which 
they are expressed. The wide range of the statistical 
information makes the report a valuable compendium, 
which will be found useful in considering the general 
course of commerce as well as that of shipping. 

The period under notice followed on the abnormal 
years of 1926 and 1927, during the latter of which the 
distribution of shipping had been affected by the need 
for replenishing stocks. By 1928, this process was 
finished, and freights fell, so that on the whole they 
were some 7 per cent. lower than in 1927, and only 
about 10 per cent. above pre-war rates. A slight 
improvement towards the end of the year brought 
tramp ships within sight of a possibility of a bare 
profit on most voyages, but any dividend paid by 
either liner or tramp companies during the last seven 
years is said to have been derived largely from careful 
investments of savings, and from subsidiary under- 
takings more remunerative than shipping. As against 
the small advance of freights over pre-war rates, 
shipowners have had to meet average advances of 
40 per cent. on wholesale prices, 80 per cent. on 
seamen’s wages, and 30 per cent. on the cost of new 
tramp tonnage, whilst the constant demand for greater 
speed and comfort has increased the cost of liners 
still more. Through these high costs and low freights, 
the amount of tonnage laid up in British ports increased 
during the year, and although it fell again at the 
beginning of the present year, it was still higher than 
in 1927. In June last, 4 per cent. of the seagoing 
British tonnage was laid up. Figures for Germany 
and Japan are not given, but the British percentage 
is lower than for other mercantile marines, except 
those of Norway and of Spain, comparing indeed with 
26 per cent. for the United States and 12 per cent. for 
Italy. It is remarked that the units making up the 
total of laid-up ships are constantly changing, so 
indicating that very little of the British idle tonnage 
is unemployable. The efficiency of British shipping 
has indeed been maintained and increased. Half the 
tonnage of steam and motor vessels owned in the 





* See ENGINEERING, vol. exxiii, page 478. 


United Kingdom in June, 1928, was less than ten 


years old, its percentage of ships under five years old 
is greater than that of any other country’s except 
Norway, and the size, speed and equipment are 
continually improving. 

The aggregate shipping income for the year, which 
constitutes its contribution to the invisible exports to 
be set off against an excess of imports over exports of 
347,000,000/., was something over 125,000,000/. Coal 
remains, in weight, the most important outward cargo 
carried by British ships. Although during part of the 
year it has been carried by sea at pre-war rates, the 
volume of the export business was only about two- 
thirds of what it was in 1913, and an examination of 
the figures tends to show that the market has been 
lost mainly to European countries. For the general 
trade of the world as a whole, the figures show 
hat while the rate of increase of the world’s tonnage is 
rather less than before the war, the volume of trade 
is no more than proportional to the increased tonnage. 
The report expresses the opinion that while it is 
doubtful whether the world’s overseas trade has 
increased above pre-war figures by as much as 10 per 
cent., the increase must amount to 30 per cent. orl 
40 per cent., before shipping can hope to be as well 
employed as it was in 1913. 

In shipbuilding, prices obtained by British builders 
do not even cover standing charges, let alone profits, 
but nevertheless Great Britain to-day is building only 
474 per cent. of the ships of the world, whereas before 
the war she built 60 per cent. A slight improvement 
was shown towards the end of the year, and even now 
50 ships are being built in Great Britain to every four 
in the United States or Japan, 7 in Italy, 5 in France, 
and 13 in Germany. More than half the world’s 
tonnage under construction at the end of 1928 was 
of motor ships, the tonnage of which had increased 
by 22 per cent. in 1927 and a further 27 per cent. in 
1928, while steam tonnage had increased only by 
1-2 per cent. Motor vessels, however, still form less 
than 8 per cent. of the aggregate British tonnage. 
To some extent, the decline in export of British coal 
and bunkers is explained by the increased use not 
only of motor ships, but of oil fuel in steamers, which 
has been stimulated further by a reduction of 2s. 6d. 
per ton in the price of fuel oil. At the present time 
about 37} per cent. of the world’s mechanically- 
driven tonnage is independent of coal. 

The revival of prosperity in the shipping industry, 
the report remarks, depends entirely on the further 
development of trade. In its view, British industry 
on the whole is working on costs in excess, and often 
substantially in excess, of the world’s costs of pro- 
duction, and we could not hope to maintain, far less to 
increase, our exports until we could compete again in 
the markets of the world in price, as well as quality. 
In foreign trade, the World Economic Conference, held 
in 1927 is thought to be preventing tariffs from rising 
as high as they would otherwise be. In spite of the 
growth of its population, the world’s trade starts 
to-day, however, where it left off fifteen years ago, 
and an increase in its trade is necessary before the 
prosperity of the shipping industry can revive. 

When discussing the events of the year in respect 
to national, Imperial, and international questions, the 
report draws attention, among other matters, to the 
disadvantages under which the coasting trade is being 
placed by the relief given to the railways, and expresses 
the hope that the appointment of a Royal Commission 
may lead to the rail, road and coasting services being 
run on lines that are economically sound, and that 
no one of them will be maintained as a sheltered 
industry. It draws attention likewise to other respects 
in which the shipping industry may look for relief, 
and expresses the belief that shippers, no less than ship- 
owners, will welcome and profit by the creation of confer- 
ences of shippers to discuss differences with the lines, as 
they have welcomed the conclusion during the year 
of the rate war in the Indian and South African trades. 
In Australia, the experience of Navigation Acts 
directed to the exclusion of overseas vessels from the 
coasting trade, has given profound dissatisfaction, 
and is likely to be modified or removed. In India, 
on the other hand, legislative measures are being 
taken with the object of expropriating, without com- 
pensation, British shipping from the Indian coastal 
trade which they have built up. The Chamber has 
made appropriate representations to the Government, 
the effect of which has been supported by other 
British commercial bodies. It is pointed out that the 
ultimate result of any such measures would be to 
substitute a less efficient for the highly efficient services 
of to-day, to expose Indian producers and consumers 
to a period of higher and unstable freights, and ulti- 
mately to place on the Indian taxpayer the burdens 
of assisting the mercantile marine. Among other 
matters attention is drawn to the excessive charges 
made by Australian ports, and to the insistence of 
Australia in charging income tax on shipping, as 
contrasted in the more far-sighted policy of Canada, 
the United States, and the great exporting countries 





of South America, as well as Europe. 
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THE TORSION OF A CRACKED 
SHAFT. 
To THE EpiTor OF ENGINEERING. 


Smr,—I venture to question the accuracy of the 
deduction from Mr. Shepherd’s solution of the torsion 
problem for a cardioid, in your issue of the 12th inst., 
that a shaft having a crack extending to a depth of 
one-seventh the diameter will have its torsional 
rigidity reduced by some 25 per cent. An in- 
dependent solution can be obtained for the case of 
a shallow crack, with the help of the well-known hydro- 
dynamical analogy, in the form :— 


= ( . 3) 
go \'— *° os 


a being the depth of the crack, and d the diameter 
of the shaft. 

From Lamb’s general solution of the hydrodynamical 
problem (Hydrodynamics, p. 85) I have obtained the 
result that, for a crack extending as far as the centre, 


Effective moment of inertia — 


) 
the effective moment of inertia is (2 a a) or 


56 per cent. of that for the intact shaft, and it is 
a known result (cf. loc. cit., p. 86) that, for the extreme 
case of a crack dividing the section into two semi- 
circles, the ratio is (2 — 16/7?) or 38 per cent. Inter- 
polating, it is evident that, for the case referred to, 
the reduction will not exceed 10 per cent., which is 
to be compared with 8 per cent. by the approximate 
expression above. 
Yours, &c., 
J. Lockwoop Taytor. 
School of Naval Architecture, 
University of Liverpool, 
July 20, 1929. 








BATTERSEA POWER STATION. 
To THE EpiToR OF ENGINEERING. 

Sir,—The London Power Company, Limited, have 
noted with regret the renewed attacks that have 
recently been made in the Press and elsewhere upon 
the Battersea Power Station, and this notwithstanding 
the assurances that have already been given on behalf 
of the company. 

Unfortunately those from whom these attacks 
emanate have displayed no desire to ascertain the 
steps taken by the power company to fulfil their 
obligations and to meet the objections to the erection 
of this station. 

The power company desire to state in the most 
emphatic manner that their engineers and chemists 
have evolved a perfectly practicable and commercial 
solution of the “sulphur problem” in which they 
have complete confidence, and that the menace feared 
will be non-existent so far as the Battersea Station 
is concerned. Letters patent have been applied for in 
connection with the process. 

The method and the results have been inspected 
by the Government chemists and a full and complete 
report is about to be issued by the power company 
to the Electricity Commissioners. 

Yours faithfully, 
W. F. Fuapearte, 
Chairman. 
London Power Company, Limited, 
Westminster, S.W.1. 
July 26, 1929. 
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THE Merric SysTEM in Korea.—H.M. Consul-Genera' 
at Seoul has informed the Department of Overseas Trade 
that it is part of the policy of the Government-General 
of Korea to enforce the use of the metric system, and 
that difficulty may be encountered over the import of 
instruments based on other systems. Thermometers, 
for instance, may henceforth only be imported by 
special permit, and none except those having Centigrade 
scales may be sold in Korea, These are imported by 
a department of the Government-General, and tested and 
stamped by this authorit,, before being passed on to 
approved dealers. 


THe Irattan Motor-Car Inpustry.—A number of 
interesting facts regarding motor cars, recently published 
by the Italian Royal Automobile Club, have been 
brought to our notice by the Department of Overseas 
Trade. Whereas, in 1900, Italy had an output of 2,000 
motor cars, her 1928 production averaged 188 per 
working day, which is equivalent to 70,000 cars per 
annum. The value of motor vehicles produced in 1928 
was 35 times that of the 1900 output, and two and 
a half times the value of the production during 1922. 
Italy occupies fourth place on the European market 
in the matter of production. She exports about 50 per 
cent. of her output, France 25 per cent. of her total, 
and England about 8 per cent. of her production. In 
1922, motor cars, to the number of 334, were imported 
into Italy, and 11,374 cars were exported ; the corre- 





sponding figures for 1928 were 5,741 and 28,280, 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Nors.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “ fine foreign” and “‘ standard” metal respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough priees are plotted 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 


plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 


The pig-iron 


prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 Ib. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








Brrumtnous Coat PRODUCTION IN_ PENNSYLVANIA, 
U.S.A.—According to figures compiled by the United 
States Bureau of Mines, the output of coal in Penn- 
sylvania continues to be larger than that of any other 
State in the Union. The production of bituminous 
coal amounted to 131,202,163 tons during 1928, which 
figure shows a distinct decrease as compared with the 
previous year. The output per man per day, however, 
increased from 4-26 tons to 4-52 tons. A smaller 
number of men was employed than was the case in 
1927, but these were given more steady employment. 
The total number of men at work declined from 
153,829 during 1927 to 133,418 during 1928, but the 
average time worked at the mines in operation increased 
from 203 days to 218 days. 


WESTINGHOUSE Vacuum SEeRvo BRAKES FoR MoToR 
Cars.—A case was recently brought in the Chancery 
Division of the High Court of Justice, by La Société 
Anonyme Servo Frein Dewandre against Messrs. Citrocn 
Cars, Limited, who manufacture, as a standard part 
of their equipment, the Westinghouse vacuum servo 
brake under licence. The plaintifis sought to restrain 
the defendants from making or selling in the United 
Kingdom, Citroén motor cars fitted with servo induction 
vacuum brakes alleged to be made substantially 1 
accordance with the claims of five British Letters Patent 
owned by the plaintiffs for improvements in vacuum 
brakes. ‘After a trial lasting 25 days, Mr. Justice Astbury 
found for the defendants and dismissed the action with 
costs. 
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SCIENCE AND ENGINEERING.* 
By Prorsssor F. C. Lra, D.Sc. 
Ir is not unusual for a President of this Section 
of the British Association to choose for his address 
some particular branch of engineering with which 
he has been actively engaged. During the last 
twenty-five years I have been closely associated with 
universities in which the training of young engineers 
forms one essential part and research a second, 
although by no means secondary, part of their 
activity, and it seemed fitting to deal in this address 
with one or other aspects of that experience. So 
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| near together, and the relationships between the nations | many experiments on the pressure of the atmosphere, 
are irrevocably changing for good or ill. The control| the relation between pressure and volume in gases, 
of power and mechanical skill have made it possible| and the production and the condensation of steam, 
for the spoken and printed word to disseminate widely | had been made by Porta, de Caus, Torrecelli, Papin, 
thoughts and opinions, so that the worthy and the| Boyle and others; a group of students had gathered 
unworthy have opportunities of influence hitherto | together in London, “inquisitive into natural philo- 
impossible. If, therefore, it cannot be claimed that |sophy,” and from these gatherings arose the Royal 
engineering has a direct influence on the intellectual | Society ; also Galvani had discovered voltaic electricity, 
| life of peoples and their political relationships, it has | with all its potentialities for engineering and the world. 
an indirect influence, the full significance of which it is | Seventy years after Savery’s first engine was constructed, 
at present difficult to evaluate. A clearer recognition, | the greatest step in the development of the steam 
however, of the factors and influences that modern | engine was made by James Watt, not surely as an 
engineering is bringing into the life of the world, | invention in the ordinary sense, but as a splendid 
|and particularly their potentialities for good or ill, | deduction from the quantitative knowledge of the latent 








much has been said and written upon the subject 
of the type of training that is best for engineers, and 
there are so many diverse opinions of the most suitable 


| as well as their effect upon the incidence of populations 
|and the social and political problems of the future, 
course to be adopted for the training of this and that | should not be overlooked, and the hope can be expressed, 
type of engineer that it appeared presumptuous for | that, directly and indirectly, the contributions of engi- 
me to use this opportunity to advance any particular | neering may be used for beneficient and not destructive 
views that I might hold. It seemed in every way ends. Communities, not engineers, are responsible 
better to give attention to the second aspect of | for the use or abuse of the gifts of engineering. ; 
university work—to emphasise the importance of the| _ Itisnot, however, desired in this address to emphasize 
scientific method and research in engineering and in | the intellectual or political influences of engineering, 
engineering training, illustrating my remarks by | but rather to suggest :—(1) the vital importance of 
reference to several branches of engineering, and | scientific research to engineering; (2) that, as in the 
particularly those with which I have been mos | remarkable engineering developments of the last 
closely associated. Further, it seems desirable that | century, the scientific method has been the key to 
the address of a President of a section shall assist | Progress even, so it must be in the future ; and (3) that 
in the primary objects for which the Association | there are many engineering problems of great interest 
exists. Sir William Bragg, in his presidential address | 2nd importance, not only to engineers, but to the 
at Leeds last year, referred to one of the purposes of the | general public, which can only be solved by supple- 
founders of the Association as being “ to obtain a more | menting experience by direct and indirect attack, 
general attention for the objects of science,” and the | using all the aids that mathematical and experimental 
first general secretary of the Association, nearly one | Science can give. It is also desired to suggest that all 
hundred years ago, wrote, “ the primary purpose of its the arguments fora public interest in scientific research 
annual meetings should be the stimulation of interest | apply with particular force to the work of this section. 
in science at the various places of meeting and through) It has been said and with truth that engineering is 
it the provision of funds for carrying on research.” much older than modern science. In Mesopotamia 
A number of early presidents of the Association | 4nd in Egypt, long before the dawn of the Christian era, 
emphasised the place of science in the intelluctual life | itrigation and other works of great magnitude were 
of the people and the beneficent influence of the | carttied out. Two thousand years ago the Romans 
Association in securing a more general attention to Made roads, constructed water works and erected bridge 
the objects of science, and one of them pointed out | that fill us with admiration and wonder. The engineer 
the importance to the community of a body of | to-day has, to guide him, the accumulated experience 
scientific workers “ free alike from the embarrassment | Of many thousands of years, and for a solution to many 
of poverty or the temptations of wealth.” In pressing | Problems with which he is faced he has to fall back 
these claims for public interest in science they had | Upon this accumulated experience and on his initiative 
not in mind the applications of science to the material | # ility. pa ; 
ends which the engineer had in view, and sometimes| For this reason it is sometimes argued that 
surprise has been expressed that an Engineering | ogineering is an art and that it owes little to science. 
Section should find a place in the meetings of the | Recently, an important engineering journal wrote 
Association. Nevertheless, it seems desirable to | The idea that engineering is based upon scientific 
suggest that, as engineering is so closely related to | knowledge is both wrongful and harmful, as it is 
very many activities of modern life, and uses for its | enetally understood. We had bridges before there 
purposes the discoveries of nearly every branch of | ¥@8 @ theory of continuous girders and steam sai. pasa 
science, the aims of the Association are of particular | before there was any theory of thermodynamics. 
importance in relationship to this section. That engineering is an art demanding that creative 
The economic and beneficent importance of the bility and doing associated with art, as distinct from 
work of the engineer is recognised by all—in the knowing in the strict scientific sense, is true, and it 
provision of safe, reliable and efficient means of | is also true that there were bridges and prime movers 
transport, and in the wonderful harbours and docks, | before there was any organised theory of structures 
which make possible the interchange of commodities | 0T thermodynamics, but it does not appear true to say 
between the nations, and incidentally the sharing of that there was any possibility of such bridges as the 
your gracious hospitality by so many of us from| Forth Bridge, the Sydney Harbour Bridge, the Zambesi 
Great Britain; in the utilisation of sources of energy | Bridge, and the Hudson River Bridge of 3,500 ft. span, 
for doing the work of the world ; in the equipment of |2©W in process of construction, before the birth of 
factories and workshops with machines that produce modern science and the scientific method. Neither 
abundantly so that the standard of life is raised ; was there a useful steam engine or other great and 
in supplying to communities pure water and in the ficient prime mover before there came into the 
disposal of sewage without danger to health or to intellectual life of Europe that wonderful renaissance, 
the contamination of rivers and streams; in making 0Ut of which modern experimental science was born. 
it possible to plough the great spaces and gather the | The eastern scholars who came to the west after the 
abundant harvest with little labour ; in the provision of | fall of Constantinople, brought amongst their treasures 
implements wherewith to combat the enemies of the | the works of Ptolemaic philosophers, in which were 
fruit harvest, and in the construction of dams and described experiments with heated air and steam, the 
reservoirs to store the abundant rains for times of | T¢iprocating pump, simple water wheels and many 
drought, so that even the barren places shall be | ingenious mechanical devices. For 1,500 years, Roman 
fruitful and rejoice. and Mediaeval Europe had neglected experiment, 
For these achievements of engineering it is not and from Hero to Galil o little or no progress was 
made in the development of structures, machines and 


difficult to obtain recognition, but it is often over- | ™4 c : 
| prime movers. The revival of the experimental 
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heat of steam, obtained from the epoch-making experi- 
ments of Black and Watt, and the earlier work of 
Torrecelli, Boyle and others on the pressure of the 
atmosphere ; without these prior experiments it seems 
very doubtful indeed whether Watt’s great invention 
of the independent condenser and the air pump would 
have been possible. 


‘“* The invention all admired and each how he 
To be the inventor missed ; so easy it seemed 
Once found, which yet unfound, most would have 
thought 
Impossible.” 


But though all may have admired, it was by rather 
a painful process that Watt was able to gather the 
fruits of his achievement. The experience of the 
pioneer engineer has not infrequently been that of 
the servants of an Eastern Caliph, who repressed too 
great popularity amongst his Generals by ordering 
‘if the enterprise succeed let the booty be equally 
divided among my whole army, if its success be 
doubtful let him lose his head.” 

A little more than sixty years after Watt built 
his first steam engine, Michael Faraday, supplementing 
by his unique genius the experimental work of many 
who preceded him, discovered that a magnet could 
be made to spin round a fixed wire through which a 
current of electricity was flowing and a wire containing 
a current could be made spin round a fixed magnet. 
Without these and other equally fundamental experi- 
ments, the wonderful developments of the generation 
and transmission of power which have taken place 
during the last fifty years, as well as the application 
of electricity to almost every need of the engineer, 
would have been impossible. 

It is true that Carnot and Clausius came after Watt 
to perfect thermodynamic theory, and the modern 
theories of electricity were not known when Siemens 
made his first dynamos, but experimental and mathe- 
matical science had shown the way to engineering 
developments of the greatest significance to the life 
of the world. It has already been noticed that water 
wheels were known and used to raise water 2,000 and 
more years ago, but in the seventeenth century water 
wheels were little different from those described by 
Vitruvius in the first century before Christ, and had 
efficiencies well below 50 per cent. In the latter part 
of the eighteenth century and the beginning of the nine- 
teenth organised experiments on the flow of fluids 
had been carried out; relative velocities, momentum 
and kinetic energy were well understood; and the 
next step was made by Poncelet in 1832, who enuncia- 
ted the guiding principles underlying the design of 
vanes receiving moving fluids, and from that time 
progress has been so remarkable that to-day water 
turbines of more than 70,000 h.p. having efficiencies 
greater than 80 per cent. are being constructed, and 
millions of horse-power are being generated by water 
power. The brilliant achievements in the develop- 
ment of the steam turbine of Sir Charles Parsons and 
others following in his steps are to-day well known. At 
the beginning of the nineteenth century there were 
probably 10,000 engines in England, giving a total 
horse-power of about 200,000. To-day steam turbines 
each capable of developing more than 200,000 horse- 
power have been, or are being, made for stations in 
various parts of the world. It seems very doubtful 


looked that engineering is affecting the intellectual : 
pitas & eo method leading to the wonderful conquests of physics | if this could have been possible except as a consequence 


outlook of peoples, and by its very successes may | 


introduce social and political problems of great and chemistry and in the new attempts to co-ordinate 


significance. The development of the steam engine the results of experience into a body of theory, assisted 
and the invention of certain types of machines during | by the new mathematics, gave to engineering that 
the eighteenth century, changed the industrial life | impetus and assistance necessary for the achievement 


of England, and to-day there are social and political | of the last century. . 
‘Meanwhile, let no man look for much progress in 


problems, particularly those incident to distribution | > , ] ‘ 
and concentration of population, that are left as the sciences especially in the practical part of them— 
a legacy of the rapid changes in manufacturing | UDless natural philosophy be carried on and applied 
conditions and a failure to appreciate at the time the | t© particular sciences and particular SCIETICES be carried 
new influences that were moulding the life of the nation. | back to natural philosphy,” wrote Francis Bacon, in 
During the last century the work of the engineer | 1620 (LX XX Aphorism, Novum Organum). Twenty- 
has surely had a very marked influence upon the | four years after Bacon wrote these words Galileo died, 
relationships between the nations. Great liners now | and in the same year Sir Isaac Newton was born. 
traverse the broad highways of the seas and iron roads | From their joint labours, carried out without any 
cross continents so that distant peoples are brought desire of practical usefulness, came the principles of 

wine _ | mechanics, without which, it is surely not too much 

| eee ee a ee ee to say, much of the progress of the last three centuries 
Presidential Address delivered before Section G of the would have heen impessthle. Belvee Savery and New- 


sritish Association, at Johannesburg, South Africa, on . A 
August 1, 1929. comen produced the first successful steam engine, 











of the work of Poncelet and two centuries of scientific 
experiment. It is fifty years ago this year since the 
first food-carrying ship was fitted with refrigerating 
plant; if experiment and thermodynamic theory had 
not shown the way a commencement would hardly 
have been conceivable, and the developments of 
refrigeration, which are of such importance in the 
food supplies of to-day, would hardly have been 
possible. To many other examples of the direct in- 
debtedness of engineering to science reference might 
be made. The rapid developments of high-tension 
distribution of power have been made possible by 
research in the laboratory. Many attempts had been 
made to utilise the explosive force of gunpowder, 
hydrogen and coal gas for power production before 
the modern four-cycle internal-combustion engine 
was developed, but without success, until it was recog- 
nised from thermodynamical considerations that 
compression is essential before ignition. The principles 
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MODERN GLASS-FORMING MACHINERY. 


(For Description, see opposite Page.) 
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of geometrical and dynamical similarity based upon 
strict mathematical reasoning, have been of the 
greatest service in the developments of ships, aero- 
planes and airships. In 1862, a Committee of the 
British Association reported that models could not be 
used to determine the resistance of ships. William 


Froude, however, disagreed from the Committee and | 


enunciated his well-known principles of similarity. 
He showed how the wave making and frictional 
resistances could be separeted from each other, and 
the total resistance of the ship obtained from experi- 


ments on models. Osborne Reynolds and Raleigh | 


extended the argument to fluids having different 
densities and coefficients of viscosity, and it is thus 
possible from experiments in one medium to anticipate 
the resistance and forces acting upon similar models 
in other fluids. By using Clerk Maxwell's elegant 
principles of reciprocal displacements, the forces and 
moments acting in statically indeterminate structures 
can be determined experimentally from models, which 
cannot be obtained, or only with great difficulty by 
mathematical analysis. Sir David Brewster, one 
of the founders of the British Association, discovered 
more than a century ago that transparent substances 
when subjected to stress acquire double refractive 
properties. Taking advantage of this property 
Professor Coker, using the precise aids of optics and 
mathematics, has from models been able to throw much 


|have been made in engineering during the last. 


light upon the nature and magnitude of the stresses 
|in structures and machine elements. The work of 
| Sorby on the micro-sections of rocks has led to micro- 
| photography of metals, which has been of the greatest 
| assistance to the metallurgist in the development and 
|control of those metals which have played such a 
revolutionary part in modern engineering. Unfortu- 
nately, sufficient use is not made by engineers of this 
powerful aid to uniformity of product. In the work- 


|shops to-day optical methods are used to make true | 
surfaces and unskilled men use the electric arc and ' 


the diffraction grating spectroscope to check rapidly 
the analyses of bars of various alloys, confusion in 
which may lead to disastrous results in engines and 
machines. Accurate pyrometry and uniform distri- 
butions of temperature in heating furnaces are essentials 
of success in many branches of engineering using alloys 
of steel and aluminium, cold-worked metals and many 
other forms of materials. Loss and failure are the 
serious penalties paid for inaccuracy or inability to 
use these aids. The judgment of the craftsman 
and the old “ rule of thumb” methods, which sufficed 
until comparatively modern times, and which, un- 
fortunately, are sometimes practised to-day, are 
unreliable and lead to serious lack of uniformity in 
production, and not infrequently to failure where 
success could have been possible. 

Thus it can be said that the important steps that 


100 years, and that distinguish this century from all 
the preceding, were commenced and made _ possible 
| by fundamental discoveries of science, and it can 
safely be anticipated that no new epoch-making 
developments in the future will be possible unless 
preceded by new fundamental scientific discoveries. 
Sufficient energy can be transmitted across oceans 
| by directed beams to allow of telephonic communi- 
cation. It seems improbable that wireless trans- 
mission will be possible for the large outputs of power 
generating stations, but what the future is to reveal 
cannot be known. In any case the fundamental 
scientific work of Maxwell, Crookes, Hertz and Fleming 
was essential before even a start could be made. 

At present we depend upon the natural forces of 
‘air and water or the energy of controllable chemical 
reactions in boilers, engines and batteries for our 
sources of power. Visions of engineers controlling 
sources of atomic energy immeasurably more powerful 
than those available at present sometimes come to 
the hopeful, inspired by the developments of experi- 
mental and mathematical physics. Rutherford has 
shattered the nucleus of the atom. Dr. Krapitza 
in the Cavendish Laboratory at Cambridge, has 
claimed to have reached temperatures of 1,000,000 
deg. C., and Eddington tells us that in the great 
power houses of the sun and the stars—where the 
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temperatures are, it is estimated, as high as|Morley is a triumph of engineering skill; geology 


40,000,000 deg. C.—the energy of the escaping electrons | owes much to the data supplied by borings and 
of the atoms is the source which for millions of years | underground workings; and the work of many other 
has made, and will make, it possible for the sun and | sections has been facilitated by the work of the 
stars to radiate energy without appreciable fall in | engineer. 
temperature. 

It may be, and until man is more worthy at least | 
it is hoped that it will be, impossible for atomic | 


(To be continued.) 








energy in large quantities to be obtained and controlled. | 
Also it may be equally impossible to obtain energy 
by the synthetic building up of other elements from 
the fundamental element hydrogen, which can be 
obtained in abundance by the electrolysis of sea water, 
but whatever the future has to unfold it seems certain 
that only by following the new ways opened by pure 
science can there be hope of success. Perhaps it may 
be that not along this path that modern physics 
seems to suggest will the new knowledge come; _ but, 
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(Continued from page 92.) 

An improved suction machine of recent design, 
and known as the Redfern machine, is _ illustrated 
in Fig. 12, on page 152. The machine shown 
in this figure was built by Messrs. Metropolitan- 
Vickers Electrical Company, Limited. The Redfern 
machine possesses a number of original and interesting 


as many years ago there came the new and wonderful | features. The example shown in Fig. 12 is the 
discovery of voltaic electricity while Galvani was | 15-arm model, but 12-arm, 10-arm and 6-arm models 
making experiments with frogs, so in the future a | are also made. On the 15-arm machine 10 bottles, 
biologist or chemist or physicist, working on some | differing considerably in weight and shape may be 
subject entirely remote from the production of energy,| made simultaneously, and 15 bottles are made 





may make discoveries which the Watts and Faradays | 
of the future may use to change the life of the world. 


From the point of view then of developments in | and the skill with which the machine has been designed | again. 


engineering, modern communities cannot afford to 
neglect the encouragement of scientific research even | 
in those subjects which at present may seem most | 
remote from its activities. Upon almost every section 
of this association engineering lays tribute, and in 
return engineering has given something at least to 
make possible much of the brilliant work associated 
with other sections. The precision of modern | 
engineering made possible the manufacture and 
control of the great telescope and other instruments 
upon the accuracy of which the possibility of testing 
the attraction, predicted by Einstein, of the light 
rays of the stars by the sun, depends. The latest 
apparatus by which Michelson repeated the classica! 
experiment associated with his name and that of 


at each revolution of the machine. Both large 


and constructed may be judged from the fact that 
when revolving at 6 revolutions per minute, the vibra- 
tion is practically imperceptible. The Redfern suction 
machine, which was designed by Mr. Francis Redfern, 
is capable of a really enormous output; operating on 
pint bottles, which may be made two in one mould, 
120 finished bottles per minute may be produced. 

The main principle of the Redfern machine is the 
same as that of the Owens suction machine described 


in our previous article, the constructional details are, | 


however, different. It is built up from a number of 
independent bottle-making units, one of which is 
illustrated in Fig. 13 on this page. Each blow-head 
is counterweighted, and when the head approaches 
the revolving pot a cam lifts the counterweight so 


Paste Movutp Macutne ; Messrs. MILLER » | 


MAcHINE AND Movutp Works. 


that the head is depressed and the parison mould gathers 
its charge of glass from the pot. The cam then leaves 
the counterweight and so allows the head to lift again 
and clear the edge of the pot as the machine continues 
to revolve. 

The finishing mould tables swing downward in turn, 
|as each head approaches the glass pot, in order that 
the tables may clear the pot. One of the tables in its 
lower position is clearly shown in Fig. 13. The finishing 
mould tables do not, however, run on a roller track, as 
in the Owens machine, but are raised and lowered by 
| a cam track which can be seen in Fig. 13. Connection 
between the cam track roller and the mould tables is 
made through pairs of strong helical springs which 
can be clearly seen in Fig. 12. One of the pairs of 
springs can also be seen in Fig. 13, but has the appear- 
ance of a single spring as the two springs lie side by side. 
The weight of the mould table is sufficient to allow it 
to fall by gravity as the appropriate depression in the 
cam comes opposite the table, and the helical springs 
have no action in pulling the table downward. They 
act normally merely as connecting rods. The purpose 
in making these rods in the form of springs is to give a 
flexible link in the case of any obstruction arising as 








|and small ware can be made on the one machine, | the mould tables swing upward to meet the blow-heads 
Pp 


In the event of such an obstruction, the springs 
|compress and prevent the breakage of any part. 
| Although, as we have said, the mould tables descend 
| under their own weight, an additional positive drive is 
| provided to eliminate the possibility of the tables 
| sticking and failing to descend, so fouling the glass 
| pot. This positive drive is furnished by a second 
| horizontal cam plate arranged above the main cam 
| plate, as shown in Fig. 13. This cam acts on the mould 
| tables through a roller and a circular rack mechanism 
which will be clear from Fig. 13. 

The valve which admits the compressed air for blowing 
up the parison into a finished bottle is controlled 
by a cam, which operates on any one of ten cam plates. 
These plates are arranged in a tier one above another, 
and of the ten blow-heads of a ten-arm machine each 
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may be arranged to operate from a different cam ; simi- | 
larly, in a fifteen-arm machine, ten arms may operate 
on different cams. Each cam gives a different blowing- 
up effect so that ten forms of bottle, differing both in 
size and weight, may be made simultaneously on one 
machine. This feature greatly extends the usefulness 
of the machine for general work. In operation, the 
machine rotates continuously, being driven by an 11-b.p. 
motor. A motor is also fitted to enable the whole 
machine to be lifted to adjust its position relative to 
the glass pot, while the position of each unit of the 
machine may be adjusted independently by means of 
the handwheels which can be seen in Fig. 12. Rotating 
parts of the machine run on Timkin roller bearings 
and spring links, in addition to those already described, 
are introduced to prevent fracture of parts in the event 
of external articles getting between moving parts, or 
other untoward occurrences. A complete — bottle- 
making unit may be removed from the machine and a 
new one inserted in place in 25 min. Finally, it may 
be said that the machine is entirely British both in 
design and construction. 

Although all the above flow and suction machines 
which have been considered, make good quality ware, 
yet the material they produce is not suitable for 
some special purposes, such as making high-class table 
ware, &c., and for this purpose special machines are 
used, termed paste-mould machines. The ordinary 
mould is lined on the inside with a thin layer of a 
graphite composition, and while the article is being 
blown up in the mould, it is continuously rotated ; | 
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1 very smooth surface is thus given to the article, 
and all imperfections such as marks caused by the 
joint line of the halves of the mould, are prevented. 


all kinds of paste-mould gas globes and lamp chimneys 
is shown in Fig. 14, on page 153. The machine is 
made by the Miller Machine and Mould Works, of 
Columbus, Ohio, U.S.A., and is semi-automatic in 
operation. It consists of five two-part moulds, which 
are carried on hinged carriers, and dip into water in the 
tub at each revolution. This keeps the moulds cool, 
and so prevents the paste burning away. The blow 
pipes are rotated by means of a driving gear and pinions. 





[AUG. 2, 1929. 


MACHINERY. 


Engineer ing: 


PastE-MouLp MacHINE PropucinG ELectric Butss; Messrs. THe WESTLAKE MACHINE CoMPANY. 


mould. The machine is driven by a 3-h.p. electric 
motor. A variable speed starting box is fitted to the 


| motor, so that the machine may be run at a speed to 
A 5-mould paste-mould blowing machine for making | 


The workers required to operate the machine are two | 


gatherers, one man for feeding, and one take-out (or 


crack-off) boy. This machine is intermediate be- | 
lof arms, so that there are altogether 24 arms. At 


tween the fully automatic machines previously con- 


sidered, and hand-working pure and simple. The} 


gatherers give the glass the preliminary puff, after 
which it is handed over to the feeder who swings it 
out and puffs it until it has the proper shape to go 
into the mould. It is then set into the machine on 
the blowpipe, the mould closes automatically over the 
glass and a clutch engages the pipe at the upper end 
which rotates the glass in the mould, and also puts 


on the air for blowing. The speed of the machine is | 


limited by the operators ; with the four operators 
mentioned above, lamp chimneys can be made at from 
30 to 40 dozen per hour. Gas globes may be made 
double, as shown in the illustration of the machine, 
tumblers and lamp chimneys are blown in a single 


| 


suit the operators. 

The furthest pitch of development of the paste-mould 
machine is embodied in the Westlake machine made 
by the Westlake Machine Company, and illustrated in 
Fig. 15,0n this page. This machine has been designed 
primarily for making electric lamp bulbs, but a recent 
development has been in the direction of using the 
machine for producing high-class tumblers and such- 
like articles. The glass is melted in pots or in a 
tank furnace, and is usually ladled out into another 
working pot, at which the machine works. The 
machine is somewhat similar to the suction bottle- 
machine. It mounts 12 units, each comprising a pair 


the end of each arm is a ball mould and cup mould, 
with an opening in the under side. Each mould is 
divided into three parts, the top half of the mould is 
in one piece and the lower half in two pieces, the 
lower pieces being linked to the top half by means 
of hinges. The arms work in pairs, and as they are 
passed over the surface of the glass by rotation of 
the machine, they move out, so that the ball moulds 
rest on the surface of the glass, which is sucked into 
the mould, as on the suction bottle-machine. 
cut-off knife severs the glass, and the arms are then 
withdrawn. The mould, after withdrawal, registers 
with the two blowing irons, which are in a vertical 
position. Each blowing iron has a small cup near the 
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top, made in two pieces and hinged to the blowing 
iron. The parison of the machine is dropped on to 
the open cup on the blowing iron, which then closes 
and grips a small portion. The blowing arms then 
swing over, and the glass commences to elongate, 
and at the same time a small quantity of air is 
admitted into the interior and expands it a trifle. 
The blowing arms then swing in a manner imitative 
of the swinging adopted in ordinary hand working. 
The blowing irons are next brought into the vertical 
position, the bulb mould being in the open position. 
This mould then closes round the slowly revolving glass, 
and the air is admitted to blow up the bulb. After the 
blowing, the moulds open, and the moulds are dipped 
into a trough of water to prevent the paste lining 
burning. The output of a Westlake machine is 60,000 
per day for small bulbs, and 40,000 for large bulbs. 
The machine illustrated in Fig. 15 is in the works of 
Messrs. The British Thomson-Houston Company, 
Limited, of Rugby. 


(To be continued.) 








| nothing in the shape of buildings to prevent the com- 
| pletion of this very necessary road, if and when finances 
| are available. 

| It is worthy of attention that there are distinct signs 
| of a centrifugal movement or flow of life out of the big 
| towns. This change has necessitated large expenditure 
upon rural housing under more free and open con- 
ditions than exist in the built-up areas. While it is 
early yet to generalise, there can be no doubt that 
this trend has been aided and accelerated by the pene- 
tration of motor-bus services into the most remote 
corners of the country, and by the ever-increasing 
popularity of that distinctively British production, the 
relatively cheap, convenient and mobile small motor- 
car, with a horse-power ranging from 7-h.p. up to 
12-h.p. 

The following figures (Table I) will explain and illus- 

trate this tendency. 





Taste I.—Motor Vehicles Taxation. Private Cars Taxed 


on Horse Power. 


| 








Fig.15. PRESTON -8LACKPOOL ROAD. 
24 HOURS TRAFFIC CENSUS. 

1928. 

NOON 








MIDNIGHT 
FRIDAY - SATURDAY 3ISAUGUST — 137 SEPTEMBER. 
HOURLY AVERAGE : 1,207 TONS. 
HIGHEST HOURLY RATE: 2,978 TONS. 
LOWEST HOURLY RATE : 7 TONS. 
TOTAL TRAFFIC : 28,984 TONS. 
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The problem of the growth of road traffic, its regula- 
tion and control, is a matter which is receiving careful 
attention. A Royal Commission has been set up to 
investigate all the factors bearing upon road traffic, 
and it is certain that in the early future much interest- 
ing and necessary legislation will be enacted. 

There is a strong movement in the direction of co- 
ordination of transport facilities and interests within 
well-defined areas or groups of big towns, with the 
object of increasing their efficiency, meeting the public 
requirements, and preventing the waste of needless 
competition and the overlapping, which too frequently 
exists. Within a traffic pool, there is every reason to 
hope that railways, tramways, motor-omnibuses, and, 
as in the case of London, electric rapid transit lines, 
may be merged and grouped in a common effort to 
meet the service of the public. 

In Great Britain, there are 40,177 miles of classified 
roads, which carried, in 1928, approximately 2,000,000 
licensed motor vehicles. This gives a rough average of 
00 vehicles per mile. Having regard to the congestion 
which such a volume must inevitably create in relation 
to the intensity of this country’s growth, traffic control 
has become a matter of great difficulty. Many roads in 
the provinces are sustaining a traffic density of 30,000 
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RECENT CHANGES AFFECTING Same a 
BRITISH HIGHWAYS.* | 1921 250,000 16-8 
By Smr Henry P. Maysury, G.B.E., K.C.M.G., C.B., | 1922 | 314,769 15-5 
M.Inst.C.E. | 1924 | Wet | 
(Concluded from page 123.) Be rs rr 
| 1927 786,610 12-9 


AN important measure was introduced into Parlia- 
ment during last Session. 
‘““ Derating Bill,’ a Local Government measure, con- 
tained, inter alia, 
the administration of roads. 


This Bill, known as the | 


important provisions affecting | 
At the present time | 





TABLE II.—ComparaTIvE ANNUAL TAXATION OF MotToR VEHICLES IN VARIOUS COUNTRIES. 


tons per day. The diagram in Fig. 15 shows the result 
of a recent 24-hour traffic census taken on the Preston- 

















| | 

there exist 2,020 local authorities throughout Great be tir — a | PM cihe — — —— 
Britain, charged with the duty of maintaining roads. Country. Motor-cars Private | Motor Vehicles |  Motor-lorry | Buses Motorbus. 
These include the county councils, county borough | Licensed. Motor-car. | Licensed. | Licensed. 
councils, and borough, urban and rural district councils.| — = eae wa Se ey ee eee = 
Such a condition, the heritage of the centuries, was | ‘ | ¢ ¢ 
inefficient in relation to a national road service, and | United Kingdom 801,857 31-3 402,218 104-0 30,000 122-0 
this Bill dispossessed, for highway purposes, the smaller | France ae =H 671,059 6-7 | pen end <7 — pe 
Se: : shikty | Germany sel 261,142 41°1 23,567 39° 000 2-7 
district councils, and placed the responsibility upon la “7 119214 7-8 34,105 11-0 | 3,300 8°6 
the shoulders of the county councils, over whose | Belgium : 70,000 6-9 40,000 16-0 | 1,000 16:9 
administrative area the charges will be spread. County | California 1,479,411 2-7 213,784 19-3 | 4,826 | 44 per cent. 
b i i i yay ‘horities | | of receipts. 
borough councils continue to be highway authorities | New York 1,026,585 ‘a | 313,383 9-2 4,565 | te? 
in their own areas. ; : [Ohio .... 1,374,402 2-9 196,332 33-9 5,124 59°7 

The density of development is a factor which at Pennsylvania .. 1,354,548 4:8 | 200,367 32-9 3,995 31°3 





times causes acute embarrassment and prevents the | 
free and systematic expansion of the road system. | 
In addition to special powers which have been granted| The taxation of road vehicles is based upon a 
to facilitate road widening and prevent building on} nominal horse-power determined by the bore of the 
existing road frontages in a manner which would | cylinders, but where this method is obviously inapplic- 
restrain their use, the principles of town and regional | able, as in the case of the electric battery vehicle, steam 
planning are now being freely applied, so that essential | ploughing engine, etc., a different system of rating has 
future roads can be planned on paper, and the land | been adopted. More recently an additional impost has 
sterilised against building, in readiness for the time | been placed upon road transport in the form of a duty 
when such roads become necessary. | per gallon on petrol spirit. It may therefore be of 

Fig. 14 shows a scheme that has been adopted for | interest to record and compare the average taxation, 
an outer orbital road round London, some sections | upon vehicles of certain types in Great Britain, with 
of which have already been constructed. The land | that obtaining in other motor-using countries. In 
for the remaining parts is secured so that there will be | Table II, the types chosen are a 20-h.p. private motor- 
car, a 4-ton commercial lorry, and a 32-seater motor 





Blackpool road, and Figs. 16 to 18, page 156, indicate 
the seasonal variation of traffic on the same road. While 
it is not surprising that accidents take so large a toll, 
it is felt at Home, as in other countries, that a vast 
number of these are preventable by the exercise of 
ordinary road courtesy and care, on the part of both 
driver and pedestrian, and an increased sense of per- 
sonal responsibility. 

There remains much yet to be accomplished, in the 
direction of the regulation and control of motor traffic, 
and it is apparent that the next few years will be 
important in the opportunity they afford to guide and 
direct this social and economic element, which can so 
profoundly aid and advance human comfort and 





* Paper read before Section G of the British Associa- | omnibus, and the rates of taxation have been obtained 
tion at Cape Town, on July 24, 1929. | by conversion to sterling at the current rate of exchange. 


national prosperity. 
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gulation and skill is exemplified by Figs. 19 and 22, | 
showing Hyde Park Corner in London, as it was before | TEMPERATURES. 
the new circulating system was adopted, and as it is| SrncEe 1927, a series of researches has been in progress 
at present. At this point probably the traffic is the | at the National Physical Laboratory for a committee 
densest in the world, and now, by the circulating | of the Department of Scientific and Industrial Research, 
system, it travels smoothly and expeditiously. | appointed at the request of the Engineer-Surveyor-in- 
Highways throughout the world have attained a|Chief to the Board of Trade, to investigate the 
public importance in the last quarter of a century | behaviour of materials at high temperatures. Its 
quite phenomenal, and entirely unexpected. The | attention was directed primarily to boiler and super- 
internal-combustion engine applied to road transport | heater tubes and to superheater and steam drums, and 
has brought this means of travel into the very forefront | in 1927 (see ENGINEERING, vol. cxxiv, page 181), we 
of transport agencies, and there is no doubt that for | gave an account of tensile and creep tests made on 0-17 
distances up to, say, fifty miles, the motor-car or | per cent. carbon steel at temperatures up to 500 deg. C. 
the motor-lorry can compete economically with the | carried out in connection with these investigations. 
railway. A report has now been published containing similar 
In Great Britain, the motor-car industry has become , observations up to about 650 deg. C.* 
one of the most progressive and successful in the) The main observations were made on bars of 
country, providing a large amount of well-paid employ- | 0-17 per cent. carbon steel normalised, but how made 
ment, and assisting in the solution of the housing | is not stated, and of 0-10 per cent. carbon steel, cold 
problem by making it possible for workers to live | drawn with intermediate anneals followed by a final | 
further and further away from their places of employ- | anneal for six hours at 650 deg. Bar steel was | 
ment, whilst at the seme time giving them facilities chosen, instead of pieces of the tubes and drum, in 
for speedy and comfortable travel. order to be able to use test pieces of usual dimensions 
The highway engineer, and those responsible for and form, and the composition of these bars was 
transport vehicles upon the highway, should continually | thought to be sufficiently close to those of the tubes. 
address themselves to the endeavour to secure the | Two of the tubes were of 0-15 per cent. and 0-10 per 
highest standard of efficiency for both permanent way | Cent. carbon steel respectively, and are said to have 
and vehicle, so that the all too frequent accidents now been probably cold drawn and annealed during manu- 
occurring may be reduced. facture. The third was of 0-14 per cent. carbon 
It is well, when either constructing a new road, or | steel, apparently normalised, but it is not stated how 
improving an existing one, t> think in terms of 10 ft. as it was made. The sufficiency with which the bar 
the unit width. In purely rural districts this would steels represented the material under investigation 
mean a metalled carriage way of 20 ft., enlarged as a big | wat inferred from preliminary —— tensile tests 
centre of population is approached, to 30 ft. and |) e at air temperature, on the materials and the 
subsequently 40 ft. Provision should be made where- | “sn As a matter of fact, Ng Pg seemed to 
ever possible for green verges, say, 10 ft. wide, on each | show that the bar steels — — y, but not bis. 
side of the metalled carriageway, under which all | Closely ae seer smcane of the Sabes, on impresmon 
cables, pipes, and public utility services could be laid, |“ hich was confirmed by a series of microscopic sections 
together with sewers, surface water drains, &c., and | taken both longitudinally and transvorsely. : 
upon which the Postmaster General could erect his In the observations on the bars, short-time tensile 
poles and wires. At the extreme outside of the verges, tests were first made to determine the stress at the 
provision should be made for pedestrians, thus, in the | | RT : 
first case, making it unnecessary to interfere with the | |, D nag of ——_ — a 
finished carriageway, and in the second, making it | cate af tints ae High Pn atc ” ‘ The 
inviting for the pedestrian to walk upon the portion | Strength at Elevated Temperatures of Low Carbon Steels | 
set apart and made available for his use, in this way | for Boiler Construction. H.M. Stationery Office. [Price 
ensuring his safety. | ls. 9d. net.] | 
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limit of proportionality, the ultimate stress, the 
elongation and the reduction of area at fracture at 
various temperatures from 500 deg. C. and upwards, 
the loads being applied in the ordinary way during 
a period of about 15 minutes. For some reason the 
temperatures chosen above 500 deg. C. were not 
the same for the two bars. Other preliminary tests 
were made to ascertain the effect of protective coatings 
of aluminium, applied by a calorising method in a 
somewhat uneven thickness of a few thousandths of 
an inch, and of nickel deposited and machined off to 
a thickness of about 0-01 in. It was found that 
neither coating appeared to exert a material effect 
on the rate of creep, and that the nickel afforded 
very good protection against oxidation throughout 
the greater part of the tests; this was therefore used 
in all tests at the lower stresses. Some incidental 
observations on unprotected pieces, seemed to show 
that the amount of oxidation increased rapidly above 
570 deg. C., and at 647 deg. C. was excessive. 

The limiting creep stresses of the bar steels in 
question were determined on test pieces 0-35 in. 
diameter and 2-in. gauge length. To each of these 
pieces, three test stresses were applied, each at four 
different temperatures, and the test was continued 
until either the specimen broke or, if this appeared 
likely to take too long, until the general form of the 
extension-time curve had been obtained. These 
curves, in which the strain (extension in inches per 
inch of gauge length) was plotted against the duration 
of the test, took two typical forms, examples of which 
are given in Figs. 1 and 2. In the former of these, the 
initial rate of extension fell off rapidly to a fairly steady 
rate of creep, which persisted until finally the extension 
rose sharply, and led rapidly to fracture. The rates 
during the periods of steady creep were used for com- 
paring the results obtained at different temperatures 
under any one stress. In the latter type of curve 
no point of inflection is found, and for each stress 
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the initial or minimum rates of creep per day were 
therefore measured and, both directly and logarithmi- 
cally, they were plotted against the temperature of the 
test. By interpolation from the curve of logarithms 
of the minimum rates of creep per day against tem- 
peratures, the curves in Figs. 3 and 4 have been plotted. 
These show the stresses corresponding to various mini- 
mum rates of creep per day, as well as the results obtained 
by short-time tests for ultimate stresses, and indicate 
also at two points the stress at the limit of propor- 
tionality. 

On the basis of these results, temperatures have 
been estimated for each stress at which the strain 
would remain constant or increase at a very small 
rate. For the 0-17 per cent. carbon steel, normalised, 
these limits were put at 515, 545 and 615 deg. C. 
for stresses of 3-58, 2-5 and 1-0 tons per square inch, 
respectively, and for the 0-10 per cent. carbon steel 
cold-rolled and annealed, temperatures of 500, 525 
and 570 deg. C., for stresses of 3-5, 2:4 and 1-0 tons 
per square inch. These results, however, may have 
to be modified in the light of further experiments to 
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as the cross-section was decreased, either through 
stress or oxidation. This effect appears in curves 
of the type shown in Fig. 2, while in those of Fig. 1 
the decrease in the rate of strain results from strain 
hardening, which appears to occur when stress is 
applied in excess of the initial limits of proportionality. 
If, on this view, the limiting creep stress is greater 
than the initial limit of proportionality, it may 
produce strain hardening to an extent that is not 
to be counteracted by temperature softening. It is 
thought accordingly that the difference in the shape 
of the strain-duration curve for the two steels may 
be ascribed to the fact that in one the limiting creep 
stress is somewhat less than the initial limit of propor- 
tionality, and in the other is equal to it. The extent 
to which this initial limit is determined correctly 
by a short-time test is affected by similar considerations. 
As will be seen by Figs. 3 and 4, the stresses at the 
initial limits of proportionality at 500 deg. C. are 
high in both steels as compared with the other values 
obtained in the creep tests, and it is considered 
probable that up to that temperature they are deter- 
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be made. At certain temperatures, for instance,| mined correctly by a short-time test. Above some 


some evidence of inter-crystalline cracking appeared, 
due doubtless to the effect of recrystallisation at 
the temperatures in question, and further tests will 
be required to ascertain whether and under what 
circumstances this method of failure, of which these 
estimates of limiting temperatures do not take 
account, is liable to occur. The difference, again, 
in the relation, seen in the logarithmic curves for the 
0-17 per cent. and the 0-10 per cent. carbon steel, 
between the minimum rates of strain and the tem- 
peratures, has been thought to be due possibly to 
residual effects of cold work in the milder steel, which 
had not been removed by the final annealing. No 
reason is given for having introduced the difference 
in the treatment of the steels, but tests are to be 
made to clear up its effects. In the meantime some 
observations of interest have been made as to the 
possible mechanism by which the variations in rates 
of strain have been produced. The two types of 
curve shown in Figs. 3 and 4 are not distinguished 
from each other sharply, but pass from one to another 
by a gradual transition. At the temperatures in 
question there appear to be the opposing possibilities 
of hardening through strain and of softening through 
temperature. Where the temperature is such that 
no strain hardening occurs, as, for instance, was 
found at a temperature of 647 deg. C. and a stress 
of 1 ton per square inch, any initial creep would 
be followed by continuous creep and result ultimately 
‘n fracture, the epoch of which would be the earlier 








| value between 500 deg. and 600 deg. C., however, 


creep occurs at stresses below the limit of propor- 


| tionality, producing some strain hardening, but during | 


the first few days is so slow as to be quite inappreciable 
on an extensometer test for the period over which a 
short-time test lasts. Incidentally it was observed 
that while strain hardening was occurring, the 
elongation of the test piece during a certain period 


yielding at one point caused local hardening, and the 
point of yielding was transferred elsewhere, till 
finally rapid local contraction and further hardening 
set in at the weakest spot, and failure occurred. Where, 
on the other hand, strain-duration curves showed 
little or no strain hardening, the elongation started 
both locally at the weakest spot and also at a decreasing 
rate towards the ends of the test piece. 

Tests of the superheater drum and steam drum 
were made on somewhat similar lines. Short-time 
tensile tests were carried out at 400, 470 and 530 deg. C. 
on test pieces of 0-25 in. diameter for the superheater 
drum and 0-30 in. for the steam drum, giving ultimate 
stresses varying from 26 tons to 16-4 tons per square 
inch at the respective temperatures, extension on 
2 in. of 24 per cent. to 43 per cent., limit of propor- 
tionality of 6-3 tons to 4-0 tons per square inch, 
and reduction of area of 54 per cent. to 76 per cent. 
For the creep test the test pieces were 0-25 in. 
diameter on a parallel length of 24 in. machined from 
the samples in the direction of their length. In the 


| Limited, Octavius-street, 
| have sent us a catalogue of blowpipes for welding 
| cutting, lead burning, and brazing. Six patterns for 
| welding, with four special heads, are dealt with, and as 
: |many for cutting, with an extra range for cutting 
was practically general throughout its length. A slight | machines. 
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first series the tests were applied at 400 deg. C. under 
four different’ stresses, so as to determine as far as 
possible the steady rates of creep at each stress. 
These stresses varied from 20 tons to 14 tons per 
square inch, and the results treated similarly..to those 
of the bars showed that at 400 deg. C. the limiting 
creep strength was from 13} tons to 13 tons per square 
inch. It appears, however, that the rates of creep 
which finally were assumed to be steady were still 
decreasing slightly. In a separate series of tests, 
the stresses were. kept constant at 7 tons and 4, tons 
per square inch respectively, while the temperatures 
were varied between 470 deg.’ and 550 deg. C. for 
stresses of 7 tons per square inch, and from 537 deg. 
to 590 deg. C. for stresses of 4 tons per square inch. 
The results treated in curves similarly to those of 
the bar steels, indicated limiting temperatures of 
about 470 deg. to 475 deg. C. for a stress of 7 tons 
per square inch, and 530 deg. C. for 4 tons per square 
inch. These tests were continued for as much as six 
months, at the end of which the specimens were still 
stretching very slightly. 

Observations were made, after a test at 470 deg. C. 
had proceeded for 34 days, the load being removed 
and reimposed by steps of 0-005 tons, and exten- 
sions read by means of a mirror extensometer attached 
to the test piece. The results showed that at this 
temperature stress was proportional to strain up to 
7 tons per square inch. A similar result had been 
obtained in observations made previously on Armco 
iron, showing that for each material, when creep 
ceased, the material became elastic up to the stress 
applied in the creep test. 








CATALOGUES. 


General Engineering.—Messrs. Hugo Junkers Company, 
Berlin, have issued a pamphlet of 100 pages, illustrating 
and describing their various products, including stationary 
engines, forgings, &c., and aeroplanes. The text is in 

rman, and the price 6 marks. 


Milling Cutters.—We have received a copy of a new 
catalogue of milling cutters and reamers issued by the 
Birmingham Tool and Gauge Company, Limited, Grove- 
street, Winson-green, Birmingham. The tools are of 
high-speed steel, and include all the usual forms, as well 
as hobs, 

Rotoscope.—Messrs. A, J. Ashdown, Limited, 119, 
Victoria-street, London, 8.W.1, have issued a fourth 
edition of their pamphlet dealing with the application 
of the Rotoscope instrument, made by the firm. The 
text contains a discussion of the difficulties of obtaining 


a slow-motion view of a rapidly-moving body. It is 
marked price ls, 6d 
Thermometers.—The Budenberg Gauge Company, 


Limited, Broadheath, near Manchester, have issued a 
catalogue of thermometers of the dial and stem types, 
with recording apparatus when required, for tempera- 
tures up to 1,000 deg. Fahr. Special instruments are 
shown for locomotive superheaters, hot rolls, boiler 
flues, &c., and prices are stated. 


Lathe Chucks.—Messrs. F. Pratt and Company, 
Limited, Victoria-street-east, Halifax, have sent us a new 
issue of their catalogue of lathe chucks, with dimensions, 
| prices, and notes of practical information. The catalogue 
is divided into sections dealing with chucks of the inde- 

pendent four-jaw, three-jaw, face-plate jaws, geared- 
scroll, combination, heavy scroll, two-jaw types. 


Small Marine Oil Engines.—Messrs. Petters, Limited, 
Yeovil, have issued a new catalogue of marine oil engines, 
developing from 5 h.p. to 36 h.p. They are of the 
two-stroke cycle type, running on crude or residual oils 
or refined petroleum. The catalogue contains useful 
notes on propelling equipment suitable for small boats, 
and the installation of engines. Specifications are given 
separately for each size of engine. 

Cc. S. Milne and Company, 
Deptford, London, S8.E.8, 





_Blowpipes.—Messrs. 


Various attachments and accessories are 
shown, as well as rods and fluxes for different metals. 
Prices and illustrations are given throughout. 


Lifting. Appliances.—To celebrate the 60th year of 
their existence, Messrs. Holt and Willetts, Cradley 
Heath, have issued a catalogue giving illustrations and 
brief particulars of their lifting appliances, which include 
many types of electric, steam and hand-driven hoists, 
for both passenger and goods lifts, overhead cranes up 
to 100 tons, various forge, foundry, and workshop types 
of jib crane, many portable cranes, capstans, and winches, 
a full range of hoisting blocks, and their slings for lifting 
locomotives, 

Aluminium Bronze.—A handbook on aluminium bronze 
has been added to the very useful series issued by Messrs. 
The British Aluminium Company, Limited, Adelaide 
House, King William-street, London, E.C.4. It is divided 
into sections dealing with foundry technique, the influence 
of other metals, heat treatment, die casting, and wrought 
alloys, while tables of properties and general data, alloy 
specifications and a list of relevant technical works are 
also given. Many engineers will find in this small book a 
good deal that is new and also a clear rendering of much 
information that has hitherto been rather vague. 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 





= each case ; where none is mentioned, the Specification is not 


Where inventions are communicated from abroad, the Names, £c., | 
of the communicators are given in italics. 

Copies o —S—- may be obtained at the Patent Office Sales 

h, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the | 
Patent has been sealed, when the word “‘ Sealed"’ is —— 

——— may, at any time within two months from date of 

e advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a | 
Patent on any of the grounds mentioned in the Acts. | 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


307,771. F. B. Halford, London. Valve Gear. | 
(2 Figs.) December 13, 1927.—The invention relates to | 
valve gear for internal combustion engines of the air- | 
cooled type, having overhead valves operated through | 
rockers acted upon by push rods. Each valve D is acted | 
upon by one end of a rocker E, pivoted at E!, and engaged | 
at its other end by a push rod G, acted upon at its lower 











endbyatappet Gl. The latter is worked directly or through 
a rocker ii. by a cam H on a camshaft H® arranged 
— to the engine crankshaft and driven therefrom 

y gearing. The pivot E! of each valve rocker is carried 
at its ends by a support formed as a casing J of sub- 
stantially L-section, one limb of the L being arranged 
vertically to enclose the upper end of the valve stem, 
while the other limb is arranged horizontally to enclose 
the valve rocker E. (Sealed.) 


307,574. G. Dexter, Carmunnock. Valve Mech- 
anism. (4 Figs.) January 7, 1928.—The invention has 
relation to overhead valve mechanism for internal-com- 


MINING, METALLURGY, &c. 


308,637. T. Hill, Landore, Swansea, and British 
Copper Manufacturers, Limited, Landore, Swan- 
sea. Metal Melting Furnaces. (3 Figs.) December 23, 
1927.—The invention relates to tilting furnaces for the 
melting of metals. According to the invention, the 
furnace body 1, is charged from the top, has a pouring 
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hole at the side and is mounted upon trunnions 2, so that 
its molten contents can be poured out through the 
pouring hole, by tilting the furnace body upon its trun- 
nions. A fume collecting casing 5, is superposed over the 
top of the furnace. The casing 5 has a charging door 6, 
and is connected to a suction conduit 11, in which isa 
swivel joint 10, located on the tilting axis of the furnace. 
(Sealed.) 

MOTOR ROAD VEHICLES. 


308,412. C. H. Fowler, Hunslet, Leeds, and H. 
Walker, Hunslet, Leeds. Endless Track Vehicles. 
February 2, 1928.—The invention relates to endless 
tracks for vehicles. The series of shoes 1, forming the 
endless track, are connected together through the 
medium of pins 2, passed through lugs 3, provided at 
the front and rear ends of each shoe 1, and such shoes 
are provided with front and rear stops or abutments 4, 








bustion engines. The valve casing has a port 13, in 
communication with the engine cylinder and an inlet 14, 
and an outlet 15, for the gaseous explosive mixture and 
the products of combustion, respectively. The valve 20 
is of bipartite construction, the parts being independently 








mounted on and in driving engagement with a valve 
shaft 17, A distance piece 21, of bipartite construction, is 
disposed at each end of the valve with its parts inde- 
pendently mounted on, and in driving engagement with, 
the shaft, and also in engagement with the valve. The 
distance pieces are of cam formation and springs 27, 
28, co-operate with the distance pieces and through 
them act on and force a part of the valve towards the 
port 13, when the valve is subjected to pressure from 
within the cylinder. (Sealed.) 


| 





| which serve to restrict the relative movement between 
| adjacent shoes 1 to a predetermined amount and take | 
| the load coming on the track. The stops or abutments 4, | 
| take the form of lugs formed integral with the shoes 1, | 
| the forward lug of any particular shoe being adapted | 
| to act with the rear lug of the adjacent or pre- | 
| ceding shoe of the series, so as to prevent the track | 
| taking up a position other than a predetermined one. 
| (Sealed.) 
STEAM ENGINES, BOILERS, &c. 


| 307,206. J.Mitchall, Putney, London, and Meboe, 
| Limited, Westminster. (Fig. 14.) February 29, 
| 1928.—The invention relates to a piston for fluid- 
operated engines and is of the type comprising two piston 
members having one or more packing rings, split or 
divided on a plane transverse or diagonal to the circum- 
ference of the ring. According to the invention, radial 
movement of the packing ring towards the wall of the 
cylinder is entirely prevented, whilst movement of the 

cking ring away from the wall of the cylinder is 
entirely prevented on one part of the periphery of the 
packing ring, but is allowed to take place on the other 


| 





part of the periphery. The piston comprises piston 
members a and 6, between which is interposed the ring c 
split transversely, as shown in Fig. 2 atd. To prevent 
radial movement of the ring c towards the walls of 
the cylinder, it is provided with circular projections 
which engage with corresponding recesses in the parts of 
the piston a and b, respectively. The ring c has its inner 
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periphery eccentric to its outer periphery, so that the 
ring and its ribs are thicker on one side of the ring than 
on the other. The thick parts of the ribs are made an 
exact fit in the recess, so that on one part of the 
periphery of the ring c, movement towards and away 


| from the wall of the cylinder is prevented, but movement 


away from the wall of the cylinder is allowed to take 
place on the other part of the periphery. (Sealed.) 


307,782. G. H. Cook, Woking. Stuffing-box 
Packing. (1 Fig.) December 13, 1927.—The invention 
relates to metallic packing of the kind made of a metal 
or alloy that has a relatively low melting-point and is 
sub-divided and incorporated with solid lubricant for 
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the purpose of the formation of the body of the packing 
which is sheathed in a suitable covering. According to 
the invention, the metal or alloy is provided in the form 
of wire a, which is twisted, and the solid lubricant d is 
incorporated between the parts of the metal wire. 
(Sealed. ) 


SSS 





MISCELLANEOUS. 

308,873. Boulton & Paul, Limited, Norwich, and 
J. D. North, Norwich. Connections. (9 Figs.) 
February 25, 1928.—The invention relates to means for 
attaching metal tubes to each other and to other con- 
nections. According to the invention, the means for 
attaching thin metal tubes to each other and to other 
parts consists of a sleeve A adapted to make a good fit 
with the exterior of the tube connected, thesleeve A having 
flat exterior faces A! arranged opposite each other in 
pairs, the individual faces of each pair being parallel. 
The ends of the sleeves are tapered in order to avoid 
sudden changes of section and the consequent concentra- 
tion of stress. Figs. 3, 4 and 5 show a sleeve A attached 





to a tube B having other tubes C, D, secured thereto at 
right angles. The tubes C and D are provided, respec- 
tively, with pairs of lugs Cl and D! secured by bolts to 
lugs C2 and D? having extending therefrom bolts C 
and D3. Bushes A5 are fitted to the sleeve A, passing 
through the faces Al and through the wall of the tube B. 
The purpose of these bushes A5 is to reduce the shear 
and bearing stresses on the relatively soft metal, of which 
the sleeves A are composed. The bolts C5 and D® are 
passed through the bushes A5, transversely through the 
sleeves A and tube B, the lugs C2 and D? being drawn 
up tightly and bearing upon the faces A! of the sleeve. 
by means of the nuts C4 and D4 in compression contact. 
(Sealed.) 
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PORT IMPROVEMENTS AT BREMER- ‘width of 98 ft., with 35 ft. of water over sill at 


H.W.O.S.T. ; Kaiserdock IT has a length of 880 ft. 
B sane AND BREMEN. | and an entrance width of 130 ft., with 38 ft. 
y Brysson Cunnincuam, D.Sc., M-Inst.C.E. | water over sill at H.W.O.S.T. In addition to these 
SITUATED at the mouth of the Weser at a distance | there are three small shipyard docks on the river 
of about 40 miles from Bremen, the port of Bremer- | Geeste and a small dry dock in the Neuerhafen. 
haven stands very much in the same relation to| The outstanding feature of Bremerhaven is its 
Bremen as Tilbury to London. Bremen is the mother | association with the Norddeutscher Lloyd Line as 
port and headquarters of the great Norddeutscher| the point of departure and arrival of their fleet 
Lloyd Line which has developed a remarkable | of steamers, which includes the Bremen of 46,000 
passenger traffic between Germany and the United | tons, and will shortly include her sister ship the 
States, but Bremerhaven is the point of embar-| Europa. Passengers now land and. embark at 
cation and disembarcation, as it is also the place of the newly constructed Columbus Quay on the 
lightening and part discharge for cargo vessels| River front—a structure which presents features 











which by reason of their draught are unable in the 
fully loaded condition to proceed up the river. 
At the same time, Bremerhaven has trading interests 
of its own, though these are to be regarded as com- 
plementary to, and not competitive with, those of 
Bremen. Jointly with the adjacent suburbs of 
Geestemunde and Lehe, it forms a single traffic 
centre, with a total population at the present time 
of 100,000 inhabitants. 

In contrast to Bremen, where the tidal range is 
much reduced and does not necessitate the impound- 


| of engineering interest which it may be useful to 
| describe. 
| The quay lies immediately downstream of the 
entrance to the Great Kaiser Lock which com- 
| municates with Kaiserhafen I, II, and III. It was 
| first constructed between the years 1924 and 1926 
| to a section which is shown in Fig. 2, on page 160, 
|in which the original work is distinguishable from 
the additional strengthening. The old coping lies, 
as shown, 2°50 metres behind the new line of sheet 
| piling driven in front. It will be observed that the 








are driven is clay overlying a bed of firm sand, 
into which the piles were able to penetrate to 
depths ranging from 2} m. to 44 m. 

Since the completion of the quay wall in 1926, 
serious trouble has been experienced, due to the 
forward movement and settlement of a considerable 
portion of its length. The case is an instructive 
example among many instances of failure, whether 
partial or complete, which have occurred in connec- 
tion with walls founded on clay strata mixed with 
water-bearing elements. The author has had the 
opportunity of seeing the Columbus Quay wall 
and inspecting the reinstatement operations now 
in hand. He has also discussed the conditions and 
phenomena with Herr Oberbaudirektor Claussen 
and Herr Dr. Agatz, the latter of whom is resident 
engineer on the works. He is indebted to these 
gentlemen for the plans and photographic views 
which accompany this article. 

The following particulars relating to the calcu- 
lations of the stability of the wall and the narrative 
of its subsequent movement are taken from an 
official publication.* : 

Seeing that the mud on which the wall stands 
lies to a depth of 2 m. below zero, and that the 
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ing of water for the purpose of maintaining a suffi- 
cient depth, Bremerhaven has had to be provided 
with a complete dock system with gates and other 
appurtenances. Between mean high and mean low 
water there is a difference of 11 ft., but the range is 
often much greater than this. Between highest 
high water and lowest low water there is recorded 
a difference of nearly 30 ft. In addition to the 
tides, the range of level is affected by strong cur- 
rents in the river. 

The wet docks at present in existence, as shown 
on the plan, Fig. 1, above, comprise the Alter 
Hafen (Old Dock) the Neuer Hafen (New Dock), 
the Emperor Docks (Kaiserhafen I, Kaiserhafen II 
and Kaiserhafen III), and the Verbindungshafen 
(Turning Dock). The first two of these date from 
the earlier half of last century and, accordingly, 
are of restricted depth and minor importance, as 
also is the southern portion of Kaiserhafen I. 


from 1897, Kaiserhafen II and Kaiserhafen ITI, con- 


structed between 1906 and 1909, afford depths of | 
}in opposite directions. 
| piles, the rearward or tension sets inclining inwards 


from 23 ft. to 39 ft. 
The dock double-gate entrances are five in number, 


but only two of them have serviceable chambers, | 
| resisting set, forward at inclinations ranging from 


of the dimensions given in the next.column. 


There are two dry docks of importance at the | 
port, known as the Kaiserdocks I and II, both | 


leased to the Norddeutscher Lloyd Company. 
Kaiserdock I has a length of 740 ft. and an entrance 


But | 
the northward extension of Kaiserhafen I, dating | 





type of design is a masonry and concrete wall carried 
on a timber platform, or grillage, supported by 
trestles of raking piles. The coping of the wall stands 
7 m. (23 ft.) above Bremerhaven Zero, a little above 
the highest known storm flood. The quay itself 
extends for a distance back from the coping of 
about 120 m. (say 400 ft.) and is paved with brick 
on edge. 

The timber grillage supported by the piles stands 
at the level of 1-7 m. (5-5 ft.) above Bremerhaven 




















' l | 
Date of Length | . .,.|Depth over 
Designation. Construc- 0} coo sill below 
tion. Chamber} "| M.H.W 
ft. ft. | ft. 
Alterhafen Lock .. 1827-30 160 36 | 19 
Large Kaiser Lock 1892-97 732 92 35 








Zero. The cross bearers are set at a distance of 
0:6 m. (1-95 ft.) from one another, and, as shown in 
the sections and plan, Figs. 3 to 5, are carried alter- 
nately by rows of 6 and 7 piles respectively inclined 
All the piles are raking 


at a slope of 1:4, and the frontward or thrust 


1:4 to 1:8. In front of all is a continuous row of 
timber sheet piling 0-28 m. (9 in.) thick, driven to an 
inclination of 1: 8. 

The foundation stratum through which the piles 
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whole space behind the wall was to be filled with 
sand deposited in fluid condition, the water level 
behind the wall was taken for the purposes of 
calculation at 7 m. above zero, in conjunction 
with the simultaneously very low water level in 
front of the wall of 1-5 m. below zero. Thereby 
it was assumed that the hydrostatic superpressure 
reached to the quay surface. The space between 
the underside of the concrete and the surface of 
the ground below the wall is filled with sand. In 
order to relieve the front sheet piling of hydrostatic 
pressure arising from the infiltration of the back 
superpressure, a line of sheet piling was driven 
at the rear of the wall, penetrating at least 2 m. 
into the ground. For the statical calculations an 
angle of repose of 20 deg. was taken, as in similar 
cases of construction in unfavourable circumstances. 
The preliminary borings and the inclination of the 
cross section of the stratum, which in the steepest 
places was 1 : 3, justified these assumptions. 
During and subsequent to the backfilling, and 
especially after the dredging of the berth in front 
of the wall, the latter, in the downstream first 
quarter of its length and in the third quarter, 
showed a slight curvature, the maximum measure- 
ment of which amounted to 9 cm. in the first 
quarter and to 24 cm. in the third quarter. In 
view of previous experience at Bremerhaven these 





* Die Entwicklung der Bremisches Hafenlagen bis 1928. 
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movements did not seem serious, nor did a further 
movement of about 20 cm. in the first quarter 
during the course of a year. The wall was freely | 
used during this year for the berthage of large | 
vessels. Thereafter, there appeared in the spring | 
of 1927, within a few days time, in the first section | 
of about 100 m. length, a pronounced forward 

movement, attaining as much as 75 cm. in the| 
worst place, and giving rise, from appearances, to | 
fears of a breach. Simultaneously, in the most | 
affected places, the wall settled as much as 23 cm. | 
in front and 43 cm. behind. At these places, the | 
sandy bed in front of the wall had been lowered | 
to a level of about 2 m. below datum. Throughout | 
the remaining length, the wall did not move during | 
the course of a year and three-quarters. In the} 
investigation into the cause of the pronounced | 
yielding and into the contrariwise stationary | 
middle section, there were discovered in the worst | 
yielding places in the first, as well as in the third, | 
quarter of the wall, fissures in the soft clay in the | 
bed, probably of old cate and later filled with 
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mud, which the first borings had not revealed. | 
On the other hand, the withdrawal of a considerable | 
number of anchorage and bearing piles showed that! of the forward movement. It was found to be 
the relatively soft wood of the piles had suffered | due to the fact that the relatively thin clay mud 
more or less severe punishment from the difficult| near the top of the river bed and lying directly 
driving into very hard sand. lover the firm sand, in spite of an insignificant 

These discoveries, however, arising out of pre-| natural angle of repose, possessed a greater degree 
liminary examination did not suffice to give an| of water-tightness than the overlying mud-charged 


obvious explanation of the movement of the wall. | clay stratum. Thereby it came about that the 
Not till the entering into of an investigation of the | transmission of the water behind the wall, which, 
clay foundation, with measurements of the inner|on account of the remarkable compactness of the 


water pressure of the various clay strata and the | two lines of sheet piling, reached to the level of 
water pressure in the sandy mud underlying the |3-5 m. above zero, extended itself almost to the 
clay bed, was there brought out an explanation | river bed as hydrostatic pressure. The powerful 
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horizontal pressure on the pile trestles, arising 
therefrom, produced an excessively great thrust 
on the combined groups of bearing piles. As 
simultaneously the hydrostatic pressure in the 
firm sandbeds behind the wall proved greater 
than that in the river, the bed at the foot of the 
wall was subjected to a steady thrust. Both 
together produced a yielding of the whole pile 
group. Thereby is explained also why the pheno- 
menon, which was attended by the sinking of the 
sandbed in front of the wall on the first day of 





the movement, forthwith ceased when the bed 
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on their part in the construction of large vessels, 
the dock extension programme has been resumed 
and is being energetically pushed forward under 
the direction of Herr Claussen. 

As will be seen from the enlarged general plan in 
Fig. 6, the proposed extensions include a new dock, 
or turning basin, with an entrance lock, called the 
North Lock, which is to have the following dimen- 
sions, bringing it within the group of the largest 
works of its class. The length of the lock chamber 
from centre to centre of caissons is to be 1,250 ft. ; 
the width of entrance 147 ft. 6 in.; the width of 
chamber, 197 ft.; and the depth of water over sill 
at H.W.O.S.T., 48 ft. The scheme will take three 
or four years to complete, and, at the present time, 
work is proceeding at the lock entrance with its 
vestibule or outer harbour, and the wing wall 
connecting it up with the Columbus Quay which 
has just been described. The type of wall adopted 
for the work, is similar in cross section, being a 
reinforced-concrete superstructure founded on piles, 
but advantage has been taken of the experience 
gained at the Columbus Quay to introduce modifi- 
cations which will tend to greater stability. Fig. 8 
shows the section of the wall at the lock entrance. 
| In front, there is a vertical line of steel sheeting 
| piling (Larrsen type), with two vertical piles behind ; 
| then an inner row of sheet piling at the back of the 
| wall proper. Behind this again are two series of 
| piles extending to the rear of the wall for a distance 
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in front of the wall was raised from about 0-5 m.| base of the wall, without the risk of fracture which 


to 1 m. This slight support sufficed obviously 
to relieve the superpressure on the piles and to 
restore equilibrium. 

The method adopted for the reinstatement and 
stabilisation of the quay is clearly indicated in the 
section of the new work shown in Figs. 2, 3 and 5. 
It will be seen that a new line of Larrsen-type steel 


might occur in a continuous bearing surface. Fig. 4 

shows a modified arrangement adopted where the 

movement of the wall has been less pronounced. 
It is, perhaps, too early yet to pass a confident 


judgment on the reconstruction work as it is in- | 
complete, and still has to stand the test of time | 


and experience. But at the time of the writer's 


sheetingis being driven in front of the wall, with stone | visit a length of about 300 m. (say, 330 yards) had | 


packing (to facilitate drainage) in the upper portion | 


been put into commission, and the quay had been | 


| of rather more than 50 ft., and comprising twelve 
| thrust-resisting piles, driven with a forward inclina- 
| tion of 4:1, and five tension piles driven with a 
| backward inclination of 3:1. The piles penetrate 
|into a firm sand stratum to a depth of 2m. The 
| pile heads are bedded in a raft or layer of reinforced 
concrete, which forms a support for the counterforts 
| to the wall proper. Fig. 7 is a recent photographic 
view of the foundation piles on the site driven in 
readiness to receive the concrete superstructure. 


Analogous to the work at Bremerhaven is the 


of the pocket so formed, over sand filling below. As|in use for the service of the Norddeutscher-Lloyd |design and construction, recently carried out, of 


\ further precaution against hydrostatic pressure, 
afety vents are provided in the piling and sumps 
at intervals of 100 metres from which the water 
can be pumped. In addition, the wall is being 
strengthened by steel tension bars bedded in con- 
crete, arranged as shown in plan in Fig. 3, which 
ire being carried to an extensive anchorage in the 
rear of the quay with pile supports, about 5 ft. 
‘part, in rows of 2 vertical and 5 raking piles. 
[he space between the anchorage and the wall is 
bridged by a slab of reinforced concrete about 2 ft. 
thick for the purpose of relieving the pressure on 





the underlying ground immediately behind the 





Line since August 20 last. 

Prior to the outbreak of the war, the State of 
Bremen had embarked on an important scheme of | 
dock extension works at the port, but these had to be | 
suspended during the period of conflict. Moreover, | 
immediately after the cessation of hostilities, the | 
trade of the port, which had sunk to a very low ebb, | 
was prevented from immediate recovery by the | 
handing over to the Allies of some of the more | 
important units in the German mercantile marine. | 
Latterly, however, with the re-establishment of a | 
flourishing passenger traffic by the Norddeutscher- | 
Lloyd Company and a definite forward movement ' 


|a new quay wall at Bremen. The increase of 
| shipping traffic at the port rendered necessary in 
1924 the taking of steps to increase the available 
quayage, and it was decided to utilise a frontage of 
1,000 m. lying on the North side of Hafen II. 
|The type of wall adopted was that of a pile- 
supported, reinforced-concrete superstructure, shown 
in section in Fig. 9 and in plan in Fig. 10, page 174. 

The quay is in two lengths, one of which has the 
coping level at 3-20 m. (10-5 ft.) above zero datum 
and the other 4-30 m. (14 ft.), but, as the construc- 
tion of the wall is on the same lines in both cases 
it will only be necessary to describe the portion 
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illustrated, which is that with coping at 3-20 m. 
The piles, which are of naturally-rounded whole 
timbers, are normally in alternate rows of seven 
vertical bearing piles and seven raking, or tension, 
piles, set at intervals longitudinally of 0-75 m. 
(2 ft. 6 in.) centre line to centre line. The system, 
however, is strengthened in parts, where deemed 
necessary on account of the unfavourable nature 
of the ground, by the interposition of additional 
bearing and raking piles. 

The grillage or platform at the head of the 
piles, forming the base of the wall proper, is laid 
at the level of 2-90 m. (9-5 ft.) below zero datum 
in the front, and inclines backward to the level of 
3°10 m. (10-2 ft.) at the rear. In place of the 
usual timber-framed grillage, a reinforced concrete 
slab is provided about 0-75 m. (24 ft.) thick, and 
in this the heads of the piles are embedded and 
secured between the reinforcement bars. It 
embodies, moreover, the anchorage rods which serve 
as a means of attachment between the wall front 
and the raking piles in the rear. 

The earth below the slab level at the back of the 
wall is upheld by a line of timber tongued and 
grooved sheet piling, 10 in. thick, bearing against 
the concrete work and bolted through it into the 
last row of raking piles. Vertical vents are pro- 
vided in the sheet piling at intervals of 4 ft. to 5 ft., 
to relieve the hydrostatic pressure, the vents being 
covered on the inner side by curved sheets of ex- 
panded metal. Behind the entire length of sheet 
piling is a filterage screen, 2 ft. thick and 11 ft. 6 in. 
deep, consisting of gravel with particles ranging 
from 5 to 30 mm. diameter. The arrangement is 
shown in Figs. 11 and 12, on page 174. 

As a protection for the front bearing piles, the 
wall projects forward slightly in front, being carried 
over two horizontal timber fenderings just below 
the slab, or platform, under side, as indicated in 
detail in Fig. 13. 

The construction of the wall will be readily 
apparent from Figs. 9 to 17, which show not only 
plans and cross sections of the main structure, 
but details of the slab and filterage screen as well 
as of the wall ladders, mooring hooks and bollards. 
The quay is equipped with four lines of railway 
sidings, the innermost of which flanks the platform 
of a single storey transit shed at a distance of about 
63 ft. back from the coping line. There is also 
a track for a semi-portal quay crane with the outer 
rail resting upon the wall coping. These illustrations 
relating to the north wall of Hafen II have been 
prepared from drawings kindly furnished by Herr 
Oberbaudirektor Tillmann and Herr Oberbaurat 
Hedde. 

The foregoing description of new quay walls at 
Bremen and Bremerhaven with the account of the 
special precautions adopted for dealing with back 
pressure may be taken as typical of modern German 
practice in quay construction. It is obviously of 
a character distinct in the main from methods 
adopted in this country in cases where walls have 
to be founded on unreliable strata, and the design 
gives rise to a number of problems of a special kind, 
which have had to be studied in the light of experi- 
ence, and this, in a most interesting way, has 
evidently lain just along the border line of success 
and has thereby demonstrated sources of weakness 
which would not perhaps otherwise have been re- 
vealed. ‘ 


THE BARCELONA EXHIBITION AND 
BRITISH TRADE. 


Tue two exhibitions which are being held in 
Spain this year—at Burcelona and Seville—are 
important evidence of the industrial renaissance 
which the country has seen in recent times. The 
exhibition at Barcelona, the chief town of the 
industrial area of Catalonia, is devoted mainly 
to the industries of Spain and of Europe generally, 
with certain art sections; that at Seville is 
concerned with social matters, art, and the activities 
of North and South America. The display at 


Barcelona is of most direct industrial importance 
to this country, and some account of the position 
which Great Britain is taking there may be both 
interesting and salutary. 

Spain is a country with a wonderful history, and 





her records tell of a wide overseas empire built up 
by the skill and perseverance of her people. Wars 
and dynastic changes in far-away days weakened 
her position and in modern times the Spanish- 
American war still further reduced her territory 
and her international standing. The drastic 
changes which, following the Great War, have 


nent feature of the park in which the exhibition 
stands. 

The following countries have either special 
buildings to themselves or sections of main buildings 
with special distinctive facades :—France, Belgium, 
Italy, Germany, Norway, Sweden, Hungary, 
Roumania and Yugo-Slavia. The architectural 


altered the face of Europe have, however, not! decoration and design of nearly all these can be 


passed Spain by. Although territorially she was 


termed national in character—that is to say, 


not affected, the quickening of industrial activity |a person of average intelligence coming from the 


and the consciousness of new possibilities, which 
have been so marked in the other Latin-European 


countries concerned could recognise the display of 
his own country from a distance without being told 


countries, have been shared by Spain. This/| what it is supposed to be. 





renaissance has undoubtedly been helped by 
the growth of a stronger form of Government 
than the country has known for many years, 
and there is every sign that the country is! 
ambitious to take a position in the world more 
consonant with her great history and her possi- 
bilities. The two important exhibitions at Bar- 
celona and Seville may be taken as conscious 
manifestations of this ambition. 

Barcelona, the seat of the exhibition with which 
we are concerned, is close to the western gateway 
of the Mediterranean. As a port it rivals Genoa 
and Marseilles, and inland from it lies an industrial 
province which has achieved much in the past 
and carries great possibilities for the future. The 
town, within the last few weeks, has seen the 
completion of the great Trans-Pyrenean Railway 
forming a new link with France, while the old 
line, via Port Bou, round the eastern end of the 
Pyrenees is being doubled, and the frontier station 
at Port Bon has been rebuilt. A- handsome new 
station of the Madrid-Saragossa-Alicante railway 
is nearing completion at Barcelona. The line of 
the Norte Railway connecting with the industrial 
plateau has been electrified nearly up to Manresa, 
while an underground electric system has been built, 
connected with the old railway to Saria and its newer 
extensions to Sabadell and Tarasa. The latest 
section of underground railway from the central 
square of Barcelona, the Cataluiia, to the entrance 
of the Exhibition at Plaza Espajia is large and 
airy compared with similar undertakings in most 
cities. The supplies of water and electricity have 
been greatly improved in recent years, and 
motor "bus services have been introduced. 

The exhibition, which was opened in May, and 
will be carried on until December, is placed on 
rising ground to the south-west of the City in 
Monjinch Park, the site of which was at one time 
a rookery of hutments occupied by some of the 
worst elements of Barcelona. The main feature 
is formed by a large and palatial domed building, 
which is to remain as a permanent home for art 
treasures. This building is approached by an 
avenue sloping towards the city, and with a stair- 
way at the upper end. The other important build- 
ings are grouped on either side of this central way. 
From the point of view of architectural landscape 
the position of the exhibition on a slope is an 
ideal one, the view of the national building with 
cascades and fountains below, seen from the public 
roadway in the Plaza de Espajia, being remarkable. 
The whole lay-out of buildings to suit the sloping 
ground and the arrangement of roadways and 
terraces show that the time, trouble, and skill 
which must have been expended have not been 
wasted. The area occupied by the exhibition is 
some 1,400 yards by 1,600 yards. 

The sixteen blocks or groups of buildings forming 
the main part of the exhibition are all to a greater | 
or less extent Spanish in design. They are | 
mainly of steel frame construction, and _ the | 
walls are covered with cement work rather than | 
plaster ; corrugated asbestos sheets are used to | 
a large extent for the roofs. Some of the buildings | 
are made with timber roof trusses, of a polygonal | 
type, placed far apart, one section of the agricultural | 
building having a roof span of about 100 ft. There | 
is also a material amount of reinforced concrete | 
work. The buildings are lofty and well lighted. | 
An interesting feature is the Pueblo Espajfiol, a 
replica of a little walled Spanish town of the | 
old style, very artistically carried out in stone | 
and other materials, without the exaggerations | 
usual in such cases. It is to be hoped that it | 
will be found possible to make this a perma- 





It may be that the question of Spanish tariffs, 
about which much has been heard of late years, 
has something to do with the absence of a British 
pavilion at an exhibition in a country which, 


}at one time, looked to us for machinery of all 


kinds. But if so, the policy hardly seems a wise one 
since the growing industrialisation of Spain will call 
for machinery of all kinds. Germany, which, equally 
with this country, has to face the tariffs, has spent 
scores of thousands of pounds at Barcelona, not only 
having a small pavilion of her own, but exhibiting in 
nearly every specialised section. France, which also 
has a pavilion, has made further important displays 
in many sections. Italy, Sweden, Norway, Switzer- 
land, Austria, Denmark, Belgium, Japan and 
Finland make what may be termed representative 
exhibits, and, of the leading countries, Great Britain 
makes by far the poorest display of all. The British 
section is contained in the centre of a long building 
high up on the hill, and apart from one or two flags 
there is nothing to tell the public what it is, and nine 
out of ten one-day visitors to the exhibition will 
not know it is there or visit it at all. In most 
of the specialist buildings there is hardly any sign 
of British material, the most noted item being 
a reconditioned six-wheeled four-coupled Atlas 
locomotive in the Communications building, con- 
structed by Sharp, Stewart in 1864. 

In the British section there are a few motor 
cycles, a few motor cars and two charabancs, 
this being the only group of combined exhibits 
of British material. Two stands are occupied by 
textile machines, one by Messrs. Platt Brothers and 
Company of Oldham, and the other by Messrs. Asa 
Lees, of the same city. A Fowler motor roller and 
three concrete mixers of small size complete what 
may be termed the civil engineering section. Messrs. 
Gent have a good show of master clocks, while 
a comparatively small stand shows British artificial 
silks. There are a few stands devoted to oddments. 
Three of the largest advertisers of beverages at 
home had three small exhibits, one with some 
cardboard models of bottles on a table. The 
advertisement bill per annum of the three concerns 
combined must be six figures a year, and yet the 
cost of the materials exhibited by them could be 
comfortably calculated in shillings. The exhibit of 
the soap industry in the British section is apparently 
limited to a few cakes of soap on a table. These 
undertakings, with a capital of many millions ster- 
ling, may have some of their activities represented 
elsewhere in the exhibition ; if so, they were not 
noticed. Alongside the main British section is a 
space decorated with a few palms and chairs, 
apparently part of the space allotted; if so, one 
wonders why the Board of Trade, the Foreign Office 
or the Department of Overseas Trade, could not get 
together a few photographs of British activities to 
help to fill the space. 

There have been a number of international 
exhibitions since the one in Paris in 1900, but 
there is little doubt that of all those in Europe in 
which Great Britain has taken part, considering 
the importance of the occasion and the part taken 
by some of our trade rivals, our display at Barcelona 
is the most unsatisfactory of this century. It would 
have been better far to have left it alone altogether. 
It is clear that the authorities of nations such as 
Italy, Sweden, Hungary and Japan have been 
spending some of their taxpayers money to promote 
trade and to uphold the world prestige of those 
countries, and while it does not necessarily follow 
that because others do a thing, we should do likewise, 
when a country has definitely adopted a policy 
which must result in a demand for textile and 
general industrial machinery and plant for civil 
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engineering works, there is little sense in refusing to | their supply system which incorporates 14 water- 


support such an opportunity as this for suitable 
display. When a community has put itself to a lot 
of trouble, wisely or otherwise, there will be a ten- 
dency for it to feel aggrieved if an old friend refuses 
to participate in an adequate manner. 

The section of communications at Barcelona 
occupies a block on the left-hand side of the main 
entrance; it covers railways, road transport, avia- 
tion and shipping. There are two powerful Spanish 
eight-coupled steam locomotives, besides which the 
Sharp, Stewart locomotive of 1862 looks a pigmy, 
although neat and smart; there are in addition two 
electric locomotives and an electric motor car and 
trailer, all for the broad Spanish gauge. One of 
the steam locomotives was built by the Societa 
Maquinista Terrestre y Maritima of Barcelona, the 
other by the Compafiia Eshialduna of Bilbao, One 
of the electric locomotives is arranged with Oerlikon 
electrical apparatus, the mechanical parts being 
made by the Cia. Eshialduna of Bilbao; the other 
with electrical apparatus of the Brown Boveri type 
had its mechanical parts made by the Societa 
Espafiola de Construcciones Babcock and Wilcox, 
whose works are located at Galindo, Bilbao. An 
electric goods locomotive for standard French gauges 
is on exhibition from the Midi Company. 

Messrs. Borsig, of Berlin, show a narrow gauge, 
compound compressed air mining locomotive with 
a driver’s cab at each end and dual control. A 
model of a Diesel electric locomotive for the Danish 
State Railways is shown by Messrs. Burmeister 
and Wain of Copenhagen in a special pavilion, 
together with models of the Selandia, and a number 
of models of motor ships and sectional working 
models of examples of their Diesel engines. 

In the Hungarian section there is a standard 
gauge 75-h.p. rail-car with a 75-h.p. Ganz—Danubius 
Diesel engine, capable of travelling at speeds up to 
75 km. per hour. Messrs. Lang in the same section 
exhibit a motor-driven narrow-gauge locomotive. 

There is a good exhibit by the Spanish steamship 
lines, including some fitted-out cabins illustrating 
the accommodation. A large illuminated model of 
the earth on Mercator’s projection is shown by the 
French steamship lines to explain their world-wide 
services. Most European countries having seaboards 
which take part in the exhibition have models, dia- 
grams or photographs regarding their steamship 
lines, except Great Britain, a country that as far 
as the exhibition is concerned seems to have no 
interests on the sea. 

Civil aviation is represented in the communica- 
tions building by some airship sections and in the 
special pavilion of the Hispano-Suiza Company, 
where aircraft engines and cars are shown. Some 
interesting exhibits are to be seen relating to road 
vehicles from various countries—cars, omnibuses, 
and lorries. It is perhaps unfortunate that the 
British mechanical road-transport exhibits are not 
shown with this group; they would have a much 
better chance of being seen than where they are. 
Germany has some large models of cableways and 
excavators. 

Among the electrical exhibits, some of the more 
interesting are not in the block of buildings origin- 
ally intended as a palace of electricity. A Spanish 
company, La Electra, of Tarasa, not far from 
Barcelona, show a 500-kw. vertical hydraulic 
turbine of the propeller type coupled to a three- 
phase, 5,000-volt generator, designed to operate at 
250 r.p.m. La Electricidad, of Sabadell, has a 
four-cylinder, 300-kw. Diesel engine, running at 
375 r.p.m. The Electrical Supplies Company, an 
organisation representing a number of European 
plant and electrical concerns, has a special building 
containing a six-cylinder, 620-h.p. Diesel engine, 
running at 250 r.p.m., made by the Wagen und 
Machinenbau Aktien-Gesellschaft, of Gérlitz, Ger- 
many, coupled to a 520-kv-.a., 220-volt, three-phase 
senerator. The engine is used at night to supply 
light and power to an illuminated court and group 
of fountains, connection being also made to the local 
power mains, when required, by means of a bank 
of transformers. The generator was built by the 
Heemaf Co. of Henglo, Holland. 

The Associated Power companies of Catalofia 
and the Ebro valley have a pavilion in which are 
placed a number of plans and models relating to 
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and three steam stations. The main transmission 
lines operate at 110,000 volts and 80,000 volts, and 
the minor transmission and sub-transmission at 
25,000 volts and 22,000 volts, with final high-tension 
distribution at 6,000 volts and 3,000 volts. 

Spain is a country without a good coal supply, 
such coal as there is being far away from the chief 
industrial area in Catalofia. It used to import large 
quantities of British coal, but a natural desire to be 
independent of foreign fuel supplies as a basis for 
their industries, encouraged in every possible way 
by the organised labour troubles in British coalfields, 
has led in Spain, as in the South of France and Italy, 
to a development of the water power available in 
the mountains, transmitted at high pressure to the 
plains and maritime cities. 

It may be noted that in Spain water-shed area 
commissions have been set up to see how far the 
available hydraulic resources of the county can 
be used not merely for the purposes of electricity 
supply, but also for irrigation, with the aid of which 
many agricultural products could be raised and 
employment given to large numbers of persons, 
who might otherwise have to emigrate. On the 
Portuguese border, work is in hand on a water- 
power project said to have an ultimate capacity of 
1,000,000 h.p. With such schemes afoot, it is easily 
understood why some European makers of heavy 
civil engineering plant find the Spanish market 
worthy of attention. The Italians show in their 
section a number of diagrams, models, and photo- 
graphs showing water-power development in Italy. 

The German Electricity Board has a building 
mainly taken up by a large scale model showing the 
way in which the coal area of Westphalia, the 
beds of thick lignite near Cologne, and in the Central 
Plains, are linked up with the water power in the 
Bavarian and Wurtemburg Highlands. The German 
chemical combine has taken up a large amount of 
space for the display of its wares. The British 
chemical combine, with its immense capital, makes, 
however, no corresponding effort, and a visitor to 
the exhibition would hardly know that such a thing 
existed as British chemicals. This condition of 
affairs may possibly be due to some agreement to 
leave the Spanish market alone, and not in this case 
to lack of enterprise. 

The Compania Naval Espafiola, an undertaking 
with some British influence behind it, has a pavi- 
lion with guns, naval and civil engineering gear 
on view, of an interesting and modern type. An 
Association of Swiss Watchmakers has a remarkable 
display of their products arranged in circular counters 
with concealed lighting, the set out being most 
attractive. 

There is a group of buildings round a courtyard 
garden devoted to agriculture, and its products. 
The buildings are distinctly attractive both 
inside and out. The Italians show some milling 
machinery ; while in agricultural machinery and 
gear France is well represented, especially in ploughs ; 
some Spanish winnowing and such-like machines 
are made with wood frames painted a bright olive 
green, with galvanised steel panels, the effect being 
pleasing. Some wine presses are shown of the con- 
tinuous type, made with double screws, claimed 
by the makers, the Sociedad Euologicadel Penadés, 
to clear themselves much better than those with 
single screws. There is a certain amount of German 
and Austrian agricultural machinery on view, but an 
Austin tractor made in France is about the only 
evidence of the fact that Great Britain is interested 
in agricultural plant. A Spanish firm show artificial 
mill stones for grinding maize. An association of 
Spanish canning firms show a display of a large 
variety of vegetables, fruit and salmon and other 
fish now being canned in that country ; there should 
thus be some market for tinplate, presses and 
general canning machinery. There are some heavy 
sets of German angle, bar and joist cutting machines 
to be seen in the general industrial section, and the 
American shoe machinery interests have arranged 
a shoemaking plant in action. 

Austria has quite a good exhibit ; besides commer- 
cial displays, the Department of Agriculture showed 
a series of diagrams and pictures designed for 
schools and associations to encourage afforestation. 





They illustrate how plantation encourages water 
storage in the soil, how it binds loose soil, breaks 
the wind, holds up snow water and storm water, 
and therefore diminishes the flooding of rivers, 
and also tends to bind the soil on hillsides. Photo- 
graphs are displayed showing the result of 30 years’ 
work on the afforestation of sand-drift areas, with 
samples of various grasses. 

The Skoda Company, of Pilsen, which has re- 
ceived a material amount of financial assistance 
from London, shows a superheater two-cylinder 
steam roller, a marine crankshaft and various rolled 
and forged products. The French, in their special 
section, show a large diagrammatic model to ex- 
plain the origin and shipment of Morocco phos- 
phates, in which such a large business is being done 
now-a-days. The exhibits of Norway relate mainly 
to timber, paper, and pulp and canned and preserved 
fish. Denmark makes a speciality of ice-making 
machinery and porcelain insulators, with some items 
from Greenland, Iceland and the Faroe Islands. 
Finland specialises on timber and pulp. The 
competition for Rhine trade by North Sea ports 
is emphasised by an exhibit of the Port of Rotter- 
dam. Sweden, besides timber and pulp, shows a 
large working model of the Gellivare-Narvik electric 
railway. 

A special building is devoted to the activities of 
a co-operative movement in Spain for sick benefits 
and old-age pensions, and various hospitals, sani- 
toria and orphanages connected with it. One has 
been encouraged to believe that conditions in that 
country regarding such matters were in a state of 
medizvalism. 

Taken as a whole, the exhibition, its layout, build- 
ings and general conception, form a fine piece of 
work, and a credit to those responsible for it. Itis to 
be hoped that a material proportion of its buildings 
will remain after it is over. As an exhibition, the 
things on view are of good quality and good style, 
and particularly in regard to Spanish industry, the 
exhibits are a revelation. The exhibition is the fruit 
of great efforts. It will pay in the long run through 
the self-reliance resulting from the efforts. Although 
not quite finished in the month of June, everything 
should be in order in September and the following 
months, when conditions will be a little cooler than 
at mid-summer. 

In concluding, it is not necessary to repeat the 
implications of this article at any length. It is 
impossible, however, not again to suggest that the 
performance of this country at Barcelona is hardly 
calculated to assist British industry to regain some- 
thing of the position it once held in Europe. As no 
catalogue was available at the time of our visit it 
is possible that we may have missed one or more 
British exhibits, but the general relative position 
of this country at the exhibition is as we have 
described. 


UNLOADING MACHINE FOR GRAIN 
CARS. 


Tue box cars used on the railways of the United 
States and Canada, although doubtless very satis- 
factory vehicles for the transport of general mer- 
chandise, are not particularly well adapted for the 
carriage of grain in bulk. As, however, the grain 
traffic is mainly of a seasonal character, it is 
impracticable to provide vehicles designed for this 
purpose exclusively, and use is, therefore, made of 
the box cars employed for the transport of general 
merchandise. These cars, which are mounted on a 
four-wheeled truck at each end, are usually about 
45 ft. in length, 12 ft. in height, and some 10 ft. in 
width, but the dimensions naturally vary to some 
extent. At the sides of the car, near the centre, 
is a pair of sliding doors, through which goods 
which can be man-handled can be conveniently 
loaded and unloaded. When carrying grain, how- 
ever, rough wooden doors are nailed on to the sides 
of the car internally, to cover the openings for the 
sliding doors and to prevent the accidental escape 
of the grain. These nailed doors have, of course, 
to be removed before the grain can be unloaded, 
a circumstance which augments the difficulties of 
designing mechanical unloading appliances. The 
most obvious difficulty, however, arises from the 
fact that the doors are located centrally in the sides 
of the car, and it is therefore impossible to empty 
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the latter of its contents by a single tilting opera- 
tion. An appliance which is still largely employed 
for unloading grain cars is known as the Clark power 
shovel, and these are generally used in pairs with 
two or three men to operate them. The appliance 
consists of a large»wooden shovel, to which a cable 
is attached and passed round a power-driven drum. 
The operator carries the shovel to the back or end 
of the car, presses it into the grain, starts up the 
cable drum, and guides the shovel as it is pulled 
towards the door of the car. In this position, the 
drum is unclutched, and the shovel is then taken 
back and the operation repeated. It will be readily 
understood that the arduous labour involved in a 
very dusty atmosphere is unpopular, in addition to 
being slow and costly. 

Considerable attention has therefore been given 
to the problem of producing a mechanical device 
for unloading the grain cars automatically, and 
several such installatiors are now in use. One 
plant of this kind was illustrated and described on 
pages 650 and 716 of our 12Ist volume. This 
actual plant was one owned by the Harbour Com- 
missioners of Montreal, and it incorporated appar- 
atus for automatically pushing in the temporary 
nailed door, as well as for emptying the car of grain, 
which was accomplished by lifting a structural steel 
platform, on which the car was clamped, and tilting 
it sideways and endways, in both directions. The 
lifting and tilting were effected by means of wire 
ropes attached to the platform, and a steel baffle 
plate was inserted in the car, prior to the last end tilt, 
to deflect the remaining grain out through the door. 
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We now propose to describe another 
type of grain-car unloader designed and 
constructed by Messrs. The Dominion 
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Bridge Company, Limited, of Montreal, 
in collaboration with Messrs. C. D. 
Howe and Company, consulting ‘engi- 
neers, of Port Arthur, which was first 
installed in one of the elevators of the 
Canadian National Railways at Port 
Arthur, Ontario. Before doing so, 
however, we may state the require- 
ments for any successful unloader for 
grain cars as follows:—It must not 
damage the car in any way; must be 
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capable of handling all types and sizes _ia 
of box cars used for the traffic ; must 
remove the whole of the grain from 
the car and direct it into the elevator 
pit without loss and without hand labour ; must pro- 
vide for the rapid removal of the grain door without 
damaging it ; and must be simple, safe and reliable 
in operation. The makers claim that these require- 
ments have been fully met in the plant we are 
about to describe, and the fact that several] installa- 
tions have now been in successful operation for a 
considerable time, seems to indicate that the claim 
is justified. 

After careful consideration of the various types 
possible, it was finally decided to adopt a cradle 
of the rolling type operated without side tilt, 
baffles being inserted to deflect the grain out 
through the side doors after the temporary internal 
covers for the latter had been removed by an 
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automatic door-opener. With the rolling type of 
cradle, it may be pointed out, a higher virtual axis 
of rotation can be obtained than would be possible 
if the cradle were supported on trunnions, and there 
is less likelihood of breakdown than would be the 
case with either live rollers or knife-edge suspension. 
The arrangement has the advantage that the 
unloader, whether empty or loaded with a car, 
is in stable equilibrium, and, since the point of 
support moves in a horizontal plane in the direction 
of rotation, the out-of-balance moment, when the 
cradle is tilted with a loaded car, is less than would 
be the case with trunnion suspension ; the distribu- 
tion of the grain in the receiving hopper is also better. 





As previously mentioned, one of the chief desiderata 
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of the design is that the unloader must be capable 
of handling box cars of all sizes at present in use, or 
likely to be used in the near future, for the transport 
of grain. Investigation showed that it was necessary 
to provide for cars with a total loaded weight of 
90 short tons, varying from 38 ft. to 48 ft. in length 
over the couplings, and from 3 ft. 5 in. to 4 ft. 3 in. 
in height from the top of the rails to the floor level. 
Other variable dimensions allowed for were: 
Overall height of car to eaves, from 11 ft. 4 in. to 
12 ft. 8 in.; overall width, up to 10 ft. 8 in. exter- 
nally, with a maximum internal width of 9 ft. 2 in. 
and a minimum internal width of 8 ft.; width of 
door opening from 5 ft. to 6 ft.; and a maximum 
height cf grain door to be removed by the door- 
opening mechanism, of 4 ft. 9 in. from the car- 
floor level. These figures will serve as an indication 
of the flexibility required in an installation of this 
character. 

General views of one of the five unloaders installed 
in the No. 7 Elevator of the Saskatchewan Pool, 
at Port Arthur, are reproduced in Figs. 1 and 2, on 
Plate XXVI. The unloader consists of a rocking 
cradle of plate-girder construction, weighing about 
50 tons, and capable of being tilted to an angle of 
45 deg. with the horizontal in either end direction. 
A car is run on to the cradle when in the horizontal 
position, the cradle then being secured by heavy 
bolts visible in Fig. 3,on Plate XX VI, which shows 
the under side of the cradle when tilted to about 
30 deg. Collapsible end clamps, which engage 
with the coupler heads, bring the car to the centre of 
the cradle and clamp it in position, taking the whole 
of the end thrust from the car couplers when the 
cradle is tilted. On one side of the cradle, steel- 
plate brackets are fitted, as shown on the right 
of Fig. 3, to carry the door-opening gear, deflecting 
baffles and baffle-operating mechanism, and between 
these brackets is a chute which serves to direct 
the grain discharged through the car door into the 
receiving hopper below the rail level. Steel gratings 
are provided to protect the chute and to cover the 
open spaces round the unloader, and flexible deflec- 
tors are fitted to prevent any leakage of grain. 
The whole of the movements of the unloader are 
controlled from a cab placed in a fixed position 
opposite the grain door at a sufficient elevation to 
ensure a clear view of the working of the plant. 


The general arrangement of the unloader is illus- 
trated in Figs. 4 to 9 on Plate X XVII, from which it 
will be seen that the cradle consists of two substan- 
tial plate girders, of which the lower central portions 
are formed as segments of a circle. To these 
segmental portions are fitted cast-steel treads which 
rest on horizontal tracks, of the same material, 
bolted down to a concrete foundation. The girders 
are 67 ft. 10 in. in length overall, 3 ft. 1 in. in depth 
in the parallel portions, and the segmental portions 
are curved to a radius of 14 ft. 10 in. The two 
girders are 4 ft. 11 in. apart between the centres of 
the web-plates, and are braced in the horizontal 
plane, and also at right angles to the axis, to prevent 
side flexure and to give the necessary rigidity. 
They were designed to take a box car with a 
maximum loaded weight of 90 short tons, 30 tons 
being the tare weight of the car and 60 tons that 
of the grain. The girders are able to carry this 
load with the horizontal axis tilted to an angle of 
45 deg. in either direction, but in the horizontal 
position, with the end bolts in place, they can 
safely carry a locomotive weighing 190 short tons. 
The cast-steel treads which are fitted to the seg- 
mental portions of the girders, as already mentioned, 
are clearly shown in Fig. 10 on Plate XX VIII, which 
also serves to illustrate the method of transporting 
the completed cradle to its destination. It was origi- 
nally intended to use heavy steel plates for the 
treads, but the intention was abandoned owing to 
the possibility of a creeping action developing, with 
consequent shearing of the rivets, owing to the 
constant reversal of the rolling motion. To prevent 
any possibility of slipping between the treads and 
the track, the latter was formed with hemispherical 
projecting lugs which were arranged to fit roughly 
into corresponding holes formed in the treads, as 
1s, perhaps, most clearly shown in Fig. 12, on Plate 
XXVIII. The construction of the brackets carrying 
the door-opening gear, deflecting baffles, and baffle- 
Operating mechanism, and the method of con- 
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necting these brackets with the cradle girders are 
shown in Figs. 7 to 9 on Plate XXVII, and call 
for no particular comment. 

A photograph of the machinery for tilting the 
cradle is reproduced in Fig. 12, on Plate XXVIII, and 
the arrangements are shown in detail in Figs. 13 to 
16, on page 164. From these illustrations, it will be 
seen that a 75-h.p. motor, provided with a solenoid 
brake, drives two horizontal shafts through worm- 
reduction gearing. Pinions on the outer ends of 
these shafts engage with bevel wheels mounted on 
transverse shafts, which also carry pinions engaging 
with cast-steel racks attached to the tilting rams. 
These rams are pivoted to the cradle at points near 
the ends of the segmental portion, as shown in Fig. 4 
on Plate XX VII and in Fig. 12 on Plate X XVIII, and 
are kept in engagement with the racks by means of 
rollers mounted in a yoke pivoted on the transverse 
shafts, as shown in Figs. 12 and 15. It will be 
clear that, with the arrangements described, one 
ram will be raised and the other lowered by the 
rotation of the motor shaft, so that the cradle will 
be tilted, and that, to restore it to the horizontal 
position, the direction of rotation of the motor must 
be reversed. Owing to the fact that the cradle rolls 
on a fixed tread during the tilting movement, so that 
the point about which it rotates varies, the velocities 
of the two rams are unequal, and equalising gears 
are therefore incorporated in the drive. These are 
of the spur-pinion type, and are combined with the 
worm-reduction gear in an oil-tight casing. Roller 
guides are provided for the lower ends of the rams 
when the latter are in their lowest positions, and 
the ends of the cradle are also guided by rollers 
to ensure the correct alignment of the rails when 
the cradle is horizontal. 

The end bolts, which, as already mentioned, are 
provided to secure the cradle in the horizontal 
position, are shown in Fig. 3 on Plate X XVI, and 
in Fig. 4 on Plate XXVIII. There are four of these 
bolts and, as will be clear from the illustrations, the 
ends are pointed to enable them to enter easily into 
castings embedded in the concrete abutments. 
They are operated by an 11-h.p. motor through 
spur gearing, which rotates nuts working on 
screwed shafts connected to the rear ends of the 
bolts. The latter are designed to take the weight 
of a loaded car or locomotive running on to or off 
the cradle, and they are interlocked with the 
car clamps so that they cannot be withdrawn until 
the car is centralised ; alternatively, the car clamps 
cannot be lowered until the end bolts are in the 
locking position, so that there is no possibility of 
running a car on to or off the cradle unless the ends 
of the latter are properly supported. 

One of the car clamps is shown in the raised position 
in Fig. 11, on Plate XXVIII, and the mechanism 
for operating them is indicated diagrammatically 
in Fig. 4, on Plate XXVII. They are designed so 
that a car of any length, within the range stated 
above, can be clamped in the central position on 
the cradle without being accurately centred before 
clamping. A car run onto the cradle into any 
position within two or three feet of the centre, will 
be accurately centred by the clamps, both of which 
are moved towards the centre simultaneously. 
Each clamp comprises two cast-steel sliding blocks, 
to which are pivoted a pair of links, the other ends 
of the links being connected by a pin joint. The 
links lie below the rail level when a car is being run 
on or off the cradle, but can be raised so that their 
pin-connected ends are level with the car coupler 
by drawing the sliding blocks together, the whole 
clamp then being moved bodily towards the centre. 
The relative movement of the sliding blocks for the 
purpose of raising the links is obtained by con- 
necting to the block nearest the centre of the 
cradle a wire rope which passes round a drum, the 
latter being clamped by a friction device which 
produces sufficient resistance to prevent the block 
from moving. The other sliding block is moved 
by a screw, and, when the links are in the fully- 
raised position, this block comes into contact with 
the inner block and overcomes the frictional 
resistance to the movement of the latter, so that 
both move on together. The clamping gear is 
operated by a 22-h.p. motor, and, on account of 
the variable length of the cars which have to be 
handled, the motion is not controlled by a mechani- 














cal limit switch, but by an electrical overload relay. 
This is set to cut off the current from the motor 
when the car is clamped sufficiently tightly to 
compress the coupler springs to their limit and thus 
prevent any end movement when the cradle is tilted. 


(To be continued.) 








THE LEAKAGE OF HEAT INTO SHIPS’ 
INSULATED HOLDS. 


In designing the insulation for a ships’ cold store, 
a decision must always be made about the space to be 
devoted respectively to cargo and to insulation. 
Economically this will turn on the value of cargo 
space as compared with the cost of extra refrigerating 
capacity and insulation, and if the problem were 
merely how to prevent a valuable cargo from rising 
at any point above a maximum temperature, no very 
precise calculation would be necessary to lay down 
conditions that would give this assurance. Without 
serious extravagance a margin of refrigerating power 
or of insulation, or of both, would be taken as a factor 
of safety, and the allocation of the margin between 
these factors could be determined nearly enough from 
existing data. For some cargoes, however, such a 
solution would be inadequate. Many kinds of refriger- 
ated produce deteriorate on becoming too cold as well 
as too warm, and it seems quite likely that with increase 
of knowledge the number of products so affected: will 
be found to increase, and the permissible distance 
between the upper and lower limits of temperature 
to be less. Unfortunately, refrigerating engineers cannot 
as yet calculate the quantity of heat that leaks into 
a refrigerated space, and must therefore be withdrawn 
from it in order to maintain a constant temperature. 
For the time being their clients have to be content if 
they provide, as they do, plant of sufficient capacity 
to deal with the full amount of leakage that may occur, 
and must put up not only with the cost of providing 
and operating any plant so installed in excess of what 
more exact knowledge might have shown to be 
sufficient, but also with any deterioration in quality 
that may result from the exposure of the cargo to too 
low a temperature. 

An attempt has now been begun to provide the 
data necessary for a more exact control. The difficulty 
does not lie in ignorance of the conductivities of 
insulating materials, most of which have been deter- 
mined closely by Dr. Ezer Griffiths and others, and 
are known with ample precision for all practical 
purposes. Where the trouble lies is in tracing the 
flow of heat through the structures of complex form 
and various materials to be found in insulated spaces, 
especially in ships’ holds. Accordingly it appears that 
the rate of leakage into such spaces must be determined 
by direct measurement on the insulated spaces of 
an actual ship. The first set of such measurements 
has now been made and the results published by 
the Research Department.* The investigation was 
initiated not by the Food Investigation Board but 
by the well-known makers of refrigerating machinery, 
Messrs. J. & E. Hall, Ltd., of Dartford. Four out 
of the five research workers by whom the experiments 
were planned and carried out were on Messrs. Hall’s 
Board or staff, though in concerting the scheme of 
investigation they had the advantage of Dr. Ezer 
Griffiths’s co-operation. The results obtained, while 
leaving room for fuller future experiments, are of 
sufficient practical value to encourage the hope that 
they may be followed in appropriate cases by other 
investigations. 

The problem to be investigated may be stated shortly. 
After the cooled spaces and their contents have been 
chilled to what is desired to be their normal tempera- 
ture, the temperature of the cargo at any time is 
determined by the difference between the heat that 
leaks into the spaces through their walls and that 
which is withdrawn through the refrigerating system. 
To realise the almost, if not quite, incalculable com- 
plexity of the leakage paths reference may be made to 
Figs. 1 to 5 and Figs. 6 to 12, on page 166, which show 
the vessel on which the present observations were 
made, and details of some of the more important points 
of its structure and insulation. It will be seen that the 
refrigerated spaces form two rectangular blocks, which 
occupy the entire depth and beam of the ship for 
about 120 ft. on either side of the engine room, except 
for the two propeller shafts tunnels, which run through 
the aft hold, and the intrusion of the refrigerating 
engine-room into the upper ’tween deck, and of the 
thrust recess of the main engine room into the adjacent 
aft hold. There are thus twelve insulated spaces— 
four holds, four main ’tween decks, and four upper 
*tween decks—all of which were utilised on the trial. 

* Department of Scientific and Industrial Research. 
Food Investigation: Report No. 14. The Leakage of 
Heat into Ships’ Insulated Holds. H.M. Stationery Office. 
Price ls. net. ] 
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The arrangement of these spaces, except for the | much cooler if the heat is being supplied to the surface 
propeller-shaft tunnels and the projections mentioned | by convection. Similarly, the inner surface of a space 
above, introduced almost the minimum possible of | refrigerated by brine pipes may be cooled by radiation 
difficulty into the calculation of leakage. The com-| to a much lower temperature than that of the air it 


plications arose in the details by which the arrange- | contains. 


ment of the several parts is carried out, owing partly| In the present observations only the general out- 
to the structure of the hull and decks, and partly to | side and inside temperatures were measured, and not 
the manner in which the insulation has to be secured. | those of the insulated surfaces, and the results there- 
Some of the more important points in the structure | fore, while recording the amount of heat which leaked 
and insulation are shown explicitly in Figs. 6 to 12,/into the cold spaces, do not attempt to indicate the 
to which reference should be made for particulars of | thermal conductivity of the walls. The observations 
the various thicknesses of insulation, the ways in which | were made on the ship at rest in harbour, and accord- 
the insulation is kept in place, and the extent to which | ingly do not take account of the effect on leakage of heat 
at these points the insulation has to contain portions | which may be produced by the motion of the vessel. The 
of steel structure. Such variations between different | method of observation adopted was first to cool down 
points in the thickness of the insulation and in the | the insulated spaces, and then to supply as nearly as 
extent of metallic conductoys within it are found all| possible just enough refrigeration to neutralise the 
through the ship, and minor differences arise from the | inward flow of heat and maintain a constant low tem- 
use at some points of other insulating materials instead | perature. Several trials were made on different vessels 


of granulated cork, such as silicate cotton in the | before in the present set of observations a period of 
uniform outside temperature 


neighbourhood of the engine rooms. |17 hours of nearly 

A further difficulty in the way of calculating the | occurred, during which such a régime was possible. 
inward leakage of heat is that the temperatures outside | Under these conditions the leakage of heat was cal- 
and inside the refrigerated spaces, which are the only | culated from accurate measurements of the heat 
temperatures that can be measured conveniently and | abstracted by refrigeration and of the general outside 
accurately, are not necessarily the same as those of | and inside temperatures. The gross amount of 
the surfaces of the insulation. The outer surface, | refrigeration applied to the ship as a whole was cal- 
indeed, where it is in contact with the immersed part | culated in two independent ways. In one it was 
of the hull, will generally be at about the same tem-| derived from the swept volume of the compressor 
perture as the water, but where it is exposed to the | and the pressures in the evaporator and condenser. 
atmosphere or in contact with a part of the vessel so| In the other it was calculated as the heat withdrawn 
exposed, it may be much warmer than the atmosphere | by the brine flow, being obtained either from the speed 
if at that point heat is being supplied by radiation, or | and stroke of the brine pumps, or from the indication 
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of a flow meter in the pipe line and the temperatures 
of the brine on entering and on leaving the evaporator. 
The average results obtained by these methods for 
the period of approximate equilibrium agreed within 
about 3 per cent., and served as a check on calculations 
of the heat leaking into each of the insulated spaces, 
which were made by observing the rate of the flow of 
brine, and the range of temperature through which it 
was warmed in each of the 101 circuits into which the 
total brine flow was divided. The sum of the heat 
thus found to be withdrawn from the several circuits 
agreed with the figure of gross refrigeration obtained 
by the two other methods within about 6 per cent. 

The temperature at which the insulated spaces were 
held during the period of approximate equilibrium 
was about 6 deg. F., which was between 40 and 45 deg. 
F. below the temperatures of the atmosphere and the 
sea. As a fact exact steadiness of temperature was 
not attained even in the period of approximate equl- 
librium, the temperature falling in the several spaces 
to extents varying from 0-4 to 1-4 deg. F., and correc- 
tions were applied for these discrepancies. These 
calculations were made for each space from the volumes 
and specific heats of the elements of each structure, 
and with the help of data obtained during the period of 
cooling down were checked by calculations of the 
amount of refrigeration required to produce a drop 0! 
1 deg. F. throughout the whole ship. 

Certain assumptions and estimates had to be made 
in respect of such matters as the leakage through the 
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Fie. 3. GENERAL VIEW SHOWING CONTROLS. 


ship’s structure and steel equipment in the spaces 
in question. With these corrections the agreement 
between the results of the two methods was reasonably 
close. The loss of heat by leakage of cold air through 
the hatchways was known to be relatively negligible 
in a vessel lying stationary in port. 

To provide a basis for comparing the results of the 
several spaces, the leakage into each of them has been 
expressed as the heat in B.Th.U. entering per hour for 
each degree F. of difference between external and in- 
ternal temperatures and each square foot of insulated 
surface, irrespective of differences in thickness or ma- 
terial of insulation and in the extents to which it is 
penetrated by conducting material. The calculation of 
these “‘ coefficients of leakage ” for each of the twelve 
insulated spaces served to throw a useful light on the 
mechanism of leakage. The coefficients for the four 
holds were all about the same (about 0-08), and so were 
those for the upper ’tween decks and the main "tween 
decks; but of the latter groups those for the upper 
"tween decks were half as much again or more as those for 
the holds, and those for the main ’tween decks between 
twice and three times as much. This discrepancy is ex- 
plained satisfactorily by reference to the fact that the 
leakage expressed in the coefficient is across the insula- 
tion, and takes no account of the heat that enters along 
the steel decks, the upper surfaces of which are not 





insulated. This amount, reckoned per square foot 
of insulated surface exposed to the external tem- 
perature, is obviously greater for either of the ’tween 
decks than for the holds, and greatest of all for the 
main ’tween decks, of which a much smaller insulated 
surface is so exposed than of the upper ’tween decks. 
Calculation shows that the coefficients of leakage for 
the three kinds of spaces can be brought roughly into 
agreement by an appropriate allowance of heat enter- 
ing per hour per foot length of the periphery of the 
deck exposed to warm temperatures. This value is 
still about two or three times as great as that which, 
for the same differences of temperature as were found 
in these observations, occurs in a uniform wall of 
granulated cork 10 in. thick. The difference is 
explained as due in all probability primarily to the 
steel frames, beams and stiffeners which protrude into 
the insulating material, and to a less extent to the 
wooden insulation grounds. These conclusions are 
supported by a number of simplified calculations, 
which justify the statement that in some cases such 
structural elements may increase the rate of leakage 
as much as threefold. 

The results of these observations, as the report 
points out, cannot be extended generally to all vessels 
in all circumstances. One result, indeed, is to show 
that the amount of leakage is affected largely by 











details in the structure of the vessel. The present 
observations, moreover, were made with the ship at 
rest in harbour and unloaded, so that part even of the 
sides of the holds were constantly out of water. It is 
possible that further investigation may throw fresh 
light on the paths of inward leakage and the effect of 
motion and increased submersion. In the meantime 
the report gives refrigerating engineers, apparently for 
the first time, approximate measurements of the 
amounts of heat leaking into the several cold spaces of 
this vessel in defined conditions. These should be of 
immediate value as a rough basis for the calculation of 
insulation, and the success of the investigation may be 
an encouragement to seeking further data by similar 
work. 








ENCLOSED SINGLE-GEARED STEAM 
WINCH. 


In referring to the display of Messrs. Babcock and 
Wilcox, Limited, in our account of the Exhibition 
now being held at Newcastle-upon-Tyne,* we mentioned 
a totally-enclosed single-geared steam winch made by 
that firm. This winch we now illustrate in Figs. 1, 2 
and 3, on this page. Like the double-geared winch 
made by Messrs. Babcock and Wilcox, which was shown 
at the Shipping and Machinery Exhibition at Olympia 
in 1925, and described in our issue of December 4 of 
that year, on page 707, protection is afforded to all the 
gears and to the moving parts of the engine, while 
complete accessibility is obtained either through hinged 
doors or bolted covers. The cranks and valve-driving 
bevel wheels, as well as the driving gear, are lubricated 
by splash from oil in the sump, shown in Fig. 1, in the 
lower part of the base casting. 

The valve chamber and cylinders are cast in one 
piece, the former being at the centre. It contains a 
rotating valve which can be moved by hand in an 
axial direction. This movement not only effects 
reversal, by means of an ingenious arrangement of 
ports, but affords means by which a regulating operation, 
analogous to the linking up of an ordinary eccentric- 
driven valve gear, can be accomplished, The steam 
may be thus regulated in proportion to the work done, 
and a braking effect may even be obtained by admitting 
steam to other sets of ports than those at use in 
the moment. Adequate control is therefore obtained 
by the use of one lever only, though a hand-brake 
operated by a pedal is fitted. A new feature, not included 
in the earlier design, is seen in the clutch gear shown at 
the left of Fig. 2. The barrel is free to rotate on 
the shaft to which it is connected, when required, by 
a dog clutch. The whipping drums are keyed to the 
shaft, and can be used either for warping or whipping 
independently of the barrel, the fall on which remains 
undisturbed when the clutch is in the ‘‘ out’ position. 
When the clutch is engaged, the barrel revolves with 
the drums. Movement of the clutch is effected by 
the handwheel and screw seen at the right of Fig. 3. 

The reduction gear is of steel with machine-cut 
straight teeth, and particular care has been taken to 





* Sce ENGINEERING, vol, cxxvii, page 692 (1929). 
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ensure silent running, so that the winch is particularly 
suitable for cargo handling on passenger-carrying 
ships. The actual example on view in the Newcastle 
Exhibition has cylinders 7-in. in diameter by 12-in. 
stroke, and is constructed for a working pressure of 
100 lb. per square inch. As arranged on the stand 
it may be worked by compressed air, and its silent 
running and flexibility are readily demonstrated. 








NOTES ON NEW BOOKS. 


THE treatise on Steam Turbines recently published by 
Messrs. Chapman and Hall, Limited, priced at 12s. 6d. 
net, seems well adapted to the needs of evening classes 
and junior students in technical colleges. A valuable 
feature of the book, which may secure for it a wider 
circle of readers, is the numerous references to original 
papers in which certain topics, treated somewhat 
cursorily in the text, can be studied at length. The 
author is Mr. T. M. Naylor, M.Sc., A.M.Inst.C.E., who is 
lecturer on mechanical engineering at the University of 
Leeds. In his preface Mr. Naylor explains that he 
has of set purpose omitted any detailed discussion of 
thermodynamics or of the theory of lubrication. 
Most types of steam turbine are adequately illustrated 
and described. In the case of te more important of 
the drawings reproduced, a legend is appended naming 
each individual item shown. There is an excellent 
chapter dealing with the reheat factor, the condition 
line and the efficiency ratio of a turbine, and mention 
may also be made of the section dealing with the 
design of rotating discs. This is based mainly on the 
work of Mr. G. Arrowsmith, M.Sc., whose tables for 
facilitating the computations are reproduced in extenso, 
A few slips seem to require attention. Thus, the 
experiments of the Nozzle Committee have shown that 
the discharge angle of standard Parsons blading is 
184 deg., not 20 deg., as the author has it. There is 
also an unfortunate misprint on page 125, where the 
ultimate strength of the steel used for turbine shafting 
is given as 40,000 lb. per square inch. The author 
offers a proof that 0-47 is the best theoretic ratio of 
blade speed to steam speed in the case of an impulse 
turbine having 20 deg. as the nozzle angle. This 
proof is based on the assumption that the effective 
bucket angle at entrance is the same as the bucket 
angle of discharge. This, however, is not the condi- 
tion giving maximum efficiency and as a matter of 
fact the best theoretic ratio for a 20 deg. nozzle angle is 
about 0-525. With a 30-deg. nozzle angle such as 
may be used at the last stage of an L.P. turbine, the 
ratio is still higher. Whilst mainly dependent on the 
nozzle angle, the theoretic best value of this ratio also 
varies to some extent with the bucket angle at dis- 
charge and with the bucket friction. 


Under the title, Mathematical Tables and Formulas, 
Messrs. John Wiley and Sons, Incorporated, New York, 
and Messrs. Chapman and Hall, Limited, London, have 
issued a useful collection of four and five-figure tables. 
The price of the volume is 8s. net, and it has been 
compiled by Professors P. F. Smith and W. R. Longley, 
of Yale University. The 21 tables include tables of 
squares, cubes and reciprocals, of the trigonometric 
functions, of logarithms and anti-logarithms, and of 
exponentials and hyperbolic functions. A thumb 
index facilitates reference to any particular table 
required. In a supplementary section are given-a long 
list of formula relating to algebra, trigonometry and 
analytic geometry. A table of differentials is also 
included, and there is a much longer section on integrals, 
which will cover all ordinary requirements. The 
solution is also given fcr the differential equations to 
harmonic motions. 





Tue first work on standard methods of testing 
petroleum, issued by the Institution of Petroleum 
Technologists in 1924, received a warm welcome, 
mingled with the regret that the volume did not give 
more information. The second edition of Standard 
Methods of Testing Petroleum and its Products (London : 
The Institution of Petroleum Technologists, Aldine 
House, Bedford-street, W.C.2., price 7s. 6d. net) is a 
larger work and is interleaved with writing paper for 
annotation. In the preface ‘Sir Frederick W. Black, 
chairman of the Standardisation Executive Committee, 
specially acknowledges the services of Professor Brame, 
editor, and of Mr. George Sell, secretary of the Com- 
mittee. The names of the members of the Committee 
are not given. Some of them are certainly well known 
and are sufficient guarantee for the reliability of the 
information. The volume summarises the methods 
of testing under twelve headings, referring to the 
ery dealt with: Gasoline G, White spirit W, 

nzole Mixtures B.M., Kerosene K, Long-Time Burn- 
ing Oil L.T.B.0., Gas Oil G.O., Mineral Lubricating 
Oils L.O., Transformer and Switch Oils T.O., Fuel Oils 
F.0., Asphaltic Bitumen and Asphaltites A, Com- 
mercial Paraffin Scale and Refined Paraffin Wax P.S., 


and Crude Petroleum ©.P. In each case the tests 
comprise specific gravity, colour, distillation, firepoint, 
&c., describe and illustrate the apparatus used and 
designate the test in question in a convenient way. 
Thus G4 means the sulphur test of gasoline, the 
G standing for gasoline and the 4 for the sulphur 
test of the IL.P.T. The corresponding number of the 
test of the American Society for Testing Materials is 
also given. The twoinstitutions continue to co-operate, 
and due attention is, of course, paid also to the rules 
and work of the British Engineering Standards Associa- 
tion, the National Physical Laboratory and of the 
American Bureau of Standards. The Redwood visco- 
meter is retained, and the metric system is used 
for dimensions of glassware ; otherwise the inch holds 
the field, and deg. F. and deg. C. are both used. All 
this is satisfactory and does not call for critical com- 
ment. Yet there is a regret again. The terms 
gasoline, long-time burning oil, white spirit, &c., are 
not in any way defined or explained ; that, no doubt, 
has been done elsewhere. But there is no indication 
either of the conditions which the material should 
satisfy. As it is, the book tells the analyst how to 
perform his test ; it does not tell him what he might 
expect from a K, a G.O. or an L.T.B.O., and in that 
respect the book is not a help to the general reader. 





The Festschrift, 50 Jahre Kiéiltetechnik, Geschichte der 
Gesellschaft fiir Linde’s Eismaschinen. A.-G., Wiesbaden, 
published by this firm in commemoration of the 
fiftieth anniversary of its establishment, is an interesting 
record of the contributions of the firm to the develop- 
ment of an industry which, although as old as applied 
electricity, is only now approaching it in its general 
application. The founder of the firm, Dr. Carl von 
Linde, who was born in 1842, in Berndorf, Ober- 
franken, Bavaria, was the son of a clergyman. He is 
still chairman of the board of thecompany. He studied 
engineering at the Ziirich Polytechnicum in 1861, 
under the great teachers Christoffel, Clausius, Reuleaux 
and Zeuner, worked in various factories, and became 
lecturer on the mechanical theory of heat and engine 
construction at the then newly-established Technical 
High School at Munich in 1867. Brought in contact 
with G. Sedlmayr and other leading brewing firms, he 
founded the Gesellschaft fiir Linde’s Eismaschinen at 
Wiesbaden in 1879. He had to resign his professorship, 
but resumed his lectures on the theory of refrigerating 
machinery in 1891, when he returned to Munich, 
where he erected a laboratory for technical physics. 
His first machines and compressors, in which he 
replaced the usual ethyl ether by methyl ether, 
and then by ammonia, were built by the Maschinen- 
fabrik Augsburg, in 1871. With this firm he has 
remained in close connection. The Linde Company 
spread, directly and indirectly by licences, all over 
the continent. The French and English patents were 
sold, but later reacquired; in London, the Linde 
British Refrigeration Company was founded, in con- 
junction with Messrs. Pigott and Company, of Birming- 
ham. In England and Italy, the relations broken-off 
during the war have not been renewed. The parent 
firm was greatly enlarged in 1901, by the inauguration 
of the B division for Gas Liquefaction at Hollriegels- 
kreuth, near Munich, and the general engineering 
division C, opened in 1920 at Siirth, near Cologne, where 
pumps and compressors are manufactured. There is 
further a branch manufacture for small refrigerating 
appliances at Mainz. Dr. Friedrich Linde and Dr. 
Ing. Richard Linde, sons of the founder, are managing 
directors of divisions C and B. Noteworthy features 
of the volume, which describes these developments, are 
the acknowledgment of the services of past and present 
members of the firm and the staff, and the emphatic 
statement that the liquefaction industry is based upon 





the Joule-Thomson effect. Considerable future expan- 
sion is anticipated in the domestic field. 





The publication in 1872 of the first edition of 
Trautwine’s Civil Engineer’s Pocket-book marked 





a new departure in this class of publication. Pre- 
viously these aide memoires had been practically 
exclusively mere collections of formule often empirical, 
and thus misleading outside of the actual range of 
observations covered. The new publication, however, 
was largely taken up with notes on almost every 
knotty point with which the civil engineer, who 
might be pioneering many miles away from assistance 
of any kind, could be confronted. Indeed, algebra 
was barred from this first issue, formule being 
expressed in words instead of symbols. This feature 
constitutes an interesting commentary on the mathe- 
matical equipment of a large proportion of those 
responsible at this by no mean distant date, for many 
important and successful works, and the restriction 
was abandoned in later editions. These, however, 
have consistently followed the line so successfully 
inaugurated by John C. Trautwine the first, who has 
been succeeded in the editorship, first by his son, 





John C. Trautwine the second, and now by a grand- 





son bearing the same name. A third issue of the 
twentieth edition has now been published by the 
Trautwine Publishing Company and by Messrs. Chap- 
man and Hall, Limited, London, the price being 
35s. net.. In view of the growth of the volume in 
bulk, the title has been altered to the Civil Engi- 
neer’s Reference Book. All the valuable features of 
the older issues have been retained, including a 
section intended to give some idea as to probable 
costs—a matter on which the isolated engineer finds 
it often difficult to form an opinion. The index has 
been revised, some typographical errors corrected, 
and a section on dredging and dredging appliances 
has been added. 


TESTING THE SLAG EROSION OF 
FIREBRICKS. 


Tue rotary laboratory furnace of Messrs. R. K. 
Hursh and Chester, E. Grigsby, which we described 
on page 313 of our issue of March 8 last, was particu- 
larly designed for tests of the erosion caused by boiler 
furnace slags in the Engineering Experimental Station 
of the University of Illinois. In a paper on the Effect 
of Typical Slags on Fire Bricks, presented to the 
American Ceramic Society, at Chicago, Mr. Grigsby, 
who is engineer to Messrs. Evans and Howard Fire 
Brick Company, of St. Louis, Mo, gave particulars of a 
modification of this furnace adaptable to the study of 
the slag erosion of firebricks in reverberatory furnaces 
and bull ladles, in which a layer of slag floats on the 
top of the molten metal. A bull ladle, it may be 
explained, is a top-pouring ladle of small capacity, 
usually suspended under a larger one to facilitate the 
filling of small moulds. The cylindrical test chamber 
of the furnace is rotated about its vertical axis and is 
heated from above by an oil blast to melt the slag, 
which is introduced through a hole in the crown block 
and floats on a bath of molten metal. The bull ladle test 
was adopted on account of the increasing popularity of 
soda (mostly fused soda ash) as a purifier in iron 
foundries for the removal of sulphur. The soda is 
added to the charge in the cupola, in the tapping spout, 
or in the bull ladle, and is very effective as a purifier, 
but is also very destructive to some bricks. In one 
foundry, the ladle lining lasted six weeks when no 
purifier was used, but its life was shortened to one 
week when 0-2 per cent. of soda was added to the 
charge. The experiments with the new furnace 
showed that dense flint fireclay bricks gave the best 
results in slag and service tests, and were more resistant 
to sodium carbonate than high-alumina bricks. Chrome 
ore cement was not found materially better in this 
respect than fireclay mortar, while a second-grade 
dense dry-press fireclay brick, having a porosity of 
12 per cent. to 15 per cent., proved as good as any 
other. At temperatures of 2,600 deg. F., soda ash 
attacks, not so much the brick itself as the mortar, 
which is washed out, so that the back of the lining is 
corroded and the brick falls into the ladle. In the 
cupola tests, the high-alumina bricks also proved 
slightly inferior to the dense flint fireclay bricks in 
their resistance to high-lime slags, and they did not 
give satisfactory service in the hot zone of most cupolas, 
owing to severe abrasion. Increase in porosity in 
plastic clay and in grog content decreased the resist- 
ance of flint-fireclay bricks to high-iron slags, which 
also rapidly corroded dry-pressed siliceous fireclay 
bricks. The most satisfactory service in cupolas when 
hot and cold abrasion and slag erosion were severe 
was obtained with stiff mud repressed blecks of dense 
structure. 











British STANDARD SPECIFICATION FOR WIRE FOR 
CasLEs.—The British Engineering Standards Associa- 
tion has recently issued a specification relating to brass 
armouring wire for electric cables. The wire dealt with 
in this specification is intended primarily for use in the 
motor-car and similar industries. The specification 
provides for three sizes of wire and specifies the chemical 
composition of the material, the tolerances permitted 
on the dimensions, and the finish of the wire. Mechanical 
tests are included and the procedure of selecting samples 
for these tests is laid down. Copies of the new specifica- 
tion (No. 356—1929) may be obtained from the B.E.S.A., 
Publication Department, 28, Victoria-street, London, 
8.W.1, price 2s. 2d. post free. 





British InpustRIES Farr.—The prospectus of the 
Birmingham section of the eleventh British Industries 
Fair, which is to be held in the Exhibition Buildings, 
Castle Bromwich, Birmingham, from February 17 to 
February 28, 1930, has now been issued. The exhibits 
are divided into 10 main groups, which include, hardware, 
ironmongery, and brassfoundry; gas; building and 
decoration ; public works and roads ; metals ; transport ; 
mining; engineering; and electricity. The exhibition 
building at Castle Bromwich has a floor area of 400,000 
sq. ft., and on this occasion it is hoped to add a further 
extension of 65,000 sq. ft. Copies of the prospectus, 
together with forms of application for space, which latter 
must be returned before October 31 next, may be obtained 
from the general manager, British Industries Fair, 
Chamber of Commerce, Birmingham. 
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LABOUR NOTES. 


Any hopes that were entertained of an early settle- 
ment of the regrettable dispute in the Lancashire 
cotton industry disappeared on Monday, when a delegate 
meeting of the Operative Cotton Spinners’ Amalgama- 
tion rejected a recommendation of the organisation’s 
Executive, that the central body should be given 
power to negotiate the best terms possible, and report 
to the districts for ratification. As the Card Room 
operatives and the Weavers have adopted a similar 
attitude the deadlock is, at the time of writing, com- 
plete. 





A statement issued on Tuesday night from 10, 
Downing-street, was, in part, as follows :—‘* Mr. Ram- 
say MacDonald has followed the course of the dispute 
from the beginning and has been in close consultation 
with the Minister of Labour. The interest of the 
Government in the state of the cotton trade and its 
difficulties has been shown by the decision to hold an 
inquiry by a Committee, the personnel of which was 
announced a few days ago. That Committee held its 
first meeting on Friday last, and will resume its work 
as soon as the material which it is asking the various 
cotton trade. organisations to produce is ready, but 
obviously its work cannot affect the present position. 
In the meantime on account of the effect of the stoppage 
on the trade itself and on the industry of the country 
generally, the Prime Minister and the Minister of 
Labour earnestly hope that the parties will find it 
possible to arrive at a basis upon which an early meeting 
ean be arranged. In this connection the services of 
the Ministry of Labour continue to be used, and are at 
the disposal of the parties if either side should desire 
them, or if any development should occur that renders 
action practicable. The Prime Minister will be in close 
touch with developments, and will be ready to assist in 
the settlement of a dispute which, however it is 
regarded, is to be deplored.” 





On July 29, 1929, the number of persons on the 
registers of Employment Exchanges in Great Britain 
was 1,154,100. Of these, 774,900 were wholly un- 
employed, 304,500 were temporarily stopped, and 
74,700 were persons normally in casual employment ; 
891,600 were men, 35,100 boys, 198,100 women, 
and 29,300 girls. These figures are exclusive of 
persons disqualified for benefit by reason of the dispute 
in the cotton industry. Of 1,122,643 on the registers 
on July 22, 1929, 755,967 were wholly unemployed, 
292,373 were temporarily stopped, and 74,303 were 
persons normally in casual employment ; 873,478 were 
men, 28,295 boys, 196,230 women, and 24,640 girls. The 
number of persons on the registers on July 30, 1928, was 
1,304,971 of whom 1,030,599 were men, 38,496 boys, 
203,477 women, and 32,399 girls. 





The Ministry of Labour estimates that on July 22, 
1929, there were approximately 10,177,900 insured 
persons aged 16 to 64 in employment in Great Britain. 
This was 2,900 less than a month before, and 272,800 
more than a year before. 





A draft economic programme which the Inter- 
national Federation of Trade Unions is submitting to its 
affiliated bodies, which include, of course, the British 
Trades Union Congress, contains an interesting declara- 
tion on the subject of rationalisation. It is to the effect 
that the trade unions should further the conscious 
planning of the development of industries, rational 
organisation into larger units, the reorganisation of 
industrial finance, and the substitution of the most 
modern plant and technique for less modern machinery 
and methods, provided safeguards against the exploita- 
tion of the workers are secured, and the standard of 
life of the workers increases proportionately as pro- 
ductivity increases. 





According to the draft programme, five guarantees are 
required by the International Federation of Trade 
Unions. They are: (1) The participation of the trade 
union organisations in the preparation and application 
of measures of rationalisation. (2) Comprehensive 
plans ensuring the transfer to other employment of 
workers who are rendered superfluous in individual 
enterprises or branches of industry. (3) In case of 
delay in effecting this, the granting of unemployment 
benefit without restriction of time to persons thus 
thrown out of employment. (4) In the application of 
rationalisation, full safeguards for the safety and health 
of the workers. (5) Guarantees that the workers shall 
receive their just share in the advantages resulting 
rom rationalisation by the following means, adopted 
wholly or in part, according to the requirements of the 
public interest :—The reduction of selling prices, the 
increase of real wages, the shortening of working hours, 
and the guarantee of an annual holiday. The draft 
programme is to come up for consideration at next 
inonth’s Trades Union Congress in Belfast. 





ENGINEERING. 


A legal decision of more than ordinary interest to 
trade unionists has recently been given in Ireland. A 
railway employee sued the Great Southern Railway 
Company for 1401. for work claimed to have been done 
as a relief clerk and remunerated only at his ordinary 
rate. In reply to counsel for the Company, he admitted 
that he had belonged to the union for one month only 
and that three years ago, and the judge accordingly 
ruled that as he did not belong to the recognised trade 
union which had negotiated the rates of pay in opera- 
tion, he could not recover. The decision was founded 
on a section of the Railways Act, 1924, which reads :— 
“From and after the passing of this Act, the rates of 
pay, hours of duty, and other conditions of service of 
railway employees shall be regulated in accordance 
with agreements made, or to be made, from time to 
time between the trade union representatives and such 
employees on the one part and the railway companies 
and other persons by whom they are respectively 
employed on the other part.” 





The first results of an inquiry conducted in October, 
1928, by the German Federal Statistical Office into 
earnings and hours of labour in the metal and engine- 
ering industries have been published. They relate 
to conditions in Berlin. The inquiry covered 29 
undertakings and 81,146 workers, or nearly one-third 
of all the metal workers in the area. Of this total, 
76 per cent. (61,687) were employed in electrical engine- 
ering and apparatus manufacture, and 12-8 per cent. 
(10,413) in general engineering and boilermaking. All 
other branches were represented in the remaining 
11-2 per cent. (9,046); of these, 3,032 workers were 
engaged in the construction of vehicles, aircraft and 
railway rolling stock, 2,517 in the manufacture of iron, 
steel and other metal goods, 1,941 in constructional 
ironwork and 1,556 in scientific and optical instrument 
manufacture. The inquiry was limited to male workers 
over 21 years of age, and female workers over 18 years 
of age. In the published results, four classes of 
workers are distinguished :—(1) Skilled workmen (in- 
cluding both highly skilled workmen and men of normal 
skill) ; (2) semi-skilled workmen (including men engaged 
on work requiring a limited degree of skill and on semi- 
skilled work); (3) unskilled workmen (men engaged 
on semi-skilled and other work of a simple nature) ; 
and (4) women (semi-skilled and unskilled). 





Thirty-five per cent. of the workers covered were 
time-workers and 65 per cent. were piece-workers. The 
proportion varied, however, with the class of worker ; 
thus 70-4 per cent. of the skilled workmen, 67-6 per 
cent. of the semi-skilled workmen and 79 per cent. of 
the women were piece-workers, while only 29°5 per 
cent. of the unskilled workmen were in that category. 
The agreed minimum rates were exceeded by the 
earnings to the greatest extent in the case of the skilled 
workmen on time-work, the average increase amounting 
to 11-6 per cent. The agreed rates taken were, of 
course, increased by from 4-7 to 5-7 Reichspfennigs, 
according to class of worker, as from April 22, 1929. 
The average weekly earnings, including payments for 
overtime, were in October, 1928:—Skilled time 
workers, 56-80 R. Marks; skilled pieceworkers, 58-95 
R. Marks ; semi-skilled time workers, 45-04 R. Marks ; 
semi-skilled pieceworkers, 49-11 R. Marks; unskilled 
time workers, 40-22 R. Marks ; unskilled piece-workers, 
44-58 R. Marks ; women time workers, 27:07 R. Marks ; 
women pieceworkers, 30-85 R. Marks. 





After making allowances for time lost through short 
time, sickness, &c., the average working week, including 
overtime, for all classes of worker and all branches of 
the industry, was 474 hours. A weighted average 
showed 47-7 per cent. working 48 hours a week, 
26-7 per cent. working less than, and 25-6 per cent. 
working more than, 48 hours a week. The longest 
average working week (493 hours) occurred in the 
constructional ironwork branch of the industry, and the 
shortest average (45} hours) in the manufacture of iron, 
steel and other metal goods. The amount of overtinie 
averaged } hour a week for all classes of piece-workers, 
and varied from 1 hour to 2? hours a week according to 
group for time-workers. 





According to Mr. Begnotti, the Provincial Trade 
Union Commissioner, Italy’s industrial employers are 
showing an obstinate antipathy to Employment Ex- 
changes. Their attitude was due, he suggested, to ignor- 
ance of the difficulty and importance of the work of the 
Exchanges under the Fascist system. To allow 
employers to engage labour as they pleased simply on 
condition that the workers must be registered with the 
Employment Exchanges, but without reference to the 
Exchanges, deprived the Exchanges, he declared, of 
their essential function. The employers also opposed, 
Mr. Begnotti said, the existence of workers’ represen- 
tatives in factories, notwithstanding the differences 
there were between these representatives—who were 


emphatically desired by the workers—and the old 
works’ committees. That opposition would have 
to be overcome, he declared, because the workers 
needed assistance and protection in connection wish 
their work. The spirit of the masses appeared to be 
excellent, judging from their outward discipline ; but 
it was necessary to inquire whether the discipline wat 
organic or whether it was merely a state of passive 
subordination and fear. 








Addressing the Congress of Fascist Trade Unions, 
at which Mr. Begnotti made these observations, 
Mr. Bottai, Under Secretary of State to the Ministry of 
Corporations, gave it as his conviction that the trade 
union system would not be able to display full maturity 
and efficiency until the humblest of trade union mem- 
bers was free to express all his views without fear of 
disciplinary penalties. “‘The trade unions must not 
be regarded,” he went on to say, “as disciplinary 
machines or as automatic devices for the distribution 
of collective agreements like pieces of chocolate in 
return for a ten-lire contribution. They must be 
living organisms within which living men discuss their 
legitimate and honest interests. Some people imagine 
that the whole of this enormous and powerful organism 
has been built up by us for the continuous manufacture 
of idyllic collaboration ; others imagine that by doing 
away with strikes we have attained our objective. My 
opinion is that the absence of strikes and agitation 
among the workers must be compensated by a lively 
and unceasing sentiment of equity, honesty and 
justice. Ido not think that equity and justice can be 
manufactured by legislation. I am not scandalised 
by the idea that there are some employers who do not 
observe the provisions of collective contracts. I would 
wish not merely that such employers should be met by 
verbal protest and by legal proceedings, but that any 
workers who connive at the breach of contract should 
be branded with infamy.” : 





‘Fascist workers,’ Mr. Bottai continued, ‘‘ some- 
times feel themselves surrounded in the works by an 
atmosphere of bitter and indignant hostility and cold- 
ness on the part of other workers who feel homesick for 
the old organisations and the old leaders. But while 
it is true that the spirit of class warfare has not dis- 
appeared from among the workers, a similar spirit 
survives among the employers also. Both sides have 
still some distance to go before they can meet, but 
their meeting cannot be brought about by the ordinary 
system of arbitration of disputes between the classes. 
People are too much inclined to think that industrial 
disputes are settled by dividing things equally between 
workers and employers. This is clearly not the Fascist 
method, as was shown on the occasion of the minimum 
wage dispute in the Province of Turin. The Ministry 
was confronted by a wide discrepancy between the 
rival claims, and ordered an enquiry, which came to 
conclusions considerably closer to the demands of the 
workers than to those of the employers. This indicates 
that, while we are not partisans, we are not neutral 
either. We are not outside and above the dispute ; 
we enter into it to find out the truth. We cannot lead 
you to the hypothetical victories that you have been 
promised, but we shall help you to consolidate your 
position in the political and economic life of the Italian 
nation.” 





Industrial and Labour Information, the weekly organ 
of the International Labour Office, states that the 
question whether the unemployment indemnity pay- 
able to seamen while a vessel is undergoing repairs, 
if the repairs are themselves regarded as a general 
average charge, shall be admissible as a general average 
expense, which has formed a subject of controversy 
between shipowners and marine assurers in France for 
some time past, was recently decided in the affirmative. 
For a long time French average adjusters refused to 
admit this charge as a general average expense ; but a 
judgment of the Bordeaux Court of March 25, 1925, 
subsequently confirmed by a decision of the Court of 
Cassation on November 16, 1926, decided against their 
claim. Marine assurers refused to accept this judg- 
ment and again raised the question before the Dunkirk 
Commercial Tribunal, which decided against them ; 
on appeal, however, this judgment was reversed by the 
Douai Court of Appeal, and the question again came 
before the Court of Cassation. Both these cases were 
argued under the York and Antwerp Rules of 1890. 
But in the most recent case, that of the Penelope, the 
revised rules adopted in 1924 governed the case. 
The points at issue were submitted to the arbitration 
of Messrs. L. Dor and F. Bernadin, who recently issued 
their award. This award confirms the previous decision 
of the Court of Cassation to the effect that unemploy- 
ment indemnities granted under the above conditions 
are admissible as a general average expense. The 
question whether Rule C of the 1924 Rules is calculated 
to modify this judgment was also examined by the 
arbitrators, who decided in the negative. 
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POWDERED-FUEL INSTALLATION ONS.S. “SWIFTPOOL.” 


CONSTRUCTED BY MESSRS. THE BRAND POWDERED FUEL SYSTEM, LIMITED, LONDON. 


opcec-oe-ee 
' 


Fig.4. 





al 

















(1551.8) 


from a vessel designed ab initio for pulverised-fuel 
burning. 

The Swiftpool has been built by Messrs. William 
Gray and Company, Limited, of West Hartlepool, the 
engines and boilers being constructed and installed 
at The Central Marine Engine Works, West Hartle- 
pool. The vessel is 421 ft. between perpendiculars, 
and has a moulded breadth of 54 ft. 0} in. The 
moulded depth is 30 ft. 1 in., and the load draught 
25 ft. The ship has a deadweight capacity of 9,100 tons, 
and has been built to Lloyd’s requirements. The engines 
are of the triple-expansion type, driving a single screw. 
The cylinder bores are 26} in., 44 in., and 73 in., 
respectively, the piston stroke being 48 in. Steam is 
supplied by three single-ended boilers 15 ft. 9} in. in 
internal diameter, and 11 ft. 6 in. long. Each boiler 
has a heating surface of 2,644 sq. ft., and is suitable for 
« working pressure of 180 Ib. per square inch. It is 
anticipated that service conditions will call for about 
2,050 ich.p., for which the boilers are very liberally 
rated, The vessel is intended for general cargo service, 
and is built on somewhat finer lines than those usually 
associated with tramp steamers. 

The pulverised-fuel system, of which the general 
arrangement is shown in Figs. 1 to 6, on this and 
the opposite pages, has been installed by Messrs. The 
Brand Powdered Fuel System, Limited, York Man- 
sion, Petty France, S.W.1. Particulars of the develop- 
ment of the Brand system, together with various 
applications, were given on page 91, et seq, of vol. 
cxxiv of ENGINEERING, while details of a test on a 
S otch boiler, with drawings of the burner used, were 
given on page 336 of vol. cxxvi. The description 
may therefore be confined, in the present instance, to 
the particular arrangement of the plant as installed 
in the Swiftpool. “The main bunkers, which have a 
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provided, approximately over the stokehold, for 
trimming the coal into a daily-service bunker. The 


transfer from the main to the service bunker is made 
direct if slack be carried, and through a crusher if the 
ship is bunkered with ordinary bunker coal. It may 
be mentioned that slack will normally be used, run-of- 
mine coal being taken in only at ports where slack is 
not available. The crusher is shown in Figs. 1, 2 and 
4, carried on a platform below the upper deck, and 
directly above the service bunker, which can be seen 
to the right in Fig. 1. There are two pulverisers, 
manufactured by Messrs. W. Asquith (1920), Limited, 
of Halifax, both being at stokehold floor level, as shown 
in Figs. 1, 2 and 6. Either of these pulverisers is 
capable of maintaining a full supply of powdered coal 
to all three boilers, one of them, in effect, constituting 
a stand-by. The coal is fed by gravity from the daily- 
service bunker to the pulverisers through a hopper. 
The pulverisers are of the slow-speed, roller type, and 
serve to break down the slack to a condition such that 
85 per cent. will pass through a 200-mesh screen. 
Before describing the path of the fuel from the bunker 
to the burners in detail, it may be explained that 
practically the whole of the system is duplicated, and 
it will simplify reference to the drawings if attention 
is confined to the apparatus associated with one 
pulveriser only. The actual powdered coal supplied 
to the burners is drawn from a bin with a sufficient 
capacity for ten hours’ full steaming. This bin is 
shown in plan in Fig. 4, and in elevation in Figs. 2 
and 3, and it will be seen that it is provided with two 
cyclone separators at the top. The powdered fuel is 
air-borne to the cyclone from the pulveriser. The 
cyclone fan draws the air, impregnated with the fuel, 
from the pulveriser, and after passing it through a 
sifter, in which it is graded, delivers it via an uptake 


capacity of approximately 2,000 tons, are located | trunk to the cyclone, where the fuel is separated out 


in the bridge space on the upper deck. A hatch is|and falls by gravity to the bin. The carrying air is 








returned by a downtake trunk to the pulveriser. The 
system so far described is completely closed, but 
actually there is a branch on the downtake, shortly 
before it enters the pulveriser, by means of which 
warm air is drawn from an air heater in the boiler 
uptake. The air entering the pulveriser is thus 
heated for the purpose of drying the fuel. An 
amount of air corresponding to the supply from 
the heater is drawn off by a branch in the downtake 
at about the level of the bottom of the bin. This air 
forms the supply for the primary-air fan, by which it 
is delivered into a main behind the burner feeders, for 
the purpose of picking up the coal from the feeders 
at the base of the bin, and delivering it by separate 
pipes to each burner. The two primary-air fans are 
shown in Figs. 1 to 3 and 5, from which it will be 
seen that they are mounted on a platform above the 
pulverisers. The pipe arrangements can also be traced 
out from the drawings. 

The burners are practically identical with that 
illustrated on page 336 of vol. cxxvi of ENGINEERING. 
The secondary air is drawn from the air heater in the 
boiler uptake by a fan located in the engine-room. The 
burner feeders are mechanically operated, and the 
quantity of fuel delivered to each furnace can be 
regulated to meet any steaming conditions from full 
power to one-sixth power. The pulverisers and fans 
are driven by steam engines of the type usually provided 
for auxiliary units on ship board, the steam for these 
services being taken, under normal circumstances, 
from one of the main boilers. A small vertical donkey 
boiler, located in the stokehold between the two 
pulverisers, as shown in Figs. 2, 3 and 6, has been 
installed for the purpose of raising sufficient steam 
to drive the pulverising equipment if at any time all 
three main boilers are out of use, as, for example, during 
survey. Deck steam will normally be taken from one 
of the main boilers while the vessel is in harbour. 

A demonstration of the working of the installation 
was made on July 31 before a large number of visitors, 
the vessel being moored to the quay at West Hartlepool. 
Two of the main boilers were supplying steam to the en- 
gine, and the small amount of attention required to main- 
tain the pulverising plant in action was very noticeable. 
There was no appreciable deposit of dust on any part 
of the vessel during the test, thus confirming the good 
reputation enjoyed by the Brand system in this respect. 
Upon the whole, the layout of the plant in the stoke- 
hold appeared to have been very carefully thought out, 
but exception may be taken to the position of the 
donkey boiler between the two pulverisers, where it 
very appreciably lessens the available floor space. 
It has already been suggested that space in the stoke- 
hold was somewhat limited by the original positions 
of the bulkheads, and the duplication of the major 
portion of the plant has not improved matters in this 
respect. The policy of duplication is, however, no doubt 
thoroughly sound in view of the relatively experimental 
nature of the plant and the absence of alternative 
means for firing the boilers. In conclusion, it may 
be mentioned that the temperature in the stokehold 
was uncomfortably high during the tests, and should 
this condition persist while the vessel is at sea, it 
would appear advisable to employ more effective 
lagging for the pre-furnace fronts. 








BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosion Acts, 1882 
and 1890, inquiries have been conducted by Board of 
Trade officials into a number of explosions. Reports 
of the investigations have been published recently, 
and of some of these we give brief summaries below. 

Fracture of Studs of Stop Valve in a Trawler.—In the 
steam trawler Strathcarron, the stop valve to the 
steam whistle was secured to the boiler shell by 
four §-in. studs. The boiler, about fifteen years old, 
was constructed for working at 180 lb. pressure. 
On the morning of September 4, 1928, while the 
vessel was in the Albert Basin, Aberdeen, the whistle 
was blown several times, when, without any warning, 
the studs of the whistle stop valve fractured, the 
chest being blown off the boiler. Examination showed 
that though the studs were not wasted, all four had 
old flaws, and in two there were complete fractures. It 
was considered that their failure was probably due to 
their being overstressed on some occasion when the 
stop valve was rejointed. 

Explosion of a Steam-Wagon Boiler.—The explosion 
of the boiler of a Foden steam-wagon, which occurred 
September 21, 1928, was due to the wasting and 
fracture of the fire-box stays. The wagon belonged 
to Messrs. The Baildon Combing Company, Limited, 
Shipley, and it was on the high road between Shipley 
and Bradford when the accident occurred. The boiler, 
of the standard locomotive type, as fitted to Foden 
wagons, was eight years old. It was insured and 
inspected periodically by the Vulcan Boiler and 
General Insurance Company, Limited, Manchester, the 





last inspection having been made in April, 1927. At 





that time, trouble was being experienced with stays 
breaking in the right-hand side of the fire-box wrapper 
plate, and many were renewed. The boiler, which 
usually worked at 220 lb. pressure, was, at the same 
time, tested satisfactorily to 300 lb. After the explosion 
i 1 September last, it was found that out of 24 stays in 
the left side of the fire-box, no fewer than 21 had 
broken, and some of these had wasted away from 
f-in. diameter to #-in. diameter. The examination of 
the fire-box stays of such boilers is, it is well known, 
difficult to carry out, but the necessity of renewing the 
greater part of the stays in the right-hand side should 
have led to the removal for inspection of some of those 
in the left-hand side. The wastage had obviously been 
going on some time. 

Explosion of a Marine Boiler.—The S.S. M. J. Craig 
belonged to Messrs. Hugh Craig and Company, Belfast, 
and had an ordinary marine boiler, fitted for working 
at 180-lb. pressure. The boiler was made in 1921, and 
it was insured with Lloyds’ underwriters. It had 
three furnaces, of the ‘“‘ Deighton ”’ corrugated type, 
3 ft. 4 in. diameter, 44-inch thick. On October 13, 
1928, while the vessel was on passage in the English 
Channel, the crown of the centre furnace bulged 
inwards 34 in., and the plate cracked for a length of 
2in., through which there was a leakage of water. After 
this occurred, the working pressure was reduced to 
130 lb., and sea water was pumped into the boiler in 
an endeavour to salt up the crack, and the vessel was 
able to reach Swansea on October 14. On inspection, 
it was found all three furnaces had bulged, and the scale 
in the corrugations of the centre furnace was no less 
than §-in. thick. No fresh water was carried in the 
ship for make-up feed. The boiler had been scaled in 
July, 1928, and as a rule, cleaning was carried out 
every three months. 

Failure of an Economiser.—Report No. 2971 deals 
with the failure of a cast-iron economiser tube at the 
mills of the Rochdale Co-operative Manufacturing 
Society, Limited, on October 17, 1928. The economiser, 
constructed by Messrs. E. Green and Company, Limited, 
in 1906, consisted of 480 vertical cast-iron tubes, placed 
in the main flue leading from six Lancashire boilers. 
Constructed for working at 200-lb. pressure, and fitted 
with safety valves, the boiler was insured and inspected 
by the British Engine, Boiler and Electrical Insurance 
Company, Limited, Manchester, the last inspection 
having been made in August, 1928. The inspection 
subsequent to the failure of the economiser showed that 
a portion of one tube, about 11 in. by 4 in., had broken 
away, allowing water to escape, and though there had 
been little external wastage, the pipe was corroded 
badly inside. The deterioration could not have been 
easily detected by visual examination, but, as remarked 
by the Engineer Surveyor-in-Chief, ‘‘ a hydraulic test 
would have exposed it.” 

Failure of a Boiler Stop Valve in S.S. Gladiator.— 
The failure of a perfectly sound steam stop valve chest 
in §.S. Gladiator, on October 24, 1928, unfortunately 
leading to the death of two firemen, was due to the 
action of water hammer set up under rather unusual 
circumstances. The ship had three boilers, each fitted 
with a stop valve and an intermediate valve. Drains 
were fitted to the stop valves, but not to the inter- 
mediate valves. The accident occurred while the 
ship was being coaled in Queen’s Dock, Glasgow. For 
a time steam had been kept in one boiler only, for the 
purpose of working cargo. Fires were then lighted 
in a second boiler, and when the steam pressures in the 
two boilers was equal, they were coupled carefully to 
the main steam pipes. This was done in the forenoon of 
October 23, nearly 24 hours before the accident. At 
about 8 a.m. on October 24, the vessel heeled a few 
degrees to starboard, and this movement is presumed 
to have caused condensed water to flow from the port 
main steam pipe into the other branches, in which 
water hammer action of a severe nature was set up, 
causing the explosion. The intermediate stop valves 
were originally fitted next to the main stop valves, 
but they have now been moved close to the junction 
box of the three main steam pipes, and fitted with 
proper drain arrangements. 

Explosions of Heating Apparatus.—Reports Nos. 2986, 
2988 and 2990 refer to explosions of heating boilers 
in a Congregation] Church, Ferndale, Glamorgan ; in 
Hutchinson Hall, Liverpool; and in the works of 
Messrs. John Spence and Sons, Leeds. All three were 
due to frost, and they may be taken as typical of many 
explosions which occurred during the severe weather 
of last winter, but of which no particulars have been 
published. The Leeds explosion, unfortunately, led 
to the death, through scalding, of two women employees. 
Both at Glamorgan and Liverpool, the heating boilers 
were of the coil type, made from butt-welded wrought- 
iron tubing, and it was the coils which gave way. In 
neither case was there any form of safety device in the 
boiler itself. The boiler at Leeds was of cast-iron, and 
was some 18 years old. It was fed automatically from 
a tank higher up in the building, and the only pressure 
in the boiler, as a rule, was due to the head of water. 
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During the very cold week-end, February 16-18, the 


pipes adjacent to the boiler froze, and it was at 8 a.m., 
when setting the apparatus going, that the accident 
occurred. In his remarks on the accident, the Engineer 
Surveyor-in-Chief says: ‘‘ Makers of these appliances 
object to the fitting of relief valves in the boilers them- 
selves, because of the alleged difficulty in keeping such 
valves tight. There is, I think, no reasonable ground 
for such an objection, and some form of relief valve 
should be fitted on the boiler where it can be tested by 
the attendant, or a safety disc should be provided. 
A relief valve is fitted on the new boiler that has been 
installed.” 

Explosion of a Cast-Iron Centrifugal Pump.—At the 
works of Messrs. David Thom and Company, Limited, 
Manchester, a cast-iron centrifugal pump, driven by a 
belt, was used for pumping liquid soap from one vat 
to another. It had been in use for this purpose at least 
15 years. Beside the suction and delivery pipes, the 
casing was fitted with a l-in. steam pipe for turning 
steam into the pump, should the liquid soap become too 
viscid. This steam pipe was connected to the main 
steam line of the works, but was fitted with neither 
pressure gauge, relief valve, or reducing valve. On 
November 15, 1928, the pump not working satisfac- 
torily, the attendant stopped pumping, and turned on the 
steam, upon which the casing of the pump fractured in 
several places, the flying pieces injuring the workman. 
The boiler pressure at the time was about 60 Ib. per 
square inch. A new pump has now been fitted, and 
the steam pipe has a reducing valve, limiting the 
pressure to 15 lb. per square inch. 





BOOKS RECEIVED. 


Berechnung und Verhalten von Wasserrohrkesseln. By 
FRIEDRICH MUNnzINGER. Berlin: Julius Springer. 
[Price 24 marks. } . 

Tohoku Imperial University. Technology Reports. 
Vol. VIII. No. 3. Sendai, Japan. 

Lehrbuch der Metallkunde des Eisens und der Nichteisen- 
metalle. By Dr.-PHIL. FRANZ SAUERWALD. Berlin. 
Julius Springer. [Price 29 marks.] 

Atti del Primo Congresso del Motore a Scoppio Tenuto a 
Padova nei Giorni 16-17 Giugno, 1927. Padova: 
Societa Co-operativa Tipografica. 

Standard Tables of Square Roots. By L. M. MiILne- 
THOMSON. London: G. Bell and Sons, Limited. 
[Price 7s. 6d. net. ] 

Chamber of Shipping of the United Kingdom. Annual 
Report and Report of Proceedings of the 52nd Annual 
Meeting. London: Witherby and Company, 

Department of Overseas Trade. Financial, Industrial and 
Commercial Conditions in Canada. April, 1929. 
Report. By F. W. Fietp. London: His Majesty’s 
Stationery Office. [Price 3s. net.] 

Industrial Furnace Technique. By A. HERMANSEN. 
London: Ernest Benn, Limited. [Price 25s. net.] 

Fahrzeug-Getriebe. By Max SvuBERKRiB. Berlin : 
Julius Springer. [Price 25-50 marks. ] 

Sulle deformazioni finite della gamma. By R. ARIANO. 
Milan: Libreria Editrice Politechnica di Cesare Tam- 
burini fu Camillo. 

Transactions of the Institution of Civil Engineers of Ireland. 
Vol. LIV, 1927-28. Dublin: Offices of the Institution. 

Exact Colour Matching and Specifying By L. Buw 
DESBLEDS. Paris: Technological and Industrial 
Service. [Price 4s. net.] 

Surveying. As Practised by Civil Engineers and Sur- 
veyors. By JoHN WHITELAW, JR. Eighth edition, 
revised and enlarged. London: Crosby Lockwood 
and Son. [Price 16s, net.] 

Medical Research Council. 





Industrial Fatigue Research 
Board. Report No. 56. The Effects of Monotony in 
Work. A Preliminary Inquiry. By S. Wyarr and 
OrHEeRS. London: His Majesty’s Stationery Office. 
[Price 2s. net. ] 

Medical Research Council. Ninth Annual Report of the 
Industrial Health Research Board to December 31, 1928. 
London: His Majesty’s Stationery Office. [Price 9d. 
net. } 

The National Physical Laboratory. Report of the Advisory 
Committee for the William Froude National Tank for 
Year ended December 31, 1928. London: His Majesty’s 
Stationery Office. [Price 4d. net.] 








Personat.—Mr. W. H. Kretz has been appointed the 
representative of Messrs. Wagner Electric Corporation, 
6400 Plymouth Avenue, Saint Louis, U.S.A., for the sale 
of transformers in the South-Western States of America.— 
Messrs. Alfred Herbert, Limited, Coventry, have pur- 
chased the entire business and assets of Messrs. Clyno 
Engineering Company (1922), Limited, Wolverhampton. 





THE RoBertT Buiark FELLOwsHIP.—The London 
County Council has awarded the Robert Blair fellowships 
to Mr. C. G. Davies, of Gorseinon, Glamorgan, and 
to Mr. G. L. Riddell, of Muswell Hill, London. Mr. 
Davies will carry out a detailed investigation into 
modern developments of practice in steel sheet, tin- 
plate and galvanised sheet manufacture in the United 
States. Mr. Riddell proposes to study printing and its 
allied trades in relation to machinery processes and 
methods of production in Canada, the United States, 
and Germany. The Robert Blair fellowships, which 
carry a grant of 450/., are the most valuable awards 
in the gift of the London County Council. 





[AUG. 9, 1929. 


TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing 
date of each tender is stated below. Details may be 
obtained on application to the Department at the above 
address, the reference number given being quoted in 
each case. 

Rail Grinder.—The supply of one reciprocating rail 
grinder for grinding tramway rails. The City of 
Johannesburg, Stores Department, South Africa ; 
August 29. (Ref. No. A.X. 8322.) 

Lorries, Rolling Stock, Rails——The supply of spiral 
chutes, rail trucks, motor lorries and trailers, motor 
tractors, locomotives, rails, and oak sleepers. The 
Chilean Ministry of Marine, Santiago; October 24. 
(Ref. No. A.X. 8323.) 


Automatic Traffic Signals.—The supply and delivery 
of automatic traffic signals. The City of Johannesburg, 
South Africa; August 22. (Ref. No. B.X. 5547.) 


Calcium Carbide.—The supply and delivery of 290,500 
Ib. of carbide ‘of calcium. The South African Railways 
and Harbours Board, Johannesburg; September 19. 
(Ref. No. B.X. 5536.) 

Road Roller.—The supply of a road roller driven by 
petrol, fuel oil or paraffin. The City Council of Johannes- 
burg, South Africa; August 22. (Ref. No. A.X. 8339.) 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—A good deal of pig iron 
from other areas is still being consumed at foundries on 
the North-East Coast owing to the continued inadequate 
supply of local products for early use. The scarcity, how- 
ever, promises to be less acute in the near future. While 
there is virtually no marketable Cleveland pig for supply 
this month, both makers and merchants are offering iron 
freely for September-December delivery, and a moderate 
amount of forward business has been put through. Sales 
are almost entirely for home consumption, exporters 
being very unwilling to pay the pricesasked. No. 1 Cleve- 
land is 75s.; No. 3 g.m.b., 72s. 6d.; No. 4 foundry, 
71s. 6d. ; and No. 4 forge, 71s. 


Hematite.—Further movement in the right direction 
is noticeable in the East Coast hematite branch of the 
staple industry, but the improvement is at much too 
slow a rate to suit the views of producers, who complain 
that they are still unable to obtain anything like profit- 
able figures for their output. Makers have little or no 
prompt iron to offer, and merchants are not pressing sales 
as further rises in values are looked for. Terms of sale 
are a matter of individual negotiation and vary consider- 
ably. Customers claim they can buy from second hands 
at the equivalent of ordinary qualities at 75s. ; but makers 
ask up to 76s., and declare that the economic price 1s in 
the neighbourhood of 80s. 


Foreign Ore.—With consumers heavily bought to the 
end of next year, and merchants having little to offer, 
there is practically no business passing in foreign ore. 
Imports against running contracts have been very 
inconveniently curtailed by scarcity of tonnage. 
Nominally market rates are based on best rubio at 
24s. 9d., c.i.f., Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
scarce, and the minimum quotation for good average 
qualities, delivered here, is 21s. 6d. 


Manufactured Iron and Steel.—There are no quotable 
changes to record in the various branches of manu- 
factured iron and steel, but the position is less firm as 
regards semi-finished steel, owing to Continental material 
being on offer at reduced figures. Common iron bars are 
101. 15s. ; best bars, 112. 5s. ; double best bars, 117. 15s. ; 
treble best bars, 12/. 5s.; iron rivets, 112. 10s. ; packing 
(parallel), 8/.: packing (tapered), 10/.; steel rivets, 
1ll. 5s.; steel billets (soft), 61. 17s. 6d.; steel billets 
(medium), 7/. 12s. 6d.; steel billets (hard), 8/. 2s. 6d. ; 
steel ship plates, 8l. 12s. 6d.; steel angles, 8/. 2s. 6d. ; 
steel joists, 8/. 2s. 6d,; heavy sections of steel rails, 
81. 10s.; black sheets (No. 24 gauge), 107. 5s.; and gal- 
vanised corrugated sheets (No. 24 gauge), 137. 10s. 


Shipments of Iron and Steel.—Shipments of iron and 
steel from the Tees last month reached 89,157 tons, as 
compared with June clearances of 88,555 tons. Of the 
19,366 tons of pig iron loaded in July, 7,272 tons went 
coastwise, and 12,094 tons went overseas; of the 6.577 
tons of manufactured iron dispatched, 2,894 tons went 
coastwise and 3,683 tons overseas; and of the 63,214 
tons of steel, 16,929 tons went coastwise, and 46,285 tons 
overseas. Scotland was once more the largest receiver 
of pig iron, taking 7,172 tons, Belgium being second with 
4,668 tons. The Cape—1,912 tons—and Natal—1,014 
tons—were the largest buyers of manufactured iron. 
Among the principal customers for steel were : The Cape. 
12,274 tons; India, 7,627 tons; Argentina, 3,633 tons : 
The Straits, 2,193 tons; Japan, 2,070 tons; and Natal, 
1,949 tons. 








AGRICULTURAL MACHINERY IN TREBIZOND.—A report 
regarding the possibilities of the market for British 
agricultural machinery in Trebizond, Turkey, has been 
issued by the Department of Overseas Trade, 35, Old 
Queen-street, London, S.W.1. British firms desirous 
of receiving a copy should apply to the Department, 
quoting Reference No. A.X. 8338. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Largely as a result of the holiday 
stoppage quiet conditions prevail in the majority of 
sections. Orders are not being booked with the freedom 
desired, but improvement is anticipated in the near 
future. Prices of raw and semi-finished materials con- 
tinue firm, though complaints of the narrow margin of 
profit are freely heard. The gross output of steel is on 
the increase, especially that of basic quality. Acid-steel 
producers are anxiously awaiting a better demand for 
railway rolling-stock products. Orders of this character 
have been booked, while inquiries in circulation are more 
numerous. The Rhodesian Railway has ordered four 
bogie dining cars 60 ft. long. Each car will weigh 40 
tons and will contain a dining saloon, kitchen, pantry, 
refrigerator, and larder. The Madras and Southern 
Mahratta Railway is in the market for spare parts for 
carriages and wagons (including brackets, drawbars, 
bufferheads, castings, and coupling blocks) in addition 
to tyres and axle boxes. The Bengal Nagpur Railway 
is inquiring for steel boiler tubes. A fair amount of 
business continues to pass in electrical gear. Ship- 
building requirements are fairly substantial. The season 
for the farm and garden implements and machinery has 
not been up to the level of former years. Sales to the 
Colonies are on the up-grade. There is a steady call for 
grinding and crushing plant in connection with the 
development of the cement-making industry. Patchy 
conditions exist in the tool trade. Drills made of both 
carbon and high-speed steel are in a healthy position. 
File makers report a diminishing demand. The position 
of makers of forest tools and tools used in the tropical 
industries show no change. Light foundries are fairly 
actively engaged on the manufacture of stove grates and 
general household ironmongery. 


South Yorkshire Coal Trade.—The position of the coal 
trade locally is much the same as that of a week ago. 
The situation regarding the export of fuel is still somewhat 
uncertain. The demand for industrial fuel has eased 
slightly as the result of the holiday stoppage at steel- 
works. The house-coal market continues unsatisfactory 
despite a slight improvement. In contrast, the coke 
market shows increased strength. Steel-making coke is 
firm, while the blast-furnace sorts are in brisk demand. 
Foundry and furnace varieties are also active. Quota- 
tions: Best hand-picked branch, 25s. 6d. to 26s. 6d. ; 
Derbyshire best bright house, 19s. to 21s. ; best house coal, 
19s. 6d. to 20s. 6d.; screened house coal, 17s. 6d. to 
18s. 6d.; screened house nuts, 15s. 6d. to 16s. 6d. ; 
Yorkshire hards, 15s. to 16s. ; Derbyshire hards, 15s. to 
16s. ; rough slacks, 9s. to 10s. ; nutty slacks, 7s. to 8s. ; 
smalls, 38, to 5s. 








THE VALPARAISO WATER Suprly.—The Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
informs us that the Chilean Government is contemplating 
the augmentation of the Valparaiso and Vina del Mar 
water supply. There are two schemes proposed, one of 
which would necessitate the building of a dam. British 
firms may obtain further particulars on application to 
the Department, quoting Reference No. A.X. 8310. 





THE British ENGINEERS’ AssocraTION.—A _ small 
pocket book containing the names of the Council and 
officers of the British Engineers’ Association, together 
with a list of members, subscription rates, and a brief 
account of the objects, activities and services of the 
Association, has just been published. The Association, 
it will be remembered, exists to promote the interests of 
the engineering industry at home, and to increase the flow 
of orders from overseas, Copies of the pocket book and 
further information regarding the Association may be 
obtained on application to the Secretary, 32, Victoria- 
street, London, S.W.1. 





THE Late Mr. Emite BERLINER.—We regret to learn 
of the death, at Washington, U.S.A., at the age of 78, of 
Mr. Emile Berliner, the eminent inventor. Born in 
Hanover, of Jewish parents, on May 20, 1851, Berliner 
emigrated to the United States at the age of 19 and became 
a salesman in Washington. In 1876, the year Alexander 
Graham Bell patented the telephone, Berliner devised 
a transmitter employing the principle of varying the 
electric current in the circuit by varying the pressure 
between two contact points. His transmitter was 
identical in principle with that of Edison, and many 
years later the Supreme Court of the United States 
declared Berliner to have been the original inventor 
of the transmitter. His invention was acquired by the 
Bell Telephone Company. The second great invention 
with which his name is connected is that of the gramo- 
phone. Edison’s patent for the phonograph dates 
from 1878, and his early machines included records 
rade on cylinders covered either with tinfoil or wax. In 
all cases the record was made by an engraving tool which 
rose and fell, for which reason the method was technically 
known as the “hill and dale.’’ Berliner’s gramophone 
vecords, however, were made on discs, the engraving tool 
being made to vibrate from side to side in the groove. 
Hence his records were called “lateral cut.’ Berliner 
patented the gramophone in 1887, and the original 
nachine, first publicly exhibited in the Franklin Institute, 
on May 16, 1888, is now in the National Museum, Washing- 
‘on. Needing more expert skill than he himself possessed, 
Berliner took his machine to Mr. Eldridge R. Johnson, 

Camden, New Jersey, and from their collaboration 
‘rose the well-known Victor Talking Machine Company. 
Serliner also experimented with acoustic tiles and acoustic 
cells for improving the acoustic properties of public 
buildings, and applied himself to aeronautics, producing 
one of the first revolving-cylinder internal-combustion 
engines, 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Scottish Steel Trade.—In the Scottish steel trade there 
is a fair amount of activity this week and a steady output 
is general. Order books are quite satisfactory, but fresh 
business is rather slow, although inquiries are improving, 
and producers are hopeful that a better demand will be 
felt shortly. In the black-sheet trade the position is 
practically without change. The lighter gauges and 
galvanised sorts are in fair request, but heavy gauges 
move slowly. Prices are well maintained and are as 
follow :—Boiler plates, 107. 10s. per ton; ship plates, 
81. 12s. 6d. per ton; sections, 8/. 2s. 6d. per ton; black 
sheets, } in., 9/. per ton; and galvanised corrugated 
sheets (No. 24 gauge), 13/. 17s. 6d. per ton, all delivered 
at Glasgow stations. 

Malleable-Iron Trade.—Conditions in the malleable- 
iron trade of the West of Scotland continue unsatis- 
factory, and with’ orders very scarce, a hand-to-mouth 
state prevails. The outlook is none too good. In the 
steel re-rolling departments quietness is rather marked 
at present, but despite the competition from Continental 
sources there is a certain amount of optimism. The 
following are the current quotations :—‘‘ Crown ” 
bars, 10/. 5s. per ton for home delivery and 9J. 15s. per 
ton for export ; re-rolled steel bars, 8/. per ton for home 
delivery and 7/. 15s. per ton for export. 

Scottish Pig-Iron Trade.—A quiet tone still prevaiis in 
the Scottish pig-iron trade and the demand is of a 
limited nature. Hematite is in fair request but foundry 
grades are dull. Prices keep firm and are as follow :— 
Hematite, 80s. per ton, delivered at the steel works; 
foundry iron No. 1, 78s. 6d. per ton, and No. 3, 76s. per 
ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, August 3, amounted to 887 tons. 
Of that total 796 tons went overseas and 91 tons coast- 
wise. For the corresponding week of last year the figures 
were 747 tons overseas and 70 tons coastwise, making a 
total shipment of 817 tons. 

Railway Contract.—The London Midland and Scottish 
Railway Company have placed an order for 150 covered 
steel goods vans with Messrs. R. Y. Pickering and 
Company, Limited, Wishaw. 








CompEtTITIon oF INDUSTRIAL DeEsians.—The entries 
for the sixth annual competition of industrial designs, 
organised by the Royal Society of Arts, John-street, 
Adelphi, London, W.C.2, were received some time ago. 
The number of competitors is 1,219, and the designs sent 
in total 3,669. Last year there were 1,024 competitors, 
and 3,126 designs. The judging of the designs has now 
taken place, and a selection is on view at the Imperial 
Institute, South Kensington, London, 8.W.7, until Sep- 
tember 1 next, Sundays included, 





THe EncIneeriInc InpEx.—The 1928 edition of the 
well-known encyclopedic bibliography of periodical 
engineering literature, entitled The Engineering Index, 
and published annually by the American Society of 
Mechanical Engineers, has recently been issued. The 
ground covered by the Index has this year been increased, 
and an endeavour has been made to cover every phase 
of engineering activity. The 1928 edition comprises 
two volumes, and it contains 75,000 reference items 
on 5,000 subjects. Some 1,700 periodicals have been 
reviewed in the compilation of the work. An author 
index has been prepared because the need for such an 
index has become increasingly apparent for some time 
past. The two volumes of the Index may be obtained, 
price 125 dols., from the Engineering Index Division, 
The American Society of Mechanical Engineers, 29, West 
39th-street, New York, U.S.A. 





CONSUMPTION OF REAGENTS FOR FLOTATION IN THE 
Untrep Starts in 1927.—Flotation statistics, like others, 
have to be examined with caution. They are incomplete 
because inquiries do not always elicit full replies, and 
the more detailed the information asked for, the greater 
is the risk that the data are inaccurate, because they 
might reveal trade secrets. From Investigation Report, 
Serial No. 2931, of the United States Bureau of Mines, 
it appears that flotation is most largely used in the con- 
centration of copper ores, complex lead-zine ores, lead 
ores, zinc ores, miscellaneous ores, and copper-iron ores in 
the foregoing order. The total weight of ores treated in 
1927, 50,073,450 tons, was about the same as in 1926; 
there was a slight decrease in the bulk of copper ores, 
(40,881,769 tons in 1927), but a large increase in the 
complex lead-zine ores (nearly 3,828,000 tons), and in zine 
ores (1,708,000 tons). The chemicals needed for their 
treatment are very important items for the chemical 
industry. The reagents are distinguished as (1) frothers : 
pine oils, 5,069,320 Ib., cresols, 1,380,000, amines and 
alcohol, 780 lb; (2) collectors : oils, coal tars 2,655,350 lb., 
other tars, petroleum, total 3,509,000 lb., and chemicals, 
chiefly ethyl xanthate, 3,320,000 Ib., dithiophosphoric 
acids 1,933,000 lb., total 5,767,000 lb. ; (3) acids (sulphuric 
9,749,730 Ib., hydrochloric acid 500 Ib.), and alkalis (soda 
5,110,422 Ib., lime 169,926,000 lb., cement 1,662,000 Ib.) ; 
(4) other inorganic reagents classified as sulphidising 
reagents (chiefly sodium sulphide 4,651,500 Ib.), activating 
reagents (only copper sulphate 5,908,000 Ib.), depressing 
reagents (chiefly cyanides, sodium silicate and zinc sul- 
phate, total 6,759,000 Ib.); (5) miscellaneous reagents 
(aluminium sulphate, sulphur, calcium and sodium 
chlorides, total 371,944 Ib.), and (6) protective organic 
colloids (glue and starch, total 9,6561b.). There has been 
a large increase in the demand for copper sulphate, which 
is chiefly employed for the recovery of zinc slimes. The 
variety of reagents utilised is still increasing. 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Holiday conditions have ruled in 
the Welsh coal trade during the past week. Shipments 
as cargo foreign amounted to only 426,700 tons, which 
was 79,000 tons less than in the preceding week, exports 
being reduced at all the ports except Swansea. Supplies 
of large coal remained excessive, and prices continued on 
the basis of the minima. Sized and small descriptions, 
however, were scarce and commanded relatively high 
prices, though the latter, when bought in conjunction 
with large, could be secured at a discount of from 6d. to 9d. 

rton. The Paris Orleans Railway is inviting prices for 
60,000 tons of coal delivered over next year, but there 
are not much hopes of the business coming to South 
Wales, it being thought that the inquiry is for the purpose 
of comparing prices and that the order will go to French 
collieries. 

Canada and Coal.—This week Mr. J. H. Thomas, 
Lord Privy Seal, sails for Canada for the purpose, so 
it is stated, of dealing with the emigration question. 
It is, however, significant that Mr. H. H. Merrett, 
managing director of Messrs. Gueret, Llewellyn and 
Merrett, Limited, of Cardiff, is also sailing on the same 
boat as Mr. Thomas. They are, it is understood, seeking 
to find a fresh outlet for British coal, and it is believed 
that their efforts will be towards persuading the Canadian 
National Railways and some of the great industrial 
enterprises to use Welsh coal. Already something like 
20,000,000 tons of American coal is consumed in Canada, 
and it is felt that steamers bringing Canadian produce 
to this country could very well return with coal at low 
freights. Thousands of tons of Welsh anthracite are 
shipped to Canada and the United States annually, and 
it is felt that there is no reason why steam coal should not 
also be shipped. The success of the mission will be 
awaited with keen interest, for since the British Navy 
and leading liners gave up Welsh coal for oil, the Welsh 
coal trade has suffered a loss of at least 7,000,000 tons 
per annum, with a consequent diminution in the employ- 
ment of colliery workers. 


The Big Coal Combine.—Many rumours, most of which 
are without foundation, have been heard recently res- 
pecting the proposed fusion of interests of the colliery 
concerns of Messrs Guest, Keen and Nettlefolds, Limited, 
the Powell Duffryn Steam Coal Company, Limited, and 
Sir D. R. Llewellyn, Bart., and the marketing of the coal 
by Messrs. Gueret, Llewellyn and Merrett, Limited, 
and Messrs. William Cory and Son, Limited. It has 
even been publicly reported that the Powell Duffryn 
Company will watch over the colliery interests of the 
combine, that Messrs. Guest, Keen and Nettlefolds, 
Limited, will take control of the iron and steel interests, 
and that Messrs. William Cory and Son will take charge 
of the selling of the coal. The latest authentic informa- 
tion is that the proposed fusion with the Powell Duffryn 
Company has been definitely abandoned, for the time 
being at any rate, and that Sir D. R. Llewellyn, Bart., 
is concentrating on an amalgamation of the colliery 
interests of Messrs. Guest, Keen and Nettlefolds, Limited, 
and Gueret, Llewellyn and Merrett, Limited. These 
enterprises include the old Cambrian Combine collieries, 
Messrs. D. Davis and Sons, the Welsh Navigation Steam 
Coal Company, Limited, the Meiros Collieries, Limited, 
Messrs. Llewellyn, Nixons, and several other properties, 
with an annual output of about110,000,000 tons, which 
would be sold by Messrs. Gueret, Llewellyn and Merrett, 
Limited. 








CANADIAN NATIONAL RAILWAYS TERMINUS, MONTREAL, 
—On page 788 of our issue of June 21 last we referred 
to the complete reconstruction of the terminal facilities, 
at Montreal, of the Canadian National Railways. The 
new central station of the system will be underground, 
and buildings are to be erected overhead in which will be 
brought together executive offices scattered in fourteen 
different buildings situated in various parts of the City. 
The new terminus will be built on the site of the 
existing Tunnel station, the terminus of the former 
Canadian Northern Railway. The execution of the 
plans for the new station will be accompanied by numer- 
ous subsidiary improvements, one of the most important 
being the entire elimination of level crossings within the 
City limits. The programme also includes the con- 
struction of 17} miles of permanent way. 





Contracts.—Messrs. The English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, 
have received an order from the Nottingham Corporation 
for 20 double-deck top-covered omnibus bodies. The 
bodies will be mounted on chassis of the Associated 
Equipment Company’s manufacture. Each ’bus will 
have seating accommodation for 51 passengers.—Messrs. 
Henry Simon, Limited, Mount-street, Manchester, have 
received an order from the Liverpool Electricity Depart- 
ment for the mechanical coal-discharging plant required 
in connection with the new power station which is being 
built at the Clarence Dock, Liverpool. The plant will 
havea handling capacity of 440 tons of coal per hour. 
Messrs. Simon have also secured an order for two 70-ton 
pneumatic coal-handling plants for use at the power 
station of the New South Wales Electric Tramways and 
Light Company, Sydney.—The Croydon Corporation have 
awarded a contract to Messrs. The English Electric Com- 
pany, Limited, for the complete equipment of a switch- 
house at their new power station. The installation will 
include electrically-operated compound-filled switchgear 
of high-rupturing capacity, with a special arrangement of 
duplicate busbars. It will form the main control for the 
turbo-alternator plant, which includes a new 25,000-kw. 
set. and also for group feeders to the existing feeder 





switchgear. 
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PORT IMPROVEMENTS AT BREMEN. 


CROSS SECTION — WITH NORMALLY PILED FOUNDATION. 


(For Description, see Page 159.) 



























































while her gross tonnage is 26,840. The Britannia, which 
we understand is the -:argest British motorship, has 


















































Fig. 11. SECTION OF REINFORCED CONCRETE PLATFORM 
OR SLAB. LAND SIDE WITH FILTERAGE. 
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HE twin-screw motor passenger liner Britannic 4 = 
wa; launched on Tuesday, August 6 last, from the 
North Yard, Belfast, of Messrs. Harland and Wolff, ' ! 
Limited. The vessel, which has been built to the : 
order of the White Star Line, is intended for her H | 
owners’ Liverpool-New York service. She has a i H 
length between perpendiculars of 680 ft., a breadth a 
moulded of 82 ft. and a depth moulded of 43 ft. 9 in., --75,00--+--- 
' 


a straight stem and a cruiser stern, as is now usual in 
this class of vessel, and is fitted with two low funnels. 
Accommodation is provided for 1,550 cabin, tourist, 
and third-class passengers, and the size of the vessel 
has given ample opportunities for spacious planning. 
The propelling machinery has also been constructed 
by Messrs. Harland and Wolff, and comprises two 
10-cylinder double-acting four-cycle Diesel engines of 
the Harland-B. & W. type. The cylinders are cooled 
by fresh water and the pistons are oil-cooled. Four 
independent injection-air compressors, each driven 
by four-cylinder trunk-type Diesel engines, are installed, 
and these also supply air to four reservoirs for 
maneuvring purposes. 

The electrical installation of the vessel consists of 
four Diesel-driven generators having a combined 
capacity of 2,000 kw., and a 75-kw. Diesel-driven 
emergency generator. All the auxiliary machinery 
throughout the vessel is electrically driven. The 
deck machinery includes 16 winches, steering gear, 
four capstans and two warping winches. All cooking 
and food preparation operations are carried out elec- 
trically. The ventilation is provided by about 75 
electrically-driven pressure fans, the diameter of which 
ranges from 10 in. to 55 in. Many of the fans are 


fitted with heating elements, by means of which the! . 





These air- 
heating fans are, however, supplemented by electrical 
heaters distributed throughout the cabins and living 


ship can be warmed in cold weather. 


accommodation. Four boilers, heated by exhaust gas 
from the main engines, will generate steam at sea, while 
one boiler, heated by the exhaust from the auxiliary 
engines, and two cylindrical single-ended boilers, fired 
by oil fuel, will be available for generating steam in 
port and for heating and other purposes at sea. 








Motor OMNIBUSES FOR Norway.—The Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
informs us that a company is about to be formed at 
Bergen, Norway, to operate a new motor-omnibus route, 
which is to commence during the summer of 1930. 
Firms desirous of offering British-built motor omnibuses, 
with an approximate seating capacity of 16 persons, can 
obtain further particulars upon application to the 
oo at the above address, quoting Reference No. 
A.X. 8331. 
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THE Market FoR BELTING AND HosE IN NEW 
ZEALAND.—The officer in charge of H.M. Trade Com- 
missioner’s Office in New Zealand has forwarded to the 
Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1, a confidential memorandum on the 
market for rubber and textile belting and rubber and 
canvas hose in New Zealand. United Kingdom manu- 
facturers who are desirous of receiving copies of the 
memorandum should apply to the Department at the 
above address, quoting reference No. B.X. 5454. 





University CoLtEGE, Lonpon, AWARDS AND PRIZES. 
—A number of awards have recently been made in the 
Faculty of Engineering of University of London, Univer- 
sity College, Gower-street, London, W.C.1. The L. F. 
Vernon-Harcourt Prize in civil and municipal engin- 
eering is shared equally by Messrs. F. Dawson and J. J. 
O’Donovan. The Chadwick Medal and Prize in muni- 
cipal engineering and municipal hygiene has been 
awarded to Mr. K. G. Shaikh, and the Archibald P. Head 
Medal and Prize for the most distinguished engineering 
student to Mr. R. W. Jaggard. 
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GRAIN-CAR UNLOADER AT PORT ARTHUR, CANADA. 


CONSTRUCTED BY MESSRS. THE DOMINION BRIDGE COMPANY, LIMITED, ENGINEERS, MONTREAL, P.Q. 


(For Description, see Page 163.) 


























Fig. 1. UNLOADER WITH CaR FULLY TILTED. Fie. 2. UNLOADER WITH Car TILTED, SHOWING UNDERSIDE OF CRADLE. 

















Fic. 3. Untoaprr TIttep asout 30 DEG., SHOWING END Locks, &c. 












(To face page 164 } 
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GRAIN-CAR UNLOADER AT PORT ARTHUR, CANADA. 


CONSTRUCTED BY MESSRS. THE DOMINION BRIDGE COMPANY, LIMITED, ENGINEERS, MONTREAL, P.Q. .. 





| (For Description, see Page 163.) the : 
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FACTORIES AND WORKSHOPS. 
THE difficulty of interpreting statistics is illus- 
trated afresh every year by the Home Office report 
on accidents in factories and workshops. This 
difficulty is seldom realised by popular publicists, 
who, for example, have at times tried to make 
out a case for municipal trading by comparing 
generating costs in modern stations erected in the 
industrial East End with those of the companies, 
who did the pioneering work in the residential 
districts, and who still labour under the disadvan- 
tage of a poor load factor. As a matter of fact, 
very few trade statistics can be satisfactorily 
interpreted save by those having adequate inside 
knowledge of the particular industry. Sucha large 
field is covered in the Home Office report that 
no single individual can lay claim to this, and all 
that can be done is to point out some of the 
difficulties involved 
According to the figures given in the last 
report* it appears that during 1928, 154,319 
accidents were reported, of which 953 were fatal, 
the corresponding figures for 1927 being, respec- 
tively, 151,664 and 933. It is the last figure 
which retains relative significance from year to year, 
but a better idea of the trend towards safety 
would be given were it correlated with the total 
man-hours worked. Even so, comparisons would 
be not above criticism, since activities in the 
dangerous trades vary much. Shipbuilding has 
been regarded as one of these, and is still very 
depressed. The tale of minor accidents is always 
less informative owing to the steady tendency 
to increase the list of those legally notifiable. 
Under present rules every mishap which prevents 
the victim earning full pay for a period of three 
days must be reported. It appears, however, that 
in some factories every misadventure which requires 
even a few minutes attention in the ambulance 
room is recorded. 

The death-rate is thus of greater statistical 





* Annual Report of the Chief Inspector of Factories 
and Workshops for the Year-1928. H.M. Stationery 





J. 8. Allan, 30, Church-street, 








significance, and it is exceedingly creditable to those 
responsible, that, in spite of the ever-increasing use of 
machinery, the number, if allowance be made for the 
fluctuations of trade, shows a steady tendency to 
diminish. Some indication of this is afforded by 
the ratio of the fatal to the less serious accidents. 
This is highest in the building trades, where it is 
40 per 1,000. Electric generating stations stand next, 
the figure this year being 19 per 1,000 as compared 
with 29 last year. Here the high ratio of deaths 
to casualties is no doubt largely attributable to 
a combination of zeal and inexperience, resulting 
in the taking of unnecessary and unrealised risks 
in order to save time. As high voltages become 
commoner greater caution may be expected. 
Indifferent design is held responsible for a con- 
siderable proportion of the accidents attributable 
to electricity, although the official requirements 
are now far surpassed in the case of high-tension 
station switch-boards. The design of outdoor line 
work is not always satisfactory. Much of this 
work is no doubt excellent, but in other cases 
the draughtsman has failed to realise that most 
outdoor troubles arise during bad weather. An 
operation which would be safe and easy in indoor 
conditions, may wear a very different aspect if it 
has to be carried through on a dark night in a gale 
of wind, and whilst standing on a ladder. The 
most common fault in outdoor sub-stations is 
said to be insufficient clearance between the fuse 
and the live contacts. In one area trouble with out- 
door switchgear has led to the switches being placed 
inside a building, with the transformers outside. 
There have been many fatalities with low-tension 
alternating currents, particularly with extemporised 
connections for hand lamps and electric tools. 
Many shipyards, therefore, now instal: a motor 
generator and distribute direct current at 110 volts. 
The same plan is also now being adopted by some 
building contractors. It is, however, not only extem- 
porised gear which proves dangerous. One fatality 
included in the report was due to the use of a 
re “tly purchased hand-lamp, which was condemned 
ngerous twenty years ago, and has been 
»isible for many fatal accidents in the inter- 
vening years. The makers have now agreed to 
withdraw it from sale. 
A curious instance of history repeating itself 
may be noted. In the early days of electric lighting 
there were many fires, and an American firm 
started to supply what they ingeniously called 
“Underwriters’ wire,” although their product 
was by no means satisfactory to the insurance 
companies. To-day, it appears, makers, in putting 
on the market new designs of electric apparatus, 
are apt to label them ‘‘ Home Office type,”’ although 
the implications of the term are not always justified. 
Considerable space is devoted in the report to 
grinding operations, owing to the dangers associated 
with the use of natural stones. So far as general 
grinding is concerned, it appears that the artificial 
wheels are steadily growing in favour, though it 
takes time to teach operators that high pressures 
are not required and cause excessive wear of the 
wheel. Many of the failures reported by works 
managers, have originated in the new wheel being 
entrusted to an experienced grinder without warning 
him of the different procedure required. Bakelite is 
now being used as the binding element for artificial 
wheels, and is claimed to give increased strength. 
In the Sheffield area there is still much opposition 
to the artificial wheel, and at one public meeting 
a speaker claimed for the grinders, ‘‘ the right to 
have tuberculosis if they wanted it.” About 50 per 
cent. of the grinding in the cutlery trade is thus 
still done on the natural stone. 
A highly interesting historical note on Sheffield 
cutlery appears in the report. The “Sheffield 
Thwytel ” is mentioned in Chaucer, and the trade 
was highly organised even before the incorporation 
of the Cutlers’ Company in 1624. Amongst the 
rules then governing the trade, was a provision 
securing to the men a fortnight’s holiday in summer 
and a month more at Christmas. This rule was 
subsequently dropped, but work on Sundays and 
holidays was prohibited. The introduction of 
steam power was noted in 1837 as not without dis- 
advantages. The steam engine, it was said, allowed 
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the worker “‘ no season of relaxation for the recovery 
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of his health. He works now ten or twelve hours a 
day on the average, whilst formerly for several 
months in the summer he could not work more than 
4 or 5 hours a day, owing to scarcity of water.” 

It is curious to note that whilst at Sheffield the 
grinder sits on a horse with the wheel running 
from him, in Solingen the German adopts a posture 
in front of and under the stone, which runs downward 
from him, whilst at Thiers, the French grinder 
lies prone on a plank, over the stone which rotates 
towards him. 

Hours of labour remain, generally, 47 to 48 per 
week, but in some cases the working week comprises 
5 days only, Saturday being a whole holiday. 
This plan is said to be unpopular with Trade Union 
officials, who object to the 6 a.m. start, but in 
several instances the arrangement has been adopted 
in spite of them, mainly owing to the votes of the 
women workers who like to have the Saturday free. 
In districts where many operatives live far from the 
works, the five-day week avoids the long journey 
for the short day, and in other cases the management 
finds that the free Saturday facilitates maintenance 
work. 

The report includes a careful study of the two- 
shift system. From the health point of view, no 
difference has been found between double and single 
shifts. The workmen, it appears, show neither 
decided approval nor disapproval. Some are 
enthusiastically in favour of the double shift, a few 
dislike it, and the others are indifferent. The main 
factor governing the attitude of the operatives 
is said to be a satisfactory adjustment of pay in 
changing over. 

Before sanctioning the system, the Home Office 
always insists on due provision of mess rooms and 
the like for the benefit of the late shift, and also 
carefully considers the question of transport. The 
result has been that in some cases the night workers 
get to and from their work more comfortably and 
more quickly than the normal day workers. On the 
whole, the report considers that the advantages of 
the two-shift system outweigh its drawbacks. 

Piece-work is another system to which many 
Trade Union officials are opposed. It is, therefore, 
of interest to note that a recent dispute in the 
cloth finishing trade arose, owing to the demand of 
the men for the establishment of a piece-work 
system. This was ultimately agreed to. 

Of the total accidents, less than 30 per cent. are 
due to machinery, which is also responsible for less 
than half the deaths. Thirty-five of the fatal acci- 
dents were caused by simple plain revolving shafting, 
the dangers of which are often imperfectly realised. 
Five out of six of these accidents were due to care- 
lessness or ignorance on the part of the victim. Some 
firms, in fact, not only fence such shafting, but 
sheath it, thus exceeding the official requirements. 
It is probably true that nearly every safety improve- 
ment has originated with some private firm. It is 
only after the pioneering troubles have thus been 
overcome, that the inspectors can recommend the 
adoption of similar measures elsewhere, and finally 
make them compulsory. In this connection the lead 
seems to be taken by the larger firms, who thus fail 
to justify the popular cant as to the heartlessness 
of soulless corporations, and the callousness of the 
private capitalist, intent, according to the demagogue, 
solely on augmenting profits. It is, in fact, always 
the small man with limited resources, who con- 
stitutes the main difficulty of the Home Office 
inspectors, in their efforts to ensure decent working 
conditions. In the new industries, in particular, the 
large firms do much to secure the comfort and 
welfare of their operatives. Many new works have 
modern mess rooms fitted with comfortable chairs, 
and the sanitary accommodation is excellent. The 
improvement in factory conditions is probably 
largely responsible for the inrush into factories of 
girls from the secondary schools, who prefer this 
to the lower-paid clerical work. 

In spite of the marked depression in the heavy 
trades and consequent diminished spending powers, 
the luxury trades have flourished. This has been 
fortunate for the Home Counties, in which the 
development of new industries has been remarkable. 
During the last five years, the hands employed in 
factories between Slough and Acton have increased 
from 60,000 up to 150,000. Many of these new 
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works are stated to be extremely well planned, the 
lighting is excellent, special glass being fitted in 
some cases, and facilities are often provided for 
both indoor and outdoor recreation. 

The small man employing a few hands, seems to 
be steadily disappearing. The total number of 
registered factories has risen during the vear under 
review from 147,501 to 149,532, whilst the number 
of workshops has decreased from 117,006 to 112,049. 
The distinction between the two is that power is 
employed in the factory. The change of name, 
therefore, often means that the workshop pro- 
prietor is expanding into a factory owner, but the 
report leaves no doubt as to the steady decrease 
in the number of small employers. Small tailors, 
dress makers and milliners are unable to withstand 
the competition of large factories supplying ready- 
made goods. Country brewers and country mills 
are also disappearing, and this the report holds to 
be regrettable. In other cases, however, the advant- 
ages would seem to well outweigh the drawbacks. 
Owing to the engineer, almost anything for which 
there is a large demand can now be produced both 
better and more cheaply in large factories. A strik- 
ing instance of this is, we suggest, provided in the 
baking trade. In a large bakery the bread is un- 
touched by hand from start to finish, and is 
delivered by the last of the machines ready wrapped 
in an impervious covering. 








ROAD TRAFFIC CONTROL. 


THE Royal Commission on Transport appointed 
just a year ago has now issued its first report.* 
This deals almost exclusively with questions of 
safety; that of the co-ordination of traffic will 
form the subject of further inquiry. The statistical 
tables appended to the report show that the 
accident list has for the past eight years increased 
pari passu with the number of motors licensed. 
In 1921, there were 873,700 motor vehicles on our 
roads, and there were 62,621 accidents. In 1928, 
the former figure was 2,036,000, whilst the accidents 
due to motor vehicles rose to 147,582. In the 
period covered, therefore, the increase in both 
figures has been about 135 per cent. Road accidents 
due to other causes and predominantly to pedal 
cycles brought up the total for 1928 to 170,978, 
of which 6,138 were fatal. The data collected 
for the Commission show that few of the accidents 
were. attributable to high speed, thus confirming 
the conclusion reached by the London Traffic 
Advisory Committee, which reported that in 57 
per cent. of the fatal accidents the speed was under 
10 miles an hour. It is not, however, clear whether 
by this figure is meant the speed at the actual 
moment of impact, which in most cases may be 
notably less than it was some instants beforehand. 
Moreover, many of these estimates of speed are 
made by interested parties. Data collected with 
the assistance of coroners by the Safety First 
Association show that the driver was held to blame 
in less than 40 per cent. of the fatal accidents, 
whilst 43 per cent. are attributed to pedestrians 
and cyclists. Defects in the vehicle, for which 
the driver was not necessarily responsible, account 
for 7 per cent. of the total, whilst 6 per cent. were 
due to defects in the road in which are included 
many accidents due to tramlines. 

During the inquiry, a somewhat absurd attempt 
was made by certain witnesses to convince the 
Commission that the roads were safer than the 
railways, notwithstanding that even the abnormal 
record of last year shows that but 72 passengers were 
killed and 781 injured during the twelve months. 

The evidence taken as to the advisability of 
speed limits was conflicting. The Royal Auto- 
mobile Club, the Royal Scottish Automobile Club, 
and the Society of Motor Manufacturers and 
Traders all advocated the abolition of any limit 
for motor-cars and motor cycles. This view was 
supported by many of the county chiefs of police, 
by the secretary of the National Safety First 
Association and by the Cyclist Touring Club. 
On the other hand, the Commissioner of Police 
for the Metropolitan District favoured a general 
speed limit of 35 m.p.h., as did a majority of the 
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city and borough chief constables. On the Conti- 


nent there are, save in special cases, no speed 
limits in Belgium, France, Germany, Holland, 
Italy and Spain, whilst a limit of 28 m.p.h. is 
prescribed in Austria, Denmark, and Norway, 
and one of 25 m.p.h. in Switzerland. In America, 
most of the States fix limits of 20 m.p.h. to 40 m.p.h., 
but, we believe, these laws are for the most part 
as dead as the existing legal 20 mile limit 
in this country. The proposal to fit mechanical 
devices to control speed is pronounced to be not 
merely useless, but likely to prove actually dan- 
gerous, since it might make impossible the accelera- 
tion necessary at critical moments. Whilst advo- 
cating the abolition of any speed limit, the witnesses 
representing the owners and builders of motor cars 
urged the view that the laws on dangerous driving 
should be strengthened. 

The main advantage of a speed limit is that an 
infraction is a matter for measurement, and not 
one of opinion, and it was, moreover, asserted that 
it would be impossible to obtain a conviction for 
dangerous driving unless it resulted in an actual 
accident, but this was denied by the Chief Constable 
of Kent, who had been successful in several such 
prosecutions. 

After reviewing the evidence, the Commissioners 
advise that speed limits should be abolished for 
motor cars and cycles, but that there should be a 
limit of 35 miles an hour, strictly enforced, for motor 
omnibuses and coaches fitted throughout with 
pneumatic tyres. Probably this proposed restric- 
tion is the result of an unconscious bias in favour 
of the private owner, since almost any one of 
sufficient prominence to be appointed a Royal 
Commissioner is pretty certain to own a car. 
For delivery vans of less than 2} tons unladen 
weight, similarly equipped, a speed limit of 30 
m.p.h. is suggested. The penalties for dangerous 
driving should, it is advised, be considerably 
increased, fines for a first offence being raised to a 
maximum of 50/., and to 100/. for a subsequent 
offence, with imprisonment as an alternative. A 
second offence should, the report suggests, involve 
automatically the suspension of the licence for a 
period of not less than six months.. For minor road 
offences, such as a disregard of road signs, or a 
failure to drive cautiously through danger zones, 
and the like, a maximum fine of 20/. is suggested 
for a first offence, to be raised to a maximum of 50/., 
with an alternative of three months’ imprisonment 
for a second offence. 

Road racing and speed tests should, it is advised, 
be wholly prohibited, a breach of this regulation to 
be punished by imprisonment and by disqualification 
from the holding of a driver’s licence. 

No tests are recommended for applicants for 
licences, as experience has proved that very few 
accidents are due to raw and inexperienced drivers, 
but the age limit for a motor bicycle licence, it is 
suggested, should be raised to 16 years, and no 
driver, less than 21 years old, should be allowed to 
drive a public service vehicle of more than 24 tons 
unladen weight. Moreover, every applicant for a 
licence should, it is suggested, be required to declare 
that he is free from any physical disability, penalties 
being imposed for a false declaration. 

The holding of an insurance policy covering personal 
injuries to a third party, should the Commissioners 
declare, be a condition precedent to a vehicle being 
licensed. This recommendation was strongly op- 
posed by the underwriters and insurance companies, 
who claimed that it would lead to vexatious liti- 
gation, compelling them to increase premiums. This 
was said to have proved the sequel to the imposition 
of a similar rule in Massachusetts. A curious 
objection to the proposal was advanced by some of 
the motor organisations, which tendered evidence. 
These contended that if nobody could obtain a 
licence without the production of the third-party 
risk insurance policy, the insurance companies would 
become in effect the licensing authorities, since they 
might refuse to insure certain dangerous drivers at 
any premium. 

Some important recommendations are made with 
regard to road signs. These have multiplied so 
unnecessarily of late years, that many drivers ignore 
most of them. Many warning signs are erected by 
private persons without warrant or adequate reason. 
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It is suggested, therefore, that all unnecessary 
signs should be abolished, and that the only signs 
permitted should be erected by the Highway 
authority after approval by the Ministry of Trans- 
port. It would also seem advisable, we may 
suggest, that the Ministry should have the power to 
abolish signs already sanctioned when no longer 
required. Cases are known in which a 10-mile 
limit having been imposed on a narrow stretch 
of road, the sign was re-erected after the width of 
the road had been doubled. Questions of expense 
apart, there is much to be said for placing direction 
posts some distance on each side of any crossing. 
The Commission strongly recommend the adoption 
of signal lights in towns. So far as this country is 
concerned, these were first installed at Wolver- 
hampton, but they have since been adopted in other 
towns. Three lights are used, red, orange and 
green. ‘Traffic finding itself faced with a red light is 
required to draw up at the stop line beforethe crossing. 
The red light after, say, half a minute’s exposure 
changes to a yellow light, which is exposed for 
25 seconds, during which all traffic already crossing 
the blocked road is expected to get clear. This 
yellow light is succeeded by the green light, which 
indicates road clear to the traffic stopped in 
obedience to the red signal, whilst simultaneously a 
second red signal stops the traffic along the cross 
road. The working is usually wholly automatic. 
These signal lights should be placed high enough to 
be easily seen. They are sometimes located in the 
centre of the crossing, and sometimes there is one 
at each of the branches of the crossing. There is 
then a danger that they may be obscured by a 
standing cart. It is advisable, moreover, that the 
main roads into a town in which the system is 
installed should display prominent notices of the 
fact, otherwise strangers may inadvertently ignore 
the signals. The cost of this automatic signal 
system is estimated at 15s. to 20s. per week, whilst 
if the work were done by the police the cost would 
be from 6/. to 14J. per week. 

So far as country roads are concerned the Com- 
mission advise that a ‘“‘ dead slow ” notice should be 
erected on all secondary roads before their junction 
with the primary roads, and that where two roads 
of similar class cross, the Transport Ministry should 
select the one to which the “dead slow” signal is 
to be assigned. In the case of two primary roads, 
it might, we suggest, be advisable to have a circus 
at the crossing, corresponding more or less to the 
‘roundabouts ” in London. 

As regards the latter, the Commissioners recom- 
mended that neither roundabouts nor one-way 
traffic arrangements should be made without special 
provision for the safety of pedestrians. Possibly 
it might prove well to fence footpaths on each side 
of a subway or a “‘ Please cross here ” sign. 

It may be noted whilst on this subject that the 
white lines are often encroached upon, so that in the 
country where they are merely painted on the sur- 
face with rubber paint they are often worn out in the 
course of a week. The road authorities might well 
consider whether, where these are guide lines rather 
than stop lines, as on curves, it might not be well to 
replace them by a raised kerb, having a post at each 
end, so that the traffic would be compelled by the 
physical obstacles to keep within the prescribed limits, 

As regards the lighting of vehicles the Commis- 
sion consider adequate the proposals of the Ministry 
of Transport, according to which every vehicle, 
inclusive, we presume, of those which are horse- 
drawn, would be required to show two white 
lights in front and a red one behind. Nothing, 
however, is said as to the position of this rear light. 
On some mail and delivery vans it is fixed nearly 
8 t. from the ground and on a dark night is apt to 
be attributed to a distant vehicle going uphill. 
To avoid such mistakes, the light should be not 
more than 4 ft. above ground level. Some car 
owners, moreover, fit a red reflector on each mud- 
guerd in addition to the usual rear light, believing 
thet inereased safety is thereby secured. 

‘t may be noted that on bicycles these reflectors 
arc often very badly located, being placed high up 
on the mud-guard, and are thus better calculated 
to signal to an aeroplane than to a car behind them. 


THE TRADE OF DENMARK. 


THE present economic relations of Denmark with 
Denmark | 


this country are of a one-sided character. 
is a country rather smaller than Scotland. with 
about three-fourths of its population. 
considerable manufactures, which include ships, 


| In the engineering trades it seems clear that on 
‘the whole the British position has not improved, 
jand is far from being satisfactory. The home 
| manufactures cover so large a number of industries 


' that many of them can offer only a weak competition 


It has some |. eas : 
. | with the larger scale organisations of other countries, 


but even with the better organised industries there 


1 d wires, electrical machinery, lifts, boilers, | . ; 
cables an ¢ Ks TY: : >| is a constant market for raw or semi-manufactured 


engines, pumps and refrigerators, glass and iron 
castings, but its chief industry is agriculture and | 
In round figures it 
imports goods to a value of about 100,000,000/. per 
year, and exports rather less, though the adverse 
balance in this respect is now reduced to about 5 | 
per cent., and is doubtless amply offset by its | 
shipping and other invisible exports. By far its 
best customer is Great Britain, which takes about | 
three-fifths of its entire exports, nearly three times 
as much as is taken by the next largest customer, 
Germany, and nearly a hundred times as much 
Of its imports, on 
the other hand, nearly a third come from Germany, 
while Great Britain and the United States each enjoy 
about a seventh, the British share being said to lie 
Economically the country has been 
suffering for a considerable time, but it appears to 
have made a good recovery. It has reintroduced a 
gold standard, and its currency stands at a premium. | 
It is suffering, indeed, from a high cost of living. 
From having been one of the cheapest cities in 
Europe as recently as 15 years ago, Copenhagen is 
said to have become one of the dearest, and the 
provinces to be not much better off. They have 
had comparatively high unemployment, which, 
however, appears to be decreasing, and in their 
competition for exports their manufacturing indus- 
tries are handicapped by a high rate of wages, which 
is not likely to fall. The market seems accordingly 


to a less extent fisheries. 


as is taken by the United States. 


largely in coal. 





to present features of considerable interest to British 
it evidently does to those 
of other countries, and the outlook is the better 
because last year the crops harvested by farmers beat 
all records, and the purchasing power of the population 


manufacturers, as 


may consequently be expected to have improved. 


These reflections are suggested by the perusal of a 
report by Mr. H. H. Cassells, Commercial Secretary | 
to the British Legation at Copenhagen, on Economic 


Conditions in Denmark up to March 31 of this year, 


recently published by the Department of Overseas 


Trade (H.M. Stationery Office, price ls. 6d. net.) 
Its details tend to confirm the impression, suggested 
by the facts to which we have already drawn 
attention, that British manufacturers place too low 
an estimate on the value of the Danish market. 
Great Britain is among the countries with easy 
access to it, shares with other countries the benefit of 
the moderate customs tariff, and its exporters are able 
to conduct their business in their own language with- 
out inconvenience or disadvantage. Mr. Cassells 
testifies, moreover, to a predilection in Denmark for 
things British, including British goods. The all-round 
excellent quality of British production is said to 
be recognised, and buyers are credited with an 
inclination to give a preference to British goods, 


other things equal, in view of the country’s pre- | 


dominant position as a customer. There is, indeed, 


‘materials, which increases with the prosperity of 
| the industries, but not so far as can be seen, to the 
benefit of British works. In regard, indeed, to 
'Germany the British position is said to have 
| improved, especially in products embodying a large 
| proportion of labour. While apparently German 
| prices are still below British, the general levels 
|tend to approach each other, but the competition 
from other countries, such as France, Belgium, 
| Czecho-Slovakia and Sweden, is unabated, and 
|recently the delivery from British works has been 
| much slower than from continental. An unusually 
|large number of tenders for power-station equip- 
lean were advertised during last year, but in 
| practically all cases, especially in the electrical 
|branch, British prices were too high. This is 
| attributed in part, so'far as concerns electrical 
| equipment, to the fact that continental standards 
are less exacting than British. Great Britain has 
made progress in the supply of large stationary 
accumulators, but a contract for electric cables 
and wire went to Germany. Continental works are 
cheaper than British for gas, water and steam fittings 
/and for brass-foundry products, and Germany 
‘dominates the import trade in wire rope, though 
Danish manufacturers are beginning to cut into it. 
Britain has, however, recovered part of the market 
for Manila rope, and continues to lead in the supply 
of tin plates, which is likely to be an increasing 
market. Sweden, on the other hand, has become a 
strong competitor for the supply of condenser and 
other copper tubes. Of the motor cars in use 90 per 
cent. are believed to be American, and British cars 
jhave made little or no progress. Much the same 
|situation exists in regard to commercial motor 
| Vehicles and omnibuses, but, as is found in so 
many markets, an unabated preference exists for 
British motor cycles, which constitute two-thirds 
of the imports in that line. 











| NOTES. 


IRRIGATION WorRKS IN MADRAS. 


| THE storage of rain water for purposes of irriga- 
| tion has been practised for many centuries by the 
hard-working people of Madras. Large numbers 
of tanks, some of them extensive, have been con- 
structed in the uplands of the Presidency, and 
across the rivers have been built hundreds of 
anicuts, or dams, which divert the flood water into 
aqueducts. For many years past the irrigation 
works have been the property of the Government, 
their administration being in the hands of the 
Public Works Department of the Presidency of 
Madras. The reports published each year by this 
Department show that the labour of repairing and 
maintaining the efficiency of existing works, of 


a general disposition in favour of inexpensive goods, | constructing new ones, and of investigating new 
and not only this demand but generally the precise | projects and conducting surveys is being carried on 
requirements of the market have to be studied. | ceaselessly. According to the last report, which 


Experience, however, has shown that such study, 











Lizhts should, the Commissioners report, be carried by 
all persons driving animals along the road at night. 


coupled with initiative and good organisation, has 
enabled British firms to obtain improved results, 
sometimes even when the prices of the goods offered 
were higher than those from competing countries. 
To a large extent a factor in improvement of this 
kind is said to be the personality and the general 
suitability of the local representative, and a difficulty 
to which attention is drawn is that it is becoming 
increasingly difficult to find responsible trained 
agents whose services are not already occupied. It 
is thought that this situation is likely to become 
worse with time, and before long manufacturers 
may find it difficult to set up a Danish organisation, 
because they will be unable to obtain suitable 
representatives. Attention is also called to the fact 
that British firms seem to keep much less personal 
contact with Danish buyers than do their com- 
petitors. In round figures, for example, five times 
as many German firms take out licences to trade in 
Denmark as are taken out by British firms. 


|covers the year ending June 30, 1928, the area 
‘under irrigation was 7,190,939 acres, against 
| 7,012,943 acres during the previous twelve months. 
| The total area under cultivation in the Presidency 
during the year was 38,558,078 acres. The non- 
| irrigated areas are termed “dry ”’ land, and the crops 
| situated in these regions are entirely dependent 
| upon the monsoons for fruition. As will be seen, 
the irrigated area constituted 18-65 per cent. of 
| the total cultivated area. The Government derives 
|considerable revenue from its irrigation works. 
| During the twelve months under review the total 
outlay incurred was Rs. 2,16,52,160, and the total 
revenue realised Rs. 2,89,38,029. It is stated in 
the report that good progress was made with the 
Cauvery-Mettur dam and canal works. At the end 
|of June, 1928, huts for coolies had been completed 
| and all roads to the dam site finished. A quarry 
had been opened and stone crushers installed, while 
concreting machines and additional stone crushers 
had arrived or were being erected on the site. 
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With regard to the dam itself, 50 per cent. of the 
excavation work had been completed by June 30, 
1928. Tank restoration works also proceeded 
steadily during the year covered by the report, the 
expenditure involved amounting to Rs. 2,59,543. 
Generally speaking, the harvests throughout the 
Presidency were fairly satisfactory during the year 
under review. The average rainfall over the whole 
of Madras was 33-74 in., against 27-10 in. during 
1926-27 and 34-97 in., the average of the five years 
ending 1926-27. 


THE CLASSIFICATION OF AIRCRAFT. 


It is now nearly three years since the British 
Corporation Register of Shipping and Aircraft 
altered its name and constitution to undertake the 
classification of the latter, although it was obvious 
that the proposition was somewhat ahead of the 
commercial development of aviation at that time. 
An Aviation Committee was, however, formed, and 
the nucleus of an Inspection Staff was collected, 
both having their headquarters in London. As a 
result of the foresight then displayed, we understand 
that the Air Council has recently authorised the 
Corporation to carry out the inspection of privately- 
owned and club aircraft in connection with the 
renewal of the Air Ministry’s Certificates of Air- 
worthiness. In addition to the inspection for the 
Airworthiness Certificate, the Corporation is pre- 
pared to undertake a quarterly inspection of the 
class of aircraft referred to, and has issued rules 
for the inspection and maintenance of classed 
aircraft which should be of considerable value to 
the private owner and will doubtless, in due course, 
be advantageous from the point of view of insurance. 
The inspection system of the Corporation is being 
organised throughout, and will ultimately cover, 
the whole of the British Empire, and arrangements 
have also been made whereby the Aircraft Classifi- 
cation Societies of the United States, France, 
Germany, Italy, Norway, and Japan will place the 
services of their aeronautical inspectors at the dis- 
posal of owners whose aircraft are classed with 
the Corporation if inspection should be required in 
any of those countries. For the present, aircraft 
used in the public transport services is not included 
in the Corporation’s Classification, the machines 
so employed being already subject to the most 
rigorous inspection and the highest standard of 
maintenance by their owners. Mr. M. E. Denny, 
C.B.E., is Chairman of the Aviation Committee 
of the Corporation, and Mr. T. R. Thomas is principal 
surveyor and secretary. The offices of the Aircraft 
Survey District of London are at Billiter Buildings, 
49, Leadenhall-street, E.C.3. 


THE MINERAL WEALTH OF BritisH CoLUMBIA. 


The steady progress which has been the main 
feature of the mineral industry of British Columbia 
in recent years was once again in evidence during 
the year 1928. The amount of ore mined and 
treated in that year, namely, 6,241,310 tons, was 
not only 845,289 tons higher than the total for the 
previous year, but was also greater than it had 
ever been previously. On the other hand, the gross 
value of the mineral output, which totalled 
65,372,583 dols., was less than was the case in 1926, 
when the minerals produced reached a value of 
67,188,842 dols. The difference is entirely due to 
the fact that the 1926 metal prices, especially those 
for lead and zine, were much higher than were those 
ruling during 1928. Outputs of copper amounted 
to 97,908,316 Ib. of lead to 305,140,792 Ib., and of 
zinc to 181,763,147 lb. he figures in each case 
show a substantial increase over the totals for 
1927 and 1926. The coal produced in 1928 reached 
2,527,000 tons, as compared with 2,454,000 tons 
in 1927, and 2,330,000 tons in 1926. Outputs of 
gold and silver have remained more or less station- 
ary during the past three years. The increase 
in the lead production was partly due to larger 
outputs from the Sullivan mine of Messrs. the 
Consolidated Mining and Smelting Company of 
Canada, Limited, at Kimberley, in the East 
Kootenay district of the Fort Steele mining divi- 
sion, and partly to increased outputs at small 
mines in the Omineca mining division, in the north- 
west of the Province, and in the Slocan division, in 
the south. The three main copper-producing 
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centres are the Hidden Creek mine, the Britannia 
plant, and the Copper Mountain mine. These 
installations together produced about 99 per cent. 
of the total copper output. The first is on Granby 
Bay, near Anyox, in the north-west, the Britannia 
plant is on Howe Sound,/near Vancouver, and the 
Copper Mountain mine is near Princeton in the south. 
The Sullivan mine, again, was mainly responsible 
for the high 1928 output of zinc. More than half 
the coal produced was mined in the Vancouver 
Island collieries of the Western Fuel Corporation. 
The remainder was mined in the Nicola-Princeton 
area and in the Crow’s Nest Pass district of East 
Kootenay. It is interesting to find that 332,445 
tons of the 1928 coal output were exported to the 
United States. Good building stone, sand, gravel, 
and other materials used in the building industry 
are quarried at many places near the coast, and 
find a ready market in Vancouver and other cities 
on the Pacific seaboard. It is encouraging to read 
in the annual report of the Minister of Mines of 
British Columbia, for the year ending December 31, 
1928, that the steady development of the mining 
industry will continue, and that, regardless of the 
possible decline in the selling price of various 
metals, a further expansion in outputs is expected 
during 1929. 


CANADIAN ENGINEERING STANDARDS ASSOCIATION. 


As is now fairly well known, the Canadian 
Engineering Standards Association was established 
in 1917 at the suggestion of the British Engineering 
Standards Association and the Board of Trade, 
London. The association at first confined its 
attention to materials needed for war purposes, but 
at the conclusion of hostilities a broad progressive 
policy was decided upon, and on January 21, 1919, 
the association was reconstituted into its present 
form. Since its incorporation in 1919, the associa- 
tion has published 22 standard specifications, 
including the Canadian Electrical Code. A revised 
edition of the specification for Portland cement and 
two revisions of the specification for steel railway 
bridges have also been issued. All the specifications 
so far completed and published have been widely 
adopted by Government Departments and private 
firms throughout Canada. While only one specifi- 
cation was issued during 1928—namely, that dealing 
with steel railway bridges—no less than nine others 
were in course of preparation and were to be ready 
for publication in the early part of 1929. Full 
accounts of the activities of the Association and the 
progress made by it during each year are to be 
found in the Canadian Engineering Standards 
Association Year-Book, the third edition of which, 
covering the year 1928, has recently been issued. 
Among the standards actually in preparation, or 
which have been published since December, 1928, 
are specifications relating to concrete and reinforced 
concrete; steel highway bridges; distribution- 
type transformers ; steel castings; sampling for 
check analysis of steel bars, billets, and shapes ; 
carbon-steel billets and bars of forging quality ; 
and commercial bar steels. Other specifications 
under consideration deal with cast-iron pipe, 
machine screws, sheet-metal gauges, fire-hose con- 
nections, oil for transformers and oil switches, 
and traffic signals for highways. Attention is 
drawn to the progress made by the Canadian 
Electrical Code during 1928, which progress is 
described in the year-book as being outstanding. 
It is further stated that there is every indication 
that the Code will be officially adopted throughout 
Canada in the near future. 








SALVAGE OPERATIONS AT Scapa FLtow.—The 24,500- 
ton ex-German battleship Kaiser, which was salved on 
March 20 last, by Messrs. Cox and Danks, Limited, of 
Ulster Chambers, 168, Regent-street, London, W.1, 
was towed out of Scapa Flow on July 20 last in a com- 
pletely upside-down position, and arrived at Rosyth, a 
distance of 250 miles, on July 23. The vessel was 
successfully docked on the following morning. The 
Kaiser will now be completely dismantled and broken 
up. Of the two previously-salved large battle cruisers, 
the Moltke has now been completely broken up, and the 
Seydlitz is at present being dismantled. Messrs. Cox 
and Danks are now commencing operations on the 
4,000-ton light cruiser Bremse, which they hope to salve 
before the end of the summer. Afterwards, the 25,000- 
ton battleship Prinzregent Luitpold, and the 20,000-ton 
battle cruiser Von der Tann will be dealt with. 





THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 147.) 
Puysics DEPARTMENT—(cont.) 

Radiology, X-Ray Intensity and Absorption.— 
The Second International Congress of Radiology, 
held at Stockholm in July, 1928, adopted an inter- 
national unit of X-ray intensity, and agreed that 
it should be known as “ a Réntgen,” and indicated 
by the symbol r. The unit is defined as “ the 
quantity of X-radiation which, when the secondary 
electrons are fully utilised, and the wall effect of the 
chamber is avoided, produces, in 1 cub. cm. of air at 
0 deg. C. and 76 cm. mercury pressure, such a 
degree of conductivity that one electrostatic unit 
of charge is measured at saturation current.” Pro- 
visional determinations in the new unit r have been 
made of the dosage of the barium platinocyanide 
pastilles so far used in this country. The standard 
ionisation chamber set up for this purpose consists 
of two insulated parallel graphite plates mounted 
lengthwise in a lead box, 10 cm. square, 20 cm. long. 
The X-ray beam passes longitudinally down the 
centre of the box, entering through a thin cellophane 
window in an aperture at the end of a graphite- 
lined tube, 10 cm. long, mounted at right angles to 
the end of the box. The rays leave through a 
similar tube at the other end of the box. 

The constant high-voltage generator for X-ray 
test work designed by Mr. G. E. Bell, gives currents 
of 30 m.A. at 100,000 volts. The 50-cycle alterna- 
ting supply volts are raised to the required voltage 
by a static transformer, the output of which is 
rectified by four Philip’s valves, and the resulting 
direct currents are smoothed by condensers and a 
choke system. The valve filaments are heated by 
accumulators. 

Industrial X-Ray Tests.—In the industrial section 
for X-ray analysis, Dr. G. Shearer is continuing his 
research on tungsten steels and silicon tungsten 
steels, with special reference to the relation between 
magnetic and other properties. There are two 
tungsten carbides in steel, the single carbide WC 
and a double carbide, probably Fe,W,C. In the 
course of prolonged heating to 900 deg. C., which 
spoils the magnetism, the double carbide disappears 
in about six hours, but after heating for 24 hours it 
appears again, and the hardened steel also shows 
the lines of the double carbide; but heating for 
periods of half an hour in steps of 50 deg. from 
800 up to 1,100 deg. causes comparatively little 
change in the properties of the material. In the 
course of X-ray work on aluminium it is found 
that when the metal is rolled so as to retain its 
square section throughout the rolling process, it 
assumes the oriented structure of drawn wire; but 
this is only true when there was no orientation in 
the metal before the rolling. With rolling at con- 
stant breadth the final structure is not simply related 
to axes of the specimen; this agrees with observa- 
tions by Géler and Sachs. Paint materials (red 
lead, zinc oxide, &c.,) are being examined with a 
view to exploring the possibilities of the X-ray 
crystal method in this field. 

Radium Tests and X-Ray Protection.—Dr. Kaye 
has examined the X-ray arrangements at a number 
of hospitals and advised on the arrangement to be 
adopted for the protection against injury by radium 
or X-rays. The value of radium compounds 
received for tests exceeded 125,000/. Over ten 
grammes of radium were tested for the Australian 
government, this statement, of course, implying 
that the salts tested contained 10 grammes of radium 
metal. 

Sound Division.—Perfection of apparatus for 
sound production and measurement and the elimina- 
tion of disturbances, due to mechanical vibrations 
and to electric stray fields, have taken up much of 
the time of Dr. A. H. Davis and Messrs. W. Fleming 
and Littler. Both these factors cause trouble, in 
the absolute measurement of sound intensity by 
determination of the pressure of sound waves and 
also in intensity measurements by the Rayleigh disc 
method; even in the lagged sound cabinet when 
amplifiers and microphones are used, screening 16 
very difficult, and loud sounds may be heard when a 
terminal touches almost any large piece of metal in 
the building. The condenser microphone is being 
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calibrated with the end of a thermophone, an instru- 


ment which obtains calculable oscillatory pressures 
from the temperature oscillations produced in a 
thin metal foil by alternating currents. In tracking 
echoes in the open air use is made of the reflection 
of sound from a hissing arc at the focus of a 
searchlight reflector. In buildings the general 
reverberations make this method more difficult. 
In such cases, lamps, tubes and small mirrors 
are used to determine the direction of the chief 
reflections. Among the buildings studied in this 
way with the aid of models, of ¥ in. to the foot, 
are the Albert Hall, the long narrow hall of the 
Imperial Chemical Industries building, and the 
Zoology lecture theatre of Edinburgh University. 
In connection with the study of the analogy 
between ripples and acoustical wave phenomena, 
the transmission of sound through acoustical 
filters and the filtering action of bends in curved 
and folded horns has been investigated. When a 
ripple tank is divided by a rubber partition, an 
oblique beam passes from the one half to the other 
through the vibrating rubber membrane without 
change of form or direction, provided the natural 
period of the membrane is low. We mentioned 
last year that a felt partition covering the aperture 
between the two sound-proof rooms of the 
Laboratory does not scatter oblique sound beams 
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Great Britain, America, Germany and the Nether- 
lands. Wave-length determinations in the infra red 
have been hampered by the difficulties of protecting 
the Paschen galvanometer from the electromagnetic 
and mechanical disturbances in the Laboratory ; 
the base of the new galvanometer now in use is 
supported at the neutral planes of three cylinders 
floating on mercury, which is contained in inter- 
connected basins resting on shock absorbers. 
For the ultimate calibration of electric lamps as 
standards of total radiation calibrated thermopiles 
and similar apparatus are necessary, and Moll 
thermopiles and galvanometers with suspended 
magnets appear to be best suited. 

The lenses submitted for tests, and especially 
the photographic lenses for aerial survey work, 
have reached a high standard. For speed and 
efficiency tests of shutters for photographic and 
stereoscopic work at various points in the focal plane, 
Dr. J. S. Anderson had to develop new methods. 
In view of the developments of radio signals for 
navigation a conference of representatives of the 
Admiralty, the Air Ministry and British Instruments 
Association was held last year on the suggestion 
of the Executive Committeee to report on the 
conditions of test for sextants. Arrangements 
have been made for special tests of sextants on 
cable ships after their examination at the Laboratory 
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much more than the open aperture, although the 
partition may itself vibrate. In further work on 
this matter, plywood matchboarding, wall-boards, 
brick walls, sail cloth, &c., were found to 
transmit sound like beams. These rooms and 
partitions are used for measuring the sound absorp- 
tion by different materials. Measurements on small 
specimens are made by the aid of stationary waves 
produced in a wide pipe, 2 m. in length for sound 
frequencies ranging from 250 per second up to 
1,200 per second. The method admits of determin- 
ing the change in phase which occurs on reflection, 
and shows that an increase of thickness may in 
certain cases produce a decrease (instead of the 
usual increase) in the absorption power of the 
material; the phenomenon is analogous to the 
production of interference fringes by parallel plates 
in optics, the sound waves being reflected from the 
front and back of the specimen. 

Optics Division.—The main investigations by Mr. 
T. Smith, are concerned with optical systems not 
possessing rotational symmetry about some axis, the 
vertex power of lens combinations, crossed cylindri- 
cal lenses, the properties and design of reflecting 
surfaces and aberrations. Performances of the 
lens systems of telescopes, &c., are checked by the 
Hilger universal lens interferometer, which has been 
modified in the Laboratory for the purpose of 
enabling one observer (instead of two) to do all 
the work with the aid of an adjustable reflecting 
system. Performances formerly classed as excel- 
lent, good, poor, &c., are now expressed in terms of 
path variation in green mercury light, ranging from 
% 4, ... to 32 wave-length. Mr. J. Guild’s 
work on photometry and colorimetry is not quite 
complete as to the colour vision of different eyes. 
‘or the accurate specification of graded colours. 
Che signals glasses examined are those in use in 
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with a view of determining the merits of recent 
modifications in design. 


ELEctTRIcITY DEPARTMENT. 


Electrical Standards and Measurements Division.— 
Very satisfactory progress has been made in this 
division, under Dr. D. W. Dye, with the work on 
units and standards. The Lorenz balance, on 
which Dr. F. E. Smith found, in 1913, the value 
1-0005, for the ratio of the international unit of 
resistance to the c.g.s. unit, has been put in order 
for re-determination and for comparison with the 
ohm determination in progress by the Campbell 
alternating-current method. The four 1-ohm coils, 
which represent the mean unit,adopted at Wash- 
ington in 1910, and is taken to be 1-00003, inter- 
national ohm, show remarkable stability; ohmal 
(an alloy resembling manganin, made in the Labora- 
tory) wire coils of 0-1, 1 and 10 ohms, are under 
observation. The current balance is being recon- 
structed. The 20 Weston standard cells contain 
sulphuric acid, ranging in normality N- from 0-05 
to 0-5; the relation AE = — 615 « N-® does not 
appear to be affected by small temperature changes. 
The comparison between the mica condensers of the 
Laboratory and the U.S. Bureau of Standards shows 
almost perfect agreement as to power factor, but not 
as to capacity; the former fact is all the more gratify- 
ing, because the Laboratory value is referred to the 
standard of mutual inductance, and the Bureau 
value to an air condenser. 

Valve Impedance. Inductance. Amplifiers.—In the 
measurements, by Mr. L. Hartshorn, of the constants 
of thermionic valves at telephone frequencies 
(1,000 and 4,000), with Wheatstone bridges, difficul- 
ties were experienced in the determination of 
the phase angles. These have been overcome by 
adopting the Wagner earthing device, which 
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maintains the ends of the bridge diameter at earth 
potential. The impedance was found to be slightly 
capacitative, but the equivalent capacity was 
greater than the corresponding inter-electrode 
capacity when the filament was cold and not 
emitting electrons, owing to the presence of a space 
charge, which also makes the equivalent capacity of 
the working valve vary with the frequency. For 
this reason, the valve is not suitable as a standard 
for accurate phase-angle measurements of non- 
reactive coils, but this does not impair the utility 
of valves for null-method measurements. Both the 
anode-circuit resistance and the mutual inductance 
vary with the grid bias, but their product is con- 
stant. The effect of the earth capacity in measure- 
ments of inductances is very difficult to eliminate 
by screening in the case of high mutual inductances, 
and the addition of screens may actually be a 
disadvantage, as they increase the earth capacity. 
For the determination of the amplitude ratio of the 
input and output voltages of amplifiers, Mr. T. I. 
Jones makes use of a Schering bridge which measures 
the phase shift observed when a known capacity is 
connected across the anode resistance. Beat tone 
oscillators are now constructed in the Laboratory 
for producing continuously-variable frequencies 
ranging from 10 cycles to 10,000 cycles. 

Dielectrics.—Mr. Hartshorn’s researches on purified 
benzene gave the dielectric constant as 2-2825 at 
20 deg. C., with a possible error of 2 in 10,000, 
probably due to impurities; purification of the 
benzene by three months’ treatment with sodium 
metal gave the same results as six months’ treatment 
with phosphorus pentoxide. Measurements have 
been made of the capacity and power factors of thin 
sheets of varnished cloth, provided with mercury 
electrodes, at high voltage gradients, up to 250 
volts per mil. ; some of the samples broke down at 
about 300 volts. These measurements show that, 
at high voltage gradients, these properties are no 
longer independent of the applied voltage, as they 
are at low gradients, and the power dissipated is 
not simply proportional to the square of the voltage 
applied. Ebonite sheet samples are tested on the 
radio-frequency bridge, over the range 100 cycles to 
1,200 kilocycles. 

Magnetic Work. Tron Alloys. Magnetometer. 
Hysteresis.—Messrs. C. L. Webb and L. F. Ford 
found two samples of iron containing 0-5 per cent. 
of beryllium and 1 per cent. of carbon to behave 
like a carbon steel. A sample with 8 per cent. of 
beryllium showed very much reduced remanence 
and coercivity after quenching from 1,150 deg. C. 
The vertical-force magnetometer of the Laboratory 
has been transferred to Abinger, where the force of 
the earth’s field, viz., about 43,000 v, (ly = 10-5 
gauss) is determined within 1 y. For hysteresis- 
loop measurements by the yoke method of samples 
of high permeability, an elaborate drum for the 
simultaneous control of main and compensating 
currents has been constructed. Total losses at high 
frequencies and high inductions are determined by 
an Epstein apparatus of the Reichsanstalt pattern. 

Work for the Radio Research Board.  Piezo- 
Electric Oscillators.—The interferometer apparatus 
by means of which Dr. Dye investigated the vibra- 
tions of a quartz plate excited to resonant vibrations 
by high-frequency voltages was mentioned last 
year in connection with the Royal Society Con- 
versazione. Figs. 19 and 20 illustrate some of 
the effects observed. A quartz disc, polished flat, 
45 mm. in diameter and 8 mm. thick, was placed 
on a brass plate which formed one of the elec- 
trodes. A plane-polished glass slab, slightly wedge 
shaped, to give interference bands of adjustable 
spacings and directions, was mounted above 
it, and a grid of fine wires, applied to the 
lower surface of this plate, formed the second 
electrode. With continuous illumination through 
a pin hole from above, the interference bands 
(crossed by the parallel lines of the grid) 
were divided up into unaffected regions 
of rest and vibrating regions where the bands 
disappeared ; the nodal areas and lines were very 
complex. With intermittent illumination by a 
helium tube, excited from the same high-frequency 
source and polarised so as to give only one flash 
per cycle, the transverse compressional vibrations, 





shown in Fig. 19, were obtained, and also the 
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and Colliery Surveying. By T. A. O’DONAHUE and 
T. G. Bockrne. London: Macmillan & Company, 

Limited. [Price 10s. 6d. net.] 

Despite the fact that the importance of mine 
surveying has long been recognised in principle, 
the position of responsibility occupied by the col- 
liery surveyor has always had a tendency to be 
insufficiently appreciated. The modern trend of 
progress in all branches of the coal-mining industry, 
however, has led inevitably not only to an increase 
of the burden of responsibility of the colliery 
surveyor and to an increased measure of efficiency 
on his part, but fortunately also to a wider recog- 
nition of the importance of his work and the special 
knowledge and training which it involves. 

For many years there was a spirit of conservatism 
apparent in British collieries regarding surveying, 
and a disinclination to adopt new methods, which 
contrasted unfavourably with the enterprise of 
metal mines, both at home and abroad, in taking 
advantage of improved instruments and methods 
of surveying. Thus even now the use of the theodo- 
lite is not general in the collieries of this country, 
although surveying with the theodolite is admittedly 
far preferable and more reliable than work depen- 
dent upon the magnetic needle. Prior to 1911, the 
colliery surveyor was not necessarily called upon to 
have a working acquaintance with the theodolite, 
and in the office, the plotting of the survey being 
mostly done by means of the protractor, a know- 
ledge of co-ordinates was not necessarily involved. 
But since the Coal Mines Act 1911, and the intro- 
duction of examinations for the granting of colliery 
surveyors’ certificates, theodolite surveying has held 
an important place in the examination syllabus 
and the standard of knowledge required has been 
steadily raised. 

It follows that text books which were written 
prior to 1911, and only intended to embrace the 
minimum essentials of the subject as then required, 
will now be out of date. A well-known text book 
entitled Field and Colliery Surveying now appears 
in a new and revised edition, and in its new form 
should continue to prove of great assistance, as it 
has done in the past, not only to colliery surveyors 
but also to students, and now more especially to 
those wishing to sit for the examinations of the 
Board for Mining Examinations to obtain colliery 
surveyors’ certificates. 

If a criticism may be made of a book so well 
known and of so long established a reputation as the 
work under review, it would be to say that the 
faults are rather of omission than of commission. 
Opinions on the question of just how much should 
be included in an elementary text book of this 
nature are bound to vary, but we consider that 
the treatment of certain branches of surveying 
might with advantage have been a little fuller. 
Thus as regards field surveying, triangulation is 
dealt with very summarily and the important 
operation of measuring the main base line might 
have been described with practical hints regarding 
methods of ensuring accuracy. Again the extremely 
important operation of shaft plumbing, and the 
connection of the surface survey with that under- 
ground is handled very briefly. On page 182, three 
reasons are given which may cause suspended 
wires to be out of plumb. One of these reads as 
follows : “‘ Lateral deviation due to irregular mass 
in the strata.” We have heard it suggested that 
masses of magnetic mineral, such as magnetite, in 
the strata might deflect the wires, but we have to 
admit that the expression, an “irregular mass in 
the strata” conveys no definite meaning to us. 
Further, the method given on the following page 
of dealing with this geological phenomenon is not 
very helpful: ‘‘ Lateral deviation due to irregular 
moss in the strata cannot be detected without 
special instruments not usually at the disposal of 
the surveyor, and practically all he can do is to 
trust that there is no such attraction.” 

in the chapter on theodolites, a standard 5-in. 
theodolite is illustrated and briefly described. 
In view of the fact that a special theodolite for use 
in mines has been designed by no less an authority 
than Professor L. H. Cooke of the Royal School of 
Mines, and is manufactured by a British firm, 











we think that, having regard to the very numerous 
practical advantages of this instrument for under- 
ground use over the standard surface type of 
theodolite, it deserves at least brief mention in any 
text book. It is true that this instrument was 
developed from experience in metal mines and 
is intended primarily for use under metal-mining 
conditions ; nevertheless, we fail to see why this 
should be a bar to its use in collieries. 

In describing methods of observation with the 
theodolite, on page 169, the authors write : “‘Some 
surveyors take the angle in a forward direction and 
then, setting to zero again, take its difference from 
360 deg. in the backward direction, and if the two 
angles add up to 360 deg. they are supposed to be 
correct. But it is a curious paradox that when 
angles add up to 360 deg. or a multiple, then is the 
time to start looking for errors, and one frequently 
finds that the perfection is due to a fallacy in 
reasoning somewhere.” This argument appears 
rather weak ; surely two and two should always 
add up to four without any “fallacy of reasoning.” 
If the instrument is accurately constructed (as are 
those supplied by any reliable maker), correctly 
adjusted and carefully handled, there is no reason 
why angles observed in this manner should not add 
up to within a minute of 360 deg., and when they 
do not the angles must be re-observed. When the 
angle to be observed is only a fraction over or 
under 180 deg. there is admittedly some danger of 
error, as the authors suggest, but this is minimised 
by reading both verniers. Again, as a further 
precaution, the vernier may be set anywhere, and 
not necessarily at zero. In any case, we know of 
this method having been used for years by a large 
number of surveyors with entire satisfaction. 

In conclusion it may be said that, notwithstanding 
the one or two criticisms which have been made, it 
must be borne in mind that an elementary work 
cannot logically cover in full every branch of an 
extensive subject ; too much detail has undoubted 
disadvantages, not only in confusing the student 
and to some extent, perhaps, discouraging him, 
but also in rendering the book unwieldy. We have 
no doubt that in its revised form Field and Colliery 
Surveying will be able to maintain the position 
which it gained in past years. The publishers have 
done their work well, for the volume is excellently 
printed and illustrated and well bound in con- 
venient form. 


Plain Concrete. By Epwarp E. Bauer, B.S., C.E., 
Instructor in Civil Engineering, University of Illinois, 
A.M.A.Soc.C.E. First edition. McGraw-Hill Pub- 
lishing Company, Limited, London. [Price 20s. net.] 

Tus book, primarily for the use of college students, 

may quite well be regarded as of service to those 

already acquainted with the subject treated, who 
will find in it a convenient summary of facts and 
principles useful for reference. Opening with some 
matter of historical interest, the author, in fifteen 
chapters, deals with standard and special cements, 
aggregates, mixing water, and admixtures, propor- 
tioning, making and curing, field control, work- 
ability, the estimating of quantities for concretes, 
specifications sampling and testing, and details of 
the various tests approved by the American Society 
for Testing Materials. There are many good photo- 
graphic illustrations, diagrams and tables. A wide 
and general survey of the whole art of concrete 
making and control is, indeed, offered to the reader 
in this book. The author endeavours to present 
the various methods of proportioning concrete to 
meet specific requirements of strength and worka- 
bility in an intelligible manner, with some measure 
of success, though there will be found occasional 
obscurities. The descriptive matter is, however, 
generally free from this criticism. That reference 
to the various methods advanced—some very 
complicated—should be made is no doubt in order, 
but it may be suggested, for the student’s comfort, 
that by giving attention to the essentials of material, 
quality, water-cement ratio, mixing and curing, he 
may expect good results, the refinements sometimes 
attempted being not worth the trouble they involve. 

The relation of laboratory tests to field results is 

commented upon, with insistence respecting the 

value of proper supervision. With respect to the 
units of measurement used in the book, it can hardly 





be justifiable to define quantity of cement by the 
barrel, the sack, the bag or the cubic foot when a 
single unit of volume should serve. In one diagram 
(page 179) barrels of cement are used to express 
quantity in one place, and the sack of cement is the 
unit in another part of the same diagram, with no 
indication of the relationship. It is a pity that 
a useful book should be marred by such troublesome 
peculiarities. It should, however, be conceded that 
some of these differences are probably due to the 
particulars having been borrowed from the works 
of other writers without modification. In this 
connection, it may not be out of place to say that 
it would be a great convenience to the British 
reader of books published in the United States if, 
in all cases, the units of weight and volume were 
clearly defined ; where this is not done confusion 
may lead to sad mistakes. 

Each chapter of the book is followed by a set of 
questions by which the student may test the 
thoroughness of his reading. 





Practical Industrial Furnace Design. By Marruew H. 


MAWHINNEY. New York: John Wiley and Sons, 
Inc. London: Chapman and Hall, Limited. [Price 
20s. net.] 


THE efficient use of fuel is a subject which has 
attracted considerable attention in many countries, 
especially of late years, resulting in the publication 
of numerous books dealing with various phases. 
Mr. Mawhinney’s book is a useful addition to those 
already available, especially the portion dealing 
with refractories. The author makes acknowledge- 
ment of his indebtedness to Prof. Trinks, whose 
book on “ Industrial Furnaces ” is well known, and 
to which frequent reference is made to avoid 
repetition of matter which is there dealt with more 
fully than is possible within the compass of the 
present volume. 

The title can be criticised, in that it would cover 
a much wider field than is actually dealt with, but 
the author points out in the preface that the book 
“is simply a discussion of practical methods for 
the solution of the problems and difficulties most 
frequently met in the selection, design and operation 
of industrial heating furnaces as distinguished 
from melting furnaces.” Even then it might be 
objected that the examples mainly deal with the 
heating of iron and steel, but the methods used are 
of quite general application, and those interested in 
the heating of other materials can find much useful 
matter, although they may have to seek further 
information in other directions. 

After a brief historical review and general state- 
ment of the problems to be dealt with, consideration 
is given to the various types of fuel available, and 
the choice to -be made in any particular case. The 
analyses of coals and gases, as well as the figures of 
cost, are essentially American, but the underlying 
principles are clearly shown and the application 
to suit local conditions can be readily made. The 
matter is treated in some detail, and the author 
says “although the task outlined in this chapter 
requires patience and care . . . the cost of fuel in 
most plants is so large that a small percentage 
saving will amount to a very considerable item.” 
This is followed by a description of different methods 
of applying heat, and of the method of determining 
the size of furnace required for a specific duty. 
The next chapter, devoted to a discussion of the 
methods of handling material and the designs 
adopted to facilitate this, is generally good, 
although the statement that “the operation for 
which a car-type furnace is used never exceeds 
1,800 deg. F. in temperature” is by no means 
correct. A typical analysis is made of the various 
items of cost—fuel, upkeep and depreciation—- 
and a table given showing the importance of the 
item for fuel. 

The preceding chapters having dealt with the 
preliminary work in selecting or designing a furnace 
installation, a more detailed study of the fuel con- 
sumption follows. A point which does not always 
receive the attention it deserves—the heat absorbed 
by the walls of a furnace working intermittently — 
is dealt with on the basis of practical results, for 
varying thicknesses of walls and amounts of insula- 
tion. The question of refractory design, con- 
struction and materials, is treated somewhat fully, 
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and a series of charts is given showing the cost of 
varying amounts of insulation in comparison with 
the resulting economies for different furnace tem- 
peratures. A point which might have been men- 
tioned is the necessity of guarding against over- 
heating the firebrick through the use of insulation. 
The prevention of the failure of concrete foundations 
due to heat might also have been dealt with in 
rather more detail. A useful chapter follows on 
the application and design of metal parts, values 
being given for the permissible stress at various 
temperatures, although a slight slip has been made 
in a numerical example dealing with the load which 
can be carried on a small bar at high temperatures. 
The central load calculated is 3 lb., but the weight 
of the bar itself is ignored, although this is 3-3 lb. 
and would thus increase the stress to 60 per cent. 
above that assumed. Attention is called to this 
because the falling off of strength at high tempera- 
tures is so great, in addition to which there is the 
effect of ‘‘ creep,” so that items of load which can be 
omitted in calculations for ordinary temperatures 
assume an importance which is sometimes rather 
startling. Both in connection with the details of 
refractory work and those of the metal parts, points 
are mentioned which are not always given effect 
to by quite reputable furnace builders. Temperature 
measurement and furnace control are dealt with 
in outline, the author rightly stating that “it is 
logical that a furnace, designed and constructed on 
carefully considered theory, should be protected 
as far as is practically possible from the injurious 
effects of careless and ignorant operations.” 
Generally, the book can be said to be one which 
should prove useful to both the prospective pur- 
chaser and the designer of a furnace. It would 
facilitate use if cross references were made to pages 
instead of to chapters. 
Sir Joseph Wilson Swan, F.R.S., A Memoir. By M. E.S. 
and K. R. 8. London: Ernest Benn, Limited. [Price 
7s. 6d. net. ] 


Tus interesting little book is published at an appro- | 


priate time, since the international controversy 
which has arisen about its subject’s claim to be 
considered the inventor of the electric incandescent 
lamp is tending to obscure the high scientific and 
moral qualities of one whom, in this country at 
least, we should do well to honour. Written with 
the inner knowledge and sympathy of close rela- 
tionship, it shows a man who, though perhaps 
primarily an inventor, was also a philosopher, in the 
sense that he interested himself in the whole range 
of natural phenomena. Moreover, his character was 
high and his manner chivalrous and genial, though 
these qualities did not conceal a basic strength of 
purpose. Though he suffered more than most 
from the “ slings and arrows of outrageous fortune,” 
he never seems to have become embittered, and 
maintained to the end an equanimity which may, 
perhaps, be accounted more to him for righteous- 
ness than the work by which he is best known. 
We say “best known” because, although his 
claim to fame among engineers rests on his inven- 
tion of the carbon-filament lamp, his work in 
connection with photography also formed the 
basis of important industries, such as the carbon 
process and bromide printing paper, while he 
devised an artificial cellulose thread which may be 
said to be the prototype of artificial silk. Swan 
himself was born in Sunderland of a seafaring 
family, his father being engaged in the manufacture 
of ships’ anchors and chains and also showing an 


inventive turn of mind. He left school at an early | 


age to become a druggist’s apprentice in his native 
town, and, as early as 184.5, began to interest himself 
in electrical matters as the result of reading of 
an incandescent lamp invented by Starr. In the 
following year, he went to Newcastle where, with his 
future brother-in-law, Mawson, be began business 
as a druggist on his own account and also joined 
the scientific circle of that city. In these early 
years he devoted a considerable portion of his time 
to the study and improvement of photographic 
processes and to the manufacture of collodion. 
These efforts are fully and interestingly described 
in this book. 

In the middle ’seventies, his attention was again 
turned to the problem of producing an electric lamp 
by the incandescence of carbon in a vacuum, and 
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|in 1878 he demonstrated a lamp embodying these 
| features to a number of people at Newcastle, Gates- 
| head and Sunderland. It is necessary to state 
| this clearly, because the date is some 10 months 
|earlier than that claimed by the Americans for 
| Edison’s first demonstration. Neither Swan’s lamp 
anes Edison’s lamp had, moreover, reached a com- 
mercial form at this time. Early in 1880, Swan 
devised a means of producing carbon filaments of 
the required strength and uniformity by using 
parchmentised cotton, and commercial manufacture 
in this country began on those lines. Three years 
later he invented what was known as the squirted 
filament which superseded the parchmentised fila- 
ment and resulted in the greatly extended use of 
incandescent electric lighting. This statement is, 
of course, but a summary of the fully documented 
information which is given in this memoir, informa- 
tion which should be carefully studied by all who 
are interested in the subject. 

As we have said, the book is well and clearly 
written and there are one or two excellent portraits. 
As usual, however, the index leaves much to be 
desired, and there is no bibliography. 








GEOPHYSICAL SURVEYING. 


THE application of geophysical methods of surveying 
aud prospecting, with which Mr. W. H. Fordham, 
M.A., F.G.S., dealt in a paper on the subject which 
he read before the Institution of Petroleum Tech- 
nologists early this year, has made more progress 
during the past few decades than is generally admitted. 
The reason for the sceptical attitude can be surmised 
from Mr. Fordham’s bibliography ; but little has been 
published on the subject, and what has been written is 
mostly of a theoretical or essentially geological char- 
acter. For details of the instruments the enquirer is 
generally referred to patent specifications, and the 
methods of operation are not always explained, as some 
manufacturers of instruments prefer them to be used 
by their own trained staff, and the mining com- 
panies keep their experience to themselves. The 
interpretation of the results is generally not an easy 
|task. All geophysical methods are based upon the 
|assumption that instruments near the surface are 
| affected by the different density, elasticity and mag- 
|netic and electrical properties of materials hidden in 
| the ground. The instruments, however, may be either 
| not sufficiently sensitive, or too sensitive to give useful 
information. As regards petroleum, in particular, Mr. 
Fordham pointed out that oil sands and other porous 
beds containing oil, did not, as a rule, differ sufficiently 
in properties to admit of the detection of actual oil 
pools, but the occurrence of oil was associated with 
salt domes, anti-clines and faults which betrayed 
themselves by other anomalies. 

Discussing first the gravimetric method, Mr. Ford- 
ham, who was associated with Professor von B3ckh’s 
search for oil in Hungary in the early days of the 
Eétvés balance, stated that the gravimetric method 
proper measured the gravity gradients and the 
eurvatures, while the gradiometer of Brillouin only 
determined the gradients in two directions at right 
angles to one another. Observations by the large 
Eétvés beam balances made by Siiss, Askania, Oert- 
ling,* and the North American Exploration Company, 
required about seven hours, preferably at night; the 
smal] gradiometer beams of Siiss, Askania and of 
Oertling (made to the designs of Captain H. Shaw and 
Mr. Lancaster-Jones) were less sensitive and more rapid, 
and all types of torsion balances could now be used 
in the day time. According to Dr. D. C. Barton, this 
| work was not more difficult than plane-table work; the 
calculations were, moreover, much simplified by tables. 
The seismic method measured the rate of propagation 
of the elastic waves in the ground from exploded 
charges of dynamite. These waves travelled through 
air at the rate of 1,100 ft. per second, through ordi- 
| nary surface formations at 6,000 ft., and through salt 
| domes at 16,000 ft. per second ; a high rate of propa- 
gation therefore indicated the presence of salt domes. 
|The main instruments used were due to Professor L. 
|Mintrop and to Schweydar. In the Mintrop seismo- 
| graph, a heavy pendulum attached to a short flat 








|spring carried a long vertical arm, of small weight, 
|ending above in a thin spring pressing against the 
| spindle of a mirror which threw an image on a film in 
|a separate box. The seismograph itself weighed only 
|a few kilogrammes, but it was now combined with a 
wireless transmitter, sending Morse signals, which was 
| cut out by the explosion. 

| The first vertical-field magnetic balance for magnetic 
survey, was designed by A. Schmidt, of Potsdam Obser- 


| vatory, and the first horizontal magnetometer a few 





| * See ENGINEERING, vol, cxxii, page 101 (1926). 
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years later, in 1916, by the late Professor G. W. Walker, 
of Eskdalemuir. The recent Oertling magnetometers 
were of the Thomson-Thalén type.* The skill and 
experience required for magnetic surveying equalled 
those for gravimetric work, and the interpretation of the 
results was largely a matter of experience. Four electri- 
cal methods had been tried with more or less success. 
The self-potential method measured the feeble natural 
currents in the neighbourhood of sulphide ores by 
means of non-polarising electrodes and an insulated 
wire. The resistance method determined the resistance 
between two earthed electrodes connected to a high- 
tension battery. The surface-potential method deter- 
mined the equipotential lines between two earthed 
electrodes charged from direct or alternating-current 
sources, with the aid of exploring electrodes in a secon- 
dary circuit. There were, lastly, various inductive 
methods. The radiometric method, only quite recently 
tried in the Maikop field, was also an electrical method ; 
it was observed that an electroscope, shielded by 1 cm. 
of lead, lost its charge more rapidly over oil sands 
than elsewhere, owing to the radioactive constituents. 
Mr. Fordham was able to refer to the successful 
employment of all the methods mentioned, particularly 
of the torsion balance, seismograph and magnetometer, 
in all parts of the world. The failures, in some cases, 
were ascribed to inexperience. That geophysical pro- 
specting has proved in many instances to be less 
expensive than drilling is generally admitted. 








ENGINEERING TRAINING AND 
EDUCATION. 


Bradford Technical College—A prospectus of the 
diploma and special day courses to be held at the 
Technical College, Bradford, during the 1929-30 ses- 
sion, has just been issued. Three-year or four-year 
diploma courses are provided in the departments of 
textile industries, chemistry, dyeing, civil, mechanical 
and electrical engineering, and physics. Special day 
courses are arranged in each department to meet 
the needs of students who are preparing for special 
examinations, or for students who may need preparation 
for special branches of industrial work. Part-time day 
courses are arranged to meet the needs of students 
whose ordinary occupation takes up the greater portion 
of their time, but who are able to spend a certain 
amount of time in the College. Copies of the prospectus 
may be obtained on application to the Principal at 
the College. The Michaelmas term will commence 
on September 24 next. 








THE RIPPINGILLE FLUIDMETER.—Messrs. Fluidmeters, 
Limited, Winchester House, Victoria-square, Birming- 
ham, makers of the Rippingille Fluidmeter, inform us 
that H.M. Board of Trade Weights and Measures Depart- 
ment have approved and certified fluidmeters for use 
in connection with bulk storage, as giving measure- 
ments within the prescribed limits of accuracy. These 
meters are now on view at the Science Museum, South 
Kensington, London, 8.W.7. An illustrated description 
of the meter will be found on page 487 of our 124th 
volume (October, 1927). 

Tue InstitTUTE or Metats.—The final programme of 
the autumn meeting, in Diisseldorf, of the Institute of 
Metals has now been drawn up. As previously an- 
nounced, the eighth autumn lecture, which deals with 
** Aluminium and its Alloys ” will be delivered in German 
by Dr. A. G. C. Gwyer at 5 p.m. on Monday, September 9. 
The business meetings will be held on the mornings of 
September 10 and 11 at the Eisenhiittenhaus, Diisseldorf, 
and the following papers will be read and discussed : 
‘“* Studies on the Crystallisation of Gold from the Liquid 
State,’’ by Professor C. O. Bannister; ‘‘ Idiomorphic 
Crystals of Cuprous Oxide in Copper,” by Mr. C. Blazey ; 
‘** Pinholes in Aluminium-Alloy Castings,” by Dr. N. F. 
Budgen; ‘‘A Dilatometric Study of Some Univariant 
Two-Phase Reactions,” by Professor P. Chevenard, 
Mr. A. M. Portevin and Mr. X. F. Waché; ‘ The Relative 
Corrodibilities of Ferrous and Non-Ferrous Metals and 
Alloys.” Part II.—* The Result of Seven Years’ Exposure 
to Air at Birmingham,” by Dr. J. N. Friend; “An 
Improved Differential Dilatometer,” by Dr. M. Haas 
and Mr. 1D. Uno; ‘ Properties of Locomotive Firebox 
Stays and Plates,” by Dr. O. F. Hudson, Mr. T. M. 
Herbert, Mr. F. E. Ball and Mr. E. H. Bucknall ; “ The 
Creep of 80:20 Nickel-Chromium Alloy at High Tem- 
peratures,” by Mr. A. G. Lobley ; ‘‘ Methods of Research 
in Metallography,”” by Dr. G. Masing; ‘‘ Reduction of 
Shrinkage Cavities and Vacuum Melting,” by Dr. 
W. J. P. Rohn; ‘‘ Some Methods of Research in Physical 
Metallurgy,”’ by Dr. W. Rosenhain ; ‘‘ New Methods for 
Melting Non-Ferrous Metals in the Electric Furnace, 
by Mr. M. Tama; ‘“ The Open-Air Corrosion and Surface 
Patina of Copper,” by Dr. W. H. J. Vernon and Mr. 
L. Whitby ; and “‘ The Effect of Temperature Attained in 
Overhead Electric Transmission Cables,’’ by Dr. A. von 
Zeerleder and Mr. P. Bourgeois. The afternoons 0! 
September 10 and 11 will be devoted to visits to works in 
Diisseldorf and Duisburg, and a whole-day excursion to 
the works at Essen of Messrs. Friedrich Krupp A.G. has 
been arranged for Thursday, September 12. 
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* See ENGINEERING, vol cxxvi, page 146 (1928), 





| particulars of Thalén-Tiberg magnetometers. 
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LIMITS OF THE ECONOMICAL 
TRANSMISSION OF ELECTRICAL 
ENERGY.* 

By Professor E, W. Marcuant, D.Sc. 


Tue transmission of electrical energy nowadays is 
primarily an economic problem. There is no great 
technical difficulty in transmitting energy over distances 
of several hundred miles, though there has been a good 
deal of discussion in the past as to the best method to 
use. At the present time, however, apart from a 
few installations in France and Switzerland, nearly all 
power transmission is carried out by three-phase 
high-tension currents. In America, distances of 300 
miles and over have been covered and pressures up to 
350,000 volts have been used. Here again, it is the 
economic question which determines the pressure to 
be employed. There is no overwhelming technical 
difficulty in using pressures up to 1,000,000 yolts. 
Experiments have been made on overhead transmission 
lines, which more closely resemble bridges than 
the transmission lines to which we are accustomed, 
designed for operation at a pressure of 1,000,000 
volts. The most economical pressure to use on a 
transmission line is, of course, governed by the cost of 
the line and the cost of the waste energy, according to 
the well-known Kelvin’s Law. 

When central stations are operated by steam boilers 
driving turbo-generators, it has often been suggested 
that the most economical arrangement would be one 
in which the power station was located at the coal 
mine, and the energy conveyed electrically to the place 
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where it was to be used. It may be of interest to 
discuss one case, in order to determine the conditions 
under which such an arrangement can be used economi- 
cally, though it must be remembered that, in settling 
the site of a modern super-station, there are many 
factors, such as the supply of water, which have to 
be taken into account, besides the proximity of a coal 
mine. As an illustration, the case of a town such as 
Liverpool may be considered. Liverpool has adequate 
railway facilities and a good supply of coal within 
20 or 30 miles. It would be possible, as far as purely 
technical considerations are concerned, to erect a large 
super-station at Wigan, about 20 miles away, where 
there are coal-mines giving an ample supply of excellent 
fuel, instead of in Liverpool, and to convey the elec- 
trical energy generated in this station by high-tension 
overhead lines to Liverpool. The relative costs of 
these two methods of providing a supply are given 
below. Let us assume that a station of 100,000 kw. 
can be erected in either of the two places, that there 
is no great difference between the cost of erecting this 
station at Wigan and in Liverpool, and that the two 
stations have the same thermal efficiency. If the 
station is located in Liverpool, the only extra charge 
involved, as compared with a station at Wigan, is the 
cost of conveying coal from Wigan to Liverpool. This 
amounts to 3s. 2d. per ton. 

For a station of this size, a thermal efficiency of 
20 per cent. may be assumed as a working figure. 
Hence 5 x 3,430 = 17,150 B.Th.U. must be used per 
unit, or, taking coal with a calorific value of 11,500 
B.Th.U. per lb., the consumption of coal per unit 
generated is very nearly 1-5 1b. The extra coal cost in 
Liverpool, therefore, as compared with Wigan is 
the cost of carrying 1-5 lb. of coal from Wigan to 
Liverpool, and amounts to 0-0254d. per unit. 

To convey the energy electrically would involve the 


installation of transformers at Wigan and Liverpool, | 
and the erection of an overhead transmission line | 


capable of transmitting 100,000 kw. It has been 





* Paper read before Section G of the British Association, 
at Johannesburg, on August 1, 1929. 
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assumed that the line operates at a pressure of 132,000 
volts,* as figures for costs of transformers and overhead 
lines are available for a line of this description. 

The cost of the transformers used in the English grid 
scheme is approximately 8s.t per kilowatt, and the two 
sets would therefore cost 80,0007. The cost of switch- 
gear for controlling the supply to a duplicate trans- 
mission line is approximately 70,000/. The three- 
phase overhead transmission line is required to carry a 
maximum load of 100,000 kw. at, say, 0-9 power factor 
and 132,000 volts. Such a line would consist of a 
standard double-circuit, six-wire line, with each of the 
six conductors of aluminium-steel of equivalent con- 
ductivity to 0-175 sq. in. copper. The conductors are 
carried on wide-base lattice towers with 900 ft. normal 
spacing. Such a transmission line, erected over fairly 
level country, will cost approximately 3,000/. per mile, 
and will involve a further capital expenditure of 60,000/. 
The usual loan period guaranteed for this class of work 
is twenty-five years, which involves a charge for depre- 
ciation and sinking fund of 2-56 per cent. Allowing 
interest at 5 per cent., this gives a standing charge for 
capital expended of 7-56 per cent.—say 7-6 per cent. 

The overhead charge, therefore, on this installation 
amounts to 16,000]. per annum. Assuming a load 
factor of 31 per cent., the number of units transmitted 
per annum is 270,000,000 and the additional cost per 
unit due to standing charges is 0-0142d. per unit. 
In addition to the standing charge, the cost of energy 
wasted in the transformers and transmission line has 
to be estimated. According to figures for which I 
am indebted to Mr. A. G. Ellis, of Messrs. Metropolitan- 
Vickers, the no-load loss for 100,000 kw. of trans- 
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formers of this rating may be taken as 330 kw. The 
average copper loss over a year, with a 31 per cent. 
load factor, is 140 kw. (The ratio of iron loss to copper 
loss may vary within fairly wide limits; it has been 
taken at 1: 2-5 at full load.) The total loss in the two 
sets of transformers is therefore 940 kw. 

The energy lost in the transmission line may next be 
estimated. The resistance per mile of conductor is 
0-26 ohm, and for the double line 0-13 ohm per mile, 
giving a resistance per line for 20 miles of 2-6 ohms. 
The R.M.S. current with a load factor of 31 per cent. 
(assuming a form factor of 1-33) works out to 200 
amperes, giving an average power loss per phase, over a 
year, of 104 kw., or a total power loss for the three 
double lines of 312 kw. The approximate average 
power loss in the transformers and line therefore 
amounts to 1,252 kw., and the units wasted per annum 
to 11-0 x 10°, or approximately 4 per cent., of the 
units transmitted. The works cost of generating 
electrical energy (t.e., charges for coal and oil) in 
a station of this size in Liverpool, according to pub- 
lished tables, is about 0-25d. per unit, and the wasted 
energy in the transformers and line involves, therefore, 
an additional cost of approximately 4 per cent. of 
0-25d.; the actual figure is 0-01014d., as shown in 
Table 1. The total extra cost of conveying energy elec- 
trically between these two places, therefore, amounts 
to 0-0243d. per unit, as compared with the additional 
charge of 0-0254d. per unit for carrying coal. When, 
therefore, electric power transmission is carried out on 
the scale suggested and under the conditions assumed, 
there is a difference of only 0-0011d., per unit between 
the cost of carrying coal and of conveying the energy 
electrically. It should be remembered, however, that 





* The pressure is rather less than that estimated from 
the empirical formula given by Evans and Sells for over- 
head transmission lines in America, viz.— } 

.W. 
Pressure in kilovolts = 5-5 (1 + ae) : 
which gives 144 kilovolts. 

+ This is the actual figure published in England for 
the first set of transformers, but is highly competitive. 
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this estimate is based on the assumption of equality 
of cost of erection and operation of the power stations 
in the two places, and that in coming to a decision as 
to the most economical location for the power station 
it will be necessary to estimate station costs very 
carefully. 

TABLE I.—Cost per Unit in Pence for Electrical Trans- 
mission over 20 Miles at 31 per cent. Load Factor. 

Standing Charge on Capital. 


d. d. 

Transformers and switchgea: --» 0°0105 
Transmission line ‘ +0 --- 0-00405 

Total standing charge ... 0-0142 

Cost of Waste Energy. 

Transformer iron loss +» 0°00535 
Transformer copper loss -- 0-00226 
Line copper loss --- 0-00253 
Total cost of waste energy ... 0-01014 

Total cost per unit 0-02434 


Effect of Fuel Consumption on Relative Economy of 
Carrying Coal and Conveying Energy Electrically.—It 
is interesting to estimate the effect of variations in 
efficiency of plant and quantity of fuel. If the coal 
consumption per unit, which has been assumed to be 
1-5 lb.. were reduced to, say, 1 lb., the cost of coal 
transport would be reduced in direct proportion to the 
fuel consumption per unit, but the cost of electrical 
transmission would only be affected by the reduction 
in the cost of the waste energy. Fig. 1 shows the 
relation between the cost of carrying coal and fuel 
consumption per unit, and cost of conveying electrical 
energy and fuel consumption per unit, for a range of 
fuel consumptions from 1 |b. to 3 Ib. of coal. 

The cost of transport varies directly with the fuel 
consumed, and falls from 0-051d. per unit with 3 lb. of 
coal per unit to 0-017d. with 1 lb. of coal per unit. The 
capital charges involved in electrical transmission are 
not affected by an improvement in the thermal effi- 
ciency of the central station, but the cost of the waste 
energy is reduced. The cost of the coal and oil used 
in generating electrical energy in a station of this size is 
about 0-25d. per unit with a coal consumption of 
1-5 lb. per unit. The cost of waste energy at other 
fuel consumptions, therefore, may be estimated roughly 
by allowing for the reduced fuel consumption. On this 
assumption, the cost of generating 1 unit falls from 
0-25d., at 1-5 lb. of coal per unit to 0-167d. at 1-0 lb. 
of coal per unit, and rises to 0-50d. at 3 1b. of coal per 
unit. The cost of transmitting the energy electrically 
has been estimated for different fuel consumptions, 
and is shown in Fig. 1. 

These figures are subject to slight modification, since 
it may be expected that the lower fuel consumption 
per unit will be obtained with a more expensive plant, 
but the result is of interest, since it shows that the 
case for electrical transmission is less strong when the 
generating plants in the central station are efficient 
than when they are less efficient. At this distance, 
there will be equality of cost between the two methods 
when the consumption of fuel per unit is about 1-4 lb. 
of coal. 

Economic Limit to Length of Haul for Coal.—It 
is evident that the relative advantages of trans- 
porting coal and conveying energy electrically will 
vary with the distance between the coal mine and the 
centre of the distributing network. It is impossible 
to give general figures for different distances, as local 
conditions vary so much. I have obtained figures, 
however, from one of the English railways for the cost 
of hauling coal over distances of 20 miles and 100 miles, 
respectively. The costs, as supplied to me by Mr. 
Wharton, of the L.M.S. Railway, are 3s. 2d. and 
9s. 6d. per ton, respectively.* 

The cost of transport of coal is made up of two parts, 
one depending on the cost of hauling the coal along 
the track and the other on the cost of handling at the 
terminals. It may be assumed that the cost of hauling 
along the track is proportional to the distance covered, 
and that the cost of handling at the terminals is the 
same for the two hauls. 

We can represent the cost of hauling coal, therefore, 
as equal to A + BL, where L is the distance in miles 
over which the coal is transported and A and B are 
constants. The values obtained from the above 
figures are A = 1-6s. and B = 0-079s., respectively, 
or A = 19-2d. and B = 0-95d. This gives a cost of 
handling coal at each terminal of 9-6d. per ton, and 
a cost of hauling coal per ton-mile of 0-95d. These 
values will, of course, be very different in different 
countries. Assuming that the station uses 1 lb. of coal 








* Some figures for cost of coal transport on British 
railways are given in a paper by Dr. E. W. Smith, read 
before Section Q of the Fuel Conference, published in 
World Power, October, 1928. The figures for 25, 50 
and 100 miles, when plotted against distance, lie nearly 
on a straight line, and give values of A = 21d. and 


|B = 081d. 
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per unit, 1 ton of coal will produce 2,240 units, and 
therefore the cost per unit of handling coal is equal to 
(0-0085 + 0-00042Ld.) The curve A in Fig. 2 shows 
the way in which the cost of coal per unit delivered 
varies with the distance from the source of supply. 

If energy is conveyed electrically, the cost of trans- 
mission may also be divided into two parts, one of 
which depends on the distance while the other does not. 
The fixed part of the electrical transmission charge 
is that involved in the installation of transformers 
at the two terminals and the loss of energy in them 
during the process of transformation. The variable 
part is that due to the cost of transmission along the 
line, and will be proportional to the distance; it is 
made up of the capital charge involved in the erection 
of the transmission line and the cost of the energy 
wasted in it. Taking the figures given above for the 
cost of transformers and switchgear of 100,000-kw. 
capacity, and taking the capital charge at 7-6 per 
cent. on 150,000/., the annual charge amounts 
to 11,4001. The cost of the transmission line is 
3,000/. per mile, and the annual charge, at 7:6 
per cent., amounts to 228]. per mile. The annual 
charge for erection of transformers and transmission 
line is therefore (11,400 + 228L)/. Assuming a works 
cost of, say, 0-172. per unit, the annual charge for 
energy lost per kilowatt is 1,440d., or 61., approximately. 
The loss in the transformers is, of course, independent 
of the length of the line, and amounts to 940kw. The 
cost of the losses in the transformers is, therefore, 
5,6501. per annum. The losses in the line amount to 
15-6 kw. per mile, and, therefore, involve an annual 
charge of 15-6 x 6, or 941. per mile of line. The 
annual charge for the losses is therefore (5,650 + 94L)I. 
per annum, and the total annual charge amounts to 
(17,050 + 322L)l. Since the number of units trans- 
mitted is 270,000,000, the total annual charge in pence 
per unit works out to (0-0151 + 0-000286L). This 
quantity is shown in Fig. 2, and it will be noticed that 
the lines cross at a point corresponding with trans- 
mission over about 50 miles. 

With a consumption of 1-5 lb. per unit, the cost of 
transport of fuel is increased 50 per cent. and amounts 
to (0-0128 + 0-00063L)d. per unit. The cost of 
transformers, switchgear and transmission line is the 
same, and the annual capital charge therefore remains 
unaffected and equals (11,400 + 228L)l. The cost of 
generating one unit will be more. Taking the figures 
given above, the works cost is equal to 0-25d.per unit, 
as against 0-17d., and the cost of the energy lost in 
the transformers and the transmission line is (8,500 
+ i40L)l. per annum. The total annual charge for 
electrical transmission is therefore increased to (19,900 
-+ 368L)l., and the cost per unit transmitted to (0-0177 
+ 0-000327L)d. 

Curves are drawn in Fig. 3, and it will be seen that, 
with the conditions assumed, the electrical method of 
transmission is more economical when the distance 
covered exceeds 15 miles. 

Influence of Load Factor.—The figures given above 
are all calculated on the basis of a 31 per cent. load 
factor, the approximate value to-day in a large town 
like Liverpool. It is of interest to consider the effect 
of varying load factor. As a standard for comparison, 
the case worked out in the first section may be taken. 
if the load factor is increased to, say, 50 per cent., 
the number of units transmitted will be increased in 
the ratio of 50 : 31, and will amount to 435 x 10° per 
annum. The amount of coal needed in the power 
station will be increased roughly in proportion to 
the energy generated. There may be a slight reduction 
in the fuel consumed per unit generated, but, if the 
generators in the station are operated always near 
their most economical load, the difference will be 
small. The cost of transport of coal per unit generated 
will, therefore, not be affected to any appreciable 
extent. As regards the electrical method of trans- 
mission, the capital costs of the transformers and line 
will remain unaltered, and the charge per unit generated 
will, therefore, be reduced in the ratio of 31: 
will amount to 0-0088d. 


The iron loss in the transformers will remain | 


therefore, amounts to 0-0179d., a lower figure than 
at the lower load factor (0-0243d. at 31 per cent. 
load factor). This result shows that the case for 
electrical transmission is stronger with an improved 
load factor, though the actual reduction in the cost 
of transmission per unit depends on the ratio of 
capital to running charges. The ratio of capital 
charges to cost of waste energy in this case, according 
to Kelvin’s law, is very nearly correct, the capital 
charge amounting to 97 per cent. of the cost of the 
waste energy. 

In this case it is interesting to note that, although 
the capital charges are reduced in the ratio of 31 : 50, 
or 0-62, the cost of the energy losses in the transformers 
and line are only reduced in the ratio 3-7 : 4-065, 
or 0-915. Where capital charges are relatively 
high, an improved load factor will make a substantial 
reduction in the cost of electrical transmission, whereas 
with a cheap line, and cheap and relatively inefficient 
transformers, there is not much gain from an improved 
load factor. 


TABLE II.—Cost per Unit in Pence for Electrical Trans- 


mission over 20 Miles at 50 per cent. Load Factor. 
Standing Charge on Capital. 
d. d. 
Transformers and switchgear . 0:0063 
Transmission line : «-- 000252 
Total standing charge ... 0-0088 
Cost of Waste Energy. 
Transformer iron loss --. 0-00332 
Transformer copper loss +» 000274 
Line copper loss --- 0°00306 
Total cost of waste energy 0-00912 
Total cost per unit 0-01792 


COMPARISON BETWEEN COST OF CARRYING 
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Comparison between Hydro-Electric Stations and 


Steam Stations.—A case which has often to be con- 
sidered is that of the relative cost of obtaining elec- 
trical energy from a water-power plant and from a 
steam plant. The position of the water-power plant 
is, of course, fixed, but the position of the steam plant 





| minimum. 


50 and | 


may be varied within considerable limits. As a rule, 
| it will be found economical to place the steam plant 
| as near as possible to the electrical centre of gravity 
| of the load which it has to supply, since the difference 
| in the cost of transport of fuel to different sites within 
| a radius of a mile or two, as compared with the increase 
| in cost of electrical distribution involved by displacing 
| the central station from the electrical centre of gravity, 
is usually negligible. One can assume, therefore, for 
| purposes of comparison, that the steam station can be 
| placed close to the centre of gravity of the load, thus 
|reducing the cost of the distributing network to a 
With a water-power station, an overhead 
transmission line has to be constructed from the power 
station to the electrical centre of gravity. 

Taking the figures given in published tables, the 
total works cost of generating electrical energy in a 
steam station such as Barton, Manchester, is 0-6d. per 
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line may be taken at 280 amperes. The copper loss | ; 2 io fi P 
in the line and transformer will, therefore, be increased | ™@Ximum demand, of very nearly 611. This figure is, 
in the ratio of (280)*: (200)? or 1-96. |of course, more than double the figure for capital 
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loss in the transformers will be increased rigs " ong | expenditure on the basis of the total plant connected 

and in the line to nearly 620 kw. The total average |to the various power stations, the actual maximum 

power loss involved in ‘the transmission is increased | COMnections to the mains in Manchester being 351,000 

to 1,830 kw., and the units lost per annum equal | KW-, 8 against 154,000 kw. of maximum demand. 

16 x 10°. Taking a works cost of 0-25d. per unit, With a hydro-electric station, capital has to be 

the additional cost due to losses is approximately | €Xpended both at the source of power and in con- 

1600 | structing the line. In addition, transformers have to 
= 3-7 per cent. of 0-25d., or 0-00912d. per unit, | be used to step-up the electrical pressure for trans- 

435 mission and to step-down at the distributing centre. 





as shown in Table IT. Apart altogether from the technical difficulties involved 
The total cost per unit for electrical transmission, ' in the regulation of the pressure along a line of this 


description, it may be of interest to make a comparison 
between the cost of generating electrical energy from 
coal and of obtaining it from a hydro-electric station 
about 600 miles away, which is approximately the 
distance of the Victoria Falls from the Rand. 

The running charges in a hydro-electric station are, 
of course, extremely small, and may, as a first approxi- 
mation, be taken at about 0-ld. per unit for main- 
tenance and labour. It is assumed that the plant 
capacity installed in the hydro-electric station is the 
same as that installed in the steam station, the extra 
losses with the hydro-electric scheme being supplied 
without requiring additional plant. In addition, the 
energy wasted in transmission must be allowed for, 
but since the works cost of a unit is so small, the money 
value of the energy wasted in the transmission line is 
relatively small, and, if the transmission line is assumed 
to have an efficiency of 90 per cent., is only equivalent 
to an increase in works cost of 0-0ld. per unit. 

The total generating cost in a steam station of about 
100,000 kw., capacity may be taken to be ld. per unit 
(the figure for Barton, Manchester, for January, 1929, 
is 1-Old. per unit) which leaves available 0-9d. per 
unit to cover the capital charges on a hydro-electric 
station. Capitalising this on the basis already assumed, 
the maximum permissible expenditure, with a 31 per 
cent. load factor, is 1331. per kilowatt of maximum 
demand. For a 600-mile line, the total cost (assuming 
the cost to be 3,000. per mile) will amount to 1,800,0001., 
to which must be added the cost of transformers and 
switchgear, which will bring the total to 1,950,000/. 

The maximum load is 100,000 kw., and this corre- 
sponds with a capital expenditure of 19-5I. per kilowatt, 
which leaves available for necessary engineering works 
at the hydro-electric power house a total of approxi- 
mately 113-51. per kilowatt. This figure will have to be 
reduced by at least 30 per cent. to allow for spare 
plant at the power house, and therefore a capital 
expenditure of 801. per kilowatt of plant installed may 
be taken as the maximum permissible. This figure 
corresponds fairly closely with that given by the 
Electricity Commissioners for the maximum capital 
expenditure which is permissible on the development 
of a small hydro-electric plant in England. 

No attempt has been made in this paper to deal with 
the question of regulation on such a long line. When 
the late Professor Ayrton delivered a lecture at the 
last meeting of the British Association in South Africa, 
he advocated the use of the Thury series system, in 
order to get rid of the difficulties due to charging current 
and inductive drop and to reduce the cost of the line. 
Since that time, great developments have been made 
in long-distance transmission with alternating currents, 
and such lines are now in operation over distances up 
to 350 miles. There is no insuperable difficulty in 
designing an overhead transmission line which will 
operate over this distance. Another scheme was put 
forward by Steinmetz some years ago, which he called 
‘quarter-wave transmission,” in which the trans- 
mission is from constant current at the transmitting 
end to constant pressure at the receiving end. This 
scheme has never been used on a large scale, although 
one sees it in practice, with very high frequency, in 
an ordinary wireless-transmitting aerial, which is a 
quarter-wave transmission line working at no load. 

It is interesting to note that the length of a quarter- 
wave transmission line working at 60 cycles and made 
of wire 0-706 in. diameter is very nearly 700 miles, 
and therefore it should be practicable, by using suitable 
“loading,” to install quarter-wave transmission on a 
600 mile line, and to maintain constant pressure at 
the receiving end by controlling the generators at the 
sending end for constant current. 

It is not beyond the bounds of possibility, if the 
cost of fuel in South Africa increases and if the load 
factor of the Rand is improved, that the exploitation 
of the Victoria Falls for the supply of power to the gold 
mines on the Rand may become economically feasible. 

I am indebted to Mr. B. Welbourn, the chief engineer, 
and Mr..J. A. Morton, of the British Insulated Cables Com- 
pany for data and costs of overhead transmission lines. 








THE Brinces Act, 1929.—A circular drawing atten- 
tion to the provisions of the Bridges Act, 1929, has 
been issued by the Ministry of Transport, Roads Depart- 
ment, 7, Whitehall-gardens, London, S.W.1, to all 
highway authorities in Great Britain. The main 
provisions of this Act, it will be remembered, are designed 
to facilitate the procedure for the reconstruction of weak 
bridges in the ownership of railway, canal, and other 
companies. 





Roap ConstrucTION ABROAD.—Further memoranda 
on road construction abroad have been prepared by 
the Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1. British firms desirous of seeing copies 
of these memoranda should make application to the 
Department at the above address, quoting the appropriate 
reference. The memoranda refer to highway construc- 
tion in Italy (Ref. No. A.X. 8178); Hungary (Ref. No. 
A.X. 8228); and the Bilbao District of Spain (Ref. No. 
A.X. 8250). 
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HALF CUBIC-YARD EXCAVATOR 
WITH CHAIN TRACK. 


AN excavator of the half-swing type possesses 
decided advantages for working in confined spaces, 
since, in machines of this sort, the boom is carried on 
a bull-ring, and can be slewed while the platform 
carrying the winding gear and driver’s cab remains 
stationary. The excavator can therefore be operated 
in a narrow space or with a vehicle drawn up beside it, 


and there is, of course, no possibility of a man being | 


struck by the swing over of the cab, as may happen 
when the latter slews with the boom. We described 
a machine of this type, manufactured by Messrs. 
Denholm Contractors’ Machinery Company, Limited, 
on page 646 of volume cxxiv of ENGINEERING. The 
manufacture and sale of this machine have 


Engineering Corporation Ltd., Victoria Station House, 
Victoria-street, S.W. 1. 


Company, and the transmission from the engine to 
the various driving shafts was effected partly by chain 
and partly by spur gearing. As a result of the 
experience gained with this machine, all-spur gearing 
is now employed, and a number of other modifications 
have been made in the design. We recently had an 
opportunity of seeing an excavator of the latest type 
in operation, the actual model inspected being for ship- 


now | 
been taken over by Messrs. Wellman Smith Owen | 


The model previously de- | 
scribed was one of the first to be made by the Denholm | 


|ment to Switzerland. It may be recalled that, apart | bucket. Both the dipper-type and skimmer buckets 
| from the half-swing arrangement, an important feature | are of $ cub. yard capacity, and the former is arranged 
| of the machine is the provision of automatic brakes on | to give a 5-ft. swing backwards and forwards. When 
‘each winding drum. This leads to a simplification of | the skimmer bucket is fitted, a digging radius of 19 ft. 
| control and increased safety. The drums are controlled |is obtainable. The trenching bucket is supplied in 
| by clutches, and, as soon as these are withdrawn, | various widths to suit the required trench, and can 
|the load is held by the brakes. Further, the clutch | excavate the trench to a maximum depth of 16 ft. 

[springs are always tending to throw out the drive;| In addition to the foregoing, a 30-ft. lattice-type 


| hence, should the operator be disabled in any way, | boom can be supplied, equipped with a fairlead at the 
| back end for use as a drag-line, and the same boom 


| the drums come to rest with the load suspended. 
The latest model is illustrated in Figs. 1 to 8, | may be used for crane operations, or with a grab bucket. 


on this page and the next, and a comparison of these | An independent hand winch is supplied with this boom 

| figures with those given in connection with our earlier for derricking purposes. 

| description will show the more important modifications | The machine is shown fitted with a skimmer bucket in 

|that have been introduced. A point that is not} Figs. 1 and 2, and arranged for trenching in Fig. 3. It 
brought out in the illustrations, however, is that a/ will be seen from the latter that there are two winding 


| more powerful engine is now fitted, capable of develop- | drums, one infront of the other, and the cables from these 


ing 38 brake horse-power at 1,400 r.p.m., and suitable | are taken, respectively, to the upper end of the bucket 
for running on either petrol or paraffin ; a high-speed | arm, and to a carriage running on the boom, this carriage 
airless-injection engine can be fitted as an alternative. | being coupled to the lower end of the bucket arm by 
Other modifications include a much longer caterpillar | another cable. The two drum cables pass over a series of 
| track, with a loading of only 63 lb. per square inch | pulleys, as shown in Fig. 3. In trenching, the boom is 
|of ground surface, and the complete redesign of the | lowered until the bucket rests on the ground with the 
|jib mounting. Before describing the machine in| arm swung away from the machine, and the bucket is 
| detail, we may say that the excavator is adaptable | filled by winding in the carriage on the boom, the drum 
|to a wide variety of purposes, as it can be supplied | on which the upper cable is wound being free to allow 
| with a dipper-type bucket for sidehill digging and | this cable to pay out as required. On completion of the 
|general excavating, with a skimmer bucket for | filling stroke, the boom is lifted by braking the lower 
| shallow digging and grading work, or with a trenching ! cable drum and winding in the upper cable, and when the 
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bucket is clear of the ground it is slewed over and 
discharged by further winding in of the upper cable, 
while allowing the lower cable to pay out. 

Details of the hoisting-drum clutch and shaft are 
given in Figs. 7 and 8. The second drum mechanism 
is generally similar. The drive from the engine is 
taken by spur reduction gearing to a countershaft, 
the gear casing being shown in Fig. 3. A pinion on 
the countershaft engages with a spur wheel bolted 
to the inner clutch member, shown to the right in 
Fig. 7. The drive to the second drum clutch is obtained 
by a similar spur wheel mounted on the appropriate 
shaft, the teeth of the two spur wheels being in perma- 
nent engagement. The countershaft, with the wheel 
train described, is put in motion or brought to rest by 
engaging or disengaging the engine clutch, which is 
of the single dry-plate type, and can be controlled 
either by a hand lever beside the driver, or from 
the ground by a second lever projecting from the 
back of the excavator. The drum clutches are 
Ferodo-lined, and, as wiil be clear from Fig. 7, are 
engaged by sliding the inner member, with its attached 
spur wheel, along the shaft. It may be recalled that, 
in the earlier machines, the drum was moved to engage 
the clutch. Each of the drum motions is provided with 
an automatic brake incorporating a Pitter clutch, 
details of which are given in Figs. 7 and 8. By means 
of these brakes the load is held instantly on releasing 
the cone clutch, without the use of either hand or 
foot motions. The band, which encircles the outer 
member of the clutch, as shown in Fig. 7, is held at 
one end and is pressed against the clutch member by 
a strong spring, inserted between a lug carried on the 
brake band near its free end, and a cam-supported 
anchorage. ‘To release the band, the cam is rotated by 
means of a link motion connected to a suitable lever 
by the driver’s seat, the action being assisted by means 
of a light spring between the two ends of the brake 
band. The tension of the holding-on spring is suffi- 
cient to hold the load securely, while allowing a slight 
movement of the outer clutch member under the 
sudden inertia loads set up when starting up or stopping 
the drum. The band brake thus, in effect, forms a 
cushioning mechanism. The Pitter clutch is clearly 
shown in Fig. 8, from which it will be seen that the 
inner and outer members are locked together in one 
direction of rotation by a number of short rocker arms, 
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an important feature of the design being that wear on 
the working faces is automatically taken up by the 
arms assuming a new position. 

We may now turn to the slewing and travelling 
mechanisms. It will be observed, from Fig. 3, that a 
substantial bull wheel is mounted on a king pin at the 
front of the machine. From this wheel, cables are 
taken to two small winding drums mounted on the 
ends of the forward drum shaft, and driven from the 
latter by dog clutches. Either of these clutches can 
be engaged by an independent hand lever on the control 
platform to enable the boom to be slewed right or left. 
The slewing speed is some 5 r.p.m., and at this speed 
the bucket may be swung through 180 deg. in 6 seconds, 
the motion being arrested by automatic brakes. 

As regards the travelling mechanism, there is a 
countershaft, shown in Figs. 4 and 5, mounted below 
the rear brake-drum shaft. The shaft is divided at the 
centre and carries a differential of the open-wheel 
type, as shown in Fig. 4. Teeth are cut on the peri- 
phery of the differential casing, and these teeth engage 
with the spur wheel on the drum shaft. From the 
two ends of the countershaft, the drive is taken to the 
rear caterpillar sprockets by chains. Each half of the 
countershaft is fitted with an external contracting 
brake, as shown in Figs. 4 to 6. These brakes are 
operated by hand levers from the driver’s seat, and when 
both are in the off position, the excavator will move 
forward when the countershaft is set in motion by the 
movement of a dog clutch. Steering is effected by 
applying one or other of the brakes, which will have 
the effect of holding one track and driving the other 
through the differential mechanism. The tracks are 
exceptionally long, the end pulleys being at 9 ft. 9 in. 
centres, and, as shown in Fig. 3, they extend well 
forward, rendering the machine very stable. The 
travelling speed is 1} m.p.h. 

The whole machine has been constructed with a view 
to withstanding rough usage, all parts being made 
from either channel sections, steel forgings or castings, 
with the exception of the engine bed, which is of cast 
iron. The main frame is built up from 8 in. by 3} in. 
steel channels, and the boom from 7 in. by 3}in. chan- 
nels, bridged by steel castings. Welding is employed for 
all joints. All the pinions are of steel, the larger 
being steel castings, and the smaller cut from blanks. 
The teeth are machine-cut in every case. Provision 
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is made for grease-gun lubrication to all bearings, with 
the exception of the intermediate track rollers. The 
fuel tank has a capacity of 16 gals., the consumption 
being 14 to 2 gals. per hour, according to the work on 
which the excavator is engaged. The height of the 
machine is 9 ft. 6 in., the width 7 ft., and the length 
of the main frame 10 ft. 6 in. The overall length, 
with the boom horizontal, is 28 ft. 6 in., and the bucket 
has a travel of 11 ft. The total weight of the excavator 
is just over 10 tons. From the description given, it 
will be noticed that no pedals are employed for con- 
trolling the motions, as the makers have found that 
their continued employment is very fatiguing for the 
operator. The actual controls consist of four hand 
levers for the digging and loading motions, and three 
hand levers for the travelling controls. At first sight, 
it might appear that the controls are thus rather 
complicated, but the levers are all within convenient 
reach of the driver, and we were impressed, when seeing 
the machine in use, not only by the ease with which 
trenching was carried out up to the full capacity of 
the excavator, but also by the simplicity with which it 
was manceuvred and operated. 








SCIENCE AND ENGINEERING.* 
By Proressor F. C. Lea, D.Sc. 
(Concluded from page 153.) 


Havine, however, recognised the debt of engineering 
to science for the discovery of new principles and new 
facts which have been used as the starting point for 
new developments, and the dependence of engineering 
upon pure science for any new and important future 
developments, only part of the story has been told. 
In his essay on James Watt, Francis Arago wrote in 
1834, ‘There are two things to be considered in 
every machine—on the one hand, the moving power, 
and on the other, the arrangement, more or less compli- 
cated, of the moving parts,” and he might have added, 
the difficulty of materials suited to the new purpose. 
He further says that “‘ those persons devoted to specu- 
lative exertions are little aware of the distance there 


* Presidential Address delivered before Section G of the 
British Association, at Johannesburg, South Africa, on 
August 1, 1929. 
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is between the project and its realisation 
“ the enterprise increases in difficulty and in 
uncertainty in proportion as it requires the efforts 
of more artists and the employment of more material 
elements.” 

In the workshops, in design, in choosing materials 
very considerable difficulties have to be overcome 
before success is possible. The principles of the 
independent condenser were clearly grasped by Watt, 
he tells us, as he walked over Glasgow Green; but 
many years of labour experimenting with materials, 
many ingenious mechanisms, were necessary before 
the steam engine was at all perfect, and in every 
step that has been taken in the direction of higher 
pressures and higher temperatures, new materials, 
new processes and new ingenious devices have been 
necessary before success could be achieved. Inventive 
ability allied with experiments, research in the 
development of new metals for tools and machine 
elements, the perfecting of machine shop methods, 
especially the very extraordinary improvements in 
machine tools encouraged by the new tool steels and 
electric driving and control, and precise measurement, 
have all contributed, and wherever success has been 
sure the methods of science have been followed. 

But though so much has been done in the develop- 
ment of prime movers there is perhaps no movement 
in engineering to-day that is of greater interest, not 
only to engineers but to the general community, 
than the attempts that are being made to increase 
considerably the efficiency of power production from 
coal and other fuels. The average overall thermodynamic 
efficiency of the public stations distributing electrical 
energy in Great Britain for the year ending March, 
1928, was about 15 per cent. The best station had 
an efficiency of 21-3 per cent. Recently a power unit 
has. been supplied from England to Chicago which 
on test gave an efficiency of 34 per cent.—a remarkable 
figure. Making allowance for boiler losses efficiencies 
of from 25 to 35 per cent. ought to be possible, there- 
fore, in the future, and if only suitable materials can 
be developed to meet the onerous conditions of 
temperature, corrosion and erosion, higher efficiencies 
than 35 per cent. may be anticipated with steam 
plant. Still higher thermodynamic efficiencies may 
be expected, as well as the chemical riches of the 
coals preserved, if as a result of research solid fuel 
engines or gas turbines can be developed. At the 
temperature of from 400 deg. F. (205 deg. C.) to 
600 deg. F. (315 deg. C.) at which boilers and super- 
heaters have until recently worked, mild steels have 
been found suitable. To realise higher efficiencies 
than at present much higher temperatures will be 
required, and, at contemplated temperatures of 
1,000 deg. F. (538 deg. C.) and upwards, carbon steels 
creep at low stresses. Below a certain stress, at a 
particular temperature, which I have ventured to 
call the Limiting Creep Stress, the creep ceases or 
becomes so small that it cannot be observed in 
say a number of days. This limiting creep stress is 
evidently the important factor in the problem of high 
working temperatures. Experiments indicate that 
with alloy steels limiting creep stresses much higher 
than those obtained from carbon steels may be 
expected, and that alloys of iron, nickel, chromium, 
and with or without other alloyed elements, containing 
as much as 60 per cent. of nickel and chromium, have 
considerable strength at high temperature, and also 
resist corrosion and erosion. There is still, however, 
a very large amount of research to be done in which 
the laboratory and the workshop must co-operate, as 
new workshop technique is required before these 
alloys can be used for specific purposes. 

Research is being undertaken by many manufacturers 
at great expense, and the public finally reap the benefit, 
but it would appear that in a matter of such vital 
concern to industry and the community more rapid 
progress could be made and a much bolder policy 
pursued if the public organisations, and the large 
power distributing companies and authorities accepted 
the responsibility of the provision of funds for research. 
In the Universities much fundamental work can be 
done if funds are available. The Department of 
Scientific and Industrial Research has recognised 
recently the importance of the subject, and is assisting 
industry and the National Physical Laboratory to 
carry out researches on the physical properties of metals 
at high temperatures. The metal problem, associated 
with the hope of higher efficiencies in heat engines, 
is also of very great importance in connection with 
low-temperature carbonisation of coal and other large- 
scale chemical engineering processes. 

STRUCTURES. 

The indebtedness of structural engineering to 
mathematics, and to experimental science has already 
been suggested, but these powerful aids to progress 
had to be supplemented by the development of new 
materials and by a direct experimental attack before 








In this respect it is well to go back occasionally to 
the work of William Fairbairn, who was President of 
this Section in 1862. He carried out his classical 
experiments during the ‘forties of last century to deter- 
mine stable forms of compression elements for struc- 
tures, and upon his experiments practice followed 
rather slavishly for more than 40 years. - The failure 
during erection of the cantilever of the Quebec Bridge 
dramatically forced attention upon the problem of the 
stability of compression elements. Again, a series of 
experiments filled the gap in knowledge, and led to 
success. Further work on a large scale, the cost of 
which can probably only be undertaken by public 
authorities is desirable. During the last twelve years, 
attempts have been made, with considerable success, 
to design all metal aeroplanes and rigid airships, the 
compression elements and beams of which must of 
necessity be as a light as possible. With a fair degree 
of precision the external forces can be determined by 
experiments upon models. The structure of an aero- 
plane has a certain degree of statical indeterminate- 
ness, but the forces and the bending moments in the 
elements can be approximately obtained, and what 
might be called the primary stresses can be found with 
the same degree of approximation. Three serious 
difficulties immediately, however, faced the designers : 
—(1) Materials of a suitable character and in a suitable 
form for constructing the very light but strong ele- 
ments; (2) the lack of technical skill and suitable 
machinery for building up the elements; (3) the 
lack of knowledge and the almost insuperable difficulty 
of determining by analytical methods the secondary, 
and what might be called stresses of even higher 
orders of indeterminateness. The only way was a 
courageous combination of experiment and mathe- 
matical investigation. The one without the other was 
useless, but by a combination of the two rapid pro- 
gress was made, and to-day all-metal aeroplanes are 
being constructed of steel or of duralumin, which are as 
light, more durable and stronger than those made 
of the best spruce. 

No new fundamental knowledge, such as the splendid 
contribution of Navier or of Euler to the theory of 
elasticity, has come out of the work, but, taking these 
fundamental formule as faithful guides, the experi- 
ments have led to the developments of forms which, 
allied to the ingenuity of skilful designers, have made 
it possible to build machines fully equal to the very 
onerous conditions of lightness, strength and dura- 
bility imposed upon aircraft. Fairbairn and Hopkinson, 
when experimenting on the forms to be adopted for 
the compression elements of the Britannia Tubular 
Bridge, were faced with almost the same difficulties, 
but their problem was simplified in one respect. They 
were able to use wrought-iron plates and angles 
sufficiently thick, and rivets of sufficient diameter 
to make it unnecessary to consider the instability 
that may occur in the plates between adjoining rivets, 
or in the web of the angles. This is not the place, 
nor is there time, to consider in detail either the early 
or later experiments, but only to refer to them to 
illustrate how rigidly controlled experiments were 
essential to the development of metal bridges and 
aeroplanes. 

There is still, however, a great deal to be done in 
connection with structures, and the only hope of a 
satisfactory solution of many problems is not simply 
by accumulating experience, but by combining experi- 
ence, experiment and mathematical analysis, in an 
endeavour to reduce the whole to definitely co-ordinated 
knowledge. Nearly thirty years ago, I was privileged 
to assist with some experimental work on the deflection 
of bridges produced by rapidly moving loads. They 
were incomplete, but they definitely indicated that the 
assumptions often made by engineers as to the effect 
of rapidly moving loads were not justified. [In view 
of the publication in the early part of this year of the 
Report of the Bridge Stress Committee published by 
the Department of Scientific and Industrial Research, 
of which, perhaps, it is only necessary to say that it 
is worthy of its distinguished Chairman, Sir Alfred 
Ewing, and his colleagues, it is fitting to refer 
particularly to this subject of impact on bridges. 

As early as 1849, in the Report of the Royal Com- 
mission on the use of wrought-iron in railway bridges, 
the subject was discussed, and Sir George Stokes gave 
a mathematical solution for a load moving over a 
girder, but this solution was of little value in practice. 
For 80 years, the effect of travelling loads has been 
treated in an empirical illogical manner, and a number 
of impact formule, which the Bridge Stress Committee 
Report shows have no valid foundation, have been 
rather blindly used by engineers. The report shows 
very clearly that what is important is not the fact 
that the load is applied suddenly to the structure, 
but the possibility of synchronism or otherwise of the 
structure with the periodicity of unbalanced forces 
due to the engine or to other causes. Experimental 


the remarkable achievements of recent times were| data of the vibrations produced in the structure by 
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the various types of moving loads have been carefully 
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obtained, and methods of analysis developed which 


have made it possible to determine with some degree 
of precision the true impact factors to be applied. 
Thus a problem of real difficulty, in connection with 
which doubt and uncertainty has probably led to 
expenditure far greater than the necessities of the 
case demand comes within the possibilities of solution. 
The carefully conducted work of the Committee 
spread over a few years has given more precise 
guidance for future designers than 100 years of 
practice. It may quite reasonably be said that 
practice in the past has led to safety. That certainly 
must always be the first consideration, but undue 
safety involving the use of too much material or 
even too narrow a margin of safety by using materials 
unsatisfactorily, cannot be said to be good engineering, 
and engineers as well as the general public, for whom 
engineers are trustees, cannot be satisfied until all 
uncertainties that can be removed by careful scientific 
inquiry give place to more accurate knowledge. The 
only hope of completely solving this all-important 
problem, as well as the equally important problem 
of the distribution of load through various types of 
floors to the girders of both steel and reinforced 
concrete structures, is by direct large-scale and model 
experiments, and by that type of co-operative action 
of the scientist and practical engineer which has 
achieved such splendid success in connection with 
the work of the Bridge Stress Committee. It is also 
of interest to note that history has repeated itself 
in that the great contribution which Fairbairn made 
to structural engineering was only possible, as he 
himself admitted, by the co-operation of the practical 
engineer and the mathematician. 


AEROPLANES AND AIRSHIPS. 


The development of the forms of aeroplanes and 
rigid airships and the determination of the forces 
acting upon them—lift and drag—and the distribution 
of these forces, is another illustration of the splendid 
use that can be made of the combination of experiment 
and mathematical analysis. Following the fundamental 
principles of Newtonian mechanics, dynamical laws 
of similarity have been developed which, in combination 
with the wind chambers and the precise measuring 
devices used for the determination of forces and 
moments acting upon models, have made it possible 
to anticipate certain of the forces acting upon the 
machines. Other forces could only be estimated from 
meteorological data obtained from an examination of 
the velocity of upward and downward currents of 
air which a ship or aeroplane may suddenly encounter. 

Much could be said of the many other contributions 
of pure science to the successful development of the 
aeroplane. Many of the details and instrumental 
equipment owe much to science, but success could not 
have been achieved if these gifts had not been supple- 
mented by the application of the experimental method, 
in which precise measurement has played an important 
part, to the solution of the specific engineering problems 
associated with the engine and the structure. 


MATERIALS. 


Allied to the subject of structures is that of the 
strength of materials and their behaviour under 
various types of stress. For nearly seventy years, 
experiments have been carried out to determine the 
effect of repeated stresses on metals, but the develop- 
ment of high-speed machinery during the last twenty 
years has focussed attention upon this important 
subject, and it is now realised how imperfect is our 
knowledge. A vast amount of experimental data 
has been accumulated, and it has been clearly shown 
that the safe range of stress to which a piece of material 
can be subjected for, let us say an indefinite number 
of times, depends in some way, not yet very clearly 
defined, upon other and more easily determined 
physical properties. But it is not yet always possible 
to foretell that some element of a locomotive or of 
an aeroplane engine, or structure, or other machine 
will not fail under the conditions it has to meet in 
practice. Small discontinuities in the structure of 
wheel tyres, a surface defect in an axle, a wheel 
gripping very tightly on an axle at one section, surface 
cracks which cannot even be seen by the microscope 
on a wire used for a rope, or in the disc or a steam 
turbine rotor, the surface condition of a quenched 
and tempered spring used for a locomotive, an aeroplane 
engine, or a motor car, may lead to failure under the 
repeated stresses due to the normal forces acting upon 
the element or due to repeated blows, such as for 
example a locomotive experiences whenever it passes 
over a rail joint, or a motor car along a road. Cam- 
shafts for the stamping mills, used in the gold mines 
in the neighbourhood where we are, frequently fail, 
and engineers and metallurgists are often at a loss 
to give a reasonable explanation. The whole problem 
is bound up not only with the physical properties 
which statical experiments are capable of testing, 
but apparently in some unknown way with the nature 
of the crystal structure of a metal. Perhaps the 
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stress that produces fracture depends upon the 
distribution of very small quantities of so-called 
impurities in the space lattice of the crystal, or upon 
the nature and properties of the material forming the 
crystal boundaries, and upon the surface conditions, 
including hardly perceptible corrosion, as well as the 
existence of other discontinuities incidental to the 
manufacture of metals. Some metals appear to fail 
by slipping on a crystal plane, and others by cracks 
commencing at crystal boundaries or at surface 
discontinuities. To the metallurgists, engineers must 
unstintingly pay tribute for the splendid work they 
have done in supplying materials to meet the ever- 
growing and exacting needs of modern engineering. 
By the careful scientific control which characterises 
a modern steel works, thousands of tons of apparently 
uniform material can be turned out, but the engineer 
does not always use the materials as they should be 
used, and the metallurgist has not always the knowledge 
required to insure perfect reliability under the exacting 
conditions of service. These, allied to the difficulties 
to which reference has been made, make it imperative 
that in this problem of the reasons for failure of 
metals under repeated stresses and their prevention, 
the co-operation of engineers, metallurgists, physicists 
and mathematicians must be enlisted; experience 
alone is by no means satisfactory. 

Incidental to the failure of materials in service, the 
recognition of synchronism as an important contri- 
buting factor, and the assistance given by experiment 
and dynamical theory in anticipating synchronous 
speeds has been of the greatest service in the design of 
modern high-speed machines. Crankshafts of aero- 
plane engines and of internal-combustion engines have 
been known to fail in a few minutes, because designers 
have failed to recognise the possibilities of synchronism. 
Such disasters can now be avoided in many cases. 

Roabs. 

Before concluding, I should like to refer to another 
subject of interest. The rapid developments of road 
traffic during the last quarter of a century has made 
the road problem one of considerable importance. 
From the point of view of the user and the community, 
the general policy of road construction, the capital 
expenditure involved, and the cost of upkeep are of 
primary concern. These are dependent upon the 
materials available and the use made of them. _Inci- 
dental to the problem is that of vibrations produced 
in structures adjoining the road and the probable 
damage accruing from them, but of this there is only 
time to say that experiment is necessary to determine 
the importance of these vibrations on the materials of 
structures. 

Reference has already been made to the lack of 
knowledge of the effect of blows and stresses due to 
vibrations in causing failure in metals and the lack of 
precise knowledge which will make it possible to choose 
with assurance the pariicular material to meet certain 
circumstances. The problem of road surfaces is, in a 
large measure, one not only of the suitability of 
materials to resist impacts, but also of the prevention 
of impacts. An old philosopher, Desagulier, as long 
ago as 1714, argued, with a direct simplicity worthy 
of a scientific man of eminence, that a piece of glass 
could be struck many small blows without fracture, 
but one large enough would splinter it in pieces, and 
that a four-wheel wagon, passing over a horse shoe, 
might strike such a small blow that little damage 
would be done, whereas a two-wheeled wagon, carrying 
the same load, might destroy the road surface quickly. 
The problem might be slightly differently stated to-day, 
but in principle, the difficulty is that suggested rather 
quaintly by Desagulier. Many experiments of actual 
road surfaces are being carried out in all parts of the 
civilised world, but considering its economic import- 
ance, the cost of upkeep of roads, and the inconvenience 
of repeated repairs, it would appear that it would be well 
worth while, even though there may be doubt as to 
whether any definite and final conclusions can be 
reached in the laboratory, to let carefully, but boldly 
conceived laboratory experiments direct the large- 
scale experiments much more than at present. If 
the history of other engineering developments is to 
repeat itself, only by such a procedure is the solution 
likely to be found. In many branches of engineering, 
materials and precision of finish have brought about 
remarkable developments, and it by closer control of 
processes plane road surfaces that will reduce blows to 
a minimum can be constructed of materials having a 
reasonable coefficient of friction, a sufficient degree 
of resilience and abrasive resistance, real advances may 
be expected. Steel, rubber and many other materials 
have been suggested ; it may be that the chemist has 
by no means said the last word on the possibility of syn- 
thetic substances that will meet the need, but however 
that may be, whether in the direction of new materials, 
or in the better use of materials that are available, it 
seems clear that road-making has become of such 
economic importance to the world, that it should be 
removed from the category of trial and error, which, 


for centuries, has been the method of advance, and all 
the aids that science can give should be enlisted to 
achieve the desired end. It is not my intention to 
suggest that science is not at present assisting. The 
chemist is controlling the manufacture of cements, so 
that products of great reliability are available from 
the various firms manufacturing cements; tars and 
bitumen and other materials of a mastic character are 
determined in consistency and properties by the 
control of physicists and chemists; indiarubber, 
vulcanised under definite chemical control, is being 
tested in road surfaces; certain substances like 
silicate of soda have been introduced as dressings to 
concrete ; laboratory tests have been made in connec- 
tion with concrete and other materials, but in the field, 
concrete is not by any means made under that rigidity 
of control necessary for a product of known properties 
to meet particular conditions. It seems clear that 
many miles of main roads have been made of concrete, 
suitable perhaps for some purposes, but not of the 
mixture necessary to meet conditions of heavy road 
traffic. But in the direction of research for new 
materials, as well as in the control of the manufacture 
and of the properties of known materials, and in the 
actual carrying out of the work in the field, science 
and the scientific method seem to be the necessary aids 
for future progress. 

There is another aspect of the subject which is, 
perhaps related more to economics than to engineering, 
but it, nevertheless, demands a definite scientific 
approach, rather than a policy of drift. I refer to 
what has almost become a contest between road and 
railway development. At Home there seems no doubt 
that thousands of tons of heavy materials are carried 
upon roads, with some element of convenience, that 
should be carried on rails, but at much greater gross 
cost to the community than if sent by rail. The 
calorific value of the fuel consumed per ton-mile and 
consumption of other materials is greater for road 
than for rail transport, and the actual damage done to 
road surfaces and vehicles is much greater for the 
heavy loaded road vehicles than for rail vehicles. True 
it is that flexibility, direct delivery, and many other 
advantages are claimed for road traffic which may far 
outway the advantages just referred to, but a failure 
to visualise the problem of internal transport as a 
whole may lay unnecessary burdens upon the com- 
munity. In the opening out of new country that may 
be the problem in South Africa. I venture to suggest 
that a courageous but as far as is humanly possible, a 
scientific policy of development by road and rail should 
be followed. 

The argument of this address can be summarised 
in a few sentences. New epoch-making developments 
in engineering depend upon the discovery of new facts 
of science and upon materials and technical processes. 
The only hope of solving many of the problems which 
face the engineer to-day is by carefully organised 
experiment. Engineering is of such vital importance 
to modern life that not only manufacturers but large 
users, public authorities, and Governments must be 
interested and provide funds for research. 

In Great Britain, a good deal of engineering research 
is being done by large firms, by research associations 
connected with certain industries, by the universities 
and by the technical colleges, the National Physical 
and the Building Research Laboratories, which are 
under the direction of the Department of Scientific 
and Industrial Research. This Department also 
assists research associations by grants and the univer- 
sities by the provision of research scholarships and 
research assistants, but at present it seems that suffi- 
cient research is not being done, and that not nearly 
enough researches are being trained to meet the needs. 
| How can the demands of the case be met ? 

It would appear that we must look largely to the 
universities to train researchers. I suggested that I 
wished to avoid the subject of the training of engineers, 
but one thing I wish to say, and that is to refer to the 
necessity for the training in the universities of a consi- 
derable number of engineering students with the 
research outlook. Training in strict habits of observa- 
tion and in the investigation of problems theoretically 
and by experiment, should form part of the work of all 
engineering students. Much of the theoretical know- 
ledge that a young engineer requires to learn is now to be 
found in excellent text books and in current periodicals, 
and these he should be taught to read critically and 
with understanding, but he should also be taught to 
face all his problems in the spirit of an investigator. 
Certain selected students should be encouraged to 
remain at the universities after graduation, or to return 
after some experience of actual works to engage specifi- 
cally in research. Engineering needs such men, some 
to give their whole time to research, while others carry 
the spirit of research back into the ordinary problems 
of industry and engineering. Employers, public 
authorities and Governments must utilise this research 
ability. More men should find their way into indus- 
tries from the research institutions. The universities, 
however, cannot do this most important work of training 








researchers unless they are adequately equipped and 
staffed to give members of the staff the necessary time 
for research and to devote themselves to the training 
of students in research. To this end, sufficient funds 
must be provided from private and public sources. 

In the time allotted to this address it has been 
impossible to do other than refer briefly and perhaps 
unconvincingly to the importance of research in 
engineering. It has not been possible to refer, nor 
should it be necessary, to the indebtedness of engineer- 
ing to craft ability upon which success so often depends. 
One word, however, should be said about the desir- 
ability of training engineering craftsmen to the 
appreciation of the scientific problems underlying 
their craft. When this can be done, and much more is 
possible than at present, it leads to an increase in 
efficiency and adaptability, to a greater tolerance 
and interest in new methods and in the immediate task. 
It also leads craftsmen to appreciate the relationship of 
their problems to the great world of nature, and thus 
to a widening of that interest to which the work of this 
association is directed. 

The engineer is faced with many unsolved problems. 
Nevertheless, he must find immediate if only approxi- 
mate solutions to many of them, and in the solution 
he often has to deal with many types of men. If 
experimental science and mathematics cannot give 
him an exact solution he must still carry on, and in this 
way much has been achieved. It is for this reason that 
the engineer has to learn much by actual experience 
in the workshop, in the field, and frequently he becomes 
impatient of science and lays too great emphasis upon 
experience. Manufacturers wish to see returns upon 
their capital and remuneration for their energy, but 
as an effective guarantee of future progress and in 
the solution of many problems in design, in processes, 
in materials, as well as in the discovery of new methods, 
it is necessary as Francis Bacon would to-day remind 
us “‘ to apply natural philosophy to particular problems, 
and particular problems must be carried back to natural 
philosophy.” 








CATALOGUES. 


Electric-Light Fittings. — Messrs. Philips Lamps, 
Limited, 145, Charing Cross-road, London, W.C.2, have 
sent us @ price list of industrial lamp fittings or lanterns 
for indoor and outdoor use. 


Telephones.—The Shipton internal telephone apparatus 
is described in a catalogue received from Messrs. Electra, 
Limited, Rupert-court, London, W.1. Sets with from 
10 to 100 instruments are standard equipments. 


Gas Plant.—We have received from Messrs. Newton 
Chambers, Thorncliffe, near Sheffield, a number of 
leaflets illustrating gas holders, gas purifiers, and scrubber- 
washers for ammonia, benzole, naphthalene, &c. 


Motor Vehicles.—A list of trailer wagons on two or 
four wheels, with bodies adapted to various special classes 
of work, is to hand from Messrs. R. A. Dyson and Com- 
pany, Limited, 76-80, Grafton-street, Liverpool. 


Office Furniture.—Messrs. Kenrick and Jefferson, West 
Bromwich, have sent us a large wall sheet illustrating a 
wide range of office tables, chairs, filing cabinets, card 
drawers, and general office furniture. Prices are stated. 


Constructional Steel.—Messrs. Joseph Westwood and 
Company, Limited, Millwall, London, E.14, have issued 
@ list of joists in stock ready for dispatch, a list of solid 
steel columns with end slabs bored and shrunk on, and 
a list of pressed-steel gutters. 


Office Furniture—The Stolzenberg Patent File Com- 
pany, Limited, 210, Bishopsgate, London; E.C.2, have 
sent us a catalogue of tables, chairs, filing cabinets, card 
drawers, cash boxes, and a safe cabinet of light steel with 
fire-resisting lining. Prices are stated. 

Electric-Light Fittings._-We have received from Messrs. 

Tucker and Company, Limited, King’s-road, 
Tyseley, Birmingham, illustrated price lists of ironclad 
switchgear, insulated lampholders, switch lampholders, 
flush tumbler switches, bell pushes, &c. 


Shellac.—Messrs. Angelo Brothers (England), Limited, 
45, St. Mary-axe, London, E.C.3, have issued a list of 
grades of shellac, with useful notes on qualities and 
applications, and also a pamphlet dealing with the 
physical and chemical examination of shellac. 

Hardening.—A circular calling attention to their 
Shorter process for the local hardening of gear teeth, 
cams, keyways, clutches, &c., is to hand from Messrs. 
The Patent Gear and Metal Hardening Company, 
Limited, 69, Horseferry-road, Westminster, London, 
8.W.1. 

Electric Heaters.—Three alloys for the manufacture 
of electric resistances are described in a circular to hand 
from Messrs. Henry Wiggin and Company, Limited, 
Wiggin-street, Birmingham. The names are Bright- 
ray, Glowray, and Ferry, and a comparative table of 
properties of each is given. 

Electric Motors.—Messrs. Brook Motors, Limited, 
Huddersfield, have issued a circular stating the conditions 
on which they offer to supply standard 25-cycle motors for 
exchange, at a later date, under the Central Electricity 
Board scheme, for standard 50-cycie motors. The cost 
of the exchange is paid by the Board, provided that the 
expenditure is previously approved. The arrangement 
comes under the national scheme for standardising 
frequency at 5° evcles, 
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THE CANADIAN SPECIFICATION FOR 
CONCRETE AND REINFORCED 
CONCRETE. 

Tue Canadian Engineering Standards Association, 
whose work has frequently been referred to in 
these columns, appointed in 1921, a Committee 
to draw up a standard specification for concrete 
and reinforced concrete. This Committee consisted 
of 30 members, from whom six panels were formed 
to deal with various parts of the subject. The 
work resulted in the production of a specification 
which, after approval by the Sectional Committee 
on Civil Engineering and Construction, was 
approved by the Main Committee, and has recently 
been published.* It will therefore be seen that 
this specification has been some years in preparation. 
As one would expect, in the circumstances, it is 
well worth careful study by these engaged in this 
form of construction. It may be mentioned that 
the Chairman, during the greater part of the 
Committee’s labours was the late Professor Peter 
Gillespie, of Toronto University, who, unfortunately, 
did not live to see the actual publication of the 
specification to which his work had contributed 
very materially. 

It is stated in the preface that, of the three parts 
into which the report is divided, the first is intended 
primarily for the use of the constructor, and the 
second mainly for the guidance of the designer, 
since the first deals with materials and the second 
with design. These two parts form about one-third 
of the publication, the remainder comprising no 
less than 14 main appendices, which are a valuable 
addition to the specification. 

The first two appendices refer particularly to 
Part II, as they contain the standard notation, with 
the symbols arranged alphabetically, and drawings 
illustrating design. Appendix III is a general 
glossary of the technical terms employed. There 
are five Canadian Engineering Standards Asso- 
ciation specifications for Portland cement and 
steel. Eight methods of tests of materials and 
concrete are also based on those of the American 
Society for Testing Materials. 

The object of Part I of the specification is clearly 
to afford a guide to good workmanship, without 
the inclusion of a mass of detail. As regards 
Part II, it is claimed that the formule reproduced 
are generally those that have been accepted by 
conservative designers, and that arbitrary rulings 
are endorsed only where they have a rational basis 
or have been approved by competent authorities. 
A well-deserved tribute is paid to the large debt 
which the Committee owes to American practice, 
with which it is considered that a large measure 
of agreement is both inevitable and desirable. 
It is claimed, however, that where changes seemed 
advisable departures have been freely made. 

Dealing with materials, the Portland cement 
specification is the standard one published by 
the Canadian Association in 1927. This varies 
in some respects from the British (1925) specification, 
although the chemical analysis is much the same. 
The following percentages must not be exceeded, 
the British limits being shown in brackets: Loss 
on ignition, 4-00 (3-00); insoluble residue, 0-75 
(1-50); and sulphuric anhydride, SO;, 2-00 (2-75). 
A wider range of loss on ignition is allowed, and 
a reduction in the insoluble residue and gypsum 
restrainer is demanded, as compared with the British 
specification. As in the Australian (1926) specifica- 
tion, detailed descriptions of the quantitative analyses 
are given, though these have not been included in 
the British specification, doubtless on the ground 
that they are so well known to qualified chemists 
that it is not necessary to do so. 

The fineness of grinding, which is considered of so 
much importance here, is regulated in Canada by only 
one sieve with 200 wires to the inch and a square 
aperture of 0-0029 in. diameter, compared with 
the British, which has 180 wires to the inch and 
an aperture of 0-0038 in. Although the diameters 
of the apertures are ,}, in. and ,1, in., respectively, 
the tolerance is the same, namely, 0-005 in. in 
both. The permissible residue is as high as 
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22 per cent., though the British is only 10 per cent. 
and seldom exceeds 7 per cent. 

A method of testing a sieve by a standardised 
sample of cement, or other material, has been 
introduced. It is evident that larger particles of 
cement are permitted than in the British specifi- 
cation, which has a second sieve, 76 by 76, with 
a nominal opening of 0-0088 in., or ,7, in.,on which 
the residue must not exceed 1 per cent. 

It is well known that the fineness to which the 
cement is ground facilitates the hydration of the 
cement, and thereby enables it to increase in 
strength rapidly. It is not surprising, therefore, 
to find that the ultimate tensile strength for 
3:1 mortar is only 225 lb. per square inch at 
seven days, and 325 lb. per square inch at 28 days, 
compared with 325 lb. and 356 Ib. per square inch, 
respectively, called for here. 

The normal consistency for the Portland-cement 
paste is determined by means of a hand-kneaded 
Boulogne ball which is dropped into a Vicat mould 
and then tested by a falling plunger, the British 
specification leaving it to the unassisted judgment 
of the gauger to determine the proportion of water 
for a plastic mixture. 

The percentage of water for the 3:1 mortar 
tests are based on a table which has been taken 
from the United States specification which, in turn, 
is based on an empirical formula by Feret and is 
not of. the simple and logical type contained in 
the British specification. Instead of the somewhat 
slow but simple and precise Le Chatelier test for 
soundness, adopted in the British specification, 
a pat test is included in which neat cement pats 
are subjected to steam at 100 deg. C. for five hours, 
and experienced judgment is required to draw the 
correct conclusions from the nature of any cracks 
which may appear. 

The sampling of cement from bags is facilitated 
by means of a simple metal tube. 

The division between the fine and coarse aggregate 
is made by means of the ¥-in. aperture sieve. 
A small tolerance for samples of aggregates above 
and below this size is allowed. The sizes of the 
sieves are fully described in one of the appendices, 
but as they bear a fairly definite relationship to 
one another it is of interest to note the sizes of 
the apertures, which are in inches: 0-0029 for 
cement; 0-0059; 0-0117; 0-0232; 0-0469; 
0-0937 ; with 0-187 to separate the fine from the 
coarse aggregate, and 0-375; 0-75; 1-00; 1-50; 
2-00 and 3-00 to pass the coarse aggregate. 

It is doubtless intended that the large aggregate 
should be fairly evenly distributed between the 3-in. 
to i-in. (0-187) sizes, although there is only one 
sieve, the 3-in., to regulate this between the ¥-in. 
and the #-in. sieves, these being the usual limits for 
the large aggregate of reinforced concrete used 
here, where evenness of grading is ensured by the 
use of intermediate sieves with }-in., 2-in., 3-in. and 
8-in. apertures. Aggregate larger than 3 in. is termed 
“rubble,” and that over 100 Ib. as “‘ cyclopean.” 
Excesses of 3 per cent. of badly-shaped aggregate, 
1} per cent. of shale, or 2 per cent. of fine dust 
are prohibited. 

The rapid determination of organic impurities 
in sand is made by comparing the colour of sand 
in sodium-hydroxide solution with a standard 
colour. If the resultant colour is darker, it is then 
advised that certain crushing tests of 4 in. by 2 in. 
diameter mortar cylinders should be carried out 
for comparison with similar tests of standard 
sand mortar. This compares with the British 
Standards Association requirement that the loss 
of weight of a standard sand on extraction with 
hot hydrochloric acid shall not be more than 
0-25 per cent. The common test for the determina- 
tion of the quantity of silt by the loss of weight of 
a sample of dry sand after washing and again drying 
has been adopted. 

The quality of the reinforcement is dealt with in 
three specifications. The standard specification 
for billet-steel reinforcing bars deals with plain, 
deformed and cold-twisted bars, and with structural 
steel. The tensile strength required is 55,000 lb. 
to 70,000 lb. per square inch for the structural 
steel grade ; 70,000 Ib. to 90,000 Ib. per square inch 
for the intermediate grade; and a minimum of 
80,000 Ib. per square inch for the hard grade. This 


applies to either plain or deformed bars. The 
yield points are 33,000 Ib., 40,000 lb. and 50,000 Ib. 
per square inch respectively for the three grades. 
The cold-bend tests are to 180 deg. for all diameters, 
except for intermediate and hard grades of plain or 
deformed bars, which are bent to 90 deg. when over 
3 in. diameter. These limits of tensile strength and 
bending requirements are the same as those in the 
1914 specification of the American Society for 
Testing Materials, and are of interest for comparison 
with the British specification for structural steel, 
No. 15, of 1912, which is still in use. 

The standard specification for rail-steel reinforced 
bars deals with plain, deformed and _ hot-twisted 
bars. The tensile strength, in all cases, is 80,000 Ib. 
per square inch, and the yield point 50,000 Ib. 
per square inch. The cold-bend test is 180 deg. 
under ? in. thick and 90 deg. over that thickness. 

The standard specification for cold-drawn steel 
wire for concrete reinforcement is of especial value, 
because there is no British Engineering Standard 
Specification for this material at present. There is, 
however, a useful report on materials and work- 
manship for reinforced concrete published in May, 
1928, by the Institution of Structural Engineers, 
which deals with hard-drawn steel wire, and suggests 
modifications of the B.E.S.A. No. 15 specification 
to make it applicable to this wire. The tensile 
strength is about 80,000 lb. per square inch in 
both these publications, and the cold-bend test 
is to 180 deg. A tolerance of 0-003 in. is allowed 
in the diameter of the wire. The Canadian speci- 
fication requires No. 18 gauge for the annealed-iron 
binding wires, compared with No. 16 S.W.G. in the 
Institution of Structural Engineer’s report. 

The water for concrete must be clean, and no 
mention is made of sea water. 

The unit of measurement for Portland cement is 
taken at 94 lb. per cubic foot, and the gross sack 
of 87-5 lb. is taken to be 0-90 cub. ft., compared 
with 90 lb. per cubic foot frequently specified 
here. 

A table of proportions of water to cement and 
aggregate appears to be in agreement with a 
British method, in which, say, 22 per cent. of water 
is allowed for the cement, 6 per cent. and 2-5 per 
cent. for damping the sand and stones, respectively, 
if gravel is used in the concrete. A 4:2: 1 concrete 
is expected to crush at 2,500 Ib. per square inch 
at 28 days. It will be appreciated that, in the 
water-cement ratio method, where the quantity 
of water is stated usually in gallons per sack of 
cement, that the ratio has to be altered for different 
proportions of large and fine aggregate. It is not, 
perhaps, sufficiently realised that the ratio must be 
again altered considerably when granite is used 
instead of sand and gravel. The extent of this 
alteration may be judged by the fact that the 
figures of 6-0 per cent. and 2-5 per cent. for 
damping sand and aggregate, referred to above, 
must be divided by about four for granite, and 
consequently the quantity of water for the 4:2:1 
mixture will be reduced by some 40 per cent.; and 
for the leaner mixes, the reduction will be 50 per 
cent. or more. 

Batch mixers are naturally recommended, but 
the time for mixing, specified at not less than one 
minute, might with advantage be revised to two 
minutes as in the Institution of Structural Engineer’s 
report; even that is not enough where a dry mix 
is required. Both publications agree that hand 
mixing should be done on a watertight platform. 

It is when dealing with forms and placing at 
this stage that the line of demarcation between the 
duties of the engineer and those of the contractor 
needs to be clearly drawn. The Canadian specifi- 
cation does not actually mention the word “ con- 
tractor” in this connection, and meets ques- 
tions as to whether the forms are strong enough, 
or how soon after the concrete has been placed 
they may be removed, by stating that the forms 
shall ‘‘ maintain position and be of a type approved 
by the engineer” and “shall not be disturbed 
until the concrete has adequately hardened.” The 
Institution of Structural Engineer’s report says, 
“The contractor should be responsible for the 
sufficiency of the form-work, but if required by the 
Structural Engineer he should, before commencing 





work, submit for approval details of the formwork,” 








I9g0 
and “ the responsibility of the safe removal . . . 
should rest entirely with the contractor.” These 
matters are of such importance that we consider 
that, in all concrete work, the responsibility should 
be clearly set out in the contract. 

The “method of making compression tests of 
concrete’ in a laboratory and the ‘“ method of 
storing specimens in the field”’ are described in 
Appendices XII and XIII. These require the 
crushing tests to be done in the laboratory. A 
transverse test applied in the field to a plain 
concrete bar, to determine the time for the safe 
removal of forms, might well be a matter for 
consideration by the Committee. 

As regards waterproofing the opinion is expressed 
in the specification that “‘ concrete can be produced 
that for all practical purposes is water-tight ” ; 
that “ a plaster coat of 1:15 mix using a well- 
graded sand will ensure water-tightness.” ‘No 
integral compounds,” it further states, ‘‘can be 
recommended, but membrane waterproofing may be 
used underground.” 

A rich mixture is specified for sea work and in 
alkali soils, as the destructive action of such waters 
is progressive, and Portland-cement concrete is 
not suitable for waters of high alkali concentration. 
It is to beremarked that no mention is made of 
aluminous cement, although the title does not restrict 
the specification to Portland cements, and experi- 
ence extended over many years has shown that, 
in such circumstances, these cements have proved 
to be quite effective. 

Among the details of construction it may be 
noticed that the thickness of the protective coat 
of concrete over the steelwork should be 3 in. in 
ground, 2 in. in water, and 1} in. for pre-cast 
members, with a variation of from } in. to 1} in. 
for fire protection. 

The portion of the specification on design contains 
some 44 formule with explanations. It is question- 
able whether it is desirable to include in a specifica- 
tion so much mathematical detail which cannot 
be expected to apply in all particulars to the 
extremely wide field covered by the terms ‘‘ Concrete 
and Reinforced Concrete.” In fact, Part IT, in 
which these are contained, deals wholly with the 
latter. Perhaps the safest way to regard the 
question of design, as dealt with here, is to turn 
to the list of bar sizes, to which special attention 
is drawn in the specification, and then, with these 
as the subject of application, the design will be 
limited to a considerable extent ; it is evidently to 
such limits that the formule are intended to apply. 

To any one conversant with the “ Regulations 
made under the provision of Section 23 of the 
London County Council (General Powers) Act, 
1909, with respect to the construction of buildings 
wholly or partly of reinforced concrete,” it will 
be known how extremely difficult it is to meet the 
variety of applications, although these particular 
regulations are limited to buildings. It must obvi- 
ously be much more difficult to do so for the wider 
variety of purposes to which reinforced concrete 


is applied in Canada and the United States. It is | 


generally realised that, although it is not outside 
the capacity of present-day designers to calculate 
many of the stresses in reinforced concrete from 
first principles, there are many cases where they 
are not strictly determinable, and consequently the 


judicious application of empirical formule, based | 


on the results of tests and supported by proved 
soundness in construction, may be tentatively 
accepted. It is doubtless on this principle that 
such formule have been included. 
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THE INFLUENCE OF OXYGEN ON 
CORROSION FATIGUE. 
By A. M. Brxntg, M.A. 


THE experiments described below were carried 
out in the Engineering Laboratory at Oxford, at the 
request of the Aeronautical Research Committee, 
to determine to what extent the reduction of the 
fatigue limit of certain steels by corrosion is due | 
ito the presence of oxygen in the surrounding | 
atmosphere. Previous work on corrosion fatigue | 
-has been done by McAdam at Annapolis and by | 

Lehmann at Oxford, but both these experimenters | 
| used specimens completely immersed in a liquid. | 
The specimens used were cut from the same bar | 
of 0-9 carbon acid steel. After normalising, they | 
| were turned to the form shown in Fig. 1 and tested | 
in a Wohler rotating-cantilever machine at 2,000 
r.p.m. The fatigue limit in air, at ten million | 
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that the fatigue limit falls to 7-5 tons per sq. in., a 


It will be appreciated “hat, while the strength of | reversals, is 17-0 tons per sq. in., this being calcu- | reduction, on the normal fatigue limit, of no less 


the steel and the cement can be known with con- 


siderable accuracy, the variation in strength of the | 
Hence | of common salt, consisting, by weight, of one part | twenty million reversals at a stress of 6-7 tons 


reinforced concrete may be considerable. 
the necessity for an ample margin in the stresses 
allowable in the design of reinforced concrete. 

The specification, as a whole, is a commendably 
thorough compilation. It differs considerably, 
however, from British practice and requirements, 
and, as we have shown in the foregoing, contains 
material which might with advantage be con- 
sidered over here, but, at the same time, other 
matter is included in the specification which, we 
think, the consensus of opinion in this country 
would relegate to the textbooks. 


|lated from the nominal bending stress. 
The corroding liquid used was a strong solution | 


/of common salt to four parts of distilled water. | 
| In the earlier corrosion tests, the point of maximum | 
stress in the specimen was sprayed with the salt | 
| solution, the air for the spray being supplied by a | 
|small compressor. It was soon found, however, | 
‘that precisely the same effect was caused if the salt | 
solution was allowed to drip slowly (about four | 
| drops per minute) on to the point of maximum stress, | 
‘and this method was employed in all subsequent | 


| 


experiments. 


| than 56 per cent. 


One of the specimens remained unbroken for 


per sq. in., thus demonstrating that a fatigue limit 
really exists under these conditions. Typical frac- 
tures are shown in Figs. 3 and 4. Cracks occur 
in different transverse planes for a distance along 
the specimen of nearly } in., and the fracture itself 
is not in one transverse plane. On the turned 
surface of the specimen no rust forms, but there is 
always blackening over the area in which the cracks 
lie. No corrosion in the ordinary sense of the word 
occurs, and the diameter of the specimen is not 


| The results are plotted in Fig. 2. It will be seen | reduced. 
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Specimens were then tested in an atmosphere of 
hydrogen with the apparatus shown in Fig. 6. A 
brass cylinder is carried on the specimen by two 
bearings, one on each side of the point of maximum 
stress. The outer bearing is embedded in a rubber 
bung to give flexibility when the specimen breaks. 
The bearings are plain bushes lubricated with oil. 
Experiments showed that centrifugal action prevents 
the oil creeping down on to the thinner part of the 
specimen. As before, drops of salt solution were 
allowed to fall on to the point of maximum stress. 
The solution was boiled to expel air, and was kept 
with an atmosphere of hydrogen above it. There 
are two windows in the cylinder, so that the drops 
could be observed. 

Commercial hydrogen was bubbled through a 
bottle of reboiled distilled water, and passed into 
the cylinder near the point of maximum stress. 
After leaving the cylinder, it was bubbled through 
another bottle and allowed to escape. The drips | 
also drained away into this bottle. A pressure of 
about 1 in. of water was maintained in the cylinder. 
3y comparing the rates of bubbling in the two bottles, 
it was found that about one-third of the gas supplied | 
leaked away while passing through the cylinder. | 
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His figure of 18-3 tons per sq. in. was therefore taken 
as the fatigue limit in air. With the salt drip in 
air, the fatigue limit was found to be 9-2tons per sq. in. 

The hydrogen apparatus already described was 
then again used. The first two specimens broken 
gave points lying close to the salt drip in air curve, | 
showing that the substitution of commercial | 
hydrogen for air as the surrounding atmosphere 
had little effect. 

For the final experiments, the commercial hydrogen 
was purified by passing it through a U-tube filled 
with platinum pumice, and maintained at 500° C. 
by an electric heater. The pumice acts as a cata- 
lytic agent, causing the oxygen present to combine 
with the hydrogen. Very pure hydrogen is pro- 
duced by this method. To prevent poisoning of 
the catalyst by arsenic compounds, the gas was 
first bubbled through an alkaline solution of 
potassium permanganate. With this arrangement, 


CORROSION 





the fatigue limit was found to be about 11-8 tons per | 
sq. in., lying as before between the normal fatigue | 
limit in air and the fatigue limit with the salt drip 
in air. The results, shown graphically in Fig. 5, 
are thus inconclusive. 

The appearance of the specimens during the 


In view of McAdam’s electrical potential theory, | tests varied greatly. With the salt drip in air, 
it should be noted that the specimen and the brass the surface rapidly blackened, while in the hydrogen 
cylinder are in poor contact at the inner oil lubri- | tests a very slight darkening could be detected only 
cated bearing. The inner surface of the cylinder "8 | after several million reversals. It would seem 
constantly splashed by the drip. ; | probable, therefore, that in absolutely pure hydrogen 
_ Three specimens were broken with this apparatus |¢he specimen would remain bright throughout the 
giving a fatigue limit of 9-1 tons per sq. in., a figure | tent. 
intermediate between the normal fatigue limit in| The types of fracture provide further information. 
air and the fatigue limit with the salt drip in air. | Figs, 7, 8 and 9 show, respectively, specimens after a 
The appearance of the fractures was very similar | ,>rmal test in air, a salt drip in air test, and a salt 
to that described above. _ |drip in purified hydrogen test. The crack shown 
Tests on the A.R.C. medium steel (0-33 per cent. | in Fig. 9 bears no resemblance to that in Fig. 8; 
carbon) were then carried out. A control test in air lit is of the same type as the normal fatigue crack 
gave a result identical with that obtained by Thomas.* lin Fig. 7. It is clear, therefore, that, if every trace 
ae * R, & M, 1054, page 8. | of oxygen could be removed, the fatigue limit with 
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the salt drip would rise about 11-8 tons per sq. in., 
but there is no evidence to show how closely it 
would approach the normal air fatigue limit of 
18-3 tons per sq. in. 








THE WELLAND SHIP CANAL 
IV.*—(continued). 


Soutu of Locks Nos. 6, the Ship Canal, as already 
described, approaches very close to the present 
canal, though there is a difference in level between 
the two at one point of 51-2 ft., measuring from 
the water level of the reach above Lock No. 22 
to the bottom of the adjacent Ship Canal prism. 
At the same time, the two canal works approach 
each other within 50 ft. at the nearest point where 
this difference in level occurs. It is clear that 
care was necessary at such a locality if the present 
canal was not to be interfered with. As a matter 
of fact seepage did develop at the point where 
the works approach so close to one another, and 
was only stopped by driving a steel sheet piling 
cut-off in the present canal reach, as is shown in 
Fig. 100, page 192 and Fig. 108, Plate XXX. 

At the point where the two canals are thus in close 
proximity, the side of the Ship Canal is formed by the 
lower (north) east approach wall of Lock No. 7, 
immediately to the south. This wall has a length 
of 972 ft., with an 85-ft. wing at the north end 
splaying into the pondage of Lock No. 22 of the 
present canal, as shown in Fig. 100, page 192. The 
rock in this area dips sharply to the north-east. The 
dip of the rock of the escarpment is so great, in fact, 
that at the south end of the wall the original rock 
surface was some 20 ft. above coping level of the 
wall at El. + 526-5, while at the north end the rock 
was no less than 65 ft. below the level of the canal 





* Previous Sections of Article IV appeared on pages 
7, 101 and 129 ante. 
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bottom, at El. + 491-5. The rock surface is 
indicated in Fig. 101. For about one-third of its 
length at the southern end, this wall consisted of a 
facing wall 5 ft. thick formed against the excavated 
rock, and anchored to it by rods, as in Figs. 102 and 
103. For the remainder of the wall, construction 
within a steel sheet pile cofferdam was adopted. 
Borings disclosed the fact that, for the middle one- 
third of the length of the wall, the rock surface was 
somewhat above the canal bottom level and was 
overlaid by glacial till. Over the northern one-third 
the rock dipped much lower, and was overlaid by 
very hard boulder clay of the first glaciation, over this 
again being the ordinary till of the second glaciation. 

For the last section, including the wing wall, it 
was decided to drive sheet piling to form a coffer- 
dam 36 ft. wide, to refusal, i.e., to the hard boulder 





Fig.100. LOCATION PLAN. 
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(March 7, 1925), bearing tests were made which 
showed that the boulder clay would carry, when 
wet, a load of more than 10,000 Ib. per square foot. 
The placing of the concrete of the wall, which is of 
gravity section with a base 20 ft. wide and a heavily 
reinforced toe extending 10 ft. beyond the face line, 
was begun on March 8. This section of the wall is 
shown in Fig. 105, which also indicates the position 
of the present canal and original ground surface. As 
concreting progressed, the first system of timbering 
was removed and replaced by struts bearing on the 
finished wall, at the front and rear. The space 
between the rear of the wall and the back line of 
piling was solidly packed with clay puddle as the 


allowed 5 ft. for the width of the concrete facing wall, 
and some 8 ft. of clear width for drilling operations, 
placing of anchor rods, &c. By the end of January, 
the piling was all driven. Concreting was carried 
on concurrently with excavation, and the whole 
was finished, backfilled and rebraced by April 15. 
Navigation was re-opened on the present canal on 
April 16. ‘The construction of this length is illus- 
trated by Fig. 109, Plate XXX. Fig. 110, also on 
Plate XXX, shows subsequent excavation opera- 
tions proceeding in the canal prism in front of 
the wall. A steamer will be noticed passing along 
the present canal on the higher level beyond. 
Fig. 111, Plate XXX, shows the completed east 





work proceeded. By March 31, the wing wall and| and west approach walls, with the north end of 
northern 80 ft. of the entrance wall were completed | Lock No. 7 in the distance, the present canal being 
to coping level. Before the navigation season | on the high ground on the left. = = 
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clay. The surface of this was at varying depths, 
averaging 45 ft. below the present canal banks at 
El. + 500. During the spring and summer of 1924, 
this first system of steel sheet-piling was driven, 
the piling enclosing the wing wall being driven early 
in the winter of 1924-25, after the closing of navi- 
gation made it possible to unwater the reach between 
Locks Nos. 22 and 23 of the present canal. Excava- 
tion within the sheet pilin,; was begun immediately 


navigation closed, i.e., December 15, 1924, and was | 


carried on continuously in day and night shifts. A 
system of heavy timber bracing, consisting of 







wales varying from 14 in. by 14 in. to 22 in. by 22 in., | 
at varying centres vertically, and 14-in. by 14-in. | 


struts at 10-ft. centres, was set as excavation 
proceeded. 


On reaching the hard red boulder clay, a second | 
system of piling was pre-assembled inside the first, | 


and tapped down as excavation proceeded. The 


outer cofferdam, as stated, was 36 ft. wide, this | 


width allowing for the second system used inside it. 
Further south, where one only was used, the coffer- 
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opened, the cofferdam surrounding the wing wall | At the site of Lock No. 7, excavation had been 
projecting into pond No. 22 of the present canal, | actively carried on prior to the war, and, in 1919-20, 
was filled with clay to prevent leakage, some | drilling, blasting and channelling were resumed. 
/additional bracing was placed along the finished | By 1923, the excavation had been completed except 
length of main wall, the coping of which is 18-5 ft. | for cleaning up old rock surface which had been 
below the present canal bank, and a line of steel | exposed for some time. Concreting was commenced 
sheet-piling was driven across the southern end of | under the old cost-plus-percentage contract, but 
pond No. 22, as a further safeguard to the present | was only resumed under the final contract, in 1923, 
| canal works. when it was pushed on rapidly. It was in the main 

No further work was done on this structure until | completed in 1925. Very little work was done here 
| 1927, when, in the summer, the southern section, | in 1926, but, in 1927, the stop-log weir connecting the 
consisting of facing wall, was completed. On the | upper entrance of the lock with the pondage on the 
close of navigation in the following winter (December | east to the rear of the structure, was completed in 
15), work on the remaining portion to be built on | concrete, together with the entrance walls, and the 





| the cofferdam method was put in hand. The plan lock walls to the north except for two monoliths. 


adopted was similar to that used in 1924-25, except | Both the latter were fouled by construction rail- 
that for the middle part of the wall where no hardpan | way tracks and, further, one, the intake monolith 
overlay the rock, the piling was carried to rock in | extends into the present canal banks at Lock No. 24. 
the first drive, one system only being used. In this | It had been originally intended to build this intake 
section, the rock surface was from 5 ft. to 15 ft.| monolith, together with the return wall, which 
above Ship Canal bottom, a typical section being | runs at the back of the lock from this structure 
shown in Fig. 104, and a trench 13-ft. wide was | to the stop-log weir, during the last closed-navigation 


dam was 31 ft. wide. When El. +- 486-5 was reached | carried down to foundation level in the rock. This | season preceding the opening of the Ship Canal. 
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Early in 1928, however, it was decided to construct 
these works inside a steel piling trench, as had 
been done in the case of the lower east entrance 
wall of this lock, as just described. 

In order to do this, a vertical construction joint 
was introduced in the intake monolith 58 ft. back 
from the front face, and the front section was built 
first to coping level, so that the sheet-piling could 
be braced as the excavation was made for the rear 
section. The steel sheet piling was driven early in 
1928, the top wale being tied back to the masonry 
of the present canal by means of 2-in. rods. This 
permitted sufficient excavation for the construction 
of the front half of the monolith. Excavation was 
begun in April, 1928, concreting following in May. 
By the end of December both monoliths were com- 
pleted and the excavation for the return wall was well 
under way. Concreting at this point was completed 
last winter. 

It may be noted that the steel sheet-piling was 
driven on a line 15-ft. east of the east face of the 
return wall connecting the intake monolith with the 
stop-log weir. On the opening of navigation through 
the Ship Canal, this 15 ft. space will be made 
available as a channel connecting Pond No. 7 to 
the intake monolith, and it will then be possible to 
construct the regulating weir, situated on the present 
site of Lock No. 24, during the open season of naviga- 
tion, the site being unwatered behind a cofferdam 
placed across the present canal at Bridge No. 7, at 
the south end of the lock. 

The two views given in Figs. 106 and 107, 
Plate X XIX, show Lock No. 7. The first, taken 
in 1923, shows the excavation in rock, and the 
concrete work in progress. The second was taken 
in May of this year and shows the lock practically 
finished, with the upper gates closed, and the reach 
above flooded. Both views show, on the right (east) 
side the waterway of the present canal, and it will be 
clear from these how close the two lie together. 
Fig. 126, page 204, is a reproduction of a photograph 
taken at the end of last March, illustrating one 
phase of the work on the intake monolith and return 
wall constructed in the piling trench on the east side 
of Lock No. 7 and adjacent to Lock No. 24 of the 
present canal, as described above. The piling 
driven parallel with, and 15-ft. from, the return wall 
can be seen in the centre. On the left is the back 
of the wall of the present canal Lock No. 24. The 
gravity section wall in the foreground will extend 
to this old structure. The regulating weir will be 
in line with the face of the wall shown under con- 
struction, and will extend across what is now Lock 
No. 24, and the by-pass channel on its east side. 

Earth excavation at the site of the Guard Gate 
structure was completed in December, 1927, and 
the rock excavation during the following months. 
The placing of concrete was begun in May, and 
continued all season, the structure being completed 
by December, 1928, except for portions of the 
north entrance walls situated in the present canal 
banks. Fig. 112, Plate XXXII, is an illustration of 
the excavation operations at the guard gate site, 
this view having been taken at the end of March, 
1928. The guard gate structure as completed to 
October, 1928, is shown in Fig. 114, Plate XX XI, 
while the south-west approach wall, which, as 
described on page 8 ante, consists of a series of piers 
with decking, is shown under construction in Fig. 
113, taken on August 24, 1928. A recent view 
(March 28, 1929) given in Fig. 115 shows the south 
end of the structure in the nearly completed con- 
dition. 

The Safety Weir, it will be remembered, lies at 
the back of the guard gate structure on the west 
side, and the three piers of the weir nearest the 
guard gates were built with the latter structure. 
These are shown on therightin Fig. 116, Plate XX XII, 
having been built behind sheet-piling driven into 
the south bank of the present canal, across which 
the safety weir lies. This bank for the moment has 
been maintained intact, but the north bank of the 
present canal has been cut, and the reach above 
Lock No. 7 to this point is now flooded. Before 
this stage was reached, and while the present canal 
was unwatered last winter, preparatory work was 
done on the foundation for the rest of the safety 
weir, in the present canal prism. This is shown in 
progress in Fig. 117, Plate XXXII. It is intended to 





unwater this reach again next winter, when the 
safety weir will be completed. 

At the Ontario Paper Company dock, just to the 
south, the earth excavation, all open cut work, was 
completed in November, 1928, concreting being 
completed early in the spring of this year. 

As recorded in connection with the sections already 
described, special precautions were taken to preserve 
the rock intact behind all concrete structures. 
Locks Nos. 4 are on Medina shale, Locks Nos. 5 
and 6 in alternate beds of shale and sandstone, 
while Lock No. 7 is in grey shale and limestone. 
After cutting to final lines and cleaning off all 
debris, the rock face was scoured with a stream of 
water from a }-in. nozzle fed by a 3-in. line under 
a pressure of 75 lb., and scrubbed with brushes. 
This cleaning was done in about 12-ft. lifts imme- 
diately preceding the placing of concrete. 

Of the remaining works so far taken in hand, the 
long dam impounding water at Pond No. 6 is, 
perhaps, the most interesting. This extends east 
from the east wall of Lock No. 6 to the high ground 
of the escarpment, where a regulating weir will be 
built on rock. As already stated, its length is 
3,300 ft., and the height varies from 30 ft. to 80 ft. 
It consists of a watertight heart with concrete core- 
wall and sheet-piling cut-off. The slope on the 
upstream side at the top is 2}: 1, with concrete 
slab protection ; below this the slope is flattened 
to 7:1. Downstream the slope is 1} : 1, with rock 
cover. The watertight heart was built of selected 
clay from the excavation of Section No. 3, placed in 
8-in. layers and consolidated with 12-ton rollers. 
Two rollers may be seen at work consolidating the 
hearting, in Fig. 127, page 204, on either side of the 
core wall of the dam. Under the original unit-price 
contract the foundation work was done for about 
75 per cent. of the length, and along this portion 
a great part of the water-tight material was placed, 
though only completed to crest level for 500 ft. 
In addition to this a great deal of rock fill had been 
placed, and sufficient selected clay accumulated 
under the original and cost-plus-percentage contracts 
for the completion of the heart. Some work was 
done on the western end in 1923, and this end was 
completed in 1928, when the removal of service 
railway tracks made this possible. Progress is 
not possible at the eastern end until the present 
canal is abandoned. While the eastern portion is 
under construction, the flight of locks of the Ship 
Canal will be operated with pondage of less than 
half its ultimate area. This temporary pondage 
will be retained by an existing embankment 
stretching from the present Lock No. 21 pond north, 
across the Pond No. 6 area. This embankment was 
placed under the cost-plus-percentage contracts, and 
on completion of the east end of the main dam with 
its regulating works, will be removed by dredging, 
the material being used on the 7 : 1 blanket referred 
to above, on the upstream face of the dam. 

Of the bridges on this part of the Canal, we have 
already stated that No. 6 at Locks Nos. 4, for the 
temporary diversion of the double track Canadian 
National Railways, was completed in 1915. The 
permanent bridge has not yet been completed. 

Bridge No. 7, at the upper entrance of Lock 
No. 7, was ordered in 1924. Erection at the site 
commenced in August, 1926, and the structure, 
without the machinery, was completed in February, 
1927, when a temporary trestle bridge, which had 
carried the highway traffic, was removed. The 
bridge was finally completed in the spring of 1928. 

Bridge No. 8, the crossing of the Canadian 
National Electric Railways, was completed in 
1915. The Welland Division of the Canadian 
National Railways was temporarily carried over the 
canal at Bridge No. 10, on a two-storey timber 
trestle erected south of the permanent site. The 
upper storey was of square timber, the lower of 
round piles which could be braced as the excava- 
tion proceeded. The concrete work in the sub- 
structure of this bridge was completed during the 
summer of 1927. Erection of the steelwork, a 
double-track vertical-lift bridge, was begun in July, 
1928, and it was ready for traffic at the beginning 
of this year. 

Reference has already been made to two swing 
bridges over the present canal in the vicinity of 
Lock No. 25. One of these, as already noted, 





carried the railway over the present canal on the 
original location, this bridge and the track to the 
south of it being joined up with the northern part 
of the re-located railway track by a temporary 
cross-over at Station No. 488. The second bridge 
is the swing bridge located west of the guard gate 
structure site. The sites for the piers for this 
bridge were cleaned up under water in 1921, and 
in the winter of 1921-22 the caissons for the piers 
were placed and 75 per cent. of the concrete poured. 
A pile fender was erected the same winter, and 
the north abutment built in the dry inside a steel 
sheet-pile cofferdam, driven to rock. The remainder 
of the substructure was completed in the following 
season. The water level in this reach below Lock 
No. 25 was not lowered for this work. The swing 
span was supplied and erected by the Department. 
By the navigation season of 1922, the steelwork 
of the swing bridge had been completed, and by 
May 30, 1923, the bridge was in service. 

As at the same time a construction railway swing 
bridge had to be maintained across the present 
canal at the site of the turning basin, to handle the 
material excavated in Section No. 4 to the crusher 
plant, &c., it was at first decided to move the 
first or original railway bridge to the site of the 
second, the contractors for Sections Nos. 3 and 4 
being required to supply a temporary bridge on the 
site of the first for their construction railway. An 
arrangement was made, however, by which a new 
bridge, as stated above, was erected at the second 
site, while the old one was retained in its original 
position for construction purposes, as seen on the 
right in Fig. 118, Plate XXXII. 

Turning next to excavation, the principal sections 
to notice are that north of the twin locks; the 
length between Locks Nos. 6 and No. 7; the length 
between the latter and the crossing of the present 
canal; and the length on from this point to the 
end of the section. Of the work to be done north 
of Locks Nos. 4, some 26 per cent. had been com- 
pleted under the old contracts. Under the present 
contract, the best progress was made in 1925, when 
a total of 524,000 c. yds. were taken out here, 
mostly, however, in earth, which was wasted. 
In the following year, excavation was continued 
by night and day shifts and practically completed. 
Between Locks Nos. 6 and 7, the prism was to all 
intents and purposes completed under the cost- 
plus-percentage contract. 

On the next length, most of the prism from the 
south end of Lock No. 7 to the temporary railway 
crossing had been completed before the final con- 
tract was awarded in 1922. The next part, running 
as far as the present canal, had seen little progress 
under previous contracts. Some 230,000 yards of 
earth were removed to the site of Pond No. 6 in 
1919. During 1920, work was gradually extended 
further south, and between Bridge No. 8 and the 
temporary railway crossing some 234,000 yards of 
rock and 100,000 yards of earth were removed in 
1921. The rock in this area was suitable for 
crushing for concrete aggregate, and a considerable 
amount was available without pushing the excava- 
tion too near to the present canal bank. Fig. 119, 
Plate X X XII, shows the excavation in rock in thisarea 
when work was being pushed on energetically. 
The present canal was protected at this point by 
the construction of a bank on the north side of the 
channel, thrown across the then-existing turning 
basin. This took the form of a 300-ft. cofferdam 
of steel sheet-piling driven to rock, supported by 
stone-filled cribbing. This was placed in 1921, 
and the reach north of this point was unwatered in 
January, 1922, earth excavation commencing 
immediately afterwards. All that could be exca- 
vated without endangering this cofferdam had been 
taken out by 1925, excavation having been carried 
to within 120 ft. of this work. 

During the winter 1928-29, the present canal 
reach between Locks Nos. 24 and 25 was unwatered, 
and the cofferdam removed in the dry, together with 
some 50 per cent. of the rock and earth excavation 
remaining in this area. A cut was excavated 
connecting the present canal with the new turning 
basin, as shown in Fig. 118, Plate XXXII. The south 
bank was left intact to protect Section No. 4 during 
the present. season, but during this navigation 
season the Ship Canal above the head-gates of Lock 








No. 7, completed last January, has been flooded. 
The remainder of the prism excavation will be 
taken out in the dry in the winter of 1929-30, 
when the reach cf the present canal between Locks 
Nos. 24 and 25 will be drained again. The unwatered 
reach of the present canal, in the winter 1928-29, 
is seen on the right of Fig. 118. 

South of the present canal on the northern part 
of Section No. 4, very little work was done prior to 
1924, when part of the east bank was constructed. 
In 1925, the Thorold-Allanburg road was diverted 
round this area, and 1926 saw 171,500 c. yds. of 
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to a neighbouring glass plant resulted, and the 
firm obtained an injunction which held up further 
work. In 1924, a Government Order in Council 
authorised the resumption of operations, and rock 
excavation, though not continuous, was carried 
on till completed in October, 1927. Some 140,000 
c. yds. were excavated in 1924, 212,000 c. yds. in 
1925, but only 90,000 c. yds. and 95,000 c. yds. 
respectively in 1926 and 1927. Most of the rock was 
sent to the crushing plant, though some was used in 
the Port Weller embankments, and for back filling. 


Crushing was restarted in August, 1920, 303,000 tons 
being handled in 1921. Subsequent to this the plant 
was idle for some time ; between January and March, 
1923, some 90,000 tons were put into stock, while 
in the next year, working single shift half the time 
and double for the remainder, the plant put through 
693,000 tons of rock. In 1925, again, part of the 
time was worked double shift, and some 457,000 tons 
were handled. In 1926 the requirements fell to 
127,000 tons. Fig. 128, page 204, shows 350,000 
tons of crushed aggregate in stock. All rock sent 








The contractor for Sections Nos. 3 and 4 operated 
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earth removed here. In 1927, earth excavation 
amounted to 281,000 c. yds. Early in 1928, excava- 
tion in rock was carried out at the guard gate site, 
and 150,000 c. yds. of earth were taken out altogether 
during the balance of the season, including the 
work required at the Ontario Paper Company’s dock. 
Beyond this, the work consisted largely of earth 
excavation and the construction of watertight banks 
on both sides of the channel, together with the 
construction of the Beaver Board Company’s dock. 
The dock was completed in 1925. Of the earth 
excavation in this area some 75,000 c. yds. were 
removed in 1923, 280,000 c. yds. in 1924, and since 
then a further 150,000 c. yds. 

On the southern part of this section, earth 
excavation began early in 1922, in order to expose 
limestone rock which was required for concrete 
aggregate. In this area some 611,000 c. yds. were 
taken out in 1922, and 370,000 yards in 1923. 
The remainder was taken out in 1924 and 1925, 
except for trimming, which was completed in 
1927 and 1928. Rock excavation was commenced 
in 1923, with light blasts, but even so some damage 
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a crushing plant and supplied crushed stone for 
concrete, road metal, &c., for Sections Nos. 1 and 2, 
and track ballast for the construction railway. 


This plant is shown in Fig. 129, page 204. It 
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being unloaded. For Lock No. 7, Lake Erie gravel 
was used, an unloading plant for this being erected 
on the present canal above Lock No. 24. 

South of Section No. 4 is a short section extending 


TABLE IV.—PERcENTAGES COMPLETED. 





























so 1921-22. | 1922-23. | 1923-24. | 1924-25. | 1925=26, | 1926-27. | 1927-28. 

Section No. III.— 

Rock excavation 68 704 75 90 96 97 97 

Earth... ‘= ; 5 Re 63 64 70 72 83 80 82 

Watertight embankments completed 71 71 74 74 74 74 74 

Concrete + 5 % ate 13 19 36 55 66 86 93 
Section No. IV.— 

Rock excavation _ oo 43 31 60 68 84 

Earth ba os os os = 38 58 62 74 82 

Watertight embankment a= — 0 70 70 91 96 

Concrete * ss _ — 2 5 22 22 35 
was situated to the west of Locks Nos. 4, and its|from Station No. 597 to Station No. 623. This 


position is shown in Fig. 62a, page 8 ante. It had 
a capacity of 2,000 tons per 10-hour day. Having 


been built before the war, it required a great deal 
of reconditioning when operations recommenced. 


was withheld from competition until 1926, when it 
was awarded to Mr. J. P. Porter, the contractor for 
Sections Nos. 1 and 2. The work comprised in this 
contract included the construction of the Davis 
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ENGINE FOR SIX-WHEELED COMMERCIAL-VEHICLE CHASSIS. 


CONSTRUCTED 


Section No. 3 has involved more concrete work 
than any other section of the canal. 
Before leaving these Sections we may refer to 
Figs. 120 to 125, page 194, giving typical cross- 
sections of the canal at some of the points referred | 
to above. Fig. 120 is a cross-section at Station | 
No. 390, i.e., at the north end of the approach walls 
twin Locks Nos. 4. At Station No. 395 the section 
is as represented in Fig. 121. This reach during 
construction had to be drained by a ditch with a fall 
northwards to a sump at the north end of the | 
section, where the water was delivered by pumps | 
to the drainage ditch for Section No. 2. 
Fig. 122 represents the section at Station No. 434, 
i.e., at the entrance to Pond No. 6, with the west | 
approach wall extending between Locks Nos. 6| 
and 7, shown on the right. A section at the Thorold | 
dock is given in Fig. 123. Here, it will be remem- | 
bered, the prism widens out considerably into a | 
turning basin which has a width of about 850 ft. just | 
before the guard gates structure. Thisstretch, it will | 
be noticed, is mainly rock excavation. At Station | 
No. 520, Fig. 124, the prism is of normal section, | 
being mainly in earth at this point, and requiring | 
high watertight embankments. The section at the 
Beaver Board Company's dock is shown in Fig. 125, 
embankments also being required along this reach. 
We give below the principle rates for work 
involved in the contract a:varded to Messrs. the 
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Mass concrete 


A.-G., 






. 4-14 dols. per c.yd. 


Concrete in weirs, bridges, &c. ... 9-10 - 
Stone protection to banks nas DEBS a % 
Round bearing piles in foundations 0-85 dols. per lin. ft. 
Round bearing piles in trestle work 1-22 ” 9» 
Sheet piling eae ..- 0-05 dols. per lb. 
Removing sheet piling --- 0-01} 
Plain round bars for reinforcin 

and anchor bolts i --- 0-044 “ 
Deformed round bars for rein- 

forcing and anchor bolts - 0-05} * 
Drilling vertical 2-in, holes in 

rock ie gro see ... 0:61 dols. per lin. ft. 
Drilling vertical 3-in. holes in 

rock kk “a ies os O87 “ s 
Drilling horizontal 2-in. holes in 

rock See << jae re ae | PS a 
Drilling horizontal 3-in. holes in 

rock an ae ase +s- 10" 79 os os 
Crushing and delivering stone to 

pass 2}-in. ring ... cas --- 1-00 per (short) ton 
Crushing and delivering stone to 


pass 1}-in. ring ... ee eae 
Crushing and delivering stone 
screenings ey eee os 
Channelling sides of rock cuts ... 
Channelling with option of close 
drilling 


Guniting rock walls of lock pits .. 0-37 


» 
- 


1-10 ” ” 


1-21 ” 5 
-66 dols. per sq. yd. 
2-66 


” ” 


” 


On Section No. 3 a considerable quantity of plant 


had been collected before the contract was awarded. | 


Peter Lyall Construction Company in connection | This, including railway track, was taken over by 
with Sections Nos. 3 and 4. Messrs. Sir William | the contractor for a lump sum. Cement for concrete 
Arrol and Company, Limited, of Glasgow, acted as | was supplied by the Department of Railways 
sub-contractors for the excavation and watertight | and Canals, and the rates given above for concrete 
embankment work in Section No. 3 and for the | are therefore exclusive of this item. 

concrete work in Lock No. 7 and entrance walls. | 
They also did some excavation on Section No. 4. 











Water Power IN British CotumBIa.—-The West 





Class I excavation, including Kootenay Power and Light Company, Limited, has made 
disposal ... aes ee . 1-56 dols. perc. yd. | application to the British Columbia Water Board for 
Class II excavation, including permission to build an hydro-electric plant at the mouth 
disposal ... Aa ets el ” in of the Adams river, near Shuswap Lake. The new plant 
Watertight embankment material would develop between 25,000 h.p. and 30,000 h.p., and 
placing ° - 0°55 »» ” would be linked up with the company’s main transmission 
Puddle . 1-83 » » lines from the Bonnington Falls installation. 
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THE BUSSING SIX-WHEEL 
COMMERCIAL-VEHICLE CHASSIS. 


In our description of the last Commercial-Vehicle 
ixhibition, held at Olympia in 1927, we commented 
;on the rapid development that had taken place in the 
| six-wheeled vehicle since the previous show, and we 
| described several of the new models exhibited. This 
| development was not confined to the British Isles, 
| but was equally in evidence in the United States and 
}on the Continent of Europe. In the period since the 
| exhibition, manufacturers, both here and abroad, have 
| concentrated, in the main, on detail improvement, rather 
| than the development of further new types, although 
/an exception to this statement should be made in the 
case of Germany, where the application of the Diesel 
jengine has passed from the experimental to the com- 
|; mercial stage. Vehicles have also tended to increase in 
| size in that country, the maximum allowable weight 
| and length being both greater than those permitted on 
English roads. 

Messrs. Automobilwerke H. Biissing, A. G.,of Bruns- 
wick, have taken a leading part in these developments, 
and claim to have constructed the largest road vehicle 
in the world. This is a double-decked omnibus opera- 
ting in the suburbs of Berlin, and carrying 81 persons, 
68 seated, and 13 standing on the rear platform, which 
is customary on the Continent. The vehicle is 32 ft. long, 
and, with the full complement of passengers, weighs over 
12 tons. The firm manufacture a variety of chassis, 
including one fitted with petrol-electric drive. All the 
chassis are fitted with six-cylinder engines, and the model 
illustrated in Figs. 1 to 5, on this page and on pages 195 
and 197, may be taken as typical of the firm’s pro- 
ducts, which enjoy a wide popularity on the Continent. 
The chassis shown is made in two models, which differ 
principally in the length of the wheelbase and in the 
road clearance. The carrying capacity in each case 1s 
over 7 tons, while the engines-have outputs of 80 h.p. 
to 90 h.p. and 100 h.p. to 110 h.p., respectively. The 
ilarger chassis is shown in the figures, and it will be 
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seen from Fig. 1 that the wheelbase, measured from 
the front axle to the leading rear axle, is 5,900 mm. 
(19 ft. 4} in.), while the distance between the two rear 
axle centres is 1,250 mm. (4 ft. 1} in.). The overall 
length is 11,770 mm. (38 ft. 7} in.). 

The engine, shown in Figs. 4 and 5, has a cylinder 
bore of 4-9 in. and a piston stroke of 6-3 in. The 
higher power quoted is developed at 1,200r.p.m. The 
general construction of the engine will be followed 
from the drawings reproduced, from which it will be 
seen that it is generally in accordance with the latest 
practice. The cylinders are cast in pairs, and have 
detachable heads carrying the overhead valves. Both 
valves are mounted vertically on the centre line of the 
cylinder, and are operated by the usual rockers and 
push-rods from the camshaft. The latter is mounted in 
the crank-case, and is driven from the crankshaft by spur 
gearing at the forward end. The crankshaft is of large 
diameter, and is carried in four bearings, there being 
two crank throws between each pair of bearings. The 
magneto is mounted at the forward end and is driven 
by across-shaft. The usual form of bearing is employed 
for the small ends, the big ends being split and provided 
with white-metal lined shells. The sparking plugs are 
mounted at an angle, as shown in Fig. 5. The arrange- 
ment renders the plugs readily accessible and enables 
larger valves to be fitted, but results in a degree of 
pocketing which, however, is so small that it is not 
likely to be detrimental. 

There are two carburettors, mounted on the off-side 
of the engine, the induction pipe being cast with three 
branches at the top, each of these branches serving for 
one pair of cylinders. The manifold is provided with 
an exhaust-heated muff. The air supply to the carburet- 
tors can be taken either from the atmosphere through 
a filter, or from a muff on the exhaust pipe, the propor- 
tions of hot and cold air being under the control of the 
driver by means of coupled butterfly valves. The 
connection from the muff on the exhaust pipe is taken 
between the cylinders, as shown in Fig. 5. An unusual 
feature of the engine is that provision is made for 
utilising the compression as a brake. This is effected 
by an axial displacement of the camshaft, by which 
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the inlet cams clear the tappets, so that these valves are 
not lifted. On the other hand, the movement of the 
shaft brings a special cam under the exhaust tappet, so 
that the exhaust valve is opened in each revolution of 
the engine on the downward stroke of the piston. Air 
is thus drawn in from the exhaust manifold and com- 
pressed during the upward stroke of the piston. 

The drive is taken through a cone clutch to a four- 
speed gear-box, which incorporates a train of five gear 
wheels in addition to the standard gears. The train of 
gears serves to transmit the drive from the final- 
transmission shaft to two long propeller shafts. The 
latter are equidistant from the centre line of the chassis, 
and serve to transmit the drive to the two rear axles, as 
shown in Fig. 2. These shafts are not enclosed until 
they enter the torque tubes, and they are provided with 
intermediate bearings, carried on a suitable cross 
member, as shown in the figure. The torque tubes are 
comparatively short, and terminate in a ball joint 
mounted below a cross member, the unusual form of 
the latter, which can be seen in Fig. 2, being to prevent 
fouling between the front rear-axle pot and the cross 


member. There is a single semi-elliptic spring on each fi 


side of the frame, the axles being carried at each end of 
the springs. The latter are mounted on relieving saddles 
which afford increased support to the springs as the 
load increases. By altering the arc of contact in this 
way, all the plates forming the spring are brought into 
action for supporting the load under all conditions. 
A further advantage of the arrangement is that the 
springs are nearly straight in all circumstances. The 
remaining details of the chassis hardly call for special 
comment, as such points as the shape of the frame can 
readily be seen in the drawings reproduced. It may 
be mentioned, however, that the vehicle is fitted with 
pneumatic brakes on the four rear wheels. 








Tue INTERNATIONAL AERO EXHIBITION: ERRATUM. 
—In referring to the German collective exhibit at the 
above, on page 137, ante, we gave the address of Messrs. 
Bayerische Flugzeugwerke A.G. as Augsburg and 


PROGRESS IN METAL MINE 
VENTILATION. 


THE difficulties of mine ventilation, to which Agri- 
cola devoted considerable attention in his De Re 
Metallica, of 1530, frequently quoted as the oldest 
scientific treatise on mining, have been augmented with 
the increasing depth of mines, to such an extent that 
some experts regard the limit of mine exploitation, not 
so much as the exhaustion of the ores, as the impossi- 
bility of securing tolerable air conditions. The chief 
trouble arises from the heat, but the difficulties of 
dealing with dust, contamination of the air by blasting, 
gas exhalations and explosions, inrushes of water, 
&c., all increase, because of the lengthening of ducts 
and lines, and more power may be required before the 
installation of further plant can be completed or even 
decided upon as economically justifiable. In collieries, 
the law has long since enforced certain safety appli- 
ances, including ventilation systems. In metal and 
mineral mines the law has as yet hardly intervened, 
partly because in these cases gas and dust explosions 
have not attracted public attention. The arrange- 
ments for the welfare of the workers go beyond the legal 
obligations in some of the mines of the older countries, 
as well as in America, and what is, to the European, 
still, in a sense, the new world. In some mines, however, 
especially in countries where technical development 
has not proceeded very far, conditions are deplorable. 
Mr. D. Harrington has given examples of both kinds 
in the Information Circular No. 6136 of the United 
States Bureau of Mines, on Progress in Metal Mine 
Ventilation. This was recently presented as a paper 
to the American Institute of Mining and Metallurgical 
Engineers. 

The 1927 report of the Government Mining Engineer 
of South Africa recorded eight deaths and six non- 
fatal cases from heat stroke. The fatal cases were all 
natives, mostly new to the work and to the mines. 
Five of the non-fatal collapses occurred to young white 
workers subsequently found to be in weak health, and 
they were the first cases among Europeans to be 
reported. The air responsible for these accidents was 
saturated with moisture at temperatures between 85 
and 91 deg. F. Ice-cooling is being tried for a special 
purpose in the Kalgoorlie gold mines, Western Australia. 
The high temperature and the fumes of the explosives 
there made it necessary to keep the workers out of the 
winzes for nearly two hours after blasting. Recently, 
the experiment has been tried of placing 50 lb. of 
ice near the spot in 6-in. pieces, and cooling and 
clearing the air sufficiently by these means for 
the winze to be re-entered 40 minutes after firing. 
Drives and cross-cuts are cooled, with some success, by 
passing slightly compressed air over 1-cwt. ice-boxes, 
placed 80 ft. from the face with a pipe outlet 20 ft. 
from it. In the United States, CO, machines and ice- 
less refrigerators employing gas absorption and libera- 
tion by silica gel have recently been introduced. 

As regards dust, Mr. Harrington refers to the United 
States Public Health Service Bulletin 176 of 1928, 
which emphasised, and supported by statistics re- 
lating to cement works, that all dust, and not only 
the free silica dust commonly blamed, is injurious 
to the lungs, eyes and general health of the 
workers, also rendering them liable to influenza 
and rheumatism. In South Africa, simple tuberculosis 
is now found to be exceedingly prevalent among 
native miners, and 83 per cent. of all their com- 
pensatable diseases are ascribed to miners’ phthisis. 
Fire risks were scarcely considered in metal mines 
until the Granite Mountain fire in Butte, Montana, 
and the Hollinger fire in the Porcupine gold mines, 
Ontario, resulted, respectively, in the deaths of 163 
and 39 men in 1927 and 1928. Both these fires, and 
many others, were due to open lights, possibly cigar- 
ettes, and the combustible material was sawdust from 
explosives boxes, timber, oil, &c., giving off poisonous 
fumes in: dangerous quantities, though no atten- 
tion was paid to the small waste heaps which caught 


re. 
Gas exhalations, released by drilling, blasting and 
other operations, are another source of unexpected 
danger that may also be met in ordinary tunnelling. 
Some gas rushes from the Robinson Deep (South 
Africa) contained 55 per cent. of methane, and gas 
in the Crown Mines 77-5 per cent. of hydrogen, in 
both cases in a highly-explosive mixture. In the City 
Deep, the same gases occur, and a poisonous gas was 
struck at a depth of 6,746 ft. Such gases not in- 
frequently come from shales, but also from quart- 
zite ; and a methane ignition in a wet shaft caused a 
dangerous fire in the Hetch-Hetchy water supply 
works near San Francisco last autumn. Spontaneous 
mine fires have occurred in the carbonaceous shales of 
the Michigan iron mines and have been stopped by 
sealing off ; but there is always risk of fresh outbreaks 
of such fires and of slow poisoning of the mine atmo- 
sphere. Some of the recent fires mentioned have 





Munich. We have since been informed, however, 
that the works of the firm are at Augsburg oniy. 


resulted in the adoption of varied and stringent safety 
rules and regulations. Efficient ventilation by means 
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of large units, rather than by portable motors and air 
injectors, and care and cleanliness underground with 
respect to dust and the removal of waste, stand fore- 
most among the general remedies upon which regula- 
tions now insist in some districts. 








THE PROBLEM OF MOTOR TRANS- 
PORT IN UNDEVELOPED COUNTRY.* 
By Sm Henry Fowter, K.B.E., M.Inst.C.E. 

THE question of transport has ever been of the 
greatest importance to the development of the world. 
It is in many cases, at the present time, the most serious 
question to be solved in the settlement of the large, 
so-called, waste spaces of the earth. The problem 
varies with the physical conditions of the country, and 
naturally the economic result must ever be before 
those dealing with the matter. 

The question as to how motor transport can be made 
use of to further Colonial development has been con- 
sidered at several Conferences in London, and the 
great importance of the subject to so many parts of the 
Empire has been fully appreciated. The action taken 
by the Empire Marketing Board in making a grant for 
experimental work is therefore most welcome, and has 
enabled the Secretary of State for Dominion Affairs 
and for the Colonies to appoint a small committee, 
called the Oversea Mechanical Transport Directing 
Committee, to deal with the various aspects of the 
question, and to carry out experiments in various parts 
of the Empire after preliminary tests in Great Britain. 
It is contemplated that the Dominions and Colonies 
will share equally with the Empire Marketing Board in 
the necessary expenditure. 

The Problem to be Solved.—This is essentially the 
economic transport of such substances occurring, 
produced, or able to be produced, in various parts of 
the Empire where conditions are not such as to warrant 
the capital expenditure entailed by laying down a 
railway of light or standard gauge. In many cases, the 
eerie my: J feeding of existing railway lines would pro- 
bably be the best method of dealing with the question. 

The first question to be dealt with is that of the 
load available. This in itself depends on the value of 
the product. In some cases, this is so high that it is, 
even at the present day, economical to transport it by 
carriers or porters. Such instances are, however, 
growing more rare and the distances are not great. 
From the very first considerations of the problem it 
has been felt that some means are required for trans- 
porting heavier loads than can at present be handled by 
one unit. It is only by increasing the load that the 
cost per ton mile can be reduced to an economic 
figure. The production of a unit to deal with a load 
of 15 tons would be a considerable step in this direction, 
and while working with a view to the evolution of a 
unit to transport loads of from 50 tons to 100 tons, the 
Committee are devoting earnest attention to a unit 
to deal with 15 tons. Although there are vehicles 
that can handle a load approaching 15 tons on first- 
class roads, there is no unit suitable for overseas 
conditions at present on the market. The Committee, 
therefore, have to investigate any promising line which 
will allow of the solution of these two problems. 

It will be appreciated that the problem varies very 
much indeed in different parts of the world. Further, 
it is not confined to the difficulties in areas already 
provided with transport facilities but, as the title of 
this paper indicates, has to deal with undeveloped 
areas as well. It is self evident that any development 
of an area depends wholly on the capacity of marketing 
the products, whatever they may be. The world needs, 
and can absorb, many things which are not produced 
to the extent they might be, because transportation is 
not forthcoming which would allow of their being made 
available at the point of consumption at an economic 
price. Some produce, such as various kinds of corn, 
fruit, &c., will not stand a heavy rate for transport, 
and freight costs must therefore be low if it is to be 
worth while growing such crops. Other substances, 
such as wool and cotton, will stand a greater, but not a 
high, transportation charge. The same holds good with 
regard to various timbers. As has already been said, 
in no two parts of the Empire is the problem exactly 
the same, but in all cases the economic side must 
receive the most careful consideration. It will be 
appreciated that it is because of the necessity of a low 
transportation charge that the Secretary of State 
emphasised, in the memorandum appointing the 
Committee, that the investigation of a large unit was of 
the greatest importance. 

Practically nothing is at hand ready-made to help 
directly in the problem, but there does exist a very 
large amount of experience, which should be of the 
greatest assistance to the Committee when they can 
get really in full touch with the requirements in various 
parts of the world. The question of motor transport 
itself, although a great deal was done in England 


* Paper read before Section G of the British Associa- 
tion at Cape Town, on July 24, 1929. 











about one hundred years ago, is a very recent develop- 
ment. It is only just over a quarter of a century 
since it began to become a practical commercial 
proposition, and the effect it has had on improvement 
of roads in all parts of the world has been marvellous. 
As far as the vehicle itself is concerned, a run of, say, 
100 miles, in place of being an adventure, has become a 
commonplace, and the breakdowns which used to be the 
rule are now very rarely heard of. There is, therefore, 
a large amount of practical experience available on the 
two sides of the problem—the road and the vehicle—but 
there are still many points to be dealt with. 

The Road.—This is the first question that has to be 
considered. It may be taken that, in dealing with 
undeveloped country, it must be appreciated that little 
money can be spent on road making, at all events in 
early days. The interest on any capital expended 
has to be considered in the economic cost of unit tran- 
sport, and at first will not be spread over a large 
amount of traffic. 

The problem is one which varies not only in every 
part of the world, but often in every few miles of 
a journey. There are certain points, however, that 
must be considered in every case. In the first place, 
the sub-soil or formation must be sufficiently hard 
and strong to support the load placed on it. It is 
well known that in many cases this condition may be 
perfect in certain months of the year, but during 
seasonal rains it may be that practically all transport 
has to be suspended. Where such conditions exist 
naturally only such products can be considered as are 
available for transportation during the dry season. 
The question of gradient is one which must also be 
considered. The Committee feel that this should not, 
as a general rule, be steeper than about 1 in 15, and if 
the direct road is steeper than this, a detour should 
be made to avoid the hill or to make an easier path 
over it. Natural objects, such as rivers, have to be 
considered, and these present peculiar problems in 
every case, for it may be taken that any bridges would 
have to be of the simplest and cheapest design. 

The Vehicle.—Considered generally, there are a few 
points that must be borne in mind. In the first place, 
as has been already stated, the Committee have in 
mind, from information already obtained, the considera- 
tion of two units. These are, in one case, a unit to 
take a load of about 15 tons, and in the other case a 
large unit capable of dealing with a paying load of from 
50 to 100 tons. The term vehicle is used in a general 
sense, for naturally in each case trailers must be em- 
ployed. These are necessary not only to provide 
adequate platform room, but also to allow of the load 
on the points of contact between wheels or track and 
the road, not being so great as to destroy the surface, 
whatever it may be. At present this question of 
trailers, whether propelled or free running, is a diffi- 
culty, but there has been considerable development 
in this direction recently, and one hopes that a practical 
solution of the difficulties may not be far off. 

Of recent years, the development of engines suitable 
for motor vehicles has been very great, especially with 
regard to reliability, simplicity and efficiency. One 
of the greatest changes since the early days of motor 
transport has been the way in which the steam engine 
has been superseded by the internal-combustion 
engine. The former, for a long while, in spite of the 
trouble often introduced through the boiler, was 
looked upon favourably because of its simplicity 
and the cheapness of its fuel. The steady develop- 
ment of the internal-combustion engine has, however, | 
changed this, and it is probable that generally this | 
type will be found much the more suitable. Recent | 
work with aircraft, and particularly with tanks, has 
provided experience which is proving most valuable | 
with units of a size which will be required for the work 
in view. Among the points to be considered is 
the fact that the mechanism must be as simple 
as possible, and it must be strong in order to stand up 
against the rough usage it is likely to get under the 
conditions in which it will probably have to operate. 
It must also be remembered that operation and 
repair are likely to bein the hands of, at all events, 
rough labour. In spite of these facts, one feels that 
the engine does not present any very great difficulties. 

The problem of fuel, however, raises a number | 
of points. It may be taken, generally, that petrol, 
with its many advantages, is too expensive in areas | 
far from the coast, from the economic standpoint. | 
Alcohol has been produced from various substances | 
in a number of parts of the world, but is somewhat | 
expensive to manufacture. Recently, the use of | 
internal-combustion engines employing heavy oils | 
as fuel has made considerable advance, and it is| 
perhaps to this substance that we are more likely | 
to have to look generally. The Committee are 
enquiring carefully into the latest developments in 
Diesel engines. It must not be forgotten, however, 
that several commercial vehicles have been run with 
producer gas generated from coke or charcoal. The 
latter is available in a number of parts of the world, 
but the development of this means of propulsion is ' 

















not as yet very far advanced. An engine develops 
less power on gas than it does on petrol, and the plant 
is somewhat bulky, as is also the fuel itself, which 
would necessitate carrying considerable bulk with 
loss of space or the provision of a large number of 
fuelling stations. The matter, however, is one which 
will require investigation. 

A most important point is how the vehicle is to 
be supported on the road. There are two alternatives, 
namely, the employment of wheels or of tracks. The 
use of the wheel has been advanced recently by the 
development of the six-wheeler, which is largely due 
to Mr. Herbert Niblett, who is a member of the 
Committee. The principle of the four-wheel bogie, 
however, has only been applied, so far, to fairly light 
commercial vehicles. In many cases there are axles 
having four, or even more, tyres with a view to distrib- 
uting the load. It is felt that if pneumatic tyres 
are to be considered they should be of the low-pressure 
type, so as further to distribute the load on the 
ground. Their employment, although it may raise 
the cost, is a great help in preventing violent vibration 
and shock, which tends to damage the machinery of 
a vehicle. 

It will be known to all that excellent work has been 
done by the employment of “caterpillar tracks,” which 
are largely used in mechanical warfare vehicles. They 
allow of very wonderful performance over rough ground 
and across country, but although their development is 
progressing rapidly the question of cost has to be 
carefully considered. 

It may be felt, and probably with reason, that these 
notes are nothing more than a recital of troubles 
and difficulties, but it will also be realised that all 
the points of this important question should be faced 
frankly, and that it is only in this way that early 
success, which is much desired, can be obtained. 
The War Office, in connection with mechanical warfare, 
has many similar problems to those set out above, 
and it is fortunate that much of their experience is 
available to the Committee. 

Close touch is being kept with all advances being 
made throughout the world on the problem, and one 
of the activities of the Committee will be the publi- 
cation of a quarterly bulletin giving notes on inter- 
esting points. This should be of great use in many 
directions. The Empire Marketing Board, as has 
already been stated, realising the importance of the 
work, are assisting financially, especially in the early 
stages of the inquiry. 

Help that is needed is information as to the details of 
the problem which, as has been said, is a very varied one. 
It is hoped that the discussion on this paper may be 
such as will help and assist the Committee in this direc- 
tion. In addition to this, the Secretary of the Committee, 
Mr. J. C. May, of Millbank House, 2, Wood-street, 
Westminster, S.W., would be very glad to hear from 
anyone who could give him useful information. 

An interesting article on the subject, by Brigadier- 
General F. D. Hammond, was printed in The Times 
of December 11 last, and the official announcement 
of the appointment of the Committee is attached as 
an Appendix. 

APPENDIX. 

A Directing Committee has been appointed by the 
Right Hon. L. 8S. Amery, M.P., Secretary of State 
for Dominion Affairs and for the Colonies, to study 
every aspect of mechanical transport likely to further 
the economic development of the Overseas Empire. 
Sir James Currie, K.B.E., C.M.G., is Chairman, and 
the other members are Sir Henry Fowler, K.B.E., 
Brigadier-General F. D. Hammond, C.B.E., D.S.O., 


| and Mr. Herbert Niblett, C.B.E., D.S.O. 


One of the primary objects of the investigations 
of this Committee will be the development of a large 
mechanical transport unit, not confined in its operations 
solely to good roads. It is hoped that by increasing the 
load now hauled in ordinary practice the ton-mile 
costs of transport will be materially reduced. Experi- 
ments will be carried out in selected areas overseas 
as soon as the progress of the work justifies them. 

It is contemplated that the expenses of the Com- 
mittee shall be shared between the Empire Marketing 
Board, which will provide half the total amount, 
and the various overseas Governments who take part 
in the work; in order to enable work to commence 
forthwith, the Empire Marketing Board is advancing 
the whole amount required for the first year. 

Considerable work on this subject has already been 
done in Australia, and, as was made clear at the 
proceedings of the Colonial Governors’ Conference, 
the development of the tropical African Colonies in 
particular is closely bound up with a solution of the 
problem involved. 

It is proposed ultimately to set up an Oversea 
Mechanical Transport Committee containing repre- 
sentatives of His Majesty’s Government in Great 
Britain, the Colonial Empire, and of the Governments 
of the Dominions, India, and the Sudan should they 
desire to co-operate. The present Committee has been 
appointed in order that work may be started promptly 
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on this urgent question. Until the general Committee 
has been appointed, they will be responsible to Mr. 
Ormsby-Gore. 

Mr. J. C. May, O.B.E., has been appointed Secretary 
of the Directing Committee, and any communications 
should be addressed to him at Millbank House, 
2, Wood-street, Westminster, S.W.1. 








LABOUR NOTES. 


At the time of writing, the prospects of an early 
settlement of the wages dispute in the Lancashire 
cotton industry are somewhat brighter. At Manchester, 
on Tuesday, a special meeting of the General Committee 
of the Federation of Master Cotton Spinners took place 
under the chairmanship of Mr. F. Holroyd, president, 
to receive a report from the wages committee on the 
latest situation of the wages dispute. A lengthy report 
of the events which have transpired since the negotia- 
tions broke down on July 27, and also of the interview 
with the Prime Minister, on Saturday last, was pre- 
sented by the President. The actions of the Federation 
representatives in the various matters were unani- 
mously approved. Sir Horace Wilson attended before 
the Committee and discussed the position with them. 
The resolution approving the actions of the wages 
committee was as follows :—‘‘ This General Committee 
express their full approval of the actions and attitude 
of the wages committee up to date. They place in 
their hands with every confidence the carrying out 
of further negotiations with the operatives’ associations, 
and do not exclude the principle of submitting the dis- 
pute to arbitration.” A similar resolution was passed 
by the Central Committee of the Cotton Spinners’ and 
Manufacturers’ Association. 


On Wednesday, there was a meeting of the committees 
of both of the employers’ organisations. It was decided 
at it to invite the operatives’ representatives to a joint 
conference on the following day, for the purpose of 
arranging the constitution of, and the reference to, 
the proposed arbitration tribunal. 





Industrial and Labour Information, the weekly organ 
of the International Labour Office, states that as a 
result of continued depression, the number of unem- 
ployed persons in Japan is increasing year by year, 
particularly among the intellectual class. In order to 
deal with this situation, the Bureau of Social Affairs 
has proposed the establishment of a permanent 
Commission on Unemployment, to be composed of 
high officials, scientific experts and prominent citizens. 
The chief functions of this Commission will be to 
investigate proposals for combating unemployment, 
and to recommend to the Government the application 
of suitable measures. The Bureau of Social Affairs 
decided, in 1928, to set up a permanent Unemployment 
Research Office. The proposed Commission on Unem- 
ployment is to co-operate closely with this research 
institution, by directing its activities and ordering the 
investigation of certain problems. The proposed Com- 
mission is also to be responsible for the compilation 
of unemployment statistics and the study of a wide 
range of subjects, including the relations between the 
demand for the supply of manual and intellectual 
workers, the problem of migration, unemployment 
insurance, and the improvement of the educational 
system. 

In the course of his report for the second quarter 
of the current year, Mr. Appleton, the Secretary of the 
General Federation of Trade Unions, declares that 
organisation is the problem of problems for the Trade 
Union movement. ‘‘Upon the completeness of its 
apprehension and treatment depend,” he says, “all 
questions of wages and hours. Where organisation is 
defective, the former tend to be low and the latter to 
be long. The problem was not so complicated 40 years 
ago ; the appeal to the worker was simple and direct. 
He was asked to join the trade union specifically formed 
for protecting the wages and the conditions of the 
trade for which he had been trained, and in which he 
was employed. To-day, the old appeal remains, but 
is advanced with less force because the situation has 
been complicated by the development of the general 
workers’ unions and the substitution of State for 
personal effort. No organiser, oblivious of these 
changes, or unable to discuss them intelligently, is 
likely to succeed. He must appreciate the fact that 
at the beginning of the 19th Century, the great force 
behind Trade Unionism was moral force. The people 
felt the injustice of the conditions under which they 
worked and lived, and were prepared to make common 
efforts and common sacrifices in order to secure their 
amendment. The spirit with which they entered into 
the Trade Union Movement was, in the highest sense 
of the term, a religious one ; it demanded the mitiga- 
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purely personal considerations and concentrated upon 
the good of the trade and of the people engaged in it.” 





Mr. Appleton asks whether a similar force cannot be 
awakened and utilised. “Can the organiser success- 
fully appeal,” he proceeds, ‘‘ to the moral sense of the 
men and women who, in recent years, have slipped into 
good conditions nd wages? Can these men and 
women be made to appreciate their obligations to the 
unions, which laid the foundations of industrial 
dece icy, and the need for maintaining them in effective- 
ness ? One of the obstacles to such a restoration of 
this better attitude towards trade unions is the widely- 
held belief that, in the future, Governments will do all 
that is necessary for the improvement of wages and 
working conditions. This belief is unfortunate, and has 
little justification. Governments, in the main, carry 
out the behests of the parties or groups which returned 
them to power, and sometimes the common interest 
follows behind the party interest. In these times, it 
may need a very strong Trade Union Movement to 
prevent the adoption of policies framed to benefit 
particular unions, but certain to damage the interests 
of unions which must face and overcome foreign com- 
petition or die.” 





“Tt is easy,” Mr. Appleton goes on to say, “to 
visualise the setting up of selling rings which, by 
keeping up, or by putting up, prices, hope to benefit 
one section, but are certain to prejudice others. This 
sort of thing is already happening in what are known 
as the sheltered occupations, and in occupations where 
the Parliamentary vote is large and well organised. 
It is, therefore, easily conceivable that strong trade 
unions will be needed, not only for the purpose of 
negotiating wages conditions with the ciashanan, but 
for the purpose of defending some occupations against 
Governments which might arbitrarily and unjustly 
seek to transfer the burdens of the politically powerful 
organisations to the shoulders of those whose competi- 
tive capacity will be endangered if prices of essential 
commodities or services rise, or rates and taxes become 
higher. The signs of the times do, indeed, indicate the 
need for strengthening those unions which cater for 
trades engaged in overseas competition, and it is to be 
hoped that intelligent organisers will emphasise this 
need.” 





Ninety-four societies are affiliated to the General 
Federation of Trade Unions; 61 are on the higher scale, 
30 on the lower scale and 3 on both scales. The gross 
membership is 523,991, of whom 296,108 are on the 
higher scale, 216,323 on the lower scale, and 11,560 on 
both scales. Financially, the Federation continues to 
make progress. The income for the quarter was 9,8941. 
in excess of the expenditure. That sum added to the 
balance brought forward, increases the reserves to 
298, 9551. 





The writer of an editorial note in Man and Metal, 
the journal of the Iron and Steel Trades Confederation, 
expresses the opinion that the state of the industry 
in this country justifies the appointment of the Com- 
mittee of Inquiry which the Government has set up. 
He points out that while the world has increased its 
consumption of iron and steel by 30,000,000 tons a year 
during the past quarter of a century, Great Britain is 
not getting her pre-war share. The investigation ought 
to be able, he thinks, to discover the underlying causes 
of that backwardness. Is it, he asks, over-capitalisa- 
tion, or excessive borrowing, or backwardness of 
equipment as compared with other countries, or in- 
efficiency of management, or natural difficulties and 
handicaps over which we have no control? ‘“ We are 
hoping,” the writer proceeds, “that this inquiry will 
be full, free and open, and take into account every 
possible factor which is affecting output and cost. The 
Executive, when they argued that the Balfour Com- 
mittee’s inquiry did not meet the case, were perfectly 
right in their conclusion. The Balfour Committee was 
never intended to meet the situation in the minds of 
the Executive when they asked for an inquiry. The 
Balfour Committee was called upon to treat the iron 
and steel trades, like other trades, generally rather 
than specifically. The inquiry now asked for is specific 
and not general, and should have some bearing on the 
well-being of the workers and, probably, the share- 
holders, in this particular industry.” 


The National Union of Railwaymen, the Associated 
Society of Locomotive Engineers and Firemen and the 
Railway Clerks’ Association have now tendered to 
the railway companies, three months’ notice to ter- 
minate the agreement made in August last year, by 
which wages and salaries were reduced by 2} per cent. 
The notices date from August 13, and are due to 
expire on November 12. A request for a meeting with 
the unions to consider the situation has been made by 
the companies, but no date has yet been fixed for a 
conference. 
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In July, the home branch membership of the Amal- 
gamated Engineering Union increased from 192,561 to 
192,621, and the colonial branch membership decreased 
from 27,639 to 27,507. The number of members in 
receipt of sick benefit declined from 5,289 to 5,241, 
and the number in receipt of superannuation benefit 
increased from 10,285 to 10,341. The total number of 
unemployed members increased from 10,888 to 11,053. 


At the Llandudno meeting of the National Committee 
of the Amalgamated Engineering Union, the following 
resolution was, it will be recalled, adopted :—‘* That 
this National Committee, having considered the 
position arising from the apathy and inability of the 
Miners’ Federation to further any matter appertaining 
to the A.E.U. members, instructs the Executive Council 
to terminate the present agreement with the Miners’ 
Federation, offering them in its stead fraternal co- 
operation for mutual advantage as is our practice 
with unions in other industries. Further, this National 
Committee instructs the E.C. to approach the Mine- 
owners’ Association with a view to obtaining the right 
to negotiate locally and nationally on behalf of our 
colliery mechanic members.” Accordingly, Mr. 
Smethurst, the General Secretary of the A.E.U., 
wrote to Mr. Cook, the General Secretary of the Miners’ 
Federation, giving formal notice to terminate the 
agreement. eee 

On July 17, a letter was received by the A.E.U. 
from Mr. Cook, which was in part as follows :—‘‘ The 
Executive ask me to say they are very disappointed 
and greatly regret the decision of your Conference to 
terminate the agreement, as they felt that after our 
last meeting a good hope existed of clearing up the 
misunderstandings and difference between us. In 
regard to your offer of ‘fraternal co-operation for 
mutual advantage,’ the Executive desire to point out 
that the Federation strongly upholds the principle of 
‘organisation by industry’ and by virtue of its work 
in arranging the conditions of employment, and the 
wages, of all workers in and about the mines, it claims 
the right to organise all such workers. For this reason, 
the Federation has always refused to enter into any 
further agreements in regard to the organisation of 
colliery workers (although we have been approached 
by various other unions from time to time), but has 
contented itself with, and endeavoured honourably to 
carry out, the agreement with your organisation. In 
the circumstances, therefore, the Federation feels that 
it can only adhere to the principle of organisation for 
which it stands.” The agreement consequently came 
to an end as from June 30. 





On July 22, Mr. Smethurst wrote to the Mining 
Association asking for a meeting to discuss the question 
of setting up negotiating machinery for dealing with 
matters affecting members of the Amalgamated Engin- 
eering Union working in and around mines, viz., wages, 
working conditions, &c. Four days later the A.E.U. 
were informed that the Mining Association has no power 
to deal with the matters in question, and that these 
“are dealt with exclusively by the various district 
colliery owners’ associations.” 


Reviewing the work of the final appeal court re- 
cently held at Weymouth, the writer of the editorial 
notes in the August issue of the Amalgamated Engineer- 
ing Union’s Monthly Journal says that consideration 
was given to four appeals by members disqualified 
by the Executive Council as candidates for election 
as delegates to the annual conference of the Labour 
Party. The members concerned had contracted-in to 
pay the political levy, but admitted that they belonged 
to a party not eligible for membership of the National 
Labour Party. In some cases they did not satisfy 
the council by their answer as to whether they sub- 
scribed to the policy of the Labour Party. The coun- 
cil’s decision to disqualify them was based on the 
resolution adopted by the National Committee in 
1928, and re-aftirmed this year; also upon the decision 
arrived at by the Labour Party at its Birmingham 
Conference. The Final Appeal Court confirmed the 
decisions of the council in all the cases. 


Another important decision of the court, related, it 
is stated, to instructions given by the Executive 
Council to a district committee to the effect that the 
secretary was not to submit to the district committee 
correspondence received by him from the Minority 
Movement, or enter in the minute book any matter 
concerning that organisation. The appeal court con- 
firmed the Executive Council’s action, the delegates 
expressing the opinion that the time and money of 
district committees could be much more profitably 
spent in carrying out their duties as laid down in the 
rules, “thus consolidating our position in the work- 
shops of the country.” 
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THE PITTER INFINITELY-VARIABLE SPEED GEAR. 


CONSTRUCTED BY MESSRS. THE ALDWYCH 


ENGINEERING COMPANY, LIMITED, LONDON. 
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Fig.8. EFFICIENCY CURVES 
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to increase the angle of rotation of the eccentric shaft 
for a given movement of the collar. The actual rotation 
of the eccentric shaft required to vary the gear ratio 
from a pre-determined maximum to zero is one half a 
revolution, a quarter revolution being obtained by 
rotation of the shaft in the sleeve, and a quarter revolu- 
tion by rotation of the sleeve in the input shaft. 

The mechanism connecting the eccentrics with the 
output shaft may now be considered. Referring to 
Figs. 1 and 2, it will be seen that the wide central 
eccentric carries five connecting rods, each one of these 
being coupled to a separate crankshaft. The five 
‘rankshafts are spaced at equal angles round a frame 
concentric with the main axis of the gear box, and car- 
tied on roller bearings. Each crankshaft carries a 
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engaging with a central wheel fixed to the 
gear box casing. The connection between 
the crankshafts and their respective spur 
wheels is made through Pitter clutches, one 
of which is shown in end elevation in 
Fig. 4, while a section through the clutch is given in 
the lower half of Fig. 2. These clutches are of the type 
in which the outer portion is driven from the inner 
portion by wedge pieces which only lock in one direction 
of rotation, the special features of the clutch being 
that it is instantaneous in action and that wear is 
automatically taken up. The output shaft is bolted 
to the central web of the frame carrying the cranke 
shafts, and the whole arrangement constitutes a 
single epicyclic gear, in which the planet wheels are 
only driven during a portion of each revolution of the 
driving shaft. Each of the five planet wheels takes 
up the drive in turn, and as the driving periods of 
successive wheels are made to overlap slightly, continu- 
ous motion of the output shaft is obtained. 

We were afforded an opportunity of seeing one of 
these gears under test at Faraday House recently, and 
observed that the changes in the speed ratio could be 
made smoothly while the gear was in motion and under 
load. The quiet running of the whole mechanism was 
also very striking. The particular model under test 
gave output-shaft speeds varying from zero to about a 
third of the speed of the input shaft, and transmitted 6 
brake horse-power with a mechanical efficiency of 80-2 
per cent. In the tests carried out by Faraday House, 
the input shaft was driven by an electric motor and the 
output shaft was coupled to a Prony brake. The speed of 
the former was kept fairly constant at about 800 r.p.m., 
the speed of the output shaft being varied between 50 
and 300 r.p.m. The torque varied between 100 in.-lb. 
and 1,100 in.-lb. The relation between the speed of 
the output shaft and the mechanical efficiency of the 
gear at various torques, as determined by Faraday 
House, is given in Fig. 8. 








Roap CONSTRUCTION IN TURKEY.—A memorandum 
on road construction in Turkey has been prepared by 
the Department of Overseas Trade, 35, Old Queen-street, 
8.W.1. British firms desiring a copy should communicate 





Spur wheel at its left-hand end, all five spur wheels 


with the Department, quoting Reference No. A.X. 8319. 
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LETTER TO THE EDITOR. 


MECHANICS OF THE MOVABLE 
WEIR. 
To THE EprroR oF ENGINEERING. 


Sir,—In regard to points raised by Mr. J. H. Jones 
in your issue of March 2, I must continu> to disagree 
with his views. 

I am, however, grateful to him for having raised 
the case of velocity 10 ft. per second and depth of 
entering stream } ft. This is below the “critical 
depth” (the velocity head is greater than half the 
depth) hence it might be expected to behave in an 
anomalous manner. I expect that the step-up wave 
in this case would be turbulent, i.e., that energy would 
be lost, and the case would be similar to that of the 
tidal bore. I cannot write satisfactory equations, so 
leave this case for the present. 

In the other two cases, I consider that the height 
of the wave cannot be greater than the velocity head, 
as stated in previous correspondence. This is necessary 
in order that Bernoulli’s equation may be satisfied. 
The general principle may be followed that, after the 
qualitative relations have been sketched out by fol- 
lowing Bernoulli, the principle of momentum will 
give quantitative results. In other words, two simul- 
taneous equations are required for each problem. 

I fail to see what prevents Mr. Jones from accepting 
my view. Taking the top layer of water, it loses its 
motion, or momentum, or kinetic energy, by rising a 
vertical distance equal to its velocity head. It is 
at zero pressure all the time, so that this factor does 
not come into play. The other layers are under 
pressure, and the change is due partly to change of 
pressure and partly to rise of the layer of water. 

With regard to the orifice problem, consider a 
re-entrant or Borda’s mouthpiece. In only this case 
is the horizontal force exactly equal to the area of 
the jet times the head. The velocity is given by 
Bernoulli’s equation, and the momentum produced per 
second is only enough to produce a jet of area half 
that of the orifice. This jet can exert against a flat 
plate a force equal to that producing it. In order to 
get a short tube to run full bore at spouting velocity, 
a bellmouth must be used; or to get a free jet of 
area a, a hole much larger than a must be made 
in the wall of the vessel. There is no paradox then 
if such a jet can exert a force greater than a times 
the head. 

It must be admitted that the reason is not clear 
why a plain orifice of area a produces a jet of area 
0-62 and not 0-5a, but the extra force of the 
jet can be accountcd for by the measurable drop in 
pressure around the orifice. 
The case sketched by Mr. Jones, with a sharp arris 
at the entrance, would not satisfy his own equations, 
as the best coefficient of discharge is given for such a 
case as 0-8. It would require a bellmouth to make 
the jet run full bore. 
In the hope that the mathematics of elementary hy- 
draulic theory may some day be set upon a rational basis. 
I remain, Sir, 
Yours faithfully, 
A. P. FLocKart. 
c/o Hydro Electric Department, 
Hobart, New Zealand. 
July 3, 1929. 








RouMANIAN RaILway REORGANISATION.—The British 
Legation at Bucarest has informed the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
that a law dealing with the equipment of the Roumanian 
State Railways has now been passed by both Houses of 
Parliament. Under this law, a large credit will be granted 
to the railways for reconstruction works during the years 
1929 and 1930. Further information on the subject 
may be obtained on application to the Department, 
quoting Reference No. A.X. 8281. 

BritisH Propuction or Pic IRoN AND STEEL.— 
According to the monthly report of the National Federa- 
tion of Iron and Steel Manufacturers, Caxton House 
(East), Tothill Street, London, S.W.1, the number of 
blast furnaces in operation at the end of June last was 
165, an increase of 6 since the beginning of the month. 
The production of pig iron during June amounted to 
657,800 tons, compared with 654,800 tons in May and 
563,700 tons in June, 1928. The output of steel ingots 
and castings totalled 830,900 tons during June, against 
843,800 tons in May and 709,000 tons in June, 1928. 


LAUNCH oF H.M. SuspMarRINE “ Prorevus.’’—The 
Proteus, the third of the ‘‘ P”’-class submarines to be 
launched at the Barrow Shipyard of Messrs. Vickers- 
Armstrongs Limited, took the water on July 23 last. 
The first vessel of the ‘“‘P” class, the Perseus, was 
launched in May last, and the second, the Poseidon, in 
June. The fourth and last of the submarines ordered 
under the 1927 programme from Messrs. Vickers-Arm- 
strongs will be launched next month, at the same time 
as the torpedo-boat destroyer Arrow. The Proteus, it 
may be mentioned, is the 155th submarine to have been 
launched from the Barrow yard. 
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GRAVITOMETRIC RECORDER OF 
CHANGES IN THE DENSITY OF 


GASES. 

Tue Ranarex CO, recorder of the Allgemeine 
Elektrizitats Gesellschaft, which we illustrated on 
page 443 of our issue of April 6, 1923, has been adapted 
by Messrs. A. Blackie, M.A., and B. H. Williams, Ph. D., 
at H.M. Fuel Research Station, Greenwich, to the 
rapid measurement of small differences in the specific 
gravities of gases lighter than air. Gas gravitometers 
of sufficient sensitiveness for this purpose were appa- 
rently not available. In the Ranarex recorder, air 
and flue gas are supplied separately to two similar 
cylindrical chambers. Each chamber contains one 
fan drawing the gas in at the inlet. At the outlet end 
of each chamber, another fan is mounted, but this fan 
cannot rotate completely. The whirling motion of 
the first fan produces a torque in the gas, proportional 
to the gas density, and this torque is transmitted to the 
second fan. The two latter are connected by a link gear, 
which balances the torques, so that an indicator 
actuated by the linkage records the difference in the 
densities of the two gases. 

In the Ranarex apparatus, the gases were the flue gas 
tested, always heavier than air, and the standard gas, 
viz. air, and the deflection of the links was to the right. 
At Greenwich, gases, lighter than air, of density 
about 0-6, are to be tested, and either the link gear or 
the blades of the fan would have to be reversed 
in order to ensure the same sensitivity at greater 
differences in the densities of the two gases. Methane 
(density 0-559) was, therefore, adopted as the standard 
gas, and the zero point of the indicator (originally on 
the left-hand side of the scale) was shifted to the centre 
of the scale, so that the gas under test may be heavier 
or lighter than methane. In the course of the study of 
the adaptability of the method, Messrs. Blackie and 
Williams found that, for the same difference in the 
density of the two gases, the deflection was larger for 
lighter than for heavier gases. Thus, in the case of 
flue gas and air, of densities 1-1 and 1-0, twenty-scale 
divisions, for a difference of 0-1, corresponded to asen- 
sitivity of 0-005 per division, whilst for gases of density 
approximating to 0-6, the sensitivity would be 0-002 
per division for the same difference, 0-1. This is due to 
the geometry of the linkage, and might be altered by 
shortening the links. As to the accuracy realised, 
Messrs. Blackie and Williams gave particulars in the 
Journal of Scientific Instruments for June last. Two 
samples of the gas in question, tested in long columns 
by means of a Chattock gauge, gave the density values, 
0-608 and 0-594, a difference of 0-014. After keeping 
the gases for some time in their holders, the densities 
changed to 0-601 and 0-590, with a difference of 0-011, 
owing to differential absorption; the gravitometer 
readings were found to be correct in both cases. 

Reference should, perhaps, be made to possible tem- 
perature effects. The two gases under comparison should, 
of course, be at the same temperature, and when the 
gases are circulated and the standard gas is to be 
re-used, this condition might appear to involve cooling 
periods of inconvenient length. There is, moreover, 
some heating of the gases owing to the turbulent motion 
in the chambers, but the gases are bubbled through 
trains of bottles, and the effect of the friction in the 
chambers has been found to be too small to affect the 
readings. A difference of 1 deg. C. in the temperatures 
of the two gases would require a correction of 1/290 in 
the density value, and though gases of different densi- 
ties are not heated to the same degree by the same 
amount of mechanical friction, this effect, and the 
similar effects of viscosity and other factors, may be 
neglected. 

PersonaL.-—Mr, R. L. Brown has been appointed 
deputy managing director of Messrs. Hopkinsons, 
Limited, Huddersfield.—Mr. A. FE Halliwell, late 
engineer in the marine department of Messrs. Foster, 
Wheeler, Limited, has taken up the duties of director 
and engineer to Messrs. Phillips and Sons (Chiswick), 
Limited, 42, Waterford-road, Walham Green, London, 
58.W.6.—Messrs, Brookhirst Switchgear, Limited, North- 
gate Works, Chester, have established a showroom at 
Australia House, Strand, London, W.C.2—The Great 
Yarmouth Electricity Supply Undertaking has recently 
opened a showroom in whick much of the equipment 
and lighting has been carried out by the General Electric 
Company, Magnet House, Kingsway, London, W.C.2 

THE Oporto Motor SHow.—It is stated in a recent 
issue of the Monthly Review of the Bank of London 
and South America, Limited, that a very successful 
motor show was held at the Palacio de Cry stal, Oporto, 
Portugal, during the month of June. American cars 
held a very prominent place in the exhibition and a fair 
number were sold. On the other hand, only two British 
ears, namely, the Austin and the Armstrong- Siddeley, 
were exhibited. Additional interest is lent to the show 
because it is understood that the Oporto Tramways 
Company is contemplating the introduction of a service 
of motor-omnibuses to the outlying districts of the city 
and to neighbouring small towns. Orders for motor vehicles 
are therefore likely to be placed in the near future. 
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BOOKS RECEIVED. 


Experimental Building Setence. Vol. II. Being an 
Introduction to Mechanics and its Appliction in the 
Design and Erection of Buildings. By J. LEAsK 
Manson and Francis E. Drury. Cambridge: 
University Press. [Price 18s. net.] 

Druckrohrleitungen der Wasserkraftwerke. Entwurf, Bere- 
chnung, Bau und Betrieb. By InG.-DR. TECHN. ARTUR 


Hevuscuka. Vienna: Julius Springer. [Price 23 
marks. ] 
Income Tax Up-to-Date. By H. J. Gutity. London: 
The Financial News. [Price 9d. net.]} 
Betriebsmittelkunde fiir Chemiker. By M. Dotcu. 
Lerpzia: Otto Spamer. [Price 18 marks.] 


Department of Overseas Trade. Financial and Economic 
Conditions in Roumania, April, 1929. Report. By 
R. J. E. Humpsreys. London: His Majesty’s 
Stationery Office. [Price 1s. 6d. net.] 

The “‘ Gas World” Analyses of Gas Companies’ Accounts, 

1928. London: Ernest Benn, Limited. [Price 
21s. net. ] 

Principles a the Absolute Block System. By L. H. K1rx- 
NEss. Technical Paper No. 266. [Price Rs. 2 or 
2s. 9d.] No. 268. Note on the Construction of Godavery 
Bridge, Kazipet-Belharshah Railway. By R. V. 
Greogory. [Price Rs. 2-12-0, or 5s.] Calcutia: 
Government of India, Central Publication Branch. 

Canada. Department of Mines. Mines Branch No. 
695. Investigations in Ore Dressing and Metallurgy, 
1927. Ottawa: Department of Mines, Mines Branch. 

Hochwertiger Grauguss und die Physikalisch-Metallur- 
gischen Grundlagen seiner Herstellung. By Dr.-ING. 
Eucen Prewowarsky. Berlin: Julius Springer. 
[Price 42 marks. } 

The Gas Air-Lift Pocket Book. By RosBerr STIRLING. 
London: E. and F. N. Spon, Limited. [Price 5s. net. ] 

The Advancement of Science, 1929. Addresses Delivered 
at the Meeting of the British Association, South Africa, 
1929. London: Offices of the Association. [Price 
6s. net.] 








LAUNCHES AND TRIAL TRIPS. 


*“THomasS Hott.’’—Cargo vessel. Trial trip, July 31. 
Main dimensions, 330 ft. by 47 ft. by 28 ft. Built by 
Messrs. Cammel! Laird and Company, Limited, Birken- 
head, for Messrs. John Holt and Company (Liverpool), 
Limited. 

TRAWLER.—Steel screw trawler. Launch, August 8. 
Main dimensions, 140 ft. by 25 ft. by 14 ft. Built by 
Messrs. Cochrane and Sons, Limited, Ouse Shipbuilding 
Yard, Selby, for owners at Grimsby. 


‘** PoRTFIELD.’’—Screw cargo steamer ; triple-expansion 
engine supplied by Messrs. Blair and Company, Limited, 
Stockton-on-Tees. Launch, August 8. Main dimen- 
sions, 392 ft. 6 in. by 52 ft. by 27 ft. 8in. Built by Messrs. 
Craig, Taylor and Company, Limited, Stockton-on-Tees, 
for The Portfield Steamship Company, Limited, Cardiff. 


‘* LANGLEETARN.’’—Single-screw steamer; _ triple-ex- 
pansion engine. Trial trip, August 9. Deadweight 
carrying capacity, 9,000 tons. Built to the order of 
Messrs. The Medomsley Steam Shipping Company, 
Limited, Newcastle-on-Tyne, by Messrs. Palmers 
Shipbuilding and Iron Company, Limited, Hebburn-on- 
Tyne. 





Rurat Exvectrriciry SCHEME IN THE MIDLANDS.-We 
understand that Mr. R. Borlase Matthews has lodged an 
application with the Electricity Commissioners for powers 
to supply electricity in an area covering 584 square miles 
in the counties of Leicestershire, Rutlandshire, Northamp- 
tonshire, and the Soke of Peterborough, and comprising 
the rural districts of Barrow-on-Soar, Belvoir, Billesdon, 
Hallaton, Loughborough, Market Harborough, Melton 
“Mowbray, Easton-on-the-Hill, Gretton, Kettering, Oxen- 
don, Oundle, Peterborough, Barnach, Kelton, Oakham, 
and Uppingham. This area is contiguous to the district 
in Lincolnshire for which powers were recently granted 
to Mr. Matthews, and if the scheme materialises will 
bring the total area under his control up to 1,833 square 
miles, the population in which is 193,330 persons. 


THE Port oF Hutu.—The shipping accommodation of 
the port of Hull comprises 11 docks, having an aggregate 
water area of 220 acres, There are also two riverside 
quays and oil jetties, warehouses capable of holding 
211,000 tons, open storage space totalling 600 acres, 
cold stores which will hold 300,000 carcases, wool sheds 
covering 3} acres, a grain silo with a capacity of 40,000 
tons, 38 coaling appliances, and 238 cranes. The port 
works occupy a frontage of about 7 miles on the river 
Humber, and the total length of available quay is 
14 miles. The King George Dock, the largest of the 
docks at Hull, is the most extensive, and is claimed to be 
the best equipped on the North-East Coast of England. 
It has a water area of 53 acres, and is capable of exten- 
sion to 85 acres. Detailed information regarding the 
activities of the port is to be found in The Port of Hull 
Annual, the 1929 edition of which has just been pub- 
lished. This contains particulars of the Hull coal, wool, 
grain, timber, and fruit trades, and of the fishing, oil- 
seed crushing, and shipbuilding industries of the port. 
Data regarding coastwise shipping, railway facilities, 
inland water transport, and dock accommodation, are 
also given. Classified lists of imports into and exports 
from the ports of Hull, Grimsby, and Goole, are included. 
The book is edited by Mr. F. W. F. Oldfield, and is issued 
from the offices of the Port of Hull Monthly Journal, 
43, Whitefriargate, Hull. The price is 3s. 6d. net, or 
post free, at home or abroad, 3s. 9d. 
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TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing 
date of each tender is stated below. Details may be 
obtained on application to the Department at the above 
address, the reference number given being quoted in 
each case. 

Anti-friction Grease.—The supply and delivery of such 
quantities of anti-friction grease as may be required 
during the period January 1 to December 31, 1930. 
The South African Railways and Harbours Board ; 
September 26. (Ref. No. B.X. 5555.) 

Steam-Raising and Electrical Plant.—The supply of 
steam-raising plant, engine alternators, chimney, and 
switchgear in connection with extensions to the electricity 
undertaking. The Municipality of Mafeking, South 
Africa ; September 9. (Ref. No. A.X. 8352.) 

Weighing Machines.—The supply of 113 wooden- 
platform weighing machines, the capacity of which varies 
from 125 to 1,000 kg. Egyptian Ministry of Public 
Works, Cairo; August 31. (Ref. No. A.X. 8350.) 

Structural Bridgework.—-The supply and delivery only 
of structural bridgework. The South African Railways 
and Harbours Board, Johannesburg; September 26. 
(Ref. No. A.X. 8347.) 

Electric Battery Trucks.—The supply of electric trucks 
capable of transporting a load of from 1,500 to 2,000 kg., 
excluding the weight of the platform, together with 
auxiliary platforms, electric generating sets for charging 
the batteries, and spare parts. The National Admini- 
stration of the Port of Montevideo, Uruguay ; October 17. 
(Ref. No. A.X. 8353.) 

Line Relays.—The supply and delivery of alternating 
current line relays for power signalling. The Victorian 
Railways, Australia ; October 2. (Ref. No. B.X. 5563.) 

Railway Axles.—The supply of locomotive and tender 
axles, also coach and wagon axles. The South African 
Railways and Harbours Board, Johannesburg ; Septem- 
ber 29. (Ref. No. A.X. 8348.) 

Locomotive.—The supply of a locomotive for the 
Quelimane Railway. The Portuguese Government 
Railways Administration, Lourengo Marques. (Ref. No 
A.X. 8357.) 

pees Signalling Apparatus.—The supply of complete 

mechanical or electrical railway signalling apparatus. 
La Compagnie des Chemins de fer Portugais, Lisbon, 
Portugal; August 31. (Ref. No. A.X. 8367.) 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is virtually no 
marketable Cleveland pig iron for early delivery. The 
few trifling parcels merchants are occasionally able to 
offer from supplies they received against old contracts 
with ironmasters command exceptionally high figures, 
but iron is offered quite freely for forward delivery. 
One or two further home purchases have been made for 
supply during periods between September to December, 
but customers are showing less keenness to forward orders, 
and exporters are as unwilling as ever to pay the prices 
named. Substantial quantities of iron from other areas 
are still being consumed at Tees-side foundries. No. | 
grade of Cleveland pig is 75s.; No. 3, g.m.b., 72s. 6d. ; 
No. 4 foundry, 71s. 6d. ; and No. 4 forge, 71s. 

Hematite.—A firmer feeling is markedly noticeable in 
the East Coast hematite branch of the staple industry, 
but values are stiffening much too slowly to meet the 
views of producers. Both home and Continental con- 
sumers continue to buy steadily and output is absorbed. 
Manufacturers, however, complain that they are still 
unable to secure orders except on altogether unremunera- 
tive terms. Merchants are not pressing sales at current 
rates, and makers have little or no prompt iron to dispose 
of. Ordinary qualities are quoted at 75s. 6d. 

Foreign Ore.—Imports of foreign ore are once more on 
quite a good scale, but new business is almost unheard of, 
sellers having little to offer, and consumers being heavily 
bought to the end of next year. Nominally, quotations 
are on the basis of best rubio at 24s. 9d., c.i.f., Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke 
scarce and likely to be more so. The minimum quotation 
for good average qualities is 21s. 6d., and more is stated 
to have been realised. 

Manufactured Iron and Steel.--Manufactured-iron firms 
are well placed as regards orders, and semi-finished 
and finished-steel producers have a lot of work to execute 
but buying just now is quiet. Quotations are steady and 
firm. Commoniron bars are 10J. 15s. ; best bars, 111. 5s. ; 
double best bars, 11. 15s.; treble best bars, 12/. 5s. ; 
packing (parallel), 8J. ; packing (tapered), 101. ; iron 
rivets, 11. 10s. ; steel rivets, 11/. 5s. ; steel billets (soft). 
61. 17s. 6d. ; steel billets (medium), "ql. 128. 6d. ; steel 
billets (hard), 8/. 2s. 6d.; steel ship votes. 81. 12s. 6d. ; 
steel angles, 8/. 2s. 6d.; steel joists, 81. 6d. ; heavy 
sections of steel rails, 8/. 10s.; black mia (No. 24 
gauge), 10/. 5s.; and galvanised corrugated sheets 
(No. 24 gauge), 131. 10s. 

Imports of Iron and Steel.—Tees Conservancy Com- 
mission returns issued this week show the imports of iron 
aud steel to Tees-side last month to be 21,944 tons, as com- 
pared with 16,677 tons in June and 22,864 tons in July last 
year. For the nine months ending July 31 last, the 
imports are shown to be 141,560 tons, against 173,901 tons 
for the same months a year ago, and only 52,250 tons in 
the corresponding pre-war period of 1913-1914. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Conditions show little variation 
compared with a week ago. A good deal of weakness 
exists in armament production, and inquiries in heavy 
steel are not forthcoming at the rate required to enable 
plant to operate at recent capacity. There are, however, 
a number of bright spots which are not wholly associated 
with the lighter sections. Substantial progress is being 
made in several of the heavy engineering lines that are 
particularly exposed to foreign rivalry. This is notably 
the case in the manufacture of iron works and steelworks 
machinery. Enquiries have been received from Aus- 
tralia and Egypt for the latest type of forged drums. 
Railway work is expanding on export account. Many 
of the orders recently received for locomotives, coaches, 
and wagons wiil indirectly provide valuable employment 
locally. Ship steel is disappointing, but steady progress 
is reported in heavy constructional iron, large-scale 
electrical equipment, colliery by-product plant, and 
automobile requisites. The specialised branches are 
making satisfactory headway. The demand for the 
latest types of heat and rust-resisting materials and 
the most efficient cutting and boring tools is probably on 
a wider basis than at any preceding period, though the 
weight of individual orders is capable of improvement. 
Tn medium and small structural steel substantial develop- 
ments are in prospect. The state of order books is 
expected to improve considerably within the next few 
months. Outputs of electrical and general engineers’ 
tools are on a large scale, but makers of textile imple- 
ments and machinery parts are naturally feeling the 
effect of the Lancashire stoppage. The season in farm 
and garden tools is not one of the best experienced. 
Makers of hammers, picks, and shovels are busily engaged, 
but little revival is seen in forest and saw-milling tools. 
The latest quotations in raw and semi-finished materials 
are as follow: Hard basic-steel billets, 7/. 17s. 6d. ; 
soft basic-steel billets, 61. 17s. 6d.; West Coast hematites, 
88s. 6d.; East Coast hematites, 87s. 6d.; Lincolnshire 
No. 3 foundry iron, 74s. 6d.; Lincolnshire forge iron, 
70s. 6d. ; Derbyshire No. 3 foundry iron, 71s. ; Derby- 
shire forge iron, 67s. ; bars, 11/. 10s. ; sheets, 121. 


South Yorkshire Coal Trade.—Though the holiday 
influence has not wholly disappeared, there are signs of 
the advent of greater activity in several sections. The 
house coal demand is naturally much below capacity, 
but recent signs of improvement are maintained, and 
there is a wider disposition to lay in winter stocks than 
is sometimes customary in the holiday months. Supplies 
of industrial fuel are going more freely to inland works. 
Competition is chiefly in secondary grades. There is a 
steady run on coking slack. Furnace and foundry coke 
represent a strong section, but gas coke is in free supply. 
Quotations: Best branch handpicked, 25s. 6d. to 26s. 6d. ; 
Derbyshire best brights, 19s. to 21s. ; best house, 19s. 6d. 
to 20s. 6d. ; screened house, 17s. 6d. to 18s. 6d. ; screened 
house nuts, 15s. 6d. to 16s. 6d.; Yorkshire hards, 15s. 
to 16s.; Derbyshire hards, 15s. to 16s.; rough slacks, 
9s. to 10s. ; nutty slacks, 7s. to 8s. ; smalls, 3s. to 5s. 


Hull Coal Traffic—Last month’s returns again show 
an appreciable expansion as compared with the corre- 
sponding month of 1928. The total received at Hull 
was 408,659 tons, which was over 83,000 tons in excess 
of the figure for July last year. Receipts for the seven 
months totalled 2,643,000 tons, or 486,000 tons more 
than for the first seven months of 1928. Last month’s 
exports totalled 190,000 tons, which was an increase of 
63,000 on the corresponding month last year. This 
year’s gross exports of 1,150,000 tons are over half a 
million tons larger than for January to July, 1928. 
South America was the largest overseas buyer last month. 
An almost equally large tonnage was taken by France. 
Good business was also done with Australia, Germany, 
Holland, Italy and Sweden. 








BRITISH STANDARD SPECIFICATION FOR TURPENTINE.— 
A specification for turpentine, type 2, covering turpen- 
tine distilled from pine oleo-resins and from resinous wood, 
by steam or destructive distillation, has just been issued 
by the British Engineering Standards Association. An 
earlier specification deals with turpentine, type 1, and 
covers American gum spirits or spirits of turpentine. 
The new publication, which is designated No. 290—1929, 
forms another of the comprehensive series of standard 
specifications for paints, varnishes, and paint ingredients. 
Tt contains clauses dealing with specific gravity, distilla- 
tion, residue, refractive index, polymerisation and flash 
point, and standard methods of test are included. Copies 
of the specification may be obtained from the B.E.S.A., 
Publications Department, 28, Victoria-street, London, 
8.W.1, price 28. 2d. post free. 





TECHNICAL INSTITUTIONS IN ENGLAND AND WALES.— 
The Board of Education has just issued a new list of the 
more important institutions of technical and art educa- 
tion, and other forms of further education recognised 
by them in England and Wales. The list includes 
colleges for further education, technical day classes, 
junior technical schools, and schools of nautical training. 
The postal address of each institution is given, and, for 
colleges and technical day classes, an indication of the 
courses and branches of study followed. For junior 
technical schools, the list shows the occupations to which 
the courses are related. An account of the approved 
schemes in operation for National certificates in mecha- 
nical, electrical and gas engineering, chemistry and naval 
architecture, is also included. The list, which bears the 
number 111, is published by H.M. Stationery Office, 
Adastra! House, Kingsway, London, W.C.2, price 4s., 
or 4s, 2d. post free. 





NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—Conditions in the Scottish steel 
trade are again assuming a more satisfactory state. Order 
books at the momont are fairly well filled, and the fixing 
up locally of a number of contracts lately ensures steady 
running of plant for some time ahead. Inquiries are not 
quite so good this weck, but the decided fall in Continental 
prices is blamed for this. These, however, are expected 
to rise again just as suddenly, because costs of production 
have not fallen. On the whole, the outlook for the local 
steel industry is considered quite satisfactory and likely 
to continue so. In the black-sheet trade there is still a 
very fair amount of business passing in the lighter gauges 
and galvanised sorts, but the heavier yauges are not in 
such good demand and remain rather dull. Prices all round 
are firm, and are as follow :—Boiler plates, 101. 10s. per 
ton; ship plates, 8/. 12s. 6d. per ton; sections, 8]. 28. 6d. 
per ton; sheets, } in., 97. per ton; and galvanised corru- 
gates sheets (No. 24 gauge), 137. 17s. 6d. per ton, all 
delivered at Giasgow stations. 

Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland is still exceedingly quiet. Bookings, 
although perhaps a shade better, are far from satisfactory, 
and no distance ahead can be seen. The works are 
really running in a sort of day-to-day state. In the steel 
bar re-rolling sections the position is somewhat easier 
and the demand is rather poor. Some slight benefit has 
come the way of producers with the fall in the price of 
Continental materials, but this may only be of a temporary 
nature. The current prices are as follow :—‘‘ Crown ” 
bars, 101. 5s. per ton for home delivery and 91. 152, per 
ton for export; re-rolled steel bars, 8/. per ton for home 
delivery and 7/, 15s, per ton for export. 

Scottish Pig-Irun Trade.—The state of the Scottish pig- 
iron trade is somewhat better this week as steelmakers 
have passed on a slightly better demand. On the other 
hand, the consumers of ordinary grades of pig iron have 
been less prominent. Export orders continue small, and 
the shipments during recent weeks have shown little 
sign of expansion. There are at the present time 
26 furnaces in blast in this area—12 on hematite, 9 on 
ordinary iron, and 5 on basic iron. The current market 
quotations are as follow :—Hematite, 80s. per ton, 
delivered at the steelworks ; foundry iron No. 1, 78s, 6d, per 
ton, and No. 3, 76s. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shpiment of Scottish 
pig iron from Glasgow Harbour for the week ending last 
Saturday, August 10, amounted to 853 tons. Of the 
total 813 tons went overseas and only 40 tons coastwise. 
During the corresponding week of last year the figures 
were 375 tons overseas and 30 tons coastwise, making a 
total shipment of 405 tons. 

Railway Contract.—Tho London and North Eastern 
Railway Company have placed contracts with Messrs. 
Henry Lees and Company, Limited, Glasgow, for coaling 
plants at Kittybrewster, Aberdeen, and Haymarket, 
Edinburgh. 








British PRopuctTIon oF Pia IRON AND STEEL.—The 
number of blast furnaces in operation at the end of July 
was 167, an increase of two since the beginning of the 
month. The production of pig iron is increasing steadily ; 
it reached 671,900 tons during July, compared with 
657,800 tons during June, and 537,800 tons in July, 1928, 
The July output of steel ingots and castings amounted to 
804,800 tons, compared with 830,900 tons in June, and 
666,900 tons in July, 1928. The above figures are based 
on the monthly report of the National Federation of 
Tron and Steel Manufacturers, Caxton House (East), 
Tothill-street, London, S.W.1. 





Contracts.—Messrs. Yarrow and Company, Limited, 
Scotstoun, Glasgow, have received an order from the 
Yugo-Slav Government for the construction of a powerful 
flotilla leader, which will be propelled by turbines and 
fitted with Yarrow patent water-tube boilers. The same 
firm has been commissioned by the Colombian Govern- 
ment to build three shallow-draught gunboats. Messrs. 
Yarrow are also constructing the whole of the boiler 
instailation, comprising six of their boilers, superheaters 
and air heaters, for the first of three passenger and cargo 
vessels now being built by Messrs. Cammell Laird and 


Company, Limited, Birkenhead, for the Canadian 
National Railways. Messrs. Yarrow are supplying 


working drawings to enable Messrs. Cammell Laird 
to build the boilers for the other two vessels.—The 
Metropolitan Water Board has ordered twelve months’ 
supply of Osram lamps from Messrs. the General Electric 
Company, Magnet House, Kingsway, London, W.C.2 
An important order for Ciment Fondu, to be used 
for the construction of a large pier at the ocean terminals 
in Halifax, Nova Scotia, has been placed, by the Halifax 
Harbour Commission, with Messrs. the Lafarge Alu- 
minous Cement Company, Limited, West Thurrock, 
Eseex.—-The West Midlands Joint Electricity Authority 
has placed the order for the complete steam-raising 
equipment, at their new power station at Ironbridge, 
with Messrs. the Stirling Boiler Company, Limited, 
32, Farringdon-street, London, E.C.4. The order 
consists of three Stirling high-duty water-tube boilers 
of the three-drum type, together with pulverised-fuel 
equipment and all accessories. The combustion chambers 
will be of the water-cooled hopper-bottom type of the 
Bailey construction. Fuller Lehigh pulverising mills, 
of the air-swept ball type, and Calumet turbulent 
burners will be installed.—Messrs. the B.E.N. Patents, 
Limited, 92, Tottenham Court-road, London, W.1, 
have been awarded a contract by the Metropolitan 
Asylums Board for the installation, at their Western 
Ambulance Station, Fulham, of a high-pressure car- 
washing plant, air compressor equipment and ambulance- 
disinfecting unit, 





NOTES FROM THE SOUTH-WEST. 


CarpiFFr, Wednesday. 


The Coal Trade —There is an expanding demand for 
Welsh coal following the check caused by the holidays. 
For the moment, supplies are limited, as many of the 
miners prolonged their absence and did not restart 
until this week. Production is now steadily regaining 
recent levels and demands will be more readily met in 
the coming week. There is exceptional pressure for 
small and sized descriptions, which have been in short 
supply and in keen demand for some time. While large 
coals are at the minimum schedule, smalls and sized 
classes have commanded from Is, 6d. to 3s. per ton above 
the schedule basis. Best large Admiralties are 19s. 9d. 
to 20s., others from 18s. to 19s. 6d., and dry nuts, 23s. 
to 26s.; shipments of coal as cargo foreign in the past 
week were Only 363,250 tons, on account of the reduced 
supplies available following the holidays. This quantity 
compared with 426,700 tons in the previous week. 
Cardiff shipments were reduced from 236,710 tons to 
211,110 tons, Newport from 68,810 tons to 53,310 tons, 
and Swansea from 83,810 tons to 55,500 tons, while Port 
Talbot shipments rose from 30,930 tons to 34,930 
tons and Llanelly from 6,440 tons to 8,400 tons. July 
export returns, in the aggregate, were the highest for six 
years. 

Marketing Scheme.—Such substantial progress has 
been made with the amended scheme of the South Wales 
Coal Marketing Association that it is expected to be made 
fully operative from October 15. This will anticipate 
the Government requirements by 24 months. The 
Mines Department asked for the scheme to be com- 
pleted by the middle of October and submitted to the 
Department with the view to co-ordination with other 
district schemes so that all would be operating by Janu- 
ary 1 next. The Executive Committee of the Welsh 
Association reported after Tuesday’s meeting that the 
scheme was nearly completed, and that it was antici- 
pated that it would be finished next Tuesday, after 
which it will be submitted to the general body of the 
coal owners for their adoption. The scheme provides 
for the stabilisation of prices, hitherto in operation, to be 
extended and the regulation of output added. Each 
colliery will be allocated a quota, and excess output will 
be penalised 2s. 6d. per ton, while failure to reach the 
quota on account of adherence to the fixed prices will 
entitle colliery owners to compensation up to a maximum 
of 2s, per ton. The executive committee have also inti- 
mated that minimum prices will be advanced for export 
and inland delivery by 3d. per ton from October | for 
steam drys, and Monmouthshire large of all qualities. 
Best Admiralty large minimum will be 20s, per ton f.o.b. 
and the prices of others in proportion. 

Reparations Conference.—South Wales coal interests are 
greatly concerned over the course of events at the 
Reparations Conference at the Hague. South Wales has 
for years sustained a loss of about 7,000,000 tons per 
annum through the supply of Reparations coal to France, 
Italy and Belgium. f the British representatives 
succeed in securing the abolition of reparations in kind 
or their considerable restriction, the Welsh coalfield 
will stand a good chance of regaining lost trade. 


Trade with Canada.—There are hopes that business for 
Welsh steam and locomotive coals will be obtained in 
Canada as the result of the visit of Mr. H. H. Merrett, 
who is a very prominent figure in the Welsh coal trade, 
to Canada. Mr. Merrett’s visit coincides with that of 
Mr. J. H. Thomas, the Lord Privy Seal, who is seeking 
to develop trade with Canada and relieve unemployment, 
Canada already takes about 750,000 tons of Welsh 
anthracite annually. Sir Alfred Cope, of the Amalga- 
mated Anthracite Collieries, Limited, is also seeking 
to develop the anthracite business in Canada. 








Sarpwrecx Sratistics.—According to statistics issued 
recently by Lloyd’s Register, 67 ships having a total 
gross tonnage of 90,409 were totally lost or condemned 
in consequence of casualty or stress of weather, durin 
the quarter ended September 30, 1928. Of this tota 
47 ships, the tonnage of which aggregated 78,927, 
were steamers and motorships, and 20, of 11,482 tons, 
were sailing ships. Five British ships of 8,288 tons were 
among those wrecked ; none was a sailing ship. Vessels 
otherwise broken up or condemned comprised 32 
steamers and motorships of 74,562 gross tons, and 
18 sailing ships of 19,189 tons, making a total of 
50 vessels and 93,751 tons. The British vesels involved 
numbered 16 and had a total tonnage of 30,514; one 
of these was a sailing ship. 





LauncH or H.M.S. ‘“ Coprineton.”—The torpedo- 
boat destroyer flotilla-leader Codrington was launched 
on August 8 last from the Wallsend-on-Tyne shipyard 
of Messrs. Swan, Hunter, and Wigham Richardson, 
Limited. She is the first ship of her name in the Royal 
Navy and is called after Admiral Sir Edward Codrington 
R.N. (1770-1851), who was Commander-in-Chief of 
the allied fleets at the Battle of Navarino in October, 
1827. We understand that she is the first flotilla 
leader designed for the British Navy since the conclusion 
of the European war. Her dimensions somewhat 
exceed those of modern destroyers, the displacement, 
when fully equipped for sea, being about 2,000 tons. 
She will carry five 4-7 guns and two sets of multiple 
torpedo tubes. The main propelling machinery of the 
Codrington comprises two sets of impulse and reaction 
single-reduction geared turbines of the Parsons type 
constructed by Messrs. The Wallsend Slipway and Engi- 
neering Company, Limited, who are also supplying the 
boilers. These are of the water-tube type, fitted with 
superheaters, and fired with oil fuel worked under 
forced draught in closed stokeholds, 
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THE WELLAND SHIP CANAL, CANADA. 
MR. ALEX. J. GRANT, M.E.LC., ENGINEER-IN-CHARGE. 


(For Description, see Page 191.) 
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Fic. 106. Lock No. 7 UnprEr Construction ; 1923. 














SHUN EERING 





Fic. 107. Lock No. 7 NEARING COMPLETION, wITH HEap Gates CLosED; May 20, 1929. 








(To face page 192.) 
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WORLD POWER RESOURCES. 


Amone the statistics presented to the First 
World Power Conference held in London in 1924, 
and again to the International Economic Conference, 
held at Geneva under the auspices of the League of 
Nations in 1927, were various estimates of the 
power resources of the world. A number of papers 
were presented to each of these conferences from 
various countries, the preparation of which must 
have involved an enormous amount of labour. 
Various writers and economists have subsequently 
tried to collate the material of these reports, and 
to ascertain what the world’s resources really are. 
Unhappily, the net result of this prodigious labour 
in all parts of the world was to show that the 
material would not go together. Each country had 
prepared its statistics on bases determined by 
itself, without regard to what was adopted in other 
countries, and the differences, both in units and 
in methods of treatment, made the results both 
incomparable and incapable of giving an intelligible 
total. Accordingly, the International Executive 
Council of the World Power Conference decided 
that a survey of existing information should be 
carried out to ascertain how far it was possible to 
make sense of it, and a bibliography prepared of 
the literature of the subject. The result of this 
survey has now been published by the World 
Power Conference (63, Lincoln’s Inn Fields. Price 
21s. net). It shows, as had already been apparent 
from the papers submitted to the Conference, 
that a great amount of work has been done 
on the subject, but that by reason of the absence 
of definitions and bases of calculations common to 
all of them, most or all of it would have to be 
done over again. The statistics were like pieces of a 
jig-saw puzzle that would not go together, and 
no intelligible picture could be made of them. In 
some parts of the world doubtless a certain amount 
of rearrangement or recalculation would have been 
necessary in any event through the political changes 
produced by the war. This, however, would have 
been a comparatively small matter, had the quan- 
tities been commensurable. As it was, the definitions 
of different fuels, the depth to which they were to 
be regarded as of economical value, the extent to 


says, before a moderately reliable estimate can be 


8 | prepared, standard methods will have to be adopted 


in every country for investigating and determining 
power resources. 

If the report does nothing else, it gives a striking 
object: lesson in the waste of work that may arise 
through neglecting to agree on _ international 
standards in matters of international importance. 
In coal, for instance, the world resources are given 
variously as from 2,000 to 4,000 years’ supplies at 
the present rate of consumption. Another estimate, 
prepared by the author of the report now under 
notice, or quoted by him from some unstated source, 
makes the world reserve nearly 5,000 times its 
present annual consumption. Only a relatively 
small fraction of these supplies are said to be 
composed of reserves actually surveyed. The dif- 
ferences, too, between various estimates are 
remarkably wide. The estimates of the Toronto 
Congress of 1913, for instance, which are among 
the standard figures involved, gave Germany nearly 
five times as much hard coal as was found ina 
more recent estimate by the Prussian Geological 
Institute, and only about two-thirds of the amount 
of brown coal. What the oil reserves are appar- 
ently nobody can say, but the estimates of water 
power vary by more than 3 to 1. In regard to oil, 
indeed, and natural gas, the one thing of which the 
report appears to be sure is that any published 
statistics of oil resources are probably quite inaccur- 
ate, and have their real basisin propaganda. For 
this reason it is recommended that, for the time 
being, the World Power Conference should not 
undertake a survey of the oil and natural gas 
resources of the world, except in so far as they 
may lie in oil shales or oil-bearing geological 
formations, not to be counted among wells. 

In spite of these difficulties, the collocation of the 
material published in this report is of value and 
interest. In regard to coal production, on which 
it has adopted statistics prepared by the German 
Coal Association as preferable to all other available 
estimates, the tables it quotes are naturally more 
definite and authentic than the estimates of 
reserves. The run of the figures from 1921 to 
1927 seems to show that the coal output of the 
world is practically stationary, from which it is 
assumed that its fuel and power requirements are 
being met to a much less extent by coal than before, 
partly through increased economy in its consump- 
tion, partly through higher efficiency in generating 
and power-consuming plants, and partly through the 
wider use of substitutes, such as oil and water power. 
On the other hand, the consumption of brown 
coal, four-fifths of it in Germany, has increased 
almost without interruption, till it is now more 
than half as large again as in 1913. The produc- 
tion of coke, for the first time since 1913, has in 
1927 shown a marked advance over the figures 
for that year. The amount of coke produced is 
certainly less than one-eighth of the coal raised, 
but it is used almost entirely for heating purposes, 
and its rise in the last year under notice simul- 
taneously with the rise in the production of coal 
may suggest some caution in assuming that the 
coal output will remain stationary. The figures 
given for water power, potential and developed, 
are taken for the most part from the annual 
publications of the United States Geological Survey, 
and so far as they may be regarded as accurate 
exhibit the resources of each country in a con- 
venient compilation. It is emphasised, however, 
that, even in the twelve best-surveyed countries, the 
figures can only be taken as giving a first approxima- 
tion, and for the rest of the world the work remains 
to be done from the beginning. From estimates 
made by the United States Bureau of Mines it appears 
that of the total power produced in the world about 
three-fourths is generated by hard and brown coal, 
about a sixth by oil and natural gas, and about 





a twelfth by water. Taking one estimate with 








206 


another, it seems that something under 10 per cent. 
of the world’s power is produced in the form of 
electricity. 

It must be admitted that the chief interest of this 
kind of statistics does not lie in their totals. Grave as 
is the error of over-estimating resources by a hundred 
per cent. or more, neither economists nor engineers 
of the present day are likely to lose sleep because 
the world’s supply of coal may not last for more 
than another couple of thousand years. Neither, 
on the other hand, is the work of preparing these 
totals of much account if the data are available. 
It is a mere matter of addition, which nowadays 
in a well-equipped office would be ground out 
on a calculating mill. The real interest of the 
figures lies in their details, and it must be assumed 
that it is mainly for their sake that the World 
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extended by him and now number 468. These are 
all represented by hand specimens and by micro- 
scopic sections which can be consulted in the 
economic collections in the Museum of Practical 
Geology, Jermyn-street, London. 

The machine used by Mr. Lovegrove consists of 
three rotating cast-iron cylinders, driven by a gas 
engine through a countershaft and bevel gearing, 
enabling three samples of stones to be tested 
simultaneously. The cylinders are 11 in. internal 
diameter, with three l-in. by 1-in. angle-iron ribs, 
bolted lengthways in the inside at equal distances 
apart and parallel with the axis of rotation. The 
effect of the ribs in the cylinder is to produce a 
combination of attrition and slight impact. 

The machine now in use at the National Physics 
Laboratory at Teddington is a modification of the 


Power Conference is instigating the countries of the | original, in order to comply with the usual inter- 


world to prepare them. With the growth, not only 
of the population, but of the productive capacity 
of all manufacturing nations, nothing is clearer 
than that the present standard of living cannot be | 
maintained, let alone improved, unless fresh markets 
are developed, so that more wealth may be pro- 
duced to be divided. The development of a new 
market is a costly matter, and such cost cannot 
be incurred prudently without an assurance that 
the enterprise is likely to be worked efficiently. 
One essential measure of efficiency is the amount 
that a man’s energy can produce, and, to such 
extent as mechanical power enables him to produce 
more, a convenient and economical source of power 
increases the efficiency with which a fresh market 
can be worked. With the larger scale on which 
development is conducted in these days, the know- 
ledge of the local facilities for producing power will 
come to be regarded as more and more indispensable, 
in considering the prospects of a proposed market. 
In any event, it will be so to the engineer, for what- 
ever course the market may take ultimately, it 
will be the engineer’s business to provide, in the first 
instance, the plants by which the energy will be 
generated or utilised. His interest in the results 
would not, however, stop necessarily at this point. If 
the market, indeed, strives to be economically self- 
sufficient, and to produce the whole of its require- | 
ments of manufactured goods at whatever excess 
of cost, manufacturers in other countries may 
get the benefit of extended markets in which to 
purchase raw materials, but will secure no new 
customers. The countries under development will 
be spending the resources created by the provision 
of power on manufacturing at home what they 
might buy cheaper abroad, and may have to forego 
the commodities they could have bought with the 
saving, had they chosen to make it. If, on the other 
hand, they are out to make the most of their 
resources, they will join in the active exchange of | 
commodities between the countries best able to 
supply them, and so increase the volume of wealth | 
which the world will obtain for each year’s work. 
In the choice between countries who desire help 
in their development, doubtless preference will be 
given to those who will make the best use of it. 
Their ability, however, to turn it to account must 
certainly be enhanced by their natural facilities for 
obtaining some form of power. Statistics verifying | 
these facilities should accordingly give a useful | 
assurance to both parties to the transaction. 








ATTRITION TESTS OF BRITISH 
ROAD-STONES. 


In 1895, the absenc» of information as to the 
comparative value of rocks for road-making uses 
caused Mr. E. J. Lovegrove, M.Inst.C.E., to begin | 
a number of attrition tests. The information he | 
obtained, illustrated by photomicrographs and | 
descriptions of the petrographical characters of the | 
rocks, were published in a series of articles in the | 
Surveyor and were embodied in his well-known | 
work—Road-Making Stones. Attrition tests in the| 
light of Petrology, 1906. In the Report on Attrition | 
Tests of British Road-Stones by Mr. E. J. Lovegrove, | 
with notes by J. Allen Howe, C.B.E., B.Sc., and | 
Sir John Flett, K.B.E., F.R.S., recently published by | 
the Department of Scientific and Industrial Research | 
(H.M. Stationery Office, price 3s. net), the original 
213 tests recorded by Mr. Lovegrove have been | 





national methods of testing. The principal tests on 
road-stones as carried out at Teddington are as 
follows :—(1) Abrasion, by means of a_ four- 
cylinder Deval machine, each cylinder being 19 cm. 
in diameter by 32 cm. in length, mounted in a cast- 
iron rotating frame with their axes inclined at 45 
degrees to the axis of rotation. A given quantity 
of road material is placed in each cylinder, and the 
amount of material worn away by the mutual 
abrasion of the pieces is measured after 10,000 
revolutions. (2) Impact, by means of a Page 
machine, in which the specimen, 25 mm. in diameter 
by 25 mm. long, is subject to blows automatically 
repeated, by a falling tup weighing two kilos. The 
fall is increased by 1 cm. after each blow, until 
fracture occurs. (3) Hardness, by means of a 
machine of Dory type in which the specimens, two 
in number, are pressed against the surface of a cast 
steel disc, rotating in a horizontal plane, with a 
force of 250 grammes per square centimetre of area. 
As an abrasive crushed quartz is supplied from 
two small hoppers. The amount of material 
abraded is measured after 1,000 revolutions. 

Tests are also made for the cementation value, 
the rock being ground, made into briquettes and 
tested for endurance under impact. For the deter- 
mination of crushing strength, the specimen is 
prepared in the form of a cylinder and tested between 
the compression shackles of a vertical testing 
machine. Tests are also made for absorption of 
water and all rocks tested are also subject to micro- 
scopical examination. By means of a “road 
machine ” the wear-resisting powers of road surfaces 
of all kinds are tested under different conditions of 
moisture, load, speed, &c., and the properties of 
road-surface aggregates of different composition 
are thus compared and classified. 

Attrition tests are easy to carry out, and, certainly, 
from the results, a useful comparison can be obtained 
as to the hardness and wearing properties of the 
stones under mutual friction at low pressures and 
moderate speeds. The tabulated lists in this 
report give descriptions of stone, locality or quarry, 
and results of the tests carried out. The majority 
of specimens tested are igneous rocks, and porphyries 
are very numerous. The list includes many sand- 
stones and limestones, and examples of flint show 
the value of this material for road purposes where 
the igneous rocks are difficult to obtain. Limestone 
is popular because of the good aggregate it forms with 
tar and bituminous cements. 

The group classified as granite by the Engineering 
Standards Association includes diorite and gneiss ; the 
tests show that the best results are given where the 
rock has a finely crystalline ground mass, approaching 
the porphyries in structure. The diorites show aver- 
age losses less than those of most varieties of 
granite and fully justify their use as road-stones. 

Sixty samples of porphyries are listed and their 
average loss is the lowest of all igneous rock groups 
(6-38 per cent.). This class is regarded with great 
favour as a road-stone in Great Britain. Basalts, 
dolerites, and diabases are the most widely employed 
of all igneous rocks for road work. The best samples 
in this group are excellent, but as a group they are 
variable and much depends on structure and 
preservation. 

The quartzite group gives the lowest loss (5-99) 
of any, which is attributable to the hardness of their 
essential mineral, quartz, and the thoroughness 
with which the grains are cemented together. 





[AuG. 16, 192 





In conclusion, we may quote Mr. Lovegrove’s 
words :—In 1895, roads were mainly of water-bound 
construction followed by the period of surface 
treatment and later the wide use of coated Macadam 
and bituminous materials. The resistance to 
surface wear has been increased, but does not 
eliminate the high value of laboratory tests and 
control of existing quarry variations and new quarry 
output. 








THE ECONOMIC SITUATION OF 
SWITZERLAND. 

Mucu of the economic interest of Switzerland 
lies in the means by which the country has 
overcome its natural disadvantages. With a popu- 
lation of about four million, placed in the centre 
of Europe far away from the sea, compelled to 
import the bulk of its raw materials and some 
of its food, it has built up thriving industries 
and a strong financial position, mainly through its 
success in the export trade. Most of this trade con- 
sists necessarily of manufactures which go to all 
parts of the world, and its success is the more 
remarkable because not only most of the raw 
material has to be bought, but also both it and the 
exported products have to bear a substantially 
heavier cost of transport than has to be paid by 
competitors. The prosperity of the export trade 
has naturally been accompanied by an increased 
purchasing power in the population, and, both for 
this reason and to supply the raw material of the 
industry, the imports of the country are larger than 
the exports. A report by Mr. M. Ashton Johnston, 
of the Commercial Department of the British 
Legation at Berne, ‘has recently been published 
by the Department of Overseas Trade (H.M. 
Stationery Office, price ls. 6d. net), and gives a 
number of particulars in regard to the economic and 
financial conditions in Switzerland for last year, to 
some of which attention may be called. 

Stable foreign trade can be built up only by a 
country whose financial basis is sound. In this 
respect Switzerland is particularly well off. Its 
public funds have been administered with prudence, 
its banking organisations are highly developed, 
its money market has been providing the lowest 
rates in Europe, its currency stands normally 
round about par within the limits of the gold points, 
and through both the stabilisation of the exchange 
of neighbouring countries, especially France and 
Italy, and the conclusion of various commercial 
treaties, its foreign trade has benefited considerably. 
Agriculture, indeed, has been passing through a 
critical time, which, however, now shows signs of 
coming to an end, and there is reason to hope that 
measures now being taken will restore the decreased 
purchasing power of the agricultural classes. 

While in these and other respects, the circum- 
stances of foreign trade have been remarkably 
favourable, the trade itself shows still more distinct 
progress. In imports and exports the figures are 
markedly higher than in any year since 1920, 
when the maximum yet known was reached. In 
1927, the total value of the imports was in round 
figures a hundred million sterling and of the exports 
eighty million. In 1928, the imports increased by 
about 10 per cent. and the exports by about 5 per 
cent., the increase in the value of exports being be- 
tween 4 and 5 million sterling. Among home manu- 
factures, the machine industry and the electrical 
industry have been extremely busy during the 
year. Both of them, however, complain of high 
costs and low prices, and are still in process of 
endeavouring to improve their organisation with a 
view to meeting these difficulties. The heavy 
electrical industry managed to attract an increased 
volume of business, but was able to accept it 
only through obtaining liberty to work 52 hours a 
week, instead of 48. It is remarked that, notwith- 
standing the completion of railway electrification 
work, manufacturers of electrical materials and 
apparatus were able, owing chiefly to more numerous 
private orders, not only to maintain, but even to 
increase, their output, over that of 1927. In all 
three industries, however, complaint is made 
that the rate of profit is unduly low. In watch- 
making the year has been remarkable for tie 
completion of the reorganisation of the industry, 
which has been in progress for the past five years. 
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By this the manufacturers have been grouped in 
the several distinct branches of the industry to which 
they belong, and high hopes are entertained from 
the arrangements that have been made. It is 
expected that they will reduce competition among 
local manufacturers, rationalise production, improve 
selling prices, regulate conditions of credit, and limit 
the export of partly finished watches (movements), 
the growth of which was thought to threaten an 
eventual increase of foreign competition. 

The progress of transport arrangements has been 
even more striking. The first stage in the electri- 
fication of the several railway systems was finished 
during the year, and no great additional electri- 
fication work is to be put in hand for some time. 
Meanwhile the working profits of the Federal 
Railways show a substantial profit after making 
provision for the redemption of war deficits, these 
results being due partly to the increase of trade and 
partly to the reorganisation of the services and the 
influence of electrification. It is estimated that for 
this year the savings resulting from electric traction 
will be of the order of 2 million pounds, and the 
capital invested in electrical equipment is reckoned 
to be returning 8 per cent. The Federal Railways 
are continuing work directed to the improvement of 
their existing installations and their rolling stock, 
but through the completion of the electrification pro- 
gramme are now able to cut down expenditure on 
constructional works. They are proposing accord- 
ingly to introduce during the present year a general 
reduction of freight rates, ranging from 4 to 40 
per cent. according to the class of goods. The 
private railways, representing a mileage of something 
less than half the total for all lines in the country, 
have also had a good year, gross earnings showing 
an increase of from 4 to 5 per cent. over 1927. The 
growth of motor traffic continues. It is estimated 
that there are in all well over 100,000 motor 
vehicles in use in Switzerland, in addition to about 
the same number introduced by foreigners. The 
number of registered vehicles shows an increase of 
nearly 20 per cent. over the number at the end of 
1927, which applies almost equally to motor cars, 
motor cycles and motor lorries. While no great 
extensions are being made, large sums are being 
spent on improving existing roads. The competition 
between road and rail transport is at present in an 
acute stage, but there are signs that both services 
are beginning to realise the advantages of co-opera- 
tion. In spite of the geographical difficulties in its 
way, an extraordinary interest has been shown in 
aviation. The number of passengers carried in 
1928 was nearly half as many again as in 1927, and 
much more than double the number in 1926, and 
the increase in goods traffic has been very much 
larger. A high level of regularity has also been 
attained in the services. On the 460-mile route 
between Ziirich, Bale and Amsterdam, 99} per cent. 
of the scheduled services were performed. The 
average of regularity over all routes amounted to 
rather more than 97 per cent. of the scheduled 
services, and apparently the worst represented 94} 
per cent. 

The development of hydro-electric plant is being 
continued on a large scale. At present the installed 
plant is rated at over 2,000,000 horse-power, about 
95 per cent. of all Swiss towns and villages are 
served by electricity. The consumption per head 
of population is 1,000 kw., or, say, about four or 
five times as much as in England, and the produc- 
tion increased last year by about 9 per cent. Of the 
total output about 35 per cent. is estimated to have 
been absorbed in lighting, heating and industrial 
power, 25 per cent. in electro-chemical and electro- 
metallurgical works, 20 per cent. in exports, and 
10 per cent. in traction. At the beginning of the 
present year, eight further stations were under con- 
struction, with a total rating of 539,000 h.p., or 
about a fourth of the plant already installed. 

When these facts are put together, they show that 
the engineering and electrical industries in Switzer- 
land are being conducted economically, and with 
the success which engineers have long recognised 
in their technical achievements. They show also 
grounds for believing not only that the country as a 
whole has by no means reached the limits of its 
economical development, but that active measures 
are being taken to enable it to do justice to that 





development as it may be made. The prospects of 
the country as a market for the manufactures of 
British engineers seem therefore to depend on the 
extent to which this country can find lines of work 
which it can make to better advantage than happens 
to be possible and convenient in Switzerland itself, 
and can supply at rates and under conditions compar- 
ing favourably with those of competing countries. If 
the development of Swiss export trade continues in 
future years to strain its manufacturing resources, 
as it did last year, it ought to be possible to find 
work of this nature. The advantage that British 
manufacturers can offer as to quality should be 
appreciated nowhere more keenly than in Switzer- 
land, where such high standards have been adopted 
and are being maintained. The opinion is expressed 
in the Report that competition in the import 
market generally, though very keen, is not such as 
should deter enterprising British firms from facing it. 








NOTE. 


STRUCTURAL STEELWORK. 


In the belief that much structural steelwork is 
needlessly extravagant in design, the British Steel- 
work Association have induced the Department of 
Scientific and Industrial Research to join with them 
in financing an exhaustive study of the economic 
use of steel in buildings. The work is expected to 
extend over a period of five years and to cost 
about 4,000/. per annum, of which sum one-half 
will be provided by the Steelwork Association and 
the remainder by the Department. A committee 
has been organised to direct the research under the 
chairmanship of Sir Clement Hindley, and on this 
committee there will be representatives not only of 
the two bodies financing the investigation, but also 
of the Institution of Civil Engineers. It is to be 
hoped that a reasonable proportion of maintenance 
engineers will be included amongst the appointees 
and that the majority of the tests made, will be tests 
to destruction, which alone give clear indications 
of the true factor of safety of structural steelwork. 
The terms of reference are as follows :—(1) To 
review present methods and regulations for the 
design of steel structures, including bridges. (2) To 
investigate the application of modern theory of 
structures to the design of steel structures, including 
bridges, and to make recommendations for the 
translation to practice of such of the regults as 
would appear to lead to more efficient and econo- 
mical design. Presumably the ultimate aim of 
those promoting this inquiry will be the preparation 
of standard specifications more or less analogous 
to the very comprehensive set recently issued by 
the American Institute of Steel Construction, Inc. 








THE BRITISH ASSOCIATION IN 
SOUTH AFRICA. 


Tis year’s meeting of the British Association 
commenced in Cape Town on Monday, July 22, 
the members being informally welcomed in the City 
Hall by the Mayor of Cape Town (Mr. A. B. Reid), 
and the Administrator of the Cape Province, Mr. 
A. P. J. Fourie, on the morning of that day. Sir 
Thomas Holland, President of the British Associa- 
tion, responded to the addresses of welcome, and 
Sir Ernest Rutherford also spoke. Mr. Jan H. 
Hofmeyr also welcomed the members on behalf 
of their hosts, the South African Association, of 
which he is president. The afternoon was occupied 
with council and committee meetings, and, in the 
evening, the inaugural meeting was held, also in the 
City Hall. At this meeting, the visitors were formally 
welcomed by the Governor General, the Earl of 
Athlone, and Sir Thomas Holland was installed as 
President. Sir Charles Parsons performed the inaugu- 
ration ceremony. Mr. Hofmeyr then delivered 
his presidential address, which was entitled ‘“ Africa 
and Science.” After referring in appreciative 
terms to the work of the British Association, Mr. 
Hofmeyr surveyed the position occupied by science 
in South Africa in 1905, at the time of the Associa- 
tion’s previous visit, when, he said, the scientific 
activities of the State might be said to be still in 
their earliest infancy, and compared them with the 





conditions existing at the present time. 


Of the positive achievements of science in South 
Africa in this period, he thought the most impressive 
were the advances made in the knowledge of the 
diseases of plants, animals and men, and of the 
methods of preventing them, but scientific workers 
in the country had also won recognition in the fields 
of geology, marine biology, mathematics, economics, 
&c. The nation, he added, was grateful to its 
scientists for their contributions to the intellectual 
and material progress of the country. The Associa- 
tion’s previous visit, he continued, had acted as a 
great stimulus to science in South Africa, and he 
speculated as to the future results of the present 
visit. In the mind of the nation there was being 
developed a new conception of a South Africa which 
sought to play its part on the whole African conti- 
nent, not aiming at conquest or domination, but 
ready to apply its intellectual and material resources 
in assisting all who were engaged in the task of 
developing the great undeveloped area of the earth’s 
surface, which was so full of potentialities for the 
future welfare of the world. The address next 
discussed the potential contributions of Africa to 
science in the fields of astronomy, meteorology, 
geology, medicine, biology, anthropology and other 
branches, as well as in solving the complicated 
problems which arise from the contact of races of 
different colours and at diverse stages of civilisation. 
Finally, Mr. Hofmeyr briefly indicated the direc- 
tions in which science might aid Africa in the future. 
Firstly, he said, science must make Africa safe for 
white men to live in; secondly, it must combat 
the foes which had to be contended with in the 
development of African agriculture; and thirdly, 
it must harness the great resources of the country. 
The latter, he concluded, would be achieved only by 
engineers co-operating with their colleagues in 
other branches of science. 

At the conclusion of his address, Mr. Hofmeyr 
presented the South African Medai for Research to 
Dr. R. Broom, F.R.S., the South African paleonto- 
logist. The medal, it may be mentioned, was 
founded by the British Association to commemorate 
its South African meeting of 1905. 

The sectional meetings commenced on the morning 
of Tuesday, July 23, the sections being accommo- 
dated in the University Buildings at Groote Schuur. 
We propose, as usual, to deal first with the pro- 
ceedings of Section G. 


SECTION G.—ENGINEERING. 


The following are the officers of the Section: 
President, Professor F. C. Lea; Vice-Presidents, 
Colonel F. R. Collins, Professor A. E. Snape, Lieut.- 
Colonel R. S. G. Stokes; Recorder, Mr. J. S. 
Wilson ; Secretary, Professor G. Cook; and Local . 
Secretaries, Professor D. McMillan and Professor 
J. W. Walker. In opening the proceedings, the 
President expressed the pleasure it gave him and 
all the members who had come from overseas to 
meet, and discuss various problems with, friends in 
South Africa. He explained that the first portion 
of the morning’s session would be devoted to the 
subject of refrigeration, the problems peculiar to 
South Africa being dealt with by Dr. I. B. Pole- 
Evans, chief of the Botany Division in the Depart- 
ment of Agriculture, and Mr. E. A. Griffiths, 
Government Physicist, while recent developments 
in Great Britain would be described by Dr. Ezer 
Griffiths, F.R.S., of the National Physical Labora- 
tory, Teddington. 

Dr. Pole-Evans welcomed the opportunity of 
stating how deeply botanical science was indebted 
to the low-temperature investigations in connection 
with the preservation of fruit. Some ten or fifteen 
years ago, serious troubles had arisen in the trans- 
port of fruit by sea, whole ship-loads being wasted. 
The cause not being apparent, his Division was 
accordingly called upon to investigate the problem. 
Observation was made of the conditions through 
which the fruit passed from the time of leaving the 
tree until it reached London, and it soon became 
evident that the problem was one not primarily for 
the botanist, but rather for the physicist and the 
engineer. It happened that, during his voyage to 
London, the then Prime Minister, General Smuts, 
was a passenger by the same vessel, and as a result 
of discussions he (Dr. Pole-Evans) was instructed 





to make inquiries, which resulted in the appointment 
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of Mr. E. A. Griffiths to take charge of the investi- | frames transmitting heat from the decks and 





ENGINEERING. 


gations. Mr. Griffiths arrived in South Africa in| reducing the efficiency of the insulation. He 


1923, and at once occupied himself with the task of 
overhauling the precooling arrangements, and the 
mail-boat and wagon accommodation, with the 
collaboration of Dr. Ezer Griffiths. It was no 
exaggeration to say that the transport of fruit had 
been completely revolutionised, and no one acknow- 
ledged the benefits received from this investigation 
more gratefully than the fruit-growers of South 
Africa. 
REFRIGERATION IN SouTH AFRICA. 


Mr. E. A. Griffiths then briefly described the 
work which had been done under his direction in 
South Africa, and illustrated his remarks by 
numerous lantern slides. He referred to the 
difficulties associated with work of this kind in a 
new country, in which one had not the resources 
and assistance available in England, and in which 
it was fatal to make a mistake. He described the 
location of the fruit-growing areas, pointing out 
that they were all within a 24-hour journey of 
Cape Town. One of his first tasks was to deal 
with the railway transport. He found a great 
variety of wagons in use, mostly quite unsuitable 
for the purpose. A standard ventilated fruit wagon 
with a shielded roof was first developed, but was 
eventually replaced by an ice-tank wagon with 
top-cooling, and although some trouble was en- 
countered by dust and grit from the engine choking 
the drain pipes, they had been successful in main- 
taining a temperature varying not more than | deg. 
from 32 deg. F., during a 4 days’ run. He 
explained that it was not possible to get this 
uniformity with a mechanically-cooled wagon. 
He then described the system of handling, examina- 
tion, and storage of fruit at the docks at Cape Town, 
which formed the subject of an article on page 93 
of vol. exxvii of ENGINngERING. As regards the type 
of refrigerating plant, the ammonia machine was 
much superior to the CO, machine for the conditions 
of temperature prevailing in South Africa. During 
the voyage to South Africa, the efficiency of the 
CO, plant fell, in the tropics, to about one-half 
the normal efficiency. He explained, by reference 
to lantern slides, the type of construction and 
insulation adopted in the holds of ships, and 
stated that variations of temperature could now 
easily be restricted to less than 2} deg. F. 

The discussion was opened by Mr. Rees Davies, 
who dealt with the biological aspect of the problem, 
and the reasons for the maintenance of definite 
temperatures within strict limits. He pointed 
out that fruit differed from meat, in that it could 
not be frozen without completely destroying the 
structure. The freezing point depended upon the 
state of ripeness, the soil in which the fruit was 
grown, and as to whether irrigation was practised, 
and might vary over 3 deg. to 5 deg. F. If a 
ship’s hold, or any cold store, were maintained 
at a temperature 2 deg. above the freezing point, 
some fruit would be frozen, but this was unavoid- 
able. He also described the action which took 
place in two types of fruit as the temperature was 
raised, and explained how the most suitable tempera- 
ture for transport, which varied with different fruits, 
was determined. 

Professor E. W. Marchant enquired about the 
possibilities of gas storage, and stated that it had 
been successful in the case of apples. 

Mr. Griffiths replied that the chief difficulties 
were with soft fruits, such as plums and peaches, 
and not with fruit like oranges. Undoubtedly some 
combination of gas storage vith proper temperature 
regulation would provide the ideal conditions of 
transport. 


REFRIGERATION RESEARCH IN GREAT 
BRITAIN. 


The President then called upon Dr. Ezer Griffiths 
to speak on the subject of refrigeration research 
in Great Britain. 

Dr. Griffiths devoted his remarks chiefly to the 
methods used in testing insulating materials, and 
the results obtained both in the laboratory and 
in the full-scale plant on board ship. Elaborate 
investigations had been made regarding temperature 
distribution in the hold of a ship, and the difficulties 





described commercial temperature-measuring out- 
fits, hygrometers, &c., which had been developed 
at the National Physical Laboratory, and were 
now extensively used for temperature control. 
His remarks were illustrated by lantern slides. 

Sir Charles Parsons, in opening the discussion 
on Dr. Griffith’s paper, remarked that the refrigerat- 
ing machine was the converse of the engine, and 
pointed out that Lord Rayleigh had once suggested 
the use of a combination of turbo-compressor, cooler, 
and expander, for cooling air for refrigeration, 
but it was found in practice that the proposition 
was not nearly so attractive as it appeared to be 
at first sight. 

Mr. H. Gearing described the early days of 
refrigeration in South Africa, of which he was one 
of the pioneers, the first ammonia refrigerating 
plant in South Africa being built at his works in 
1896. 

Mr. J. S. Wilson enquired whether there would 
be any possibility of avoiding the deleterious 
effects of the ship’s frames on the efficiency of 
the insulation by increasing their number and 
reducing their size. 

The President, Professor Lea, in closing the 
discussion, owing to limitations of time, proposed 
a vote of thanks to Dr. Pole-Evans, Mr. E. A. 
Griffiths, and Dr. Ezer Griffiths for their contri- 
butions, and then called upon Colonel J. G. Rose 
and Professor Duncan McMillan to read _ their 
paper on Alcohol Mixtures as Fuels in South 
Africa. 

ALCOHOL MIxTURES AS FUELS. 

In this paper, which we intend to reprint in a 
future issue, the authors stated that of all the 
sources of alcohol at present known, starch alone 
seemed capable of economic exploitation. If mealies 
were fermented for the production of alcohol, they 
yielded a by-product of which the value as a food 
for cattle and pigs was practically equal to that of 
the original mealie. The organisation of such an 
industry was, however, by no means easy. Another 
source of alcohol available in South Africa was the 
sweet potato, although the latter appeared to be 
inferior to the mealie because of the greater cost of 
production and the restricted areas in which it 
could be grown. The paper next discussed the 
problem of converting alcohol into a liquid fuel 
suitable for replacing the other liquid hydrocarbons 
in general use. To adapt alcohol for use in ordinary 
petrol engines, it had to be made more volatile and 
of lower specific gravity, and to be given a higher 
calorific value; certain difficulties in connection 
with cylinder lubrication had also to be overcome. 
These points had, however, been satisfactorily 
dealt with, and alcohol-base fuel was now being 
produced in Natal to meet most ordinary require- 
ments. This fuel could not be said to be absolutely 
equal to petrol in all respects, but it was so nearly 
akin to the latter that its lower cost made it attrac- 
tive to many users of petrol, especially in heavy 
vehicles. 

Reference was also made to experiments by 
the authors with an alcohol fuel consisting of 
alcohol in which acetylene was dissolved, the acety- 
lene being fixed by the addition of acetone. This 
fuel, it was stated, gave very satisfactory results 
when fresh, but difficulties arose from the fact that 
the fuel became stale in the tank of the car owing 
to the gas being shaken out of it. In the nature of 
an appendix to the paper, the position with regard 
to the production of alcohol for fuel purposes in 
South Africa was explained, and particulars were 
given of tests made with various alcohol fuels on 
the road and on the test bed. 

The discussion was opened by Professor H. 
Bassett, who described the paper as a valuable 
contribution to knowledge in a subject which would 
undoubtedly increase in importance in the future. 
The production of methyl, ethyl, and the higher 
alcohols from water gas was becoming a technical 
possibility, and the results of the tests described in 
the paper would prove very valuable. Another aspect 
of the problem, the importance of which had been 
referred to in the paper, was that certain foods were 
wasteful when consumed in the natural state, and 


which had been encountered due to the ship’s! were actually improved as foodstuffs when those 
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portions suitable for conversion into alcohol were 
extracted. He enquired whether the addition of 
ether to the fuel would not increase the cost, and 
could not believe that any fuel containing dissolved 
gas would ever be satisfactory. He wished to know 
whether there were any objectionable features in 
the exhaust gas from alcohol fuels. 

Professor G. Cook said that, throughout the 
development of the internal-combustion engine, 
engineers had been attracted by the possibilities of 
alcohol as a motor fuel. The consumption of the 
usual liquid fuels, however formed, was a destruc- 
tion of the capital resources of the world. Alcohol, 
on the other hand, was produced from the current 
expenditure of the sun’s energy. Not only was 
alcohol a desirable fuel from this standpoint, but, 
as was so clearly shown by the classical experiments 
conducted by Ricardo for the Empire Motor Fuels 
Committee, it was a most desirable fuel from the 
thermodynamic standpoint also. When used in an 
engine suitably designed, it proved superior in 
power, efficiency, and in smoothness of running to 
petrol. 

It was, of course, chiefly the economic factor 
which had interfered with its development, but 
there was another important factor, briefly re- 
ferred to by the authors, namely, the Excise 
restrictions. Ricardo made a strong complaint that, 
in the important and far-reaching researches in 
which he was engaged, he was unable to get a single 
gallon of pure alcohol free of duty. He (Professor 
Cook) inquired what particular transformation took 
place in the treatment to which the fuel described 
as ‘‘ Energel”” was subjected. He also referred to 
the use of ether and acetylene, which were amongst 
the most easily detonated fuels, and remarked that 
it appeared, at first sight, somewhat strange that 
a fuel like alcohol, which could hardly be detonated 
under any conditions, should have such a desirable 
property interfered with by admixture with these 
substances. The question of the exhaust gas was 
an important one, and would increase in importance 
with the increasing congestion of traffic, particu- 
larly in the confined streets of large cities. One 
of the features of alcohol as a fuel was the wide 
range of mixture strength over which it could be 
used, and the increase of power which was obtained 
by making the mixture very much over-rich, of 
course, at the expense of efficiency. Such condi- 
tions would be bound to produce large volumes of 
carbon monoxide in the exhaust, and some rigorous 
control would be necessary, if alcohol were widely 
used, to prevent this becoming a public danger. 
He congratulated the authors on an excellent piece of 
work, the more so as it was anticipating conditions 
which might arise in the future. 

Mr. H. Gearing inquired whether crankcase 
dilution resulted from the use of alcohol fuels, and 
Mr. D. M. Robinson asked whether, if such fuels 
were used in England, it would be necessary to 
increase the proportion of ether, owing to the lower 
temperature conditions, and whether a_ brighter 
spark was necessary. 

Colonel J. G. Rose, in replying, explained that, 
in producing alcohol from water gas, an exhaustible 
fuel was used, and it had been their object only to 
deal with fuels of which there could be an inex- 
haustible supply. Ether, although easily detonated, 
was necessary for ease of starting. Even in tem- 
peratures as low as 20 deg. F., no difficulty was 
experienced in starting on alcohol with a compara- 
tively small amount of ether. The exhaust from 
alcohol fuels was generally less objectionable than 
that from petrol, and could be put more easily 
under control. No trouble was experienced in 
crankcase dilution, as the alcohol did not get past 
the rings, and if it did, it would evaporate and 
leave the oil unaffected. He agreed that the Excise 
was a great hindrance to experimental work, and 
pointed out that no more trouble was experienced 
from the drinking of alcohol before the Excise 
restrictions were imposed in 1906, when it could be 
obtained for 6d. per gallon, and its sale was unres- 
tricted although it was not denatured in any way, 
than had been met with since that date. 

On the motion of the President, a vote of thanks 
to the authors was carried, and the meeting 
adjourned. 

(7'o be continued.) 
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THE NATIONAL PHYSICAL 
LABORATORY. 
(Concluded from page 180.) 
Exvectriciry DEPARTMENT—(cont.) 


Electrotechnics. High-Voltage Building.—In an 
appendix to Dr. E. H. Rayner’s report on the work 
of this division, the High-Tension Committee 
describe the equipment of the high-voltage building 
in which dielectric losses can be determined at 
150 kv. The three air-cooled transformers supplied 
by Messrs. Ferranti, Limited, to the designs of 
Messrs. Haefely and Company, of Bale, who con- 
structed certain parts, were rated at 375 kv.; 
their secondary windings are in two halves, which 
can be coupled in parallel to give the full nominal 
output at 187 kv. The insulating stands of the 
transformers consist of varnished paper cylinders, 
about l-in. thick, built up of many layers; the 
cylinders increase in height to correspond with the 
increase in voltage when they are in cascade con- 
nection. The third transformer has a total height 
of 33 ft., and weighs nine tons, the stand weighing 
five tons. The arrangement and the cascade 
connections are explained by the diagram, Fig. 22. 
The primary circuit in transformer I is fed from 
the power plant with up to 1,000 volts ; this voltage 
builds up to 187-5 kv. along one of two vertical 


Fig. 22. 





TRANSFORMER IT. 


bedplate of the machines is 29 ft. long and weighs 
20 tons. The control room is separated by a passage 
from the power room, and by a glass partition, 15 ft. 
high, from the transformer hall, which measures 120 
ft. by 60 ft. About a third of this space is taken up 
by the transformer pit; the pit floor level is 7 ft. 
below the main floor. The three oil switches are 
operated from the control station through levers 
and rods laid in a trench which runs the length 
of the hall ; a red lamp lights up when a transformer 
is energised, and other signals give warning when the 
hall is to be darkened. The motors driving the 
generators are started by push buttons in the 
control room, from which the instruments can be 
watched through holes in the top panel. 

In one of the demonstrations on the inspection 
day, Dr. Rayner grouped three copper spheres, 
1 ft. in diameter, around a cylinder of paper mounted 
on a vertical spindle, and charged the spheres to 
300,000 volts three phase; owing to the moisture 
in the paper, the dielectric absorbed sufficient 
current to make the cylinder spin round with the 
rotating electric field. 

Current Measurements.—Alternating-current mea- 
surements at high voltages give rise to various 
difficulties. When porcelain insulators are suspended 
in a chain, the voltage concentrates at the lower 
end near the conductor cable; in demonstrating 
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sets of secondary coils downward. At the bottom 
of the set, the winding is connected to the core, 
which is maintained at the mean voltage of the 
winding, so that the insulation is only exposed to 
half the voltage generated by the transformer. 
The other set builds up from 187-5 kv. to 375 kv. 
The second transformer is fed from this 375-kv. point, 
and from another point on the winding of transfor- 
mer I, 125 kv. below it (7.e., 250 kv. above earth), 
but the building up to 625 kv. is in the opposite 
direction. Between transformers II and III, the 
primary 1,000-volt winding serves as a transfer 
circuit, and transformer III, adding its rated 
pressure of 375 kv., gives a total of 1,000 kv. 
Compensating windings are provided in order 
to reduce the magnetic leakage, especially in cascade 
operation; the principal section of this winding 
surrounds the core near the main primary winding. 

The regulation of the transformer voltage is 
effected by varying the excitation of the alternators 
with the aid of intermediate auto-transformers 
for steps of 0-5, 0-25, 0-15, 0-10, 0-05 of the 
voltage at the tappings. Six primary mains of 
bare copper rods, each rated at 500 amperes, admit 
of various current combinations from the link 
board of a panel of synthetic varnish paper boards 
64 ft. by 5} ft., with 42 studs, in the power room ; 
the rods are taken through porcelain bushings in 
the stone wall of the room. In the power room are 
two 8-pole alternators constructed by Messrs. The 
British Thomson-Houston Company, Limited, each 
for 350 kv.-a. single phase, at 0-3 power factor, 
50 cycles and 800 volts to 1,200 volts, at 750 r.p.m. 
The alternators form the centre pair of four machines, 
coupled together, with their 480-volt direct-current 
motors at the ends. For the phase adjustment, 
one of the stators can be rotated from the control 
toom; to facilitate this operation, the cables are 
suspended freely in a pit 4 ft. deep. The common 
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the one-million volt discharge through an 8-ft. 
chain of insulators, last year, Dr. Rayner placed a 
metal ring, at the potential of the line, at the level 
of the lowest insulators. In precision resistors for 
high voltages, the current at the earthed end should 
be in phase with the supply voltage, but the capaci- 
tance currents produce phase displacement. Such 
resistors are, therefore, subdivided into units of 
3,000 volts, each separately shielded, as far as 
possible, by a conductor of the resistor potential at 
that point, for which purpose an elaborate system of 
compensating inductances is required. The spherical 
electrodes used for the measurement of peak voltages 
should have diameters at least equal to the length of 
the gap. Accurate measurements are based upon 
the determination of the current induced in a 
conductor. The source of voltage is connected 
to a condenser, and the rectifier is placed between 
the low-voltage plate of the condenser and the 
earth. 

Among the new standard instruments is a low- 
range electrostatic voltmeter, the twenty aluminium- 
alloy vanes of which are bifilarly suspended and 
kept vertically in alignment by two wires, running 
through two holes in the distance pieces. The veri- 
fication of ampere meters is no longer effected with 
the aid of Kelvin balances, but by measuring the 
voltage produced when the current traverses a known 
resistance ; the voltage is read on a reflecting electro- 
static voltmeter. When the currents are too large 
for direct measurement, special transformers are 
used, but there is some change in the ratio with 
frequency. The standard resistances, consisting 
of water-cooled manganin tubes, are apt to corrode 
even when varnished inside. The thin tubes for 
200 amperes are therefore replaced by air-cooled 
resistances consisting of 100 non-inductively wound 
wires in parallel; the material is a copper-nickel 
alloy, having practically no temperature coefficient 








and free from the manganese in manganin, which 
tends to oxidise. 

Cables.—The air condenser used in the researches 
at high potentials, and also for the determination 
of dielectric losses in cables, was{described last 
year on page 174 of our issue of August 10, 1928. 
A straight length of 500 ft. of cable has been laid 
alongside the tank in the Tank Department to 
determine the changes with temperature and time 
in the copper conductor and the lead sheath. On 
ships, lead cables become brittle and disintegrate. 
owing to the vibrations, especially at particular 
points. A lead covering being indispensable with 
ordinary rubber insulation, varnished cambric 
and other insulating materials are being tested. 
The steel armouring of cables to be laid directly 
in the ground consists either of steel wire or of steel 
tape protected by a covering of impregnated jute ; 
the thermal properties of this armouring are also 
being investigated for the British Electrical Re- 
search Association. 

Photometry.—The international comparisons, by 
Drs. J. W. T. Walsh and W. S. Stiles, with the 
Reichsanstalt, of the ratio of the Hefner unit to 
the international unit, have been made with 
gas-filled tungsten lamps and with tungsten vacuum 
lamps with squirrel-cage filaments. They show a 
difference of 0-8 per cent. between the determina- 
tions of the mean spherical candle-power by the two 
laboratories. More serious are the discrepancies 
in similar comparisons between Teddington and 
the Laboratoire Central d’Electricité, and these 
differences, moreover, are not systematic. The 
tests of gas-filled lamps as standards of directional 
candle-power indicate that, while these lamps are 
sufficiently constant to warrant standardisation, 
the geometrical distribution of the light is so 
irregular that the reproduction of candle-power 
cannot be assumed when different photometer 
benches are employed, without the expenditure of an 
unreasonable time. Set up with the usual bayonet- 
cap mounting, the lamps may vary by 4 per cent. 
in candle-power on different occasions. As regards 
spherical photometric integrators, it was found that 
when the lamp was moved away from the centre its 
spherical candle-power increased slightly until the 
lamp was at about 0-4 of the radius of the sphere ; 
similar changes were observed in the cube photo- 
meter. A light source should not be more than 
0-3 of the radius from the centre. 

The flicker method of photoelectric photometry, 
in which the light from the standard and the test 
lamp are made to fall alternately upon a photo- 
electric cell, has been given up in favour of the thermi- 
onic bridge photometer and the electrometer photo- 
meter, which is the original photometer used with 
the Compton electrometer. The new simple illumina- 
tion photometer (a cylinder, white inside, in which 
the comparison lamp is carried at the end of a 
movable axial tube) is also a bridge for measuring 
the current through the lamp. Observations on 
glare and visibility in lighted streets and on the 
effects of glare on the brightness-difference thres- 
hold were made in connection with the Sheffield 
meeting of the Association of Public Lighting 
Engineers in July, 1928, and the dimensions of 
central light wells, required for adequate illumina- 
tion of the rooms of a building, have been investi- 
gated with the aid of models. In the case of high 
rooms, Mr. A. K. Taylor finds the use of small-scale 
models unsatisfactory for the reproduction of 
natural daylight conditions. The conditions for the 
testing of the cycle rear-light reflectors require that 
the reflector, when illuminated by a source of 2,000 
candles, 100 ft. from the reflector, will give a reflected 
beam of 0:001 candle for any value of the angle of 
tilt up to 22-5 deg. and of the angle of view up to 


3 deg. 


METROLOGY DEPARTMENT. 
Line Standards. Surveying Tapes and Wires.— 


The intercomparison, by Messrs. J. E. Sears (Super- 
intendent), W. H. Johnson and H. I. P. Jolly, 
of the seven-metre lengths of the Laboratory with 
the standards of the Bureau International des Poids 
et Mesures, at Sévres, has led to a modification of the 
previously valid yard-metre ratio, in accordance with 
the recent redeterminations of the thermal expan- 
sion of the platinum-iridium standard bars. The 
ratio now proposed is 1 metre = 39°370147 inches 
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(formerly 39:370137 in.), which would make the 
inch very nearly 29°4 mm. (25°399956 in. exactly) ; 
the Order in Council of 1898 fixed the legal con- 
version factor at: 1 m. = 39°370113 in. The 
redetermination of the electric standards in c.g.s. 
units will depend, among other factors, upon the 
correct dimensions of the coils of bare silver wire 
wound on four marble cylinders, and further meas- 
urements have revealed slight discrepancies in the 
thermal expansion coefficients of the marble used. 
Measured in different directions, diametrically and 
axially, with the cylinders fixed or suspended, the 
marble does not appear to be quite homogeneous, 
which was also observed with the material tested 
in 1926. In the comparison measurements of the 
four 24-m. Invar tape standards of Sévres, which 
show a continued growth in length at the rate of 
four parts in 10,000,000 in a year, the Laboratory 
values are about two parts in a million greater than 
the Sévres values. The wires are to be sent to 
Berlin and Stockholm, or to Washington and Ottawa, 
for further measurements. 

Interferometry. Wave-Length Standard of Length. 
Block Gauges.—Various difficulties are experienced 
in preparing the apparatus for these determinations. 
The ends of the Invar gauges have to be provided 
with hard surfaces to withstand wringing operations 
without damage. Direct chromium plating upon 
Invar is unsatisfactory, in spite of the claims made 
for such coatings ; even several deposits of materials 
of increasing hardness, viz. copper, nickel, and 
chromium, are apt to crack after several weeks. 
For efficient temperature control, the whole appar- 
atus, which requires a thermostat room of its own, 
is mounted on an insulated concrete foundation in 
a double-walled wooden case, with cork granules 
in the jacket ; the temperature of the case is kept 
slightly above that of the room. Measurements at 
Teddington of two l-in. gauges of the Bureau of 
Standards by optical and mechanical methods 
agreed within 0-6 x 10-® in., and the values 
have been confirmed at Charlottenburg and Sévres 
for other blocks of the same set. 

Two 4-in. block gauges have been kept under 
observation for some years. One remained perfectly 
stable, while the other increased in length by 
0-0001 in. in six years. In 1926, both were heated 
for 24 hours, first to 95 deg. C., finally to 150 deg., 
and although they behaved differently during the 
heating, both have remained quite steady since. As 
the gauges changed, their errors in flatness and 
parallelism of the end faces increased, but the hard- 
ness did not appear to vary. Some block gauges 
were returned to the Laboratory after three years 
with rust spots on their lapped faces, although 
coated with vaseline ; the rust reappeared in a few 
months after cleaning, and the material was found 
to contain non-ferrous inclusions. The observations 
on the constancy of 3-in. cylinders, 5 in. long, of 
light alloys have already been mentioned. Under 
heat treatment, the central lengths changed by 
+ 0-003 in., and ali the specimens became convex. 
The ageing changes were all within 0-001 in. When 
the cylinders were turned down in diameter, they 
all contracted in length. 

Engineers’ Squares. Screws. Taper Gauges.— 
The apparatus for testing engineers’ squares, illus- 
trated in Fig. 23, was designed in the Metrology 
workshop. It consists essentially of a parallel-sided 
straight-edge A attached to a base which can be 
tilted in the plane of the straight edge about two 
ball feet B by a micrometer head which can be 
read to 0-0001-in. The instrument is placed upon 
a surface plate, and the inclination of the straight- 
edge is adjusted until a light-tight fit is obtained 
between the blade of the square and the right-hand 
side of the straight-edge. The square is then trans- 
ferred to the left-hand side, where a light-tight 
fit should also be obtained if the square is accurate ; 
if necessary, the micrometer is readjusted, and, from 
the readings, the error of the square can be deter- 
mined. 


The maximum length of screw which can be} 


corrected in one operation on the standard leading 
screw lathe being 3 ft., longer lead screws have to 
be dealt with in two sections, and have to be corre- 
lated very carefully. The pitch caliper, which 
Mr. Sears has designed to facilitate the checking 
of the pitch over the junction, rests upon the screw 
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on two vees and carries at each end a ball-pointed | with, and the 2 in. range of the instrument, which 
feeler. One of these feelers is rigid with the body, and | is determined by the micrometer heads, can be aug- 
the other is attached to a lever the free end of which | mented by gripping the rods at different positions 
operates a Zeiss indicator, which shows variations | along their lengths. In the original instrument. the 
in the separation between the ball points within rods C were fixed, the micrometers were locked at 
0-00005 in. The instrument can also be used for | some convenient reading, the instrument was screwed 
comparing the pitches of 6-in. lengths of a screw in| into the ring resting on a surface plate with its 
different parts, and for determining the error of a | axis vertical, as far as it would go, and the depth 
screw by comparison with a standard pitch. | was measured from the top of the ring to the 

Several new devices are used for taper screw ring- | central ball E. In the modified design, this depth 


gauge measurements. In the determination of the | measurement is dispensed with. One micrometer 


pitches of plugs and rings above 6 in. in diameter, | head is locked, and the other adjusted until it fits 


a horizontal lever, attached by two pairs of crossed | the thread ata certain position. A reading is taken, 
steel strips to a base with a lapped underface, | and the instrument is removed and reinserted in the 
is pushed with its ball-ended feeler at one end | same axial plane, but a few threads lower down ; 
into the gauge, which stands on a support; the | the change in effective diameter for the axial dis- 
other lever end bears against a Zeiss indicator | placement by the number of threads can then be 
slightly modified. The device itself is a modification | deduced. The series of measurements is confined to 
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Fig. 25. Fic. 26. 


of a Bureau of Standards instrument. The lever is |one axial plane with the aid of a square standing 
raised for measurements at different levels by fitting | in the ring, but this control need not be very accurate. 
lapped blocks under the base. Smaller gauges are |The ball E, which is } in. in diameter, is pressed 
so mounted on an inclined board that the horizontal | into a hole drilled through the tube and rod. For 
lever of another machine of Laboratory design can, measurements of plug gauges above 18 in. in 
make contact with the thread through a vertical | diameter, an apparatus similar to that of the Pitter 
feeler at one end. The lever rests on a carriage | Gauge and Precision Tool Company is under con- 
running on balls, and the position of the lever on a/| struction. In an improved indicator for screw- 
scale is read off on a micrometer microscope. This | diameter measuring machines, a magnification of 
machine is convenient for continuous measure-| 350 of the displacement of the movable anvil. 
ments to within 0-00005 in. | replacing the fixed anvil on machines of the floating 

A third instrument is an internal rod for deter- ; micrometer type, is obtained in two stages. The 
mining the effective diameter and taper of tapered | anvil pointer, for a magnification of 3}, is attached 
ring screw gauges; the diagram, Fig. 24, shows the | to a knife-edge hinge, which actuates a toggle lever 
instrument of Mr. Sears, as modified by Messrs. F.H.| through a flexible strip and gives a further 








Rolt and A. Turner, for measuring the rate of taper 
of the effective diameter. Micrometer heads A, 
which are parts of Brown and Sharpe depth gauges, 
are screwed into the ends of the tubular part B; 
steel rods OC, with hardened rounded ends, are 
inserted through the micrometer heads and gripped 
by chucks. The micrometer settings are fixed by 
the clamping screws D. By providing four parts B 
of different lengths and four "pairs of rods, rings 
ranging in diameter from 8 in. to 20 in. can be dealt | 





magnification of 100. 

Taximeters. Barometers. Weights. Gratings. Time 
Measurement.—The average number of 800 to 900 
taximeters tested per month was greatly exceeded in 


| the summer of 1928, when 12,285 meters were sub- 


mitted. The continued examination of materials for 
marine barometers and their cisterns shows the 
superiority of stainless steel, which keeps the mercury 
free from the rust which forms in cast-iron cisterns ; 
the tests are made in the Laboratory and at sea. 
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Stainless steel is also used for the construction of 
Mr. Sears’ new primary standard barometer. Mr. 
F. A. Gould’s comparison between the secondary 
standard barometer and the Fortin standard 
barometer is very satisfactory. In the tests of 
standard chemical weights, nickel-chromium con- 
tinues to prove the most satisfactory substitute 
for platinum, stellite being somewhat unstable 
mechanically. The Blythswood ruling engine has 
ruled 27 first-quality diffraction gratings of various 
types, with 14,400 lines per inch or lines at special 
spacings, on plane or curved speculum metal, 
gilt brass or glass. The largest plane gratings, 
8 in. by 5 in., showed a slight curvature and 
astigmatism of the lines. Further correction of the 
old machine is not being attempted, however, as 
a new machine, of novel design, is under con- 
struction. 

As regards maintenance of standard time, the 
Shortt clock has proved very steady since March, 
1927. The new bob for the Galton clock pendu- 
lum, which is to give electrical seconds contacts, 
has been mentioned, as also has Mr. Colebrook’s 
eight-valve receiver for recording time signals on 
wave-lengths ranging from 1,500 m. to 20,000 m. 
Since December, 1927, three independent services 
of rhythmic time signals have been used at the 
Laboratory, from the Greenwich, Paris and Ham- 
burg observatories, in addition to the Post 
Office signal from Greenwich. These four signals 
are received on the chronograph comparator, all 
on the same daily chart sheet; the charts are 
kept for future reference and are far more con- 
venient than the former chronographs. The time 
signals from Rugby, the Eiffel Tower, and Nauen 
are received and recorded by the four-valve set. 
Of the 81 and 41 watches submitted for Class A 
tests and Class A subsidiary tests, respectively, 21 
and 18 failed, owing mainly to small defects in the 
chronograph mechanism. Fourteen of the 88 marine 
chronometers failed. Since 1918, the mean varia- 
tion in the daily chronometer rate has steadily 
dropped from 0-13 second to 0-06 second. Deter- 
minations of gravity by the Threlfall balance and 
by a new form of reversible pendulum are being 
continued. 

Surface Tension. Pivot Friction.—Surface tension 
measurements are made by the Du Noiiy. method, 
in which the force required to detach a circular 
ring of wire from contact with a liquid surface is 
determined by a torsion balance, and it has been 
found that the ring may be conveniently replaced 
by a thin rectangular plate. 

As regards friction between small pivots and their 
cups, measurements made on steel pivots of various 
curvatures and sapphire jewels under varying loads 
show that the formule for the suitable radii of 
curvature can be relied upon. The frictional 
torque increases, owing to rust formation, to a 
marked degree with time; from 2 cm.-dynes to 
200 cm.-dynes, for example, after 360,000 revolutions 
under a load of 37 grammes. The rust forming 
at the end of the pivot is not ordinary corrosion 
rust, but consists of particles of iron torn off by 
the rotation and oxidised ; there is no rust when 
the pivot remains stationary, and the rust and 
friction increase with the number of revolutions. 
Fig. 25 shows the surface of a steel pivot, 
magnified 150 times, of a radius of curvature of 
0-4 mm. at the tip, after one million revolutions under 
a load of 22 grammes in contact with a sapphire 
cup of 1-77 mm. radius. The cup surface is illus- 
trated in Fig. 26 under the same magnification ; 
the rust is seen in spots all over the cup; the 
lines probably represent cleavage planes. These 
experiments, and other researches of Mr. G. A. 
Tomlinson, support his views on cohesion and on 
tust formation. He considers that the stability of 
solids is due to powerful attractive forces acting 
Over a range exceeding the interatomic distances, 
in equilibrium with repulsive forces of a smaller 
range. The total dilatation of a solid, from absolute 
zero to its melting point, is approximately constant 
for nearly all substances, and amounts to about 
0-02 of the linear dimension. Thus the complete 
Tange of the solid state corresponds to an expansion 
of the atomic lattice of only 2 per cent. beyond 
the conditions of solid equilibrium structure, 
and the expansibility must be associated with the 
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effective range of repulsion. When the cohesion 
forces are overcome by mechanical friction, the 
minute iron particles torn off are liable to rapid 
oxidation. 
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Mathematical and Physical Papers. By Sir Josep 

Larmor. Two volumes. Cambridge: At the Uni- 

versity Press. [Price 6/1. 6s. net. ] 

THESE two monumental volumes contain a selection 
from the writings of Sir Joseph Larmor, Lucasian 
Professor of Mathematics in the University of 
Cambridge, Fellow of St. John’s College, and some 
time M.P. for the University. The Lucasian Chair 
has been held by a succession of eminent mathe- 
maticians, from Newton and Barrow, to Stokes ; 
and the present holder, always mindful of the earlier 
traditions of natural philosophy, is an assiduous 
student of the writings of his predecessors. Few 
among us can quote first-hand from Young, Newton, 
Davy, Green and other pioneers, so readily and 
aptly as Sir Joseph Larmor. In many ways Larmor 
belongs to the school of Stokes and Kelvin, Rayleigh, 
and Sir J. J. Thomson; great mathematicians, who 
applied their versatile talents to any and every 
branch of physics, but he remains unique in one 
respect in that he has personally remained aloof from 
experiment. 

Sir Joseph is perhaps a little out of fashion at the 
moment. His work has always tended towards great 
generality ; and the abstract nature of his reasoning 
inclines to make his most important papers some- 
what arid reading. His outstanding achievement 
is, of course, his study of the ether, and no less than 
400 pages of the volumes before us are devoted to 
this subject. Without in any way belittling the 
importance of this side of his work, it may be 
said to form a complement to that of Lord Kelvin, 
as outlined in his ‘‘ Baltimore Lectures.” The two 
investigators together cover with remarkable com- 
pleteness the field which they set out to investigate. 
The object of both was to study what the constitu- 
tion and properties of the ether could be, if it were 
capable of being expressed in mechanical terms at 
all. The available data were Maxwell’s equations 
on the electrical side; the laws of reflection, refrac- 
tion, dispersion and absorption of light; and the 
data on light propagation in moving media afforded 
by aberration, Fizeau’s water-filled telescope, and 
the Michelson-Morley experiment. 

Larmor’s method of attack was to seek an energy 
function to which the Hamiltonian methods of 
dynamics could be applied, and which would lead 
to results in accord with observation. He succeeded 
in this quest, and indeed showed further that his 
“least action ” function was the most general form 
which would not conflict with observation. The 
remainder of the problem was to find a material 
mechanical system which, with fresh meanings 
assigned to the variables, would have formally the 
same function, and so would furnish a complete 
analogy to the ether. He found this system in a 
rotationally-elastic, incompressible fluid, capable of 
“freely mobile intrinsic strain ”—a picture perhaps 
no easier to visualise than the ether which it 
portrays. Larmor has already set out his enquiry in 
a connected form in his book “‘ Ether and Matter,” 
which, incidentally, is now out of print. The 
present collected papers afford a different perspective, 
in that one can trace the historical development of 
his ideas. Furthermore, the collection gains in 
value from the numerous footnotes and appendices, 
which reveal the author’s present-day outlook on 
relativity and the new mechanics in relation to his 
earlier work. 

For, in the meantime, much water has flowed 
under the bridges. Even its author might perhaps 
be inclined to question the validity of his famous 
definition of the ether as ‘“‘ the nominative of the 
verb ‘to undulate.’” Events now take place in 
a curved space-time, and the fashion of the philo- 
sopher of the day is to seek relations rather than 
explanations. For example, Heisenberg’s new 
mechanics starts out from the assumption that the 
equations of physics are to contain nothing that we 
do not actually observe. Frequencies and inten- 
sities we may deal with, but not orbits, or positions 
of electrons. The reaction must come, however, 





assured and permanent level. Meanwhile we should 
not forget that, in the course of this one investi- 
gation, Sir Joseph was led to the necessity of assum- 
ing a discrete structure for electricity, several years 
before the electron had been recognised by the 
experimentalists. Indeed, in August, 1894, he 
explicitly stated the necessity for the introduction 
of the electron, and he was, we believe, the first to 
sketch an atom with electrons rotating round the 
core. He may well be forgiven for not anticipating 
that the negative and positive units (he used the 
word “electron ’’ for both) would differ both in size 
and inertia. Another result to which Larmor was 
directly led by his work on the ether was the set of 
equations now known as the Lorentz transformation, 
though he did not apparently realise their signifi- 
cance. Indeed, Lorentz, who first called the 
transformed time by the name of “local time,” 
himself failed to realise that it was in fact the time, 
to observers on the appropriate system. It was 
left to Einstein to take the final step and so to bring 
special relativity into being. 

Two other subjects are indissolubly associated 
with Larmor’s name. When the quantum theory 
and, in particular, Bohr’s theory of the atom, began 
to dominate the foreground of physics, Larmor was 
one of several who turned their attention to the 
problem of whether an electron can rotate steadily 
in one definite orbit without violating classical 
mechanics. The conclusion reached was that it 
could not. There was no way possible by which the 
acceleration inherent in a circular path could fail 
to lead to radiation, and hence to a spiral orbit 
sinking in to the nucleus as the stock of energy of the 
electron was gradually exhausted. This definite 
result, supported as it was by gradually accumu- 
lating evidence from other branches of physics, 
meant that the quantum theory had to be accepted. 
Efforts to avoid it, or to trace it back to classical 
origin, were doomed to failure. 

The other outstanding problem is that of radiation 
pressure. By a very general argument, and yet 
simple enough for the elementary student to follow, 
Larmor established the formula for the pressure of 
radiation on a perfect reflector. The proof was given 
in the article “Radiation” in the Encyclopedia 
Britannica, and is quoted again in several of the 
papers in this collection. It was noteworthy in that 
it avoided the necessity for assuming the truth of 
Maxwell’s theory, and also the complications of the 
proof based on thermodynamics, which, at any rate 
in its original form, involved compressing radiation 
reversibly in a cylinder form, and was not accepted 
everywhere as completely demonstrative. 

We regret to note the absence from these volumes 
of this particular article on “ Radiation,” first 
contributed to the 10th edition of the Encyclopedia 
Britannica, which, like some of Kelvin’s and 
Rayleigh’s articles in the 9th edition, has become a 
classic. It would be idle, in a review of a work of 
this nature, to attempt to give a more detailed notion 
of the contents of the remarkable output of which 
these volumes serve as a reminder. We would only 
seek to pay tribute to the genius to which this 
impressive collection owes its genesis. 





G. W. StTuBBINGS. 


Underground Cable Systems. By 
Limited. [Price 15s. 


London: Chapman and Hall, 

net. ] 

THis book occupies an intermediate position 
between such highly scientific treaties as those of 
Dr. Alexander Russell and Mr. C. J. Beaver, and 
the information which is usually to be found in 
pocket books. While not ignoring the complicated 
and important theory of the subject, the practical 
aspect is always kept in view, and the result, on the 
whole, is satisfactory. 

After a short introduction, which is not really 
necessary, there follows a useful and well-written 
chapter on the physical constants of cables, in which 
the parts played by the design in modifying the 
theoretical resistance, inductance, and capacitance 
are discussed. This summary, into which the 
minimum of mathematics is introduced, should 
prove of great value to those for whom the book is 
intended. It is followed by a chapter on the 
construction and manufacture of cables. This is 
descriptive, rather than critical. For instance, it 
makes no mention of the fact that bitumen 
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insulation is under a cloud at the moment, nor why. 
The same comment, as regards descriptiveness, 
and absence of criticism, also applies to the next 
two chapters, which deal with cable laying and 
cable-jointing and network boxes, respectively. 
The information in both these chapters, moreover, 
obviously applies to cables whose working pressure 
does not exceed 6,600 volts. Considering the 
mileage of cables now being worked at higher 
pressures than this, and the fact that not only this 
mileage, but the pressure itself, is likely to be 
largely increased in the near future, it seems a pity 
that more space has not been devoted to these 
matters, to the exclusion, if we may venture so 
heterdox an opinion, of some of the theoretical 
matter on underground cable systems. The latter 
form a species of mental exercise, frequently far 
removed from the problems, which have to be 
solved by the practical man. The chapter on 
tramway negative feeding systems also seems rather 
out of place in a book of this kind. On the other 
hand, the chapter on the insulation resistance of a 
cable network should prove most useful, as should 
that dealing with faults, though little is said about 
possible methods of locating the position of that 
most annoying phenomenon, the intermittent high- 
resistance fault. 

The criticism made above with regard to the 
author’s neglect of cables with working pressures 
exceeding 6,600 volts, is emphasised by the paucity 
of the information given in the chapter on cables for 
extra-high working pressures. No mention is made 
of 66-kv. and 132-kv. oil-filled cables, though these 
are likely to assume considerable importance in this 
country in the near future. If we may judge by 
the space devoted to the question, the author also 
seems to prefer the old theories of cable stresses, 
to the new. It seems strange too, in view of the 
advances that have recently been made on the 
subject, that the latest reference in the bibliography 
to the chapter on protective systems is dated 1920. 

It is something, however, that the book has a 
bibliography at all, though it might well be more 
detailed. In spite of our criticisms, we find Mr. 
Stubbing’s book a very useful contribution to the 
subject, not the least because it should stimulate 
its readers to the study of more advanced work. 





Electricity Applied to Mining. By H. Corron, M.B.E., 
B.Sc. London: Sir Isaac Pitman and Sons, Limited. 
[Price 35s. net.] 

TuE objections to the more general use of electricity 

in mines are being rapidly overcome. Apart 

from the claims of rival systems on economic 
grounds, an active deterrent has been the possi- 
bility of fire and explosion arising from the use of 
unsuitable, and the faulty handling of, electric 
apparatus. Designers and manufacturers of elec- 
trical mining plant, however, are now fully alive 
to the arduous conditions of underground working 
and to the need for mistake-proof construction. 

Motors, switchgear and cables are now produced to 

meet the special requirements of mining, while the 

Mines Department has issued rules for the guidance 

of those concerned with operation and inspection. 

The outstanding feature of this book, which 
distinguishes it from others dealing with electricity 
in mines, is the really specialised treatment given 
to mining problems. The information required 
by a mining engineer to aid him in his choice of 
suitable motors and control gear must include the 
performance characteristics of the apparatus or 
drive, and a knowledge of its behaviour under all 
possible changes of working conditions. Full 
recognition is accorded in these pages to the 
necessity for treating inining plant on practical 
lines, and the result is very satisfactory. 

The opening chapters, which extend over about 
one-third of the book, deal with power generation 
and supply, station control, transmission and 
distribution. The actual technicalities of power- 
station working fall outside the scope of the work, 
but the economic aspects are adequately set out. 
Since the present policy is to allow supplies being 
given to the general community from private 
stations as well as from public undertakers, the 
modern tendencies in steam generation deserve 
the attention of owners of large colliery stations. 
Included in power-station control are fairly complete 
accounts of alternator characteristics, parallel 


running, switchgear and protective systems. 
Regarding the last-mentioned there is an error in 
Fig. 57, in which the star-connected alternator 
should have an earthed neutral point common to the 
three phases, whereas only one phase is shown earthed. 

In Chapter V, the more special aspects of trans- 
mission and distribution for mining installations 
are dealt with. The layout of switchgear and the 
construction of colliery cables and switches are 
largely governed by regulations. Descriptions, 
data and typical calculations of the several classes 
of cable, cable fittings for shafts and roadways, 
poles, switchgear and protective systems, are given. 
Recent developments in flame-proof, draw-out 
pillar type of switch with core-balance protection 
are satisfactorily covered. 

A good account of the electric drive of a pit fan 
is given. In this connection it is pointed out, only 
one consideration really counts, namely, reliability 
and immunity from breakdown. Efficiency is not 
to be taken into account when comparing rival 
methods of drive. Conditions warrant the electric 
drive, when supply is given by several linked power 
stations, and the power for the fan motor is obtainable 
by a duplicate route at least. Otherwise a steam- 
engine drive is advocated, and this is often adopted 
where all other plant is electrically driven. 
The operating conditions of mine-ventilating fans 
are unique, and call for corresponding flexibility 
in the motor control system. This problem is 
ably treated by the author. 

Similar methods of presentation are adopted in 
dealing with compressors, pumps, haulage, winding, 
coal-cutters, conveyors, underground lighting, and, 
finally, flame-proof apparatus. In every case, the 
characteristic of the apparatus and the special 
conditions of service are investigated, before con- 
sideration of the actual electric drive is introduced. 
In connection with flame-proof apparatus, more 
perhaps might have been said, but the results of 
recent research by Dr. Thornton and others are 
given, while reference is made to the recommenda- 
tions of the Safety in Mines Research Board. 

Throughout the book, the diagrams, which include 
a number of useful folding plates, are excellently 
reproduced. The advanced student, the mining 
engineer and consultant alike may well feel under 
an obligation to the author for this up-to-date 
and informative treatise. 





The Geology of Gold. By E. J. DuNN. London: Charles 

Griffin and Company, Limited. [Price 35s. net.] 
Tue study of the genesis of ore deposits is not 
confined to geologists but is also of primary import- 
ance to the mining engineer, for its practical applica- 
tion is in the discovery of ore bodies and their 
commercial exploitation. The literature dealing 
with the subject is by no means inconsiderable, 
and of the various metals and minerals found in the 
earth’s crust probably gold has given rise to more 
discussion than any other. This is not only because 
gold holds a unique position on account of its com- 
parative rarity and value, but because of the com- 
plexity of its origin and occurrence and the fact 
that these are less readily explained than most of 
the better known minerals. The genesis of coal can 
be explained so convincingly that comparatively 
little is left in doubt and few would venture to 
question the accepted theories of its formation. 
Gold, however, belongs to another category, for not 
being a product of alteration, its genesis cannot be 
accounted for and the problem in practice is rather 
to ascertain its source of origin, with the practical 
object of investigating the probabilities not only of 
where it is most likely to be found, but also the like- 
lihood of its extent, as well as its enrichment or im- 
poverishment in depth where it has been found. A 
correct interpretation of the prevailing indications 
may lead, in the one case, to the successful develop- 
ment of rich deposits, in another case to the avoid- 
ance of heavy expenditure on fruitless exploration 
work. Such investigations involve careful study 
of the geology of the locality, and as the conditions 
of gold occurrence vary widely in different localities, 
an efficient study of the subject as a whole entails 
examination of the characteristics of the goldfields 
in various parts of the world. 

To such as are interested in these problems, The 
Geology of Gold, by Mr. E. J. Dunn, should prove 





invaluable, for it is written by a practical geologist 








with over fifty years of personal observation of the 
goldfields of New Zealand, Australia and South 
Africa. The author points out that, with some 
exceptions in volcanic regions, it is found that 
Primary formations are richer in gold than Secondary 
or Tertiary formations, Lodes carrying gold are 
not exclusive to any particular kind of rock, but are 
found in crystalline rocks, such as granites, in 
voleanic rocks which have flowed as lava, &c., in 
metamorphic rocks, in sedimentary rocks such as 
conglomerates, shales, slates, dolomites, cherts and 
many other rocks. Dykes are very frequent in gold- 
bearing areas, and apparently influence the presence 
of gold, but the variety of rock which is favourable 
to the occurrence of gold varies in different localities. 
Faults are even more noticeable as being conditional 
to gold deposits than dykes; they indicate the 
fracturing of the rocks by which passage is given 
to vapours and solutions from great depths. The 
majority of auriferous reefs and lodes are found in 
faults which have themselves often been subjected 
to further faulting. The inference becomes suffi- 
ciently apparent that gold ores are usually found 
in faults and associated with dykes that fill faults, 
and further that subsequent faulting has contributed 
to the addition of gold. The origin or source of the 
gold is thus directly connected with faulting and 
with dykes; dykes provide evidence that faulting 
extends to great depths, where the temperature is 
sufficiently high to fuse acid and ultra-basic rocks 
to a liquefied state and to volatilise the metals. 

It is, however, now realised that, although gold 
was formerly considered insoluble, it becomes solu- 
ble in the presence of many substances of common 
occurrence ; it is peculiarly affected by chlorine 
which, in the form of common salt, is present 
in considerable quantity in many surface rocks. 
The oxidation of the sulphides of iron in lodes with 
which gold is usually associated provides, by the 
release of sulphuric acid, favourable conditions for 
dissolving the gold if chlorides and also manganese 
ore are present ; these conditions are common in the 
vicinity of gold-bearing lodes. 

The most common associate of gold is quartz 
which has been deposited from solution together 
with the gold. This points clearly to the non- 
igneous origin of gold, and even where gold does 
occur in igneous rocks it is not found in the 
igneous rock but in quartz lodes. The evidence 
indicates that the influence of the dykes is indirect, 
consisting probably in the facility provided for the 
ascent of auriferous vapours and solutions rather 
than the theory that the dyke material itself con- 
veyed the gold. 

Throughout this able treatise, the descriptions of 
the numerous occurrences of gold and the various 
conditions, rocks and minerals, with which gold is 
associated are supported by quotations of the 
localities where these occur. Mr. Dunn also sup- 
ports all his theoretical conclusions with examples 
from the various goldfields with which he is, for the 
most part, personally acquainted, and further adds 
very considerably to the practical value of the work 
by providing an unusually large number of excel- 
lently reproduced photographs of actual specimens, 
and diagrams of lodes, etc. The completeness with 
which the text is illustrated will be realised when 
it is mentioned that there are no less than 424 
illustrations, which, however, are all placed together 
at the end of the book, so that the continuity of the 
text is unbroken. 








BRITISH STANDARD SPECIFICATION FOR WIRE ROPES.— 
Two similar standard specifications have recently been 
issued by the British Engineering Standards Associa- 
tion. The first, No. 365-1929, deals with round-strand 
galvanised-steel wire ropes for shipping purposes, and 
the second, No. 366-1929, with round-strand steel wire 
ropes for oil wells, The shipping-rope specification has 
been prepared with a view to unifying the requirements, 
as to tensile breaking strength, of the various authorities, 
with the object of cheapening production. The figures 
specified are a compromise of the differing figures specified 
by Lloyd’s Register, the Bureau Veritas, and the British 
Corporation. The oil-well rope specification contains 
clauses regulating the tensile, torsion, and bending tests 
to be applied to the ropes. Recommendations for the 
guidance of designers and users regarding lubrication, 
drums, sheaves, splices, socketing, &c., are also inciude+ " 
The committees are now dealing with the more difficult 
problem of flattened-strand ropes. Copies of Specifica- 
tions Nos. 365 and 366 may be obtained from the B.E.S.A., 
Publications Department, 28, Victoria-street, London, 
S.W.1, price 2s. 2d. each, post free. 
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RECENT PROGRESS IN STEAM- 
TURBINE PLANT.* 

By the Hon. Sir Cuartes A. Parsons, F.R.S. 
(1) Historical_—The steam turbine, after twenty 
years of development, became established at the 
beginning of the present century. The first turbo- 
alternators made for South Africa were three 135-kw. 
sets made at Newcastle-upon-Tyne and supplied to 
the Cape Peninsula Lighting Company, Cape Town, in 
1901. Three 300-kw. sets were supplied to the 


Fig.1. 








illustrates the growing realisation in South Africa at 
that date of the utility of the turbine as a producer 
of industrial power. 

During the same period, development of the steam 
turbine in England progressed rapidly. Several 3,500- 
kw. 40-period plants, running at 1,200 r.p.m., were 
installed in the Carville power station of the Newcastle- 
upon-Tyne Electric Supply Company, and were followed 
by further plants of 4,000-kw. capacity at the same 
speed. It is on record that the latter often carried an 
overload to 7,000 kw. for long periods. 
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compare them with a modern turbo-alternator having 
the same periodicity (50 ~ ). Fig. 1 shows a compari- 
son of the Randfontein 6,000-kw. turbo-alternators 
with a modern 16,000-kw. plant at 3,000 r.p.m., built 
in 1929 for Derby Corporation, England. It should 
be stated that the maximum continuous rating of the 
Derby plant is 20,000 kw., and that it has divided 
flow low-pressure stages, discharging their exhaust 
steam into a common exhaust pipe. 

Up till the present, about half-a-million horse-power 
in steam-turbine plant has been supplied to South 
Africa from Newcastle-on-Tyne. Some of the latest 
plants include the 20,000-kw., 3,000-r.p.m., tandem 
cylinder turbo-alternators for railway traction, installed 
at Colenso in 1925, under the South African Railways 
and Harbours Administration, and plants of the same 





output, but of single-cylinder design, installed by the 
Electricity Supply Commission at Congella, Durban, 
in 1927. 

So far, units of 20,000-kw. output have been large 
enough for the requirements of South African power 
users, but the size is increasing, as witness the 30,000-kw., 
3,000-r.p.m., turbo-alternators now under consideration 
for Vereeniging. The output and speed of this tur- 
bine present no great difficulties, because, owing to the 
temperature of the condensing water available, the 
exhaust vacuum is unavoidably low, and the volume 
of steam to be dealt with by the low-pressure blading 
is thereby reduced. 

The largest, and perhaps the most important, power 
station in South Africa is at Witbank, in the heart of 
the Witbank coalfield. As at present designed, this 
station will have a capacity of 100,000 kw. Four 
20,000-kw. turbo alternators have been supplied from 
Newcastle-upon-Tyne and a fifth is now under con- 
struction. Fig. 2 is a view of the turbine room after 
the completion of the first three sets. Witbank is 
probably the cheapest and most efficiently operated 
power station in the world ; itis worked as a base-load 





ENGINEERING 





station with maximum load factor. Such a station 
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De Beers Consolidated Mines, Limited, for their 
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Somerset West explosive works in 1902. The author 
is informed that these six plants, installed more than 
25 years ago, are still in use and running satisfactorily. 

After these early turbo-alternators, many other 
plants came into use in other parts of South Africa 
for electric power generation, and for driving centri- 
fugal pumps, centrifugal blowers and compressors. 
Among the many early users of steam-turbine plant 
may be mentioned Durban, Cape Town, Johannes- 
burg, and several mining and other centres in South 
Africa and Rhodesia. The installation of these plants 





_* Paper read before Section G of the British Associa- 
tion at Johannesburg, South Africa, on July 31, 1929. 





The success of the above plants led to eight tandem- 
cylinder turbines, designed. for 6,000 kw. economical 
load at 1,000 r.p.m.. being ordered, in 1908, for the 
Lots Road power station at Chelsea, London. The 
design of these 6,000-kw. turbines is of interest to 
South African engineers, inasmuch as two similar 
turbines, designed for the same speed and coupled to 
50 period alternators, were supplied in the year 1909 
to the Randfontein Gold Mining Estates Company, 
Witwatersrand. A one-twelfth scale model of one of these 
turbo-alternators was made for exhibition in Brussels 
in 1910, and is still on view in the offices of Messrs. C. 
A. Parsons and Company, Limited, Newcastle-on- 
Tyne. These plants were the largest in the world at 
the time of their construction, and it is interesting to 





is an example of the successful work done by the 
Electricity Supply Commission, and recognition is 
also due to Victoria Falls and Transvaal Power Com- 
pany, whose staff is responsible for its efficient 
operation. 

(2) Development of Industry in South Africa through 
Electric Power Supply.—A far-sighted policy of building 
and extending electricity works, which is contributing 
in no small measure to the present development of the 
country, is being pursued by the Electricity Supply 
Commission of South Africa, under the able control of 
the Chairman, Dr. Van der Bijl and his colleagues. An 
example of this is in evidence in the big manganese 
industry in South Africa, negotiations being now in 
progress between the Manganese Company and the 
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Electricity Supply Commission for a supply of power 
to enable the manganese ore to be treated near Colenso, 
which will absorb about 50,000 kw. of electrical energy. 
Other industries are springing up wherever electricity 
works have been developed, and where power can be 
obtained at reasonable cost. 

Another example of the progress made is the 
increasing demand for power from the Cape Town 
Corporation, under the auspices of the Electricity 
Supply Commission. The increase in units sold by this 
Corporation is shown by Table I, below. 








the value of a more economical utilisation of the 
materials of construction of such turbines. The 
limiting factor to the output of a condensing steam 
turbine of high efficiency is well-known to be the area of 
the blade annulus of the final blade ring at the exhaust 
end that is permissible for a given speed of revolution. 
By the use of higher quality steel for the discs, stronger 
blades and blade fixing, and improved mechanical 
design, this permissible annulus has been increased 
about nine-fold, and the output in rather greater ratio. 





Fig. 3 shows an example of a triple exhaust design 























from the turbine, the output obtainable from a single 
turbine is still further increased by the amount of the 
additional power derived from the partial expansion of 
the tapped off steam before extraction. In this way, 
turbines can now be built to have an output of 100,000 
kw. at 1,500 revolutions with a double-ended low- 
pressure stage, and 150,000 kw. with triple low-pressure 
stages in a tandem-cylinder turbine. 

3 (6) Reheating of Steam after Partial Expansion.— 
Extracting steam from the turbine at a suitable point, 
after partial expansion, and passing it through a re- 
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Fig. 3. Trrpie-ExHaust TURBINE AT Brimspown Power STATION, 


TABLE I.—Capetown Corporation Electricity Works. 


Year. Units sold. 
1926 32,881,106 
1927 41,372,262 
1928 55,131,999 


This indicates an increase of 68-5 per cent. in two years. 
The total number of consumers in Cape Town at the end 
of 1928 was 23,531. 

(3) Modern Developments in Steam Turbines. (a) 
Increased Fuel Economy and Output Per Unit.—In the 
development of modern steam turbines, increased fuel 
economy is being realised by raising the initial steam 
pressure and temperature, by regenerative heating of 
the feed water so as to redace the percentage of heat 
rejected in the condenser water, and by the use of air 
preheaters and economisers to extract the residual heat 
of the flue gases. Reheating of steam after partial 
expansion is also being tried as a means of increasing 
the economy ; this is dealt with separately in section 
3 (b) of this paper. Improvements in turbine efficiency 
have been continuously made as the output per unit 
has increased. Above 5,000 kw., the effect of size on 
efficiency is less marked. The overall heat economy 
of a large plant equipped with every modern auxiliary 
device, will, however, generally be higher than that of 
a small plant. 

These developments, in conjunction with the demand 
for units of larger and larger output, have emphasised 








Fig.4. 





ENGINEERING” 





as adopted in two machines at the North Metropolitan 
Electric Power Company’s new Brimsdown Station, 
London. With a triple exhaust, an output of 40,000 kw. 
at 3,000 r.p.m. can now be obtained, and this is about the 
present-day limit of alternator capacity at that speed. 
At 1,500 r.p.m., an output of 40,000 kw. can now be 
obtained from a single-flow turbine. and, by double- 
ending the low-pressure blading, 80,000 kw. can be 
obtained from a single machine. 

Where the feed water is heated by steam tapped off 





heater, can be shown on theoretical grounds to give some 
increase in thermal efficiency. This method has been 
tried on a large scale both in England and the United 
States of America. Since, however, most large modern 
turbines use cascade feed-water heating by steam 
extracted from the turbine at several stages of the 
expansion, when reheating is also adopted it becomes 
a matter of considerable difficulty, in a large base- 
load plant, to obtain directly comparative test data. 
Such reheating was adopted in the 50,000-kw. reaction 
turbine and alternator erected in the Crawford Avenne 
Power Station of the Commonwealth Edison Company 
at Chicago in May, 1925, which turbine and alternator 
were designed and built at Newcastle-upon-Tyne. 

Reheating to 700 deg. F. by means of flue gases is 
now being adopted at the Barking Power Station 
of the County of London Electric Supply Company, 
Limited. 

Reheating by means of live steam at boiler pressure, 
instead of by flue gases, has also been tried. The general 
impression appears to be that this method of reheating, 
at such temperatures as have been tried, is ineffective. 
If, however, reheating can be carried out to the initial 
temperature, or, say, to 750 deg. F., by heat exchangers 
in the flue gases, then the benefit from the point of view 
of fuel economy is appreciable. On the other hand, 
there are the disadvantages of the complication of 
pipes and valves, and the necessity for overspeed 
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safety devices on account of the large steam capacity of 
the reheater system. 

(4) Improvements in Surface-Condenser Design.— 
Modern improvements in surface-condensing plant are 
in the direction of greater attention to the distribution 
of the exhaust steam among the tubes, with the object 
of reducing to a minimum the difference between the 
pressure in the exhaust and the lowest pressure in the 
condenser, yet retaining the temperature of the con- 
densate at as nearly as possible that of the exhaust 
steam and promoting de-aeration of the condensate. 
According toone method, suitably situated channels and 
baffles are provided between the tubes, by which means 
the exhaust steam is given more direct access to the 
condensate at the bottom of the condenser, and air 
extraction is shielded from the steam by banks of cold 
tubes. Another method is to pass the feed water 
through widely spaced tubes in the exhaust passage 
above the condenser. 

(5) Progress in High-Speed Alternator Construction.— 
The maximum output of high-speed alternators at a 





given rate of revolution has increased nearly four-fold 


Fig.5. 
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Witbank Power Station, were designed for 6,600 volts, 
whereas in the Salt River Power Station, at Cape Town, 
electrical energy is being generated at 11,000 volts. 
The Victoria Falls and Transvaal Power Company are 
also increasing their generating voltage to 11,000. 

The need for higher voltages has led to considerable 
research work, and, as a result, a 25,000-kw. turbo- 
alternator has been built generating at 33,000 volts. 
It has been in commercial operation since last August, in 
the new power station of the North Metropolitan Electric 
Supply Company, Limited, at Brimsdown, North 
London. A special feature of this design is the adop- 
tion of a concentric type of stator conductor containing 
three helically stranded copper conductors separated 
by mica insulation and joined up in series.* 

By the method of winding, the highest potential is 





any sign of distress. The control and regulation have 
proved in every way satisfactory. 

The above example is a pioneer step in direct genera- 
tion at high voltages. So far, only the fringe of possibili- 
ties of such a design has been touched ; it would seem 
that, in the natural course of progress, a reliable high- 
voltage alternator will become an essential factor in 
the rapid increase in size of power stations and their 
interconnections. 

The advantages of high-voltage generation are not 
confined to the alternator. With the consequent smaller 
current, the number of cables which Jead the current 
from the alternator are reduced, giving considerable 
economy of space for accommodating the cables and 
sealing ends mounted below the alternator terminals. 
The tunnel in which the cables are run through the 








7420 &. 














STON ARMING 





“ENGINEERING 


Fig. 6. Ercuep Macro-Section or 20-Ton Inaot Cast By THE NEw METHOD. 
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during the last decade; for instance, at 3,000 r.p.m., 
from about 10,000 kw. to 40,000 kw. This advance 
has been mainly secured by lengthening the rotor body 
and increasing its diameter, the latter being made 
possible by the use of higher tensile steel in the end caps. 

Whereas, in steam turbine construction, it is possible 
to meet limitations as to length and diameter of rotor 
by adopting a two, or even a three, cylinder design, and 
duplicating the low-pressure stages, a similar change in 
alternator design is not practicable. For outputs of 
over 40,000 kw. and a frequency of 50 periods, alter- 
nators are now, therefore, designed for a speed of 
1,500 r.p.m., and the largest output at present obtainable 
at this speed is about 150,000 kw., thus coinciding with 
the maximum obtainable from a steam turbine at the 
same speed. 

In order to obtain a satisfactory design of alternator 
of this size and speed, the voltage should be increased 
beyond the value which, up till the present, has usually 
been adopted. Electrical engineers have been aware 
of the advantages of increased voltage, and the tendency 
in this direction can be readily observed in the practice 











of the last 30 years. The highest generator voltage in 
the early alternators was from 2,000 to 5,000 volts, 
gradually increased to 11,000 volts by 1905, and sub- 
sequently to 14,000 volts. In South Africa, the same 
tendency is apparent. Alternators built a few years 
ago for the Electricity Supply Commission, for their 


EtroHED Macro-SEcTION OF ORDINARY 20-Ton INGOT. 


reached in the innermost of the three conductors, but 
the potential difference between this and the next 
conductor is only about one-third of the total potential 
to earth, and the same applies to that existing between 
the inner and outer conductors, and between the outer 
conductor and earth. By the use of this type of 
conductor, it is possible to obtain the increased phase 
voltage without increasing the voltage gradient across 
the insulation, so that the electrical stresses in the 
insulation are no greater than those which, for a number 
of years, have proved to be perfectly safe. A section 
through one such conductor bar is illustrated in Fig. 4. 
It resembles an ordinary concentric cable, except that 
the insulation between the concentric conductors is mica- 
nite. Apart from the stator winding and mechanical 
details, which have been modified to meet the special 
features in the design, this 25,000-kw. alternator is of 
standard construction. Since it was installed, it has 
operated continuously up to its maximum load at 
voltages between 34,000 and 35,000, and has withstood 
the most severe faults of the large overhead and 
underground network to which it is coupled, without 





* “Direct Generation of Alternating Currents at High 
Voltages.’’ Paper read before the Institution of Electrical 
Engineers, March 21, 1929; see also The Engineer, 
vol. cxlvii, No, 3,821, page 383 and Electrical Times, 
vol. lxxv, No. 1953, page 475. 





foundation block is smaller, and its construction is 
simplified. There is also a reduction in the cost of 
switchgear, which, for the transmission of large powers, 
increases rapidly with the current. Further, in a large 
local network of high-voltage transmission to which 
the alternator can be directly coupled, there is the 
elimination, or partial elimination, of the usual] step-up 
transformer plant, and the space and building required 
to accommodate them. 

While only alternators have so far been dealt with, 
other units the size of which is continually increasing, 
such as motors, motor generators, synchronous con- 
densers, &c., may be economically designed for high 
voltages and coupled direct to the network without 
the use of transformers. 

Large alternators of the present day are ventilated 
by separately driven fans. It is interesting to note that 
one of the first plants fitted with this system of ventila- 
tion was a 1,500-kw. alternator built for the East Rand 
Proprietary Mines. The problem of alternator cooling 
is of greater difficulty for many plants in South Africa, 
on account of the high altitudes of the stations, the 
density of air at 6,000 ft. up, for instance, being about 
20 per cent. less than at sea-level. 

(6) Improved Steel Ingots for Large Forgings.—A 
subject of considerable importance in turbo-alternator 
construction is the strength and reliability of large steel 
forgings for turbine shafts and alternator rotors. The 
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standard shape of ingot normally employed for casting 
molten steel is one in which the height is considerably 
greater than the breadth or diameter, with the larger 
cross-section at the top. In making ingots of this 
nature, a cast-iron mould is used on which is imposed 
a ‘“‘ head” lined with refractory material. As during 
cooling the crystals grow from the bottom and from 
the side walls, the solidifying metal contracts, and the 
still fluid metal in the “‘ head”’ flows down and fills 
up the space formed by the contraction. During the 
course of the solidification, however, sulphide and non- 
metallic inclusions are thrown out of solution, and are 
forced towards the centre of the ingot. This segregated 
material, instead of rising to the surface and being 
rejected, becomes trapped in the freezing crystals, 
forming lines of weakness in the metal. A sulphur 
print taken from a large ingot cast in a mould of the 
ordinary type usually shows a line of segregates of 
inverted V-type approximately half-way out from the 
central axis, and numerous small V-shaped segregates 
down the central axis. 
Anew method has now been devised* for the purpose 
of making improved steel ingots, in which the molten 
metal is poured into a mould having its horizontal 
dimensions greater than its vertical. Thick refractory 
material covers the sides of the mould, and there is a 
bottom chill of large dimensions. The mould is pre- 
heated to a temperature approaching that of molten 
steel before the pour is made, and heat is continuously 
supplied to the upper surface of the molten metal 
after pouring, ensuring that the upper layers are the 
last to solidify. Fig. 5 shows the arrangement of the 
mould with a refractory cover and the openings for the 
oil burners. Cutting an ingot through the central 
vertical section and examining the macro-structure, 
after etching with Humfrey’s reagent, brings clearly into 
evidence the existence or non-existence of segregates and 
lines of weakness of the structure. Fig. 7 shows an ingot 


19? knots. Each set of turbines had to develop 
9,500 shaft horse-power. 

In order to demonstrate that a pressure of 550 Ib. 
per square inch was not too high for marine work, an 
installation of turbines using steam at this pressure 
was fitted in the pleasure steamer King George V in 
1926. This vessel has since been running daily on the 
Clyde during two summer seasons, and has shown an 
economy in coal consumption of 30 per cent. over 
similar vessels on the same service. 

The experiment showed that such installations present 
no difficulties that cannot be met by suitable provision. 
In this pioneer installation, the boiler pressure was 
550 lb. per square inch, the steam was superheated to 
nearly 800 deg. F., and the turbine developed 3,500 
shaft horse-power. It will be clear that the economic 
effect of high pressure and temperature would have 
been considerably greater in an installation of larger 
power. The experiment on this vessel, however, was 
undertaken not only in order to obtain a higher effi- 
ciency, but to explore the practical application of high 
temperature and water-tube boilers to marine work 
and to ascertain what practical difficulties, if any, had 
to be overcome in this connection. 

In order to limit the variants as far as possible to 
the main machinery, the auxiliary machinery of this 
vessel was of the usual steam-driven type. The steam 
for the auxiliary engines was taken from the super- 
heater through an internal pipe in the saturated steam 
drum, by which means its temperature was reduced 
without loss of heat to the system, and all danger to 
the superheater, through overheating when the main 
engines were shut down, was thus avoided. 

The auxiliary engines exhausted at a back pressure 
of 5 lb. per square inch above atmospheric, and their 
exhaust steam was condensed in a surface feed-water 
heater, thereby raising the temperature of the feed 
water up to 200 deg. F. An additional high-pressure 





TABLI: Il.—FuEt ConsumMpTION OF MODERN MARINE TURBINE INSTALLATIONS. 














| Dail 
8.H.P. j y Fuel per Pressure Temperature , 
Ship. on service, a 8.H.P.-Hr. at engines, at engines. Vacuum. 
| 
Tons, | | Ib. per sq. in. deg. F. ins. 
Empress of Australia 20,346 142 0-65 190 580 29 
Duchess of Bedford 16,000 97 0-57 340 670 29 
Duchess of Atholl.. 16,100 99 0-58 | 340 680 29 
| U 





cast in a mould of the usual type, and Fig. 6 is from 
an ingot cast by the new method just referred to. These 
two reproductions bring into striking comparison the 
lines of segregation in the former, and the entire absence 
of such lines in the latter. The uniformity of structure 
in the latter ingot is very marked. 

With the ordinary method, as is well-known, the 
larger the ingot the greater is the segregation and axial 
weakness, whereas in the new method there is no axial 
weakness and an almost complete absence of segrega- 
tion, however large the ingot. The only limitation to 
the size of solid forging is the equipment at the forge 
for handling very largeingots. It will be seen that this 
method provides a means of producing sound ingots for 
the manufacture of the largest turbine shafts and alter- 
nator rotors, and with the reliable forgings thus available 
there is actually greater safety to-day in large turbo- 
alternator forgings than there was in similar parts for 
plants of moderate output manufactured a few years 
ago. 

(7) Marine Propulsion.—In marine propulsion with 
steam turbines, since the introduction of mechanical 
gearing in 1910 for transmission of large powers from 
high-speed turbines to low-speed propellers, thus giving 
independence of design, and enabling both propellers 
and turbines to be designed for their highest efficiency, 
there has been continuous progress in economy of fuel 
consumption. 

The arrangement of turbine most favoured in recent 
practice, is one which consists of three cylinders in 
series, with three separate pinions gearing into a common 
wheel on the propeller shaft. This disposition of the 
turbines is specially appropriate in conjunction with the 
improved thermodynamic systems already referred to 
in connection with land p:actice, utilising high boiler 
pressure and temperature. It allows the high-pressure 
and high-temperature portion of the expansion to be 
confined to a smal! high-speed turbine. It permits of 
easy provision for regenerative feed-heating, gives 


turbines which are readily accessible for overhauling, | 
and economises in the dimensions of the gearing, | 


because, with the increased number of pinions, the 


power that has to be transmitted by any individual | 


pinion is reduced. 

The first example of an arrangement of this type 
was that fitted by Messrs. Vickers in 1924, in the Orama, 
a twin-screw vessel of 19,000 shaft horse-power at 


heater utilising steam tapped from the turbines, further 
raised the feed temperature to 300 deg. F. 

In proposals which were put forward by the Parsons 

Marine Steam Turbine Company in 1925 for the 
adoption of high pressures for marine work, with 
water-tube boilers with boiler pressure of 500 Ib. per 
square inch, maximum temperature 700 deg. F., feed 
heating to 350 deg. F., and effective air pre-heating to 
give a boiler efficiency of about 84 per cent., it was 
forecast that, with a set of turbines developing 5,000 
shaft horse-power, an oil fuel consumption of about 
0-55 lb. per shaft horse-power could be obtained for 
turbines only, and about 0-65 lb. per shaft horse-power 
for all purposes, including auxiliary machinery. These 
estimates have been substantiated by the results 
obtained in some recent steamers built for the Canadian 
Pacific Railway Company, an account of which is given 
in a paper read by Mr. J. Johnson before the Insti- 
| tution of Naval Architects in the spring of this year. 
| Table II gives figures which are extracted from that 
| paper.* 
| The fuel consumption given in the table includes that 
| expended in working the main engines and the whole 
|of the auxiliary machinery (including steering gear) 
; incidental to the propulsion of the ship. 
The development in marine work of higher pressures 
| and temperatures, is indicated by the fact that there 
|are now built, or building, mercantile installations of 
about 500,000 total horse-power with boiler pressures 
ranging from 350 to 550 lb. and steam temperatures 
of 700 deg. F., and war vessels of over 650,000 h.p., 
with pressures ranging from 325 lb. to 500 lb. and 
steam temperatures from 600 deg. to 750 deg. F. 

It is reasonable to look forward to still further 
improvements in overall fuel economy in marine 
steam propulsion by developments in the same direc- 
tion, and by the employment of mechanical stokers or 
| the use of coal in a pulverised condition. 














THE ARGENTINE DESTROYER FLOTILLA-LEADER “ LA 
Rrosa.”"—This vessel, the last of the three destroyer 
flotilla leaders constructed for the Argentine Government 
| by Messrs. J. Samuel White & Company, Limited, East 
Cowes, Isle of Wight, carried out her full-power trials 
in the English Channel, on July 23 last, with highly 
satisfactory results. A mean speed of 39-4 knots was 
attained on the Admiralty measured course at Anvil Point. 





* « A New Method for the Production of Sound Steel.”’ | 
Paper read before the Iron and Steel Institute, May 3, | 


192); see ENGINEERING, vol. cxxvii, page 623 (1929). 


* Mr. Johnson’s paper, ‘‘The Propulsion of Ships by 
Modern Steam Machinery,” was reprinted in Enar- 
| NEERING, vol. cxxvii, page 374; et seq. (1929). 





ROOM HEATING BY STEAM 
RADIATORS. 


In addition to investigating the central air-heating 
furnaces in common use in the United States, 
as described on page 30 ante, the Engineering Ex- 
periment Station of the University of Illinois has 
also been studying the efficiency of commercial steam 
radiators and their enclosures and shields. This latter 
investigation was started in 1926, in conjunction with 
the National Boiler and Radiator Manufacturers’ 
Association and the Illinois Master Plumbers’ Associa- 
tion. The first report was published in 1927, and a 
second report,* issued this summer, brings the investi- 
gation to a certain conclusion. Actual rooms with 
typical outside walls, windows and doors, were provided, 
but a special house was not built, as was done in the 
former investigation. The two test rooms were equipped 
on the ground floor of the Experiment Station, between 
a refrigerating plant installed in the basement and two 
attics on the floor above. The two test rooms, each 
11 ft. by 9 ft. in plan and 9 ft. high, were identical in 
their construction and equipment. They were separated 
by a wide passage, in which a ventilating fan was located. 
What is called the exposed wall of each room faces a cold 
room, which extended for the full length of the rooms and 
passage, amounting to 27 ft., and the full depth from 
basement to attic. In this room, the refrigerating coils 
and some fans were installed. The whole group of 
rooms was encased in a double layer of cork board, with 
intermediate and outside layers of plaster, mortar and 
cement; the floors and ceilings were similarly lagged. 
Each exposed wall contained a standard double window ; 
on the inside below the window was a radiator. The 
plan was to keep the exposed wall at zero Fahrenheit, 
to which the thermometer may fall in winter, while 
the temperature in the test rooms at the breathing level 
(5 ft. above the floor), was usually maintained at 70 or 
60 deg. F.; the floor and ceiling could be heated elec- 
trically. 

Communication between the rooms and passage was 
by ordinary doors and by insulated doors of the ice- 
cupboard.type. Thermocouples were fixed to movable 
stands at three levels, viz., near the floor and ceiling 
and at the breathing level, and also within and close 
to both sides of the exposed walls, which were built 
up of several layers of wood, paper, pine studding 
and sheathing, plaster, and air spaces. These couples 
served for the determination of the temperature 
gradient through the wall. Cups for producing 
ammonium-chloride fumes were fixed at different 
points for the study of the air currents. 

The radiators, consisting of 6-section, 26-in. cast-iron 
pipes, of 21 sq.ft. area, painted black, were tested 
unenclosed, as supplied, or fitted with various enclosures 
or shields ; the effect of the enclosures was particularly 
investigated. The enclosures consisted of crash- 
cloth, covering only the top or reaching half-way 
down the radiator; sheet metal frames, also covering 
only the top or part of the sides as well; frames en- 
closing the radiator, but leaving the front free for 
radiation through vertical bars of a grille, described as 
frames A; and frames with open windows or whole sides 
of wire gauze. In a special type of radiator, partial 
enclosure by displaceable bars or strips was tried. 
The utility of these devices was tested with respect to 
the steam consumption, as measured by the weight of 
condensed steam, and to the temperature distribution 
in the room, especially in the living zone on which the 
comfort of the residents depends. Improved comfort 
generally means higher temperature of the air near the 
floor, lower temperature near the ceiling, and a mean 
temperature at the breathing level. From this point 
of view, and in general, the frames A proved superior 
to all the others. From unenclosed radiators, the hot 
air rose vertically upwards, keeping close to the wall 
near the radiator and to the ceiling. In descending 
along the opposite wall, it circulated chiefly in the upper 
portion of the room, having but little warming effect on 
the lower portion, and returning to the radiator front at 
rather steep inclinations. 

With the frame A, the hot air also rose from the top of 
the radiator, but more hot air ascended at an incline 
from the front of the radiator, and the circulation was 
much less confined to the upper portion of the air. 
The temperature near the floor was, however, raised 
very little (by only 1 deg. F.), whilst the ceiling tem- 
perature was lowered considerably. Most people, it 
is suggested, would probably prefer the air near the 
floor level to be at a temperature of more than 55 deg. F., 
with gentle air currents at a temperature of about 
70 deg. F., at the breathing level. The report points 
out that people are not comfortable when the tempera- 
ture at the breathing level falls below 70 deg. F., 
but, in our view, the discomfort would be due to the cold 





* Investigation of Heating Rooms with Direct Steam 
Radiators Equipped with Enclosures and Shields. By 
A. C. Willard, A. P. Kratz, M. K. Fahnestock and 5. 
Konzo. Engineering Experiment Station, Urbana. 
Bulletin, No. 192. Price 40 cents. 
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floors. The wire-enclosures proved satisfactory when 
their hinged tops of sheet metal were raised. The cap 
enclosures were decidedly ineffective and uneconomical. 
Heat radiated from the walls contributes materially to 
comfort, and loss of heat through outside walls can be 
reduced by hanging insulators close to the wall. In 
intermittently-heated rooms, the rate of cooling of the 
outside walls was very rapid, causing discomfort imme- 
diately after turning off the heat. 








THE FOX ELECTRIC OIL CLEANER. 


THE important economy resulting from cleaning 
used lubricating oil, particularly that from internal- 
combustion engines, is so widely recognised that no 
reference to the applications of the new type of clean- 
ing apparatus described with the aid of the accom- 
panying Figs. 1 and 2 is required. This apparatus, 
known as the Fox electric oil cleaner, is made by 
Messrs. Preston, Stallard and Company, 189, Regent- 
street, W.1. As its name implies, it is electrically 
operated, an electric heater being employed to set up a 
circulation of water through the oil whilst heating it. 
The current may be taken from any ordinary power 
or lighting point, and, with electricity at a penny a 
unit, it is stated that the cost of treatment works out 
at less than 3d. a gallon and that 97 per cent. of the 
dirty oil treated is reclaimed. As will be readily seen 
from the figures, the apparatus consists, in the main, 
of two cylindrical tanks arranged, with their axes 
vertical, one above the other. The lower tank is 
divided by a vertical partition into two parts, which 
are used for the storage of dirty and clean oil, respec- 
tively. The dirty-oil tank has a capacity of 17 gallons, 
and the clean-oil tank one of 14 gallons. The upper 
tank, which has a portable cover and is effectively 
lagged, is the washing tank, and has a capacity of 
5 gallons. 

The construction of the apparatus will be best 
understood by a description of its operation. The dirty 
oil, as drained from the sumps of motor-car engines, 
machine tools, &c., is poured into the larger com- 
partment of the lower tank through a coarse strainer 
provided with a hinged cover. The strainer is fitted 
with a pan and pipe leading to the bottom of the 
storage tank where a settlement of some of the heavier 
impurities, such as carbon and water, takes place, the 
cleaner oil rising to the surface. The water and 
sediment are drawn off as occasion demands by the 
drain valve shown. The partially cleaned oil is 
drawn off into buckets or other receptacles for filling 
the washing tank, the draw-off valve being provided 
with a swivelling collecting pipe, the inlet end of 
which is maintained near the surface of the oil by 
means of a float. When a sufficient quantity of 
dirty oil has accumulated in the storage tank, the 
washing process may be commenced. The first 
operation is that of filling the washing tank with 
water up to the level of the valve on the right hand in 
Fig. 1. The dirty oil is next poured in up to the 
level of the small funnel, also seen on the right hand 
of the tank. The construction in the centre of the 
washing tank consists of a cylindrical tube, narrowed 
at the top and expanded at the base, in which is 
situated an electric-heating element. The annular 
space between the element and the tube walls is 
filled with water, due to displacement by the dirty 
oil when circulation is set up, which water enters the 
space through perforations in the base casting. 

The electric heater is switched on when the oil has 
been filled in up to the required level, and the 
column of water in the tube, being heated, ascends 
and, overflowing on to a disc at the top of the tube, 
spreads over the surface of the oil. This water, by 
reason of its weight, percolates downwards through 
the oil and carries the impurities with it, thus effecting 
a thorough cleansing. A steady circulation is set 
up in the direction shown by the arrows in Fig. 1, 
and the heating process is continued for 3 to 4 hours. 
A period of about 9 hours, depending upon the viscosity 
of the oil being cleaned, is required for cooling, during 
which, it is stated, settlement of all impurities takes 
place, the impurities being deposited on the top of the 
water, as shown in the figure. The electric heater is 
automatically switched off at the expiration of the re- 
quisite period, owing to the water having reached, by 
that time, a temperature of 180 deg. F. At this tem- 
perature the velocity of the ascending water in the 
central tube causes it to splash over into the tray seen 
immediately above the tube. The tray is carried on 
a lever and is connected to a weight-operated trip 
mechanism. It is very sensitively set, so that the 
Weight of the accumulating water depresses it, thus 
Setting in motion the trip gear which opens the switch. 
The trip has, of course, to be reset when the tank is 
filled for the treatment of a further supply of oil. 

As soon as it is judged that the oil is cool, the 
Separated sediment and water are drained from the 
Washing tank by the water-level valve. This valve 
discharges into a swivelling funnel, of oval outline, 
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on the top of the storage tank, the pivot upon which 


the funnel turns being a vertical pipe leading to the 
bottom of the dirty-oil storage tank. The overflow 
funnel and pipe in the washing tank also discharge 
into this funnel, as well as the washing-tank drain 
valve. The last-mentioned valve is used when 
cleaning the washing tank. The funnel has, however, 
another function, for the understanding of which 
reference must be made to Fig.2. The clean-oil draw- 
off valve at the left-hand side of the washing tank in 
Fig. 1 is not shown in its correct position in the hori- 
zontal plane; neither is the clean-oil pipe which appears 
to be in the dirty-oil tank. These anomalies are due 
to difficulties in projection, and the correct positions 
of the clean-oil valve and the bell-mouthed pipe im- 
mediately below it are seen only in Fig. 2. The end 
of the funnel under the draw-off valve is provided 


Fig.t. 
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with a polished plate, on which a drop or two of oil is 
allowed to fall. This oil spreads into a thin film, from 
which it is easy to judge its state of cleanliness. If 
this is satisfactory, the funnel is swung over, as shown 
in Fig. 2, and the valve discharges into the clean-oil 
storage tank through the pipe indicated in Fig. 1. 

An analysis of two samples of lubricating oil before 
and after treatment in the apparatus show the follow- 
ing differences :— 


Dirty oil. Purified oil. 


Specific gravity at 60 deg. F. 0-916 0-910 
Pour point. .... rte ae — below—15deg. C. 
(5 deg. F.) 
Viscosity (Redwood) at— 
75 deg. F. (secs.) a — 1,164 

140 He a = _ 180 

SA heel. oh = oe 65 
Ash, per cent. = ... O-91 0-027 
Insoluble in benzene, per cent. 1-27 Nil. 
Water, percent. _.... ... 10°0 Nil. 


Oil, up to 300 deg. C., per 
cent. ne aie seve SQ 8 

Closed flash point. .... tens -— 150 deg. C. 

(302 deg. F.) 


It is stited that the viscosity was very little altered 
from the original oil, and that the high flash point 
might be held to prove the absence of petrol and the 
almost total absence of kerosene. This analysis was 
made at the research and testing laboratories of 
Mr. J. E. Hackford, 37, Mecklenburgh-square, W.C.1. 
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CATALOGUES. 


Biscuit Ovens.—A description of a very large biscuit- 
oven, heated by gas, is given in the Bulletin issued by 
Messrs. The British Commercial Gas Association, 28, 
Grosvenor-gardens, London, S8.W.1. 

Graphite Paints—Messrs. Joseph Dixon Crucible 
Company, Jersey City, U.S.A., have sent us a circular 
announcing additional colours in their list of paints, 
a special paint for floors, and a new aluminium paint. 

Flooring.—Messrs. Steelway, Limited, Monmore Green, 
Wolverhampton, have issued a further catalogue of their 
flooring and stair treads, made from steel flats placed on 
edge and riveted with diamond-shaped spaces between 
them. 

Water Power.—The Savigliano Company, of Turin, 
have sent us a copy of their technical bulletin containing 
illustrated descriptions of water-power plants, trans- 
mission lines, and electric locomotives. The text is in 
Italian. : 

Signalling Equipment.—A wall sheet illustrating bells, 
horns, telephones, &c., for coal mines, has come to hand 
from Messrs. Gent and Company, Limited, Leicester, 
who have also sent catalogues of sound signals and of 
time signal control for clocks. 

Small Motors.—Messrs. Higgs Motors, Witton, Bir- 
mingham, have issued a new price list of single-phase 
repulsion induction motors for 40, 50 and 60 cycles. The 
capacities range from 0-1 h.p. to 1-0 h.p. for 40-cycle 
circuits, and somewhat more for the higher frequencies. 

Pneumatic Tools.—A circular illustrating their pneu- 
matic-riveting tools, chipping tools, concrete-road 
breakers, drilling and grinding machines, and a jam 
riveter and holder-on, is to hand from Messrs. Sir W. G. 
Armstrong Whitworth and Company, Limited, New- 
castle-on-Tyne. 

Machinery Vibration.—A circular is to hand from 
Messrs. W. Christie and Grey, Limited, 4, Lloyds-avenue, 
London, E.C.3, explaining their method of preventing 
the transmission of noise and vibration, and illustrating 
its application to engines, printing machines, rotary- 
converter substations, &c. 

General Engineering.—The Skoda Company, of Prague, 
have sent us a copy of a pamphlet illustrating a wide 
range of engineering products, including steam engines 
and boiler-house plant, large cast-steel cable pulleys and 
gear wheels, cranes, motor vehicles, and locomotives. 
Brief descriptive notes appear in four languages, including 
English. 

Wrought-Iron Pipes.—Messrs. Walworth, Limited, 
90-96, Union-street, London, S.E.1, have sent us a 
price list of wrought-iron tubes and connecting fittings. 
The tubes are made in the gas, water and steam qualities, 
and each is supplied either black or galvanised. A list 
of Stillson pipe wrenches and separate spare parts 
has also come to hand. 

Valves.—A recent issue of Messrs. Crane and Com- 
pany’s journal, The Valve World, contains an account 
of the procedure of the American committee for stan- 
dardisation of pipe material for the valves and fittings 
industry. Messrs. Crane-Bennett, Limited, 45-51, Leman- 
street, London, E.1, represent the Crane Company in this 
country. 

House Drainage.—Their system of draining houses 
and lifting the sewage to a higher level for discharge, 
is explained in a catalogue received from Messrs. 
Daniel Adamson and Company, Limited, Dukinfield, 
Manchester. The drainage and sewage-treatment equip- 
ment of a number of houses is stated to have worked 
satisfactorily for 23 years. 

Welding.—The Quasi-Are Company, Limited, 15 
Grosvenor-gardens, London, 8.W.1, have issued a number 
of circulars illustrating welding work done with their 
electrodes, including pipe branches and girder work, 
The strengthening of railway bridges by welding on 
additional plates is illustrated in one of the circulars. 

Cables.—Messrs. British Insulated Cables, Limited, 
Prescot, Lancs., have sent us a copy of a circular letter 
dealing with the special suitability of Helsby rust- 
proof rubber-insulated wires and cables for use in iron 
pipes, lamp standards, switch pillars, trolley poles, &c. 
A catalogue of maximum-demand indicators, made in 
capacities from 1 to 300 amperes, has also come to hand. 

Trucks.—A truck made by Messrs. Marion Tool Works, 
Incorporated, Marion, Ind., U.S.A., for carrying rolls 
of paper, barrels, &c., is only 5 in. in height, and has a 
central depression and outer side slopes, so that the 
load may be rolled on sideways. There are six wheels, 
the steering being on the central pair. The representa- 
tives in this country are Messrs. Bruce Dawson and 
Company, 70, Finsbury-pavement, London, E.C.2. 


BritisH STANDARD TABLES OF PIPE FLANGES.—A 
new publication, designated No. 10, Part 3—1929, and 
entitled, “ British Standard Tables of Pipe Flanges for 
Land Use, Part 3, for Working Steam Pressures above 
450 Ib. per square inch, and up to 600 lb. per square 
inch,” has just been issued by the British Engineering 
Standards Association. The tables refer to pipes the 
nominal size of which ranges from } in. to 16 in. The 
items specified include the diameter and thickness of 
the flange, the diameter of the bolt circle, the number 
and diameter of the bolts, and the diameter of the joint- 
ing face. For temperatures of 750 deg. F., and up to 
870 deg. F., the use of special-alloy steel, suitable for 
the conditions, is recommended for the bolts, which 
must be fitted with nuts at both ends, Copies of the 
specification may be obtained from the B.E.S.A. Pub- 





lications Department, 28, Victoria-street, London, S.W.1, 
price 28, 2d, post free. 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECZNT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, £c., 
of the communicators are given in ttalics. 

—-< Specifications may be obtained at the Patent Office Sales 

r 5 $5. Southampton Buildings, Chancery-lane, W.C.2, at 


the uniform a of 1s. 

The date of advertisement of the acceptance of a Complete 
Specification is, in each case, ape @ the abstract, unless the 
Patent has been sealed, when the word ‘‘ Sealed"’ is appended. 

——— may, at any time within two months from the date of 

advertisement of the acceptance of a Complete Specification, 
ive notice at the Patent Office of opposition to the grant of a 
‘atent on any of the grounds mentioned in the Acts. 





MACHINE AND OTHER TOOLS, SHAFTING, &c. | 


308,938. The Moss Gear Company, Limited, 
Aston, Birmingham, and E. Gregory, Aston, Bir- 
mingham. Gear Grinding or Milling Machines. 
(1 Fig.) July 19, 1928—The invention provides improved 
means for effecting the adjustment of the bearing of 
spindles carrying grinding wheels or milling cutters. The 
abrasive wheel or cutter ] is mounted on the lower end 
of a vertical spindle 3. This spindle 3 is formed below 
the bottom bearing with a flange 3a of a shape, the 
conical surface whereof is adapted to coincide with a 
correspondingly-shaped surface formed in an annular 
member 6. The outer periphery of the annular member 
6 is screwed in order to engage with an annular-flanged 
block 7 having a screwed portion adapted to engage the | 
lower end of a vertical tubular sleeve 9. The upper face | 


of the flange of the block 7 abuts against a projection on 
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theframing 8. The bore of thesleeve 9 is of tapered form 
and is adapted to co-operate with a correspondingly- 
shaped face 3b formed on the central portion of the spindle 
3. The faces 3a and 36 are tapered in opposite directions 
and are of different degrees of inclination. The upper end 
portion of the sleeve 9 carries a nut 10, which bears on the 
frame 8. At its upper end the spindle 3 is mounted 
in a ball-bearing 11. The upper tapered portion of the 
spindle 3 has keyed upon it a bevel pinion 12, the teeth 
of which mesh with a bevel pinion 13 fixed on a horizon- 
tally-disposed shaft 17, mounted in ball bearings 18, and 
carried by the frame 8. The shaft 17 has keyed to its 
outer end a pinion 20, the teeth of which mesh with a 
pinion 21, adapted to be driven from a suitable source of 
power. The annular member 6 and the sleeve 9 can | 
be adjusted simultaneously by tightening the nut 10, | 
or by rotating the annular block 7, and independent | 
adjustment of the annular member 6 may be obtained | 





those of one disc being arranged to alternate with those 
of the other, as shown. The inner face of each ring is 
arranged at right angles or thereabouts to the surface 
of its disc, and the outer face is inclined at a suitable 
angle, so that an annular inclined slope is provided from 
the tip of the ring to the surface of the disc. The spindle 
of the upper disc @ is hollow and material to be pulverised 
is fed in through a tubec. The material fed in is thrown 
out centrifugally by the rotation of the discs and fills 
the angle between the inner face of the innermost ring 
on the lower disc and the surface of the disc as indicated 
at d. After filling this angle up to the angle of repose 
of the material concerned, the material is caused to pass 
over the tip of the innermost ring and is thrown centri- 
fugally into the angle between the inner face of the inner- 
most ring of the upper disc and the surface of that disc. 
This angle becomes charged with material as indicated 
at e, and the material then flows beneath the tip of 
the dise and into the angle of the second ring on the 
lower disc and so on until the periphery of the discs 
is reached when the material emerges through an an- 
nular slit f between the opposed faces of the discs. 
As material continues to be fed in through the tube c 
and is thrown out centrifugally, instead of striking 
against or being struck by metal surfaces, it strikes against 
the angular surfaces of the ‘‘beds”’ of material con- 
stituted as above described, passing from surface to 
surface and being gradually comminuted or pulverised 
until it finally emerges in powdered form from between 
the peripheries of the discs. The zig-zag passage way g 
constituted between the discs is reduced gradually in area 
as the outer edges of the disc are approached. (Accepted 
March 27, 1929.) 


311,139. Wellman Seaver Rolling Mill Com- 
pany, Limited, Westminster, London, and R. 
Hutchinson, Bilston. Draw Benches. (3 Figs.) 


| June 30, 1928.—The invention has relation to the 


manufacture of metal tubes in which there is employed, 
in one of the steps of the manufacture, drawing apparatus 
of the push bench type. Drawing apparatus of the 
push bench type, in accordance with the invention, is 
provided at the commencement of and/or in the drawing 
portion of the bench with a guide or guides which is, or 


(3/1139) 





are, adapted to open out as the billet passes through, 
and then to close on and hold and guide the mandrel and 
mandrel! carrier as they move in relation thereto, The 
guide comprises a number of members, arms or shoes 
13, mounted on acarrier 12, so that they can be moved 
into contact with or away from the mandrel and mandrel 
carrier 24, The members 13 are operated and held up 
to their work hydraulically or otherwise, for example, 
by springs, compressed air, cams or weights.—(Sealed.) 


RAILWAYS AND TRAMWAYS. 
309,891. H.N. Gresley, Hadley Wood. Locomo- 
tive Valve Gear. (3 Figs.) January 17, 1928.—This 
invention provides an improved construction and 
arrangement of valve gear for operating the four steam 
distribution valves of a four-cylinder compound locomo- 
tive. According to the invention, the low-pressure 


by turning the member 6 in the screw box constituted | steam distribution valves of the two outside cylinders 
by the threaded bore of the annular block 7.—(Sealed.) | are actuated directly by valve gear of the Walschaert 
|or other appropriate type, and the steam distribution 
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308,095. Thomas Broadbent & Sons, Limited, 
Huddersfield, and W. Hallitt, Huddersfield. Coal 


Pulverisers. (1 Fig.) April 4, 1928.—The invention | 
relates to pulverisers for reducing coal to powder form 














(308,095) 


for combustion in furnaces. The improved pulveriser 
comprises two discs a and 6 having their spindles a! 
and 6! supported by bearings a? and 62 and adapted to 
be driven by respective pulleys a5 and 63, the two discs 
being rotated in opposite directions. Each disc has on 
its inner face a series of concentric rings a4 and 64, 


| valves of the two inside or high pressure cylinders are 





actuated from levers of the low-pressure piston valve gear, 
through rocking shafts fitted with slotted arms. In these 
work die blocks connected to lever and link mechanism 
by which the cut-off in the high-pressure cylinders can 
be varied independently of that of the valves of the 
| outside cylinders. The low-pressure piston valves 1, of 
the outside cylinders 2, are actuated by Walschaert 
| valve gear. The high-pressure piston valves 12, of the 
| two inside cylinders 13, are actuated from the upper ends 
|of the levers 9, of the low-pressure piston valve gear, 
| through links 14, connected to levers 15, on rocking shafts 
| 16, combined with expansion links 17. The latter are con- 
nected to the high-pressure piston valve spindles by means 










of radius rods 18, combination levers 19, anchor links 
20 and crosshead arms 21. The radius rods 18 can be 
operated to vary the cut-off in the high-pressure cylinders 
by means of lifting links 22, connected to levers 23, on a 
shaft 24, and corresponding to the reversing shaft of the 
usual Walschaert gear.—(Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 

309,843. Babcock and Wilcox, Limited, Lon- 
don, and A. E. Parker, London. Chain Grate 
Stokers. (8 Figs.) January 9, 1928—The invention 
relates to chain-grate stokers of the compartment type in 
which compartments between the upper and lower runs 
of the grate are provided, having inclined front and rear 
and side walls with openings at the bottom of relatively 
small dimensions, and with an air supply to the com- 
partments in order that it may pass through them to the 
grate. In accordance with the invention, in a stoker of 
the above type, the space surrounding the hoppers is 
open freely on all sides to an air supply coming from the 
open sides of the chain-grate frame, and apertures are 
provided in the hoppers in their front and rear walls. 
The space between the top and lower runs of the chain 
K is partially boxed in by end plates L extending trans- 
versely across the grate and by bottom plates M. This 
space is divided into compartments A by inclined front 
and rear walls B, C, respectively, and inclined side walls 
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D, which converge downwardly, after the manner of a 
hopper, and terminate in openings E, of relatively small 
dimensions. Each compartment A is separated into two 
or more sub-compartments extending across the width 
of the stoker by division walls, constituted by oppositely- 
inclined walls D, which meet the inclined front and rear 
walls B, C, of the compartment. The inner inclined walls 
D terminate short of the upper run of the grate, so as to 
allow of uniform distribution of the air over the full width 
of the grate. The sub-compartments are each provided 
with a riddling valve F. X indicates inspection doors. 
Air supplied to the partially-boxed-in space, outside 
the compartments A, between the top and return 
runs of the chain, is admitted through the walls B, C 
of the compartments, to the underside of the grate, 
by way of openings in the walls controlled by a series of 
spaced dampers G. Interposed between the compart- 
ments and extending across the grate is a lattice-sup- 
porting girder H, which serves as a mid support for the 
compartments.—(Sealed. ) 


311,206. A. W. Bennis, Bolton. Travelling Chain 
Grates. (6 Figs.) February 6, 1928.—The invention 
relates to furnace grates, particularly of that type known 
as travelling chain grates. According to the invention, 
air is fed into one or more compartments between the 
upper and lower runs of the grate, and the quantity 
thereof fed to the sides of the grate is controllable 
independently of the central longitudinal run, by a 
number of dampers situated between the compartment, 
or between each compartment where more than one 
compartment is provided, and the upper run of the grate. 
10 are the links of the driving chains for causing move- 
ment of the travelling chain grate. These chains are 
supported on rollers 11 enclosed within compartments 12, 
from each of which one or more partitions 13, depend. 
These partitions extend transversely across the grate and 
are provided with lips 14, against which dampers 15, abut, 
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when in their closed position, The dampers 15 are 
mounted immediately beneath the grate bars, and at each 
end of a transverse spindle 16 capable of angular dis- 
placement by means of a handle 17. By rotation of 
the handle 17, the dampers 15 are tilted so as to ope! 
to any desired extent, or to close the chambers 18 formed 
by adjacent depending partitions 13. Vertically disposed 
diaphragms 19 extend longitudinally down the grate 
and the dampers 15. In this way, air may be fed from 
one or more compartments 31, situated beneath the 
dampers 15, and extending completely or partially across 
the grates, to the centre of the grate along its longitudinal! 
upper run, without supplying air to the sides of the uppe" 
run of the grate, or with the supply of air to the side ¢ f 
the upper run of the grate limited in extent.—(Accep" 
May 23, 1929.) 
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THE MEASUREMENT OF DETONA- | given in Table I are based on using commercial 
TION IN INTERNAL-COMBUSTION benzol additions to the fuel, and in Table II on 


ENGINES. 
By R. O. Kina, M.A.Sc., and H. Moss, D.Sc. 


Ir has long been known that the power and fuel 
economy’ obtainable with internal combustion 
engines of the type compressing a mixture of 
fuel and air prior to ignition, is limited mainly by 
the occurrence of detonation or fuel knock as 
the compression or the size of the engine is increased. 
This limitation of power and economy is no longer 
accepted as a necessary evil, and a partial removal 
of the barrier to higher engine efficiency has followed 
recent investigations of the properties of liquid 
fuels. The consequent production of superior 
fuels, accompanied by improvements in the design 
of engine combustion chambers has had the effect 
of raising substantially the general level of engine 
efficiency within the last half-dozen years. While 
previously it was common practice to build motor 
car engines having compression ratios of 4 to 1 and 


Fig.1. HIGHEST USEFUL COMPRESSION 
RATIO FOR 8.P. N21 PETROL WITH 
ETHYL FLUID ADDITIONS AND 
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ethyl fluid (3 lead tetra-ethyl + 2 ethylene di- 
bromide) additions. The cost to the consumer 
of No. 1 petrol is taken at 19d. per Imperial gallon 
and that of benzol at 26-5d. The cost of additions 
of ethyl fluid is taken pro rata on the basis that 
the Id. per gallon extra cost of Pratt’s ethyl petrol 
represents the cost of supplying its 5 c.c. per gallon 
content of ethyl fiuid.* The prices given are present- 
day costs to consumer and include taxes. 
Referring to Table I, it will be seen that a regular 
increase in economy is obtained corresponding to 
similar increasing additions of benzol. Over the 
total range of compression ratio (column 3) the 
tate of fuel consumption has fallen by 20 per cent. 
(column 4) and the cost of the fuel has risen by 
16 per cent. (column 2), giving a net saving of 
4 per cent. (column 5). Approximately the same 
results are obtained for additions of ethyl fluid 
(Table II), considering the same total range of com- 
pression ratio. It will be observed, however, that, 
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lower, it is now quite usual to employ ratios 
of 5 to 1, and higher. Engines are in regular 
production with the relatively high value of 
6 to 1 for the compression ratio, and as high 
as 10 to 1 has been used for racing engines. 

During the period of development of higher 
efficiency engines, selected fuels were required 
for their operation. Such engines being now 
generally used it is necessary for all commercial 
fuels to be “made up” to some standard of 
anti-knock value. This is commonly accom- 
plished by the addition to the natural fuel of 
a considerable proportion of a manufactured 
fuel such as benzol or a very small proportion 
of a fuel dope such as lead tetra-ethyl. In 
some cases natural fuels having a particularly high 
anti-knock value may be used instead of benzol, but 
these are obtainable in limited quantity. What 
are known as “cracked” fuels are reputed to 
possess high anti-knock values, but engine trials 
of such fuels show that this quality is dependent 
more on the nature of the oil used for cracking, 
than on any change occurring during cracking pro- 
cesses in general use. Nevertheless, these processes 
enable a greater proportion of a crude oil having 
desirable anti-knock properties to be made available 
for engine fuel, than would otherwise be the case. 
An additional source of supply of fuels suitable for 
blending with natural fuels will become available 
with an increase in the production of oil from coal, 
since engine fuels procured from this source possess 
high anti-knock properties. 

{t is evident that all of the means described for 
increasing the anti-knock properties of fuels involve 
increasing the cost of the fuel to the consumer. 
The extent of the increase can be illustrated by 
considering the cost of the fuel required for the 
full-power operation of the Ricardo E.35 variable- 
compression engine at a speed of 1,500 r.p.m., a 
compression ratio of 4:75 to 1, and at successively 
higher ratios up to 6-4 to 1, corresponding to 
an increase of fuel economy over this range 
of approximately 20 per cent. The relative data 
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for additions of this dope, the cost of fuel per b.h.p. 
does not decrease continuously with increase of 
compression ratio as it does for benzol additions, 
but reaches a minimum at a compression ratio of 
5:6, corresponding to an addition of 6 c.c. per 
gallon, and then rises. This feature is of consider- 
able economic interest and follows from differences 
in the respective effects of benzol and metallic 
dopes on the tendency of fuels to detonate. The 
difference is illustrated by the curves given in 
Fig. 1, which show that ethyl fluid becomes pro- 
gressively less effective in delaying detonation as 
the quantity used is increased, and the economic 
maximum is reached for ethyl fluid additions of 
the order of 6 c.c. per gallon as in Table II. A 
further equal increase is less than half as effective, 
and the possible additional fuel economy more 
than offset by the extra fuel cost. 


* This method of arriving at the cost of ethyl fluid 
gives approximate values only, which, however, serve the 
purpose of the text. Actually, ethyl fluid, as sold for 
mixing with petrol, is maintained at a somewhat arbitrary 
price level including a service charge based on gallons of 
petrol treated in addition to a price of 4d. per cubic 
centimetre for the ethyl fluid itself. Also, the propor- 
tion of ethyl fluid in Pratt’s ethyl petrol is not invariable, 
but is that required to bring a changing blend of petrols 
from various sources up to a standard of anti-knock 
value; 5 c.c. per gallon is the maximum amount 
used, 








The considerations reviewed make it appear that 
little saving in fuel cost is to be expected from the 
use of improved fuels, even at the most advantageous 
compression ratios, and that the economically sound 
method of advance is by way of improvement in 
combustion chamber design. Although consider- 
able progress has been made in this direction, im- 
proved fuels will still be necessary if the best possible 
performance of the carburettor engine is to be 
attained. It would, however, be taking a narrow 
view to conclude that the advantage of such fuels 
is offset by their extra cost. The better fuels used 
at higher compression ratios yield more power with 
little necessary increase in engine weight, and their 
economic advantage would be more correctly 
assessed on some basis including both fuel economy 
and power output per unit of weight. In any event, 
it is due to advances in fuel technology that an 
increasing proportion of the supply of crude oil is 
made available for carburettor engines ; otherwise, 
the cost of suitable fuels would increase greatly, or 
it would be necessary to lower the general level of 
engine compression, and, therefore, economy, in order 
that fuels with a pronounced tendency to detonation 
might be used. 

Fuels procured from different districts vary in 
tendency to detonation, and variations occur even 
in batches from one district. The fuel as sold is 
generally a blend, and to this must be added enough 
benzole or dope to make it suitable for the engines 


TaBLeE I. 





(1) (2) (3) (4) (5) 


Compres- Co ’ 
. P msump- | Fuel Cost. 
Fuel. Fuel Cost.|sion Ratio tion. Pints| Pence per 


Petrol/Benzol Pence Possible per B.H.P.|B.H.P. per 











Mixtures. Per Pint. ay per Hour. Waar. 
100/0 2-37 4-75 0-59 1-39 
90/10 2:47 5-00 0-56 1-38 
80/20 2-56 5°25 0-54 1-38 
70/30 2-67 5°55 0-51 1-37 
60/40 2-75 5-90 0-49 1-35 
50/50 2-84 6-35 0-47 1-33 
Taste II, 
(1) (2) (3) (4) (5) 
Fuel-Petrol. Compres- Consump- | Fuel Cost. 


Fuel Cost. | sion Ratio | tion pints | Pence per 

















Ethyl Fluid 

Additions | Pence per | Possible | per B.H.P.| B.H.P. per 

per gallon. ; Power, | Per Hour.} Hour. — 
0-0 c.c. 2-37 4-75 0-59 1-39 
2-0 ,, 2-42 5-10 0-56 1-355 
4-0 ,, 2-47 5-40 0-54 1-335 
6-0 ,, 2-52 5-65 0-525 1-325 
8-0 ,, 2°57 5°85 0-515 1-33 
10-0 ,, 2°62 6-00 0-51 1-335 





in which it is used, and because of the expense of 
thus improving the natural product, the measure- 
ment of the tendency of fuels to detonate becomes of 
prime importance. It is proposed to review possible 
methods and to give comparable experimental 
results obtained with the two most generally used. 

Methods of Measurement.—It is now generally 
known that the tendency of liquid fuels to detonate 
is mainly dependent on their content of hydro- 
carbons of the paraffin series. This suggests that 
the tendency to detonation could be determined by 
chemical analysis. This method, however, is not 
practicable owing to the great difficulty of isolating 
the numerous members of the paraffin series found 
in any sample of commercial fuel. Moreover, the 
tendency of any one member to induce detonation 
even if known when used alone, would depend in 
practice on interactions with other members of the 
series or other hydrocarbons present in the fuel 
during the stages of combustion preceding inflam- 
mation. 

It has been shown that during these early stages 
of the combustion of detonating fuels, compounds 
containing active oxygen (organic peroxides) are 
formed at a temperature far below that of inflamma- 
tion or even that reached at the end of the compres- 
sion stroke of an engine, and that detonation does 
not occur if the formation of these compounds be 
prevented.* The temperature of formation of these 
unstable compounds in suitable conditions of fuel 
and air mixtures determines approximately the 





* Callendar, King, Mardles, Stern and Fowler. R. & M.. 
1062; ENGINEERING, February 4, et seg. 1927. 
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relative detonating tendencies of the fuels. This 
characteristic of the detonating fuels might be 
made a basis of a method of measurement, but 
further investigation is required for its development. 
At present, the available methods depend on 
measurements made during the use of the fuels in an 
engine. 

The onset of detonation in any particular engine 
depends on the setting of certain variable factors of 
engine operation and on fixed characteristics of the 


design. The variable factors comprise mixture- 
strength, ignition timing, charge-density, 1.e., 


throttle setting, engine speed and temperature. 
The fixed characteristics are compression ratio, 
cylinder size and combustion chamber design, which 
includes position and number of ignition points. 
The tendency of a fuel to detonate in an engine is 
thus both a property of the fuel and a product of a 
combination of fixed and variable engine factors, and 
cannot be expressed in other than relative terms 
based on a standard fuel or on some combination of 
the variable and fixed factors. Methods of measure- 
ment following from these considerations fall into 
three general classes which will be described briefly, 
before dealing in some detail with the two generally 
used. 

Method 1. Relative Fuel Values in Terms of a 
Standard Fuel obtained by Measuring Detonation.— 
This method is operated using any available engine 
with running conditions set to produce continuous 
detonation, with an apparatus for measuring the 
amount of detonation occurring in a given time. 
The relative anti-knock values of fuels tested by this 
arrangement are taken as indicated by the measured 
amounts of detonation obtained for the respective 
fuels. In practice, the method is used to determine 
the benzol or dope addition required to make an 
inferior fuel equal to a superior adopted as a pro- 
visional standard, the fuels being taken to have 
equal anti-knock values when giving equal amounts 


of detonation in equal times. Thus, the result of a | 
of both methods, and to show from experimental 


comparison of fuels, instead of being expressed in 
meaningless terms of ‘‘ amounts of detonation,” is 
given in terms of the amount of benzol or of dope 
required to bring the tested fuels to an equality 
with the standard. 

Method 2. Relative Fuel Values in Terms of a 
Standard Fuel obtained by using a Variable Engine 
Factor to Initiate Detonation.—An instrumental 
means of measuring amounts of detonation is not 
required for the operation of this method. What- 
ever factor is to be made a variable is first set at a 
value to avoid detonation with the fuel under test, 
and gradually altered until continuous detonation is 
just audible. This stage of detonation is sharply 
defined with most fuels, and can be detected in the 
usual circumstances of engine operation with suffi- 
cient accuracy for a basis of measurement. Ignition 
timing is the variable engine factor most generally 
used, and, the other variable factors being given 
fixed values, the ignition timing at which detonation 
is just audible is determined for whatever fuel is 
adopted as a provisional standard. The relative 
anti-knock values of inferior fuels may then be 
determined in terms of the dope or benzol additions 
required to bring them to an equality with the 
standard with respect to audibility of detonation 
at the same ignition timing. Other variable factors 
sometimes used include charge-density, as deter- 
mined by throttle opening and engine speed. 

Method 2 differs from No. 1 only in the means 
used for determining when detonation for any fuels 
tested has reached the same degree of intensity. 
It has the advantage that auxiliary apparatus for 
measuring amounts of detonation is not required, 
but in practice consistent results are more difficult 
to obtain than with Method 1. 

Method 3. Relative Fuel Values Obtained in 
Terms of Highest Useful Compression Ratio.—The 
usually fixed engine characteristic of compression 
ratio, when made a variable and used as the factor 
controlling the occurrence of detonation, is the 
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is the highest that can be usefully employed in the 


test engine at the speed selected. This value of the 
compression ratio, usually designated as the highest 
useful compression ratio (H.U.C.R.), is frequently 
confused with the value of the compression ratio 
at which detonation may occur. For instance, 
with the Ricardo E.35 variable-compression engine 
run at 1,500 r.p.m., and with ignition timing, 
mixture-strength and throttle position set for 
maximum power, detonation may begin with a 
particular fuel at a compression ratio of 5 to 1. 
The ratio thus determined is the H.U.C.R. value 
for the fuel when used in this or similar engines 
at the speed mentioned. However, by altering 
the variable factors of mixture-strength, throttle 
position and ignition timing, thus departing from 
maximum power conditions, the same fuel may be 
made to detonate in the same engine at any value 
of the compression ratio between 3-8 to 1 and 7-5 to 
1, that is, over the whole range obtainable. Values 
of the compression ratio at which detonation 
begins are thus obtained, but they have not the 
exact meaning associated with the single value 
obtainable under conditions of maximum power 
output and correctly designated as the H.U.C.R. 
value for the fuel, Aside from the determination 
of relative fuel values, the H.U.C.R. method has 
the special advantage that it enables a relation to be 
established between fuel characteristics and the 
important factor of compression ratio which, in 
any engine design, must be fixed at the highest 
practicable value if the fuels available are to be 
used economically. 

A comparison of Methods 1 and 3 is of most 
interest, since, with the former, the relative anti- 
knock values of fuels are obtained under conditions 
of pronounced detonation and generally at low 
power output, while, with the latter, fuels are 
compared under the engine conditions required 
for full-power output, but with very slight detona- 
tion. It is proposed to explain briefly the working 


results to what extent relative values of a series 
of fuels determined by one method differ from 
similar values obtained by the other. Method 1 
was developed in the United States by Thomas 
Midgley, Jr., under the auspices of the General 
Motors Research Corporation, during his work 
on detonation that led to the discovery of the 
remarkable efficacy of lead tetra-ethyl and other 
organo-metallic compounds in preventing fuel 
detonation. Method 3 has been developed in 
England by Ricardo. 

Method 1. Relative Anti-knock Value Obtained 
by Measuring Amount of Detonation using Bouncing 
Pin Apparatus.—(a) Bouncing Pin Apparatus, 
Design and Sensitivity—The operation of this 
apparatus depends primarily on the fact that a 
pin or rod stood on end on the cylinder head of an 
engine will maintain contact during normal com- 
bustion, but will not do so during the extremely 
rapid pressure rise accompanying detonation. The 
bouncing pin as an indicator of detonation was sug- 
gested by Dr. Dickenson of the United States Bureau 
of Standards. The apparatus, as now used, comprises 
the Midgley pressure indicator modified to incor- 
porate a bouncing pin, with the addition of a device 
for indicating the extent to which the bouncing 
pin has been knocked from contact by detonation 
over a period of time. (7rans. S.A.E., Part I, 126, 
1922.) In practice, the bouncing pin does not rest 
on the cylinder head but on a surface forming part 
of the combustion space. 

The apparatus as used is shown in Fig. 2. It is 
8} in. long overall and arranged for screwing into a 
spark-plug hole. The central bouncing pin P is 
pressed into contact with the spring-loaded piston 
D by the spring 8,, and during normal combustion 
the bouncing pin follows the piston D, the move- 
ment not being sufficient to close the gap G which 
forms a break in the electrical circuit through the 
electrolytic cell C. When detonation of some 


basis of the most generally useful method of deter- ete y occurs, the pin is bounced out of contact 


mining the relative tendencies of fuels to detonate. 
With this method, the usually variable factors 
can be set for maximum power output and the anti- 
knock value of the fuel then expressed in terms of 
the compression ratio at which detonation is just 
appreciable, The compression ratio thus determined 








with the piston and closes the gap G, thereby 
momentarily making the circuit through the electro- 
lytic cell C and liberating a small amount of gas 
which collects in the graduated upper part A. The 
diameter of this part is such that a volume of 1 c.c. 
occupies a length of about 24 in., which is graduated 
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in divisions of 0-02 c.c. An alternative arrange- 
ment of the lower part of the bouncing pin apparatus 
is shown in Fig. 2a, the spring-loaded piston being 
replaced by a thin steel diaphragm, D,. This 
eliminates leakage which otherwise overheats the 
controlling spring and causes sticking of the piston. 
The relative tendency of fuels to detonate is taken 
as indicated by the quantities of gas liberated in 
the electrolytic cell during the use of the respective 
fuels for equal lengths of time with a fixed setting 
of the variable factors of mixture-strength, speed, 
load, ignition timing and temperature. The 
apparatus thus affords a convenient way of ‘‘ match- 
ing” fuels, since, if a particular fuel causes more gas 
to be liberated in the electrolytic cell than a standard 
fuel used for the same length of time, additions 
of ethyl fluid or of a non-detonating fuel, such as 
benzol, can be made to bring the chosen fuel to an 
equality with the standard fuel with respect to the 
rate of gas liberation. Thus, the relative anti- 
knock values of a series of fuels can be determined 
in terms of the respective amounts of benzol or of 
ethyl fluid required to bring them to an equality 
with some chosen standard fuel. This standard 
is usually a blend of known composition, shown 
by experience to be suitable for the class of engine 
for which fuels are to be supplied. 

It is generally accepted that detonation follows 
the normal combustion of the major portion of the 
charge, and the total amount of energy expended 
in a detonation is, therefore, small relative to the 
energy of the whole charge. The abnormally high 
pressure developed lasts for so short a time that a 
very small movement can be given by it to the mass 
of the bouncing pin of the usual design. The 
movement, for slight detonation, is comparable 
with that given to the pin by the ordinarily rapid 
pressure rise accompanying normal combustion of 
the charge. The bouncing pin, therefore, can be 
used to measure detonation only when this is of 
sufficient magnitude to cause a movement of the pin 
decidedly greater than that given to it during normal 
combustion. 

The sensitivity of the bouncing pin to pressure 
rise obviously depends on such features of the 
design as weight of pin, stiffness of controlling 
spring, stiffness of piston spring or diaphragm, and 
width of gap. The design illustrated by Fig. 2 
has been applied to the Ricardo variable-compres- 
sion engine, and the sensitivity determined experi- 
mentally. In one of these experiments, the pressure 
rise due to the combustion of a non-detonating fuel 
at a compression ratio of 4 to 1, failed to move the 
bouncing pin sufficiently to close a gap of about 
0-008 in., but the pressure rise corresponding to the 
combustion of the same fuel at a compression ratio of 
6 to 1 was effective, as shown by liberation of gas in 
the electrolytic cell. In another experiment, the gap 
was set for just no liberation of gas at a compression 
ratio of 5 to 1, and the fuel supply then changed 
from benzol to a detonating fuel ; the bouncing pin 
apparatus failed to indicate detonation, although 
it was plainly audible, and did not cease to be so 
until the compression ratio was lowered to 4:75 to 
1. The experiments show that the bouncing pin 
apparatus is not suitable for measuring detonation 
in conditions of varying pressure rise, e.g., over a 
range of compression ratios, and that it is less 
sensitive than the ear in detecting the beginning of 
the effect. These conclusions apply to the design 
illustrated, which, however, is that in general use. 

(b) Engine Requirements for Method 1.—It is a 
condition of this method that during fuel tests, the 
variable engine factors of mixture-strength, speed, 
ignition timing, charge density or load and tempera- 
ture, should remain constant while set at values 
giving steady detonation of sufficient intensity to 
give a greater movement to the bouncing pin than 
that given by the pressure-rise accompanying 
normal combustion. 

In ordinary circumstances of engine operation, 
the required amount of detonation leads to over- 
heating and pre-ignition, or, if the bouncing pin is 
made more sensitive to work on less severe detona- 
tion, this effect tends to become irregular and 
sometimes to fade away. The problem of obtaining 
sufficient and constant detonation, while the variable 
factors of engine operation also remain constant, has 
been solved by arranging the latter to set up severe 
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detonation, but at a low power output at low charge 
density. Thus, the tendency to detonation is 
increased by running at a low speed and by setting 
the fixed factor of compression ratio at a high value, 
usually 8 to 1, while a low power output with low 
charge density is obtained by running at the low 
speed on part throttle. With such an arrangement 
it is possible to run a single cylinder engine for hours, 
with a severe but nearly constant degree of detona- 
tion. 

The small, single-cylinder engines with direct- 
connected dynamos, commonly used for house- 
lighting sets, can generally be adapted for use with 
the bouncing pin apparatus, by alteration. of the 
compression ratio and the provision of suitable 
auxiliary apparatus for maintaining constancy of 
the variable engine factors at any desired setting. 

The variable factor of cylinder temperature is 
difficult to maintain constant with water cooling 
at other than boiling point. This temperature can 
be most easily obtained by evaporative cooling, but 
this leads to the formation of local hot spots, and 
consequent pre-ignition, unless the cylinder head is 
designed for this method. The present practice is 
to maintain the water at boiling point in an outside 
vessel, and to circulate it rapidly through the engine 
by a pump. 

The lowest steady running speed of the usual 
petrol engine lighting set is about 1,000 r.p.m., and 
at this speed, an increase of 10 r.p.m. has the same 
effect on detonation as the addition of 2 per cent. 
of benzol to the fuel. Steady running at lower 
speeds cannot generally be obtained without altera- 
tion of the valve timing of the engine and of the 
electrical characteristics of the dynamo. The 
advantage of low speed has been realised recently, 


and fuel testing sets are now made to run steadily 


at the low speed of 500 r.p.m. 
A duplicate fuel supply system to a single car- 


burettor is required, and a convenient and accurate 
adjustment is required in duplicate, in order that 


the mixture strength for each of two fuels may be 
adjusted independently to eliminate the effect of 
differences in viscosity. 


(To be continued.) 








THE HYDRO - ELECTRIC INSTALLA- | 


TION AT HAMMARFORSEN, SWEDEN. 


THE Hammarforsen, a drop of some 50 ft. in| 
the Indal River in Northern Sweden, is remarkable | 


in being the youngest water fall in Sweden. Prior 
to 1796, at the site of the present fall there was a 
large lake, known as the Ragunda Lake, which had 
its outlet by way of the Gedungsen, a wild stream 
including a rapid fall of 100 ft. The level of this 
lake was some 50 ft. above the present impounded 
water level at Hammarforsen. In 1790, a logging 
company commenced the excavation of a canal 
for by-passing timber round the Gedungsen, which 
was too steep for log running. When, during the 
spring flood of 1796, water began to discharge 
through the canal, heavy scouring occurred, and 
on June 6, the erosion suddenly increased so rapidly 
that in a few hours the level of the lake was lowered 
to the level at the foot of the Gedungsen. Great 
volumes of water flowed down the valley of the 
Indal River, causing considerable damage, and, 
due to the deepening of the canal, scouring took 
place also in the lake proper, to such an extent that 
a fall, the Hammarforsen, was created at a point 
formerly in the middle of the lake. Here a ledge 
of solid rock crosses the valley at right angles to 
the direction of the stream. At the present time, 
there remains of the Gedungsen only the “‘ Dead 
Fall” to remind one of the catastrophe that laid 
dry the bed of the former rapids. The position of 
this is shown in Fig. 1. 

At Hammarforsen a power plant has recently 
been erected, constructed to the designs of Messrs. 
Vattenbyggnadsbyran, consulting hydraulic engi- 
neers, of Stockholm, for Messrs. The Hammarforsen 
Power Company, Stockholm. This plant embraces 
a number of novel features and is a good illustration 
of recent Swedish practice in this branch of engi- 
neering. Among the particularly interesting points 
may be mentioned the use of a hydraulically- 
balanced, but mechanically-operated, sector gate 
of very large size, and the use of a new type of 








movable needle support for outlets of great width 
where unobstructed openings are required. 

The catchment area of the Indal River at Ham- 
marforsen is 9,220 square miles. Water levels have 
been recorded regularly since 1900, and an estimate 
of the discharge could therefore be based on a 
25-year record. The flow during different parts of 
the year was found to be as follows :— 


During 114 months ... 2,700 cusecs. 
ll AZ 4 
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The low-water discharge can be _ increased 
materially by regulating lakes in the upper reaches 
of the Indal River. Several of these lakes are 
situated in a comparatively uninhabited district, 
and their outlets, as well as their other characteris- 
tics, lend themselves well to the execution of an 
extensive regulation scheme. In the first place, 
Lake Térron, with an area of 36-7 square miles, 
will be regulated, and it is estimated that, after 
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this regulation, the discharge of the river at Ham- 
marforsen will be as follows :— 


During 11} months ... 3,600 cusecs. 
ll za 
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The mean discharge is 15,000 cusecs and the 
maximum flood discharge some 88,000 cusecs. 

The water levels above and below the fall vary 
considerably. Above the fall, the high-water level 
is some 16 ft. higher than the low-water level, the 
corresponding figure at the foot of the fall being 
21 ft. The effect of damming the river has been to 
make the head at low water about 64 ft., and for 
nine months’ flow 63 ft., for 6 months’ flow 61-5 ft., 
and at times of exceptional flood, 44 ft. only. 
The reserve of impounded water above the dam 
is almost sufficient to meet the daily and weekly 
variations of the load. 

The Hammarforsen power plant, of which an 
aerial view is given in Fig. 2, and a general plan in 
Fig. 3, page 222, consists of a dam across the river, 
and a power station, forming part of the same struc- 
ture, on the left bank of the river. The water is 
drawn directly into the power station, and returns to 
the river just below the dam. To reduce the loss of 
head, some excavation in the river bed has beendone 
above and below the dam. Protection works for 
the left flank of the pond, just above the power house, 
have also been carried out. In connection with the 
power plant, a large timber-storage area will be 
available in the pond above the dam, and arrange- 
ments are made for chuting the timber past the 
power plant. Log running on the Indal River is 
a considerable industry, and constitutes an econo- 





mic factor of importance. The large timber jam 
shown in Fig. 38, page 234, gives some idea of the 
amount of timber that is floated down the large 
rivers in Northern Sweden. 

The dam and the power station are founded on 
rock of good quality, firm and somewhat difficult to 
blast. The dam includes the following parts, work- 
ing from right to left of Fig. 4, page 223 : (a) An over- 
flow, 150 ft. in length, having its crest 3 in. above 
the storage level. (b) Two flood outlets, each 10 ft. 
deep and 95-5 ft. wide, closed by means of needles, 
resting against movable supports. (c) A third flood 
outlet, 18-6 ft. deep and 115 ft. wide, closed by a 
sector gate. 

In connection with the power station, an intake, 
6-3 ft. deep and 29-5 ft. wide, for a future timber 
flume, has also been provided. When the power 
plant has been extended so as to utilise the whole 
flow available at low water, logs will be passed 
through this flume, in this way saving part of the 
water which would otherwise be required for carry- 
ing them over the wide sector gate, which it is 
intended to use for this purpose in the first instance, 
when the amount of the water allowed to waste is 
of no importance. 

The power station, inits first stage of development, 
is furnished with two generating units, consisting of 
vertical-shaft single-runner Francis turbines, direct - 
connected to the generators. The arrangement 
of the units is shown in Figs. 5 and 6, page 223. The 
turbines are designed for an output of 11,375 kw. 
at a head of 64-5 ft. and a water consumption of 
2,500 cusecs. A view of one turbine in the 
maker’s works is given in Fig. 40, page 234. 
The turbine scroll cases are made of reinforced 
concrete, which is remarkable at this head, and 
the draught tubes, also of concrete, are lined 
with clinker set in cement mortar. In order to 
arrange, as simply as possible, for the air ducts for 
the generators, the floor of the generator room is 
made level with the top of the generator-stator 
frame. Only the upper generator spiders, the direct- 
connected exciters and the thrust bearings, which 
carry the whole load of all rotating parts, project 
above the floor. The generator room is shown in 
Fig. 41, page 234. The generators are rated 12,000 
kv.a. at a power factor of 0-8. To enable the 
generators to take the whole of the maximum out- 
put of the turbines at low water, which occurs in 
winter time, separate ventilating fans have been 
installed. 

Provision is made for the addition, in the future, 
of two or three similar units to the present instal- 
lation. For this purpose the fore-bay is at present 
finished on the left hand by a temporary wooden 
bulkhead, shown in Figs. 3 and 4. 

The construction of the cofferdams for the 
unwatering of the dam foundation, extending from 
the right bank towards the middle of the river just 
above the edge of the fall, presented unusual diffi- 
culties on account of the depth and the velocity 
of the river. To overcome these, it was necessary 
to build three cofferdams, one behind the other, 
in order gradually to reduce the water pressure. 
The central portions of the cofferdams are shown 
in Fig. 39, page 234. 

The dam is of concrete, of a comparatively rich 
mixture, to which trass was added in a proportion 
amounting to about 20 per cent. by weight of the 
cement. Practically all concrete surfaces have 
been left plain, the pier cut-waters only having 
been provided with protection in the form of 3-in. 
steel plate. To provide for the possible substitution, 
in the future, of the needles by sector gates, the dam 
at these outlets is of the timber-crib type, with a 
timber deck protected by iron bands. This is shown 
in Fig. 24, Plate XXXIII, which is referred to 
at greater length below. 

Details of the sector gate are given in Figs. 7 to 23, 
Plate XX XIII. The gate has a height of 19 ft. and 
a length of 115 ft. It is a steel structure, provided 
with a deck of timber. The timbers are so arranged 
that, in the upstream part of the deck, slots of a 
particular size are formed between the timbers. 
When lowering the gate, water enters through these 
and fills the gate pit, exerting a lifting force on the 
deck. This uplift balances, to some extent, the pres- 
sure of the flowing water on the deck. By correct 
proportioning of the slots, the gate has been so 
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Fie. 2. AERIAL View oF DAM AnD POWER StTATION. 


balanced that the mechanical force required for | 
operating it is very small. The gate is worked | 
by rack bars, shown in detail in Figs. 10.to 13, and | 
hoisting gear placed on top of the piers at each end | 
of the gate. The gear embodies the friction clutch | 
shown in Fig. 9. When the gate is raised, the pit | 
can be emptied by means of a drain, and access can | 
be had from a shaft in the left pier. In winter | 
time, when the gate is fully closed, this shaft is used | 
for conveying warm air to the gate from the gene- | 
rators to prevent the formation of ice. Various | 
details of the sector gate are shown in Figs. 14 to 
23. Of these, Figs. 14, 15 and 16 show the upper 
side of the sector with the decking. Fig. 17 is a 
detail of the face sea! along the sill, the gate being 
shown in the highest position. Fig. 18 isa plan of 
the sill, while Fig. 19 shows the fastening of the 
packing strip at the end of the gate. The face seal 
is made by means of a loose tube resting on a flat 
bronze face sloped at 1:2 towards the sector. 
Fig. 20 to 22 are details of the seal at the pivot. 
Fig. 23 shows the attachment of the lifting rack 
bars to the gate. 
The needle dam is shown in Fig. 24, Plate) 
XXXIII, and various de.ails of the supports are 
given in Figs. 25 to 28. As already mentioned, the | 
needles rest at their upper ends against support | 
frames capable of being raised and lowered. Each | 
outlet has one such support spanning the whole width | 
of the outlet, about 100 ft. The support, Figs. 25 to 
28, consists of three main parts, viz., a steel truss at 
right angles to the needles, a part plan of which 
is shown in Fig. 28 ; a tubular girder at the lower 
end of the truss, as shown in Figs. 25 and 27; 
and a vertical steel truss, shown in part eleva- 
tion in Fig. 26. The tubular girder forms the 
bottom chord of both trusses. The forces due to 
the water pressure and the weight of the structure 
are transferred to the piers, the vertical component 
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by means of the suspended vertical truss, and the} The needle support is raised and lowered by means 
horizontal component by rollers, shown in Fig. 29, | of heavy steel screw spindles at the piers. Details 
on the girder frame working in the grooves in the | of these parts and of the drive are shown in Figs. 30 
piers. A minor portion of the weight of the inclined | to 35. The spindles are operated by hand from a 
truss is carried by I-beam cantilevers projecting | platform, by means of cranks, as shown in Fig. 26. 
from the piers farther upstream. |The shaft runs the whole length of the span and 








Oo 
AZ 
ce 
{x) 
a 
Zi 
c 
A 
ea) 











*G ‘BI UI WMOYS se ‘asBd [[0108 94} 0A0G® pozere joUUNy 
ejarouoo yeotuoo e Aq Suir poods oy} 0} paLioysuely 
Q18 SPRO] OSeyJ, “WOO 1O}ZVIOUES OY} JO IOOH oY} 
Zurpnyout ‘sem ons oye10u00 pesodursedns oy} pues 
Arouryqoeul oy} Jo 4ystem oy} ysoddns 03 peusisep 
st Sut poods ourqiny oyy, ‘soqn} 4ysnNeIpP oY} 07 
sSuli Jomo, 943 4% dn poutol Aoyy 10M yuetd tomod 
ey} JO uorzefdu100 oy} orojoq ATezyeIpoWUMT [IZUN you 
pue ‘Suisueys0a0 pomod 4siy oom soso [0108 ot} 
‘MOIA UT pUd OUIBS OY} YA, “Ul poy orm sded Zur 
-U9AIO}ZUT OY} ‘OSvVYULIYS IO} SyJUOUL [eIOAGS poMoTe 





m90q pey suoTz0es sNOITeA 94} 103;y *ATHpuN pessel}s 
Buteq Wey} SutzoouU0o sreq 94} YNOYILA e[qtssod usyy 
SBM 93910U09 JO sosseUl SutUIO[pe 94} Jo os eyULIYS pus 
‘$Zz oBed ‘2g pue OF ‘SFI J UI UMOYS sB “yUOq OOM 
sieq oy} sovds Surusasiozut 94} UT “UOT}OES 04 
Uol}O98 WOIZ SNONUTZUOD opeU ‘IaABMOY ‘ATOM SIBq 
Sulosoyulel oy], ‘oprm ‘ur-gt sdes Aq pozeredas 
‘suorqoos 9]qe4yINS UI pammod seM osnoy Jemod oY} 
JO 93010U00 94} ‘UOT}JONIZSUOD OFezTTIOVF 0} puB ‘OINy 
-Biodulo} UI UOTZVIIVA pue oseyUTIYS JO yuNODDe UO 
ajye10u0d oY} JO Suryov1o yuoaord 04 Jopio Ul 


ia: 





‘amyonsys ey} Jo AqTTIqGQeIS OT} 04 
Spp® 19}8M OY} puv JOO oy} Jo FYSIEM OY} ‘IOyZIN 
‘qyqdn ysurese omyonsys 04} Suty00}01d ‘aseureIp 
queloyje pure o[qepuedep sapraoid wio4shs sty, “siotd 
OFVIPSULIO,UI PUB UTE 94} UO SuYseI pue Yoo! 94} 
9A0qe popuodsns sqeis Surjzs0ddns-jjos yo Wo; 94} UT 
peusisep st ynq ‘uOoTZepuNoy yooI oy} uO ATOOIIp 
qsor ‘osvo oy} AlTensn st se ‘you seop yoojsued 
94} PUL OYVIUT 9Y} JO JOOY oy], ‘soye3 pvoy oy 
Joy yaoddns ¥ sv seAres YOTyA ‘[[eA oyerpouTJOzUT Ue 
sey yooysued puv oyezUI You ‘arnqonsysqns oy} jo 
qed quezodun ysour oy} 93nz1ysu00 seqny 4YySneIp 
oY} PUB SesBo T[OIOS oY, ‘poyou Apraiye se sseI} Jo 
UOI}IPpe OUeS OY} YIM OMYXIUI YOU B JO o}0T0U00 
peorojuter ATIAvY JO ST aINYONIYSQns oY], “YooI uo 


ONIWSINIONT, 


YT AY 








pepunoy st esnoy Jomod oy} ‘eAoqe pouorueu sy 
= “poop yaty 42 Joats oy} Aq 
UMOP perLIeo soultyoutos sz0efqo Zutyvoy pu JozeM 
ey} jo osessed oo1y MOT[e 0} poster st oUIeIy OY} 
Ajyuenbesqns pue ‘peaouiel 4siy ore seypseu oy} 
‘ya]3n0 oy} Zutuedo usyAA ‘UOorzIsod somo, 831 Ut 
ome Suryioddns oy} ysurese spue Joddn s1ey} yA 
‘qlio IoquUIT} 4} JO [IIS 94} 4sUTeSe ‘UI0930q 04} 42 

‘qsor Aoyy, ‘utg Aq ‘ul Fg ore se_poou uapoom oy], 
‘SE 07 OF PUL QZ PUL gz ‘SBI Ul UMOYs 8B 
sioid oy} uo Sutjser sjouuvyo Aavoy 0} poxy synu 
[9948-9880 UI yIOM sefpulds oy], ‘“pozeIysni! re0d 
wi0M 043 Aq sopputds motos 04} 0} 90U0Y} pus 4yyeys 
24} 0} sureyo Aq po}{IUIsUeI} ST UOIJOU YUBIO oY, 





‘spua 430q 48 yuewOAOUI Jo poods oures oY} SoIMsUA 


(2 8S¢/) 





























‘AUMINdS MO1IAIAO 
‘9°D NOILIIS 


‘LNIWLNEVY 








NAAN 





>9 £56 Ds 
22.4 $16) GuntadQ 9241 7090L 
' Wva@ 37Q73N FIGVAOW 





T 





9.13 °12 1S 


| ee a ee EY tome ne ane Aa eee ee | 








‘q2a,J CU Gundy va1q 





-3LV9 YOLIIS i 


7 + far 





FS a 


‘WYO GNVY 3ASNOH YAIMOd JO MIIA WVAHLSdN *3SNOH YIMOd 


‘NOILLVTIVLSNI OIULOATH-OUGAH NASHYOXUVWAWVH FHL 





“NOHCHMS 














224 


ENGINEERING. 


[AUG. 23, 1929. 








The power house superstructure is a_ brick 
building. The downstream wall rests on a concfete 
girder, the top of the girder being level with the 
floor of the generator room. This girder and the 
crane columns form stiff frames, the legs of which 
are supported on the piers between and outside 
the draught tubes. 

The generator room is served by two 55-ton 
eranes. Ordinarily, only one crane is required, 
but for handling the generator rotor, the two cranes 
are worked in combination by means of a balancing 
beam. 

Between the generator room and intakes, over 
the penstocks and the timber flume, a building 
containing three main floors is erected. The first 
floor, level with the floor of the generator room, is 
occupied by high-tension transformers, generator 
ventilating ducts and station transformers. The 
transformers are arranged in special compartments 
accessible from the floor of the generator room. 
The compartments for the high-tension trans- 
formers are arranged between the generators in such 
a way that any transformers can be moved out 
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on to the floor space between the generators, from 
where they can be lifted by the crane and moved 
to the repair floor, where they can be lowered into 
a pit of such a depth that the core can be lifted out 
of its tank. The second floor, 10 ft. above the first 
fioor, contains the control room, which is provided 
with a balcony overlooking the generator room and a 
room for low-tension switchgear. The high-tension 
transformer compartments run through the second 
floor. The third main floor is occupied by the high- 
tension switchgear and a workshop. The room for 
high-tension switchgear is directly above the low- 
tension room and the transformer compartments. 

Between the second and third floors, along the 
upstream wall, is an intermediate floor. The part 
of this floor overlooking the control room contains 
an office and a rheostat room. Above the third 
floor, but extending over the workshop only, is 
still another floor, which is occupied by battery and 
storage rooms. 

The necessity of planning the power plant for 
future extensions has presented peculiar difficulties. 
Future extensions of the power house must be made 
from the left end, towards the shore, which is 
inconvenient, as the road to the power house comes 
from this direction. For this reason it was not 
possible to arrange room in the power station 
for the direct unloading of machinery and other 
material arriving by the road, but space for un- 





loading and erection had to be arranged at the 
other end of the power house. To facilitate the 
transport of the material to this end, the crane 
run-way was extended outside the generator room 
and the end wall was so designed that the crane 
could proceed outside, lift the material and carry 
it over the generator room. The substructure under- 
neath the space for unloading and repair will contain 
the future timber flume, previously mentioned. 


(To be continued.) 
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Handbuch der Eisen-und Stahlgiessereit. 2nd Edition. 


Vol. III. Schmelzen, Nacharbeiten und Nebenbetriebe. 
Edited by Dr.-Ing. C. Gertcrer. Berlin: Julius 
Springer. [Price 68-50 marks. } 


In preparing this edition of his handbook on iron 
and steel foundry practice, Professor Geiger has 
divided the contents of the original second volume— 
moulding and casting—into two. The present 
volume deals with the melting of iron and steel, 
the subsequent treatment of the castings, and the 
various accessories in a foundry. Certain portions 
have been revised and enlarged by the original 
authors, whilst those dealing with melting in rever- 
beratory or air furnaces, Siemens and electric 
furnaces, and with the production of malleable 
castings have been entirely rewritten by other 
authors. New sections have been added dealing 
with the heat treatment of steel castings, and with 
the welding of iron and steel castings. The issue of 
a new edition has enabled the work of the last 
decade, during which much has been done, especially 
in Germany, to be included. In addition the editor, 
while still allowing slight differences of opinion to 
appear, has secured close agreement between the 
contributions of the various authors, which is very 
desirable in a work of this nature. Frequent 
references are made both to earlier and later portions 
of the book, so that, although each section is com- 
plete in itself, so far as is necessary for the particular 
subject under consideration, repetition is avoided. 
We notice, however, that Figs. 396 and 397, on page 
446, are reproduced from earlier pages. The result 
is that a considerable amount of ground is covered 
in great detail, full use being made of the 750 quarto 
pages. The clear illustrations, of which there are 967, 
and the bibliographies at the end of each section are 
valuable features. The utility of the lengthy list 
of references on Siemens furnace practice would 
have been increased if it had been systematically 
arranged, either according to dates, authors or the 
particular subjects to which they refer. 

The first section deals with melting in crucibles, 
followed by others on melting in cupolas, air 
furnaces, Siemens furnaces (with a section on gas 
production), converters and electric furnaces. The 
subjects are first treated historically, with descrip- 
tions of the development of plant and technique and 
discussion of the factors affecting these. Con- 
structional details are given, for example, dimensions 
for the regenerators of Siemens furnaces and for the 
transformers of electric furnaces, together with 
useful descriptions of modern electric furnaces, 
methods of heating up and setting to work, as well as 
of the metallurgical changes which take place, both 
in the metal and in the slag, in the production of 
various classes of steel (including alloy steels) and 
iron. Questions of cost are likewise considered, and 
details of typical melts included from several sources. 
It is not possible to give here even a list of the 
contents, but sufficient has been said to indicate the 
thorough manner in which subjects have been 
treated. 

The next section is devoted to the production of 
malleable iron, after which comes fettling, including 
pickling and sand blasting. Naturally, all types of 
sand-blast plants cannot be included, but a wide 
and careful selection has been made. This is 
followed by the treatment of the surface of castings 
to make them resistant to the action of the atmos- 
phere, food stuffs, &c., such as by the Barff process, 
enamelling, &c. The heat treatment of steel 
castings, with the effect of different alloying ele- 
ments, and the welding of iran and steel castings 
constitute the contents of the next two sections. 
The space allotted to them might have been increased 





with advantage, but many points are mentioned 
which should prove of distinct assistance in practice. 
The last two sections deal with the preparation and 
mixing of moulding materials, and with patterns, 
core boxes and striking boards; in both cases 
the materials and the machines and plant for 
working them are considered. 

The detailed list of contents, with a good index, 
make it easy to refer to any desired point. A few 
typographical errors have been noticed, but they 
are not likely to cause much inconvenience, although 
it is unfortunate that in Fig. 315 the wrong curves 
are marked as representing present practice in the 
amperage carried by amorphous carbons in electric 
furnaces. The book constitutes a useful com- 
pendium, giving, in condensed form, much informa- 
tion, usually in sufficient detail for practical pur- 


poses. 





Mining Subsidence. By Henry Brices. London: 

Edward Arnold and Company. [Price 14s. net.] 
ALTHOUGH damage to property amounting to 
thousands of pounds is caused every year by sub- 
sidence of the ground surface resulting from mining, 
widespread attention is only occasionally drawn 
to the subject when public buildings are injured 
or a law suit involving extensive interests is con- 
cerned. These comparatively isolated cases which 
obtain publicity in the Press tend to impart a 
general misapprehension of the actual conditions, for, 
on the one hand, the numerous losses incurred by 
small property owners are ignored, though their 
case is a much more grievous one ; and, on the other 
hand, the large number of houses and other struc- 
tures under which mining has taken place without 
incurring any injury, passes unnoticed. It is 
probable that few outside the mining profession 
are able to envisage the subject of subsidence in its 
true bearings; even then it must be admitted 
that, despite its importance, it is one of the most 
neglected aspects of mining. 

Professor Briggs points out in the preface of his 
admirable book that subsidence and its effects 
concern not only mining engineers, surveyors and 
mining students, but local authorities, public 
utility companies, land- and _property-owners, 
civil engineers, architects, builders, agriculturists 
and lawyers. His book, however, is addressed 
especially to the mining profession, ‘“‘ and in par- 
ticular to those who are willing to read with their 
critical faculties alive and alert and desirous by 
their own efforts of advancing an extremely impor- 
tant and much neglected branch of mining re- 
search.” 

The subject, however, is one that is full of uncer- 
tainties, and a close study of it only tends to confirm 
the fact. Although risks of subsidence and damage 
from subsidence may be minimised with the increase 
of knowledge and scientific study, they can never 
be entirely eliminated. Inevitably then, when 
mining takes place, the effects which will result 
at the surface must remain, to a great extent, a 
matter of chance. Hence it occurs that one house, 
or one portion of a village or town, may be seriously 
damaged whereas the house next door or another 
portion of the town or village, which is being 
undermined in precisely the same manner, show 
no signs that any subsidence is taking place. In 
the latter cases, the subsidence is probably equally 
great, but takes place more uniformly. The exact 
procedure and the forces and reactions, however, are 
so complex that it is not possible to trace them or 
even to describe them, much less to foretell what 
their effects will be. Although subsidence in some 
form is sooner or later inevitable it does not there- 
fore follow that damage to property will occur ; 
indeed serious damage is the exception, and pro- 
bably the bulk of the éoal extracted is obtained 
without causing any damage whatsoever. The 
above are a few of the aspects of the subject 
dealt with in Professor Briggs’ opening chapter on 
general considerations. 

Since the legal side of the question of subsidence 
is an important one, it is both logical and practical 
that the second chapter should provide an outline 
of the law governing subsidence in Great Britain. 
The third chapter provides an historical summary 
of theories of subsidence, a subject which has been 
given considerable attention by engineers on the 
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Continent, resulting in a vast literature. The 
author ably summarises the more important of 
the theories, with the commendable object of 
separating “the few grains of truth which each 
possess in greater or less extent.” 

The following chapter passes from theory to 
practical considerations, and deals with safeguards 
against subsidence and the effects of subsidence. 
The expedient of leaving supporting pillars (apart 
of course from shaft-pillars) is steadily losing favour. 
Irrespective of the depth, the deciding factor in 
leaving pillars nowadays is the question whether 
the value of the coal in the pillar would be greater 
or less than the cost of paying compensation for 
possible surface damage. Even in shallow work- 
ings, it will often be found a better policy financially 
to extract the coal and risk the consequences. 

At greater depths, the inducement to leave pillars 
obviously decreases : the risk of damage is less, and 
the size of the pillar which would require. to be left is 
correspondingly greater to resist the increased 
pressure. Apart from the loss of mineral, leaving 
a pillar which subsequently proves inadequate 
is liable to cause much greater damage to the 
structure which it was intended to protect than 
the total removal of the coal. In deep seams, more- 
over, the pressure may besuch that no pillar can with- 
stand it; sooner or later it will crumble. Rapid 
and uniform removal of the coal, such as is now 
attained by the extensive use of longwall coal- 
cutters in conjunction with other mechanical 
appliances, tends to decrease the chances of surface 
damage. Although packing is successfully employed 
in some fields, and may greatly reduce the ampli- 
tude of the subsidence, there is no method of packing 
which will entirely obviate subsidence. 

Another side of the question of subsidence dealt 
with by Professor Briggs is that of erecting buildings 
in such manner that they can better withstand its 
effects. In mining districts, increased attention 
is being given by local authorities and architects 
to the possibilities of providing against the inevit- 
able subsidence of ground which is either already 
undermined, or will be at some later date. 

Other subject headings of this comprehensive 
little work are entitled: British Observation, 
American and Indian Observations, Bending and 
Bending Moments and Shear, from which it is seen 
that attention is given both to the results of experi- 
ence and to scientific theory. 

In conclusion, it may be said that Professor Briggs 
has succeeded in covering his subject in a more 
thorough and practical manner than many works 
of more than double the size, which are often filled 
with theories of doubtful value and formule of 
no practical or proved utility. This work is one 
which is within the reach of all, and because it 
deals with the subject from all points of view, withal 
practically, concisely, and thoroughly, it should be 
in the hands of all interested in mining subsidence. 
The publishers deserve a word of praise for their 
enterprise in adding a contribution to technical 
literature which was hitherto notably lacking, 
and for the excellent manner in which the volume 
has been produced. We noticed one or two 
misprints, which will doubtless be rectified in sub- 
sequent editions. 





The Elements of Industrial Engineering. By GEORGE 
HucH SHEPHARD. London: Ginn and Company, 
Limited. [Price 21s. net.] 

THE gradual evolution of management as a science 

is becoming more and more evident in all directions, 

and, while greater efficiency will follow as surely 
as day follows night, there can be no doubt that 
progress in this direction will have valuable reactions 
on labour and its relationships with employers. 
Only a generation ago there was comparatively little 
literature on the subject ; knowledge of the science 
of management was principally of a personal 
character, and such writings as were in existence 
were rather discounted owing to the prejudice 
engendered by the title—scientific management. 
That stage, however, has long since been 
passed, and no student or firm need now be with- 
out reliable literature. At the same time, it is 
desirable to discriminate between book and book, 
because many different schools are catered for, and 
quite often a book which would form an excellent 





ENGINEERING. 


introduction to a subject for a student is al- 
together too elementary for a works. Again, in 
one book a particular system may be described 
which reduces its scope, while, in another, principles 
may be discussed in a manner which would be 
helpful to any person interested in works manage- 
ment. A recent book on this subject, entitled The 
Elements of Industrial Engineering is an example of 
the latter kind. It is from the pen of George Hugh 
Shephard, a professor of industrial engineering in 
America, whose object has been threefold: ‘(1) to 
reduce industrial engineering to a few definite com- 
prehensive principles by which the engineer can 
analyse any situation in management and synthesise 
the procedure ; (2) to bring students immediately 
into working contact with these principles; (3) to 
cause them to learn the principles practically by 
using them in their daily lives.” 

The field covered is a wide one, embracing 
principles of management, planning and dispatching, 
cost accounting, organisation, standards, estimating 
financial results, efficiency rewards, &c., but it 
would seem to us that, while objects Nos. 2 and 3 
are better achieved than No. 1, the whole book 
lacks grip. The chapter on “The Principles of 
Management” could surely have been made much 
stronger even for students. There are 13 principles 
given, these being based on the 12 principles first 
stated by Harrington Emerson, but after the chapter 
has been read the feeling grows that there must be 
very little to talk about in management or the 
author has missed a valuable opportunity. Dealing 
with other sections, the feeling grows that the author 
has not got to grips with his subject and that he is 
describing practices rather than dealing with 
fundamentals. Taking planning as an example, 
starting with the index, many references to this 
function are found, but none as to the need for it. 
Surely the element is the need rather than the 
practice ; the number of people, even to-day, who 
do not understand the need for planning is legion. 
For the benefit of those to whom a book which 
appears to be more academical than practical may be 
of use, it may be stated that it is interspersed with 
diagrams, while at the end of each chapter is set a 
number of test questions for students to answer. 





The New Company Law. 
Companies (B) Public Companies. 
JORDAN. London: Jordan and Sons. 
4s. net.] 

Ir was in the year of grace 1719 that the Legis- 
lature, urged thereto by the group of disasters 
known compendiously as “‘ The South Sea Bubble,” 
first intervened to control the formation of joint 
stock companies. Since that date, a whole series 
of Company Acts has been placed upon the Statute 
Book. The latest of these is the Companies Act, 
1929, which is partly a consolidating measure, but in 
which there are to be found embodied certain 
changes in the law introduced in 1928. In so far 
as it merely consolidates the previous law, the Act 
of 1929 is not of much interest to anyone except 
the lawyer, but Mr. Jordan, in the little work which 
lies before us, has been careful to draw attention to 
the changes made in the law. Amongst the most 
important of these are the following: The imposition 
of a fine upon any secretary who does not comply 
with the requirements of the Act in relation to 
corporations ; the convenient grouping together of 
all the matters which must be dealt with in a 
prospectus ; and the provision that the auditors’ re- 
port must be set out in any prospectus issued pre- 
paratory to seeking new business. Finally, the 
new Act places restrictions on alteration of terms 
mentioned in the prospectus or the statement issued 
in lieu of prospectus. 

The thought arises on examination of this list 
of reforms of, or alterations in, the law relating 
to joint stock companies: Has not the Legislature 
omitted to reform the law in one important par- 
ticular, namely, in relation to the one-man company ? 
It is all very well to say that those who deal with 
such bodies should have their eyes open and that the 
law may be invoked to protect the creditors of 
any company ; but it is idle to suppose that those 
of the public who deal with a limited company 
take steps to examine the register at Somerset 
House in order to find out whether any, and, if so, 
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how many, of its shares are paid up, or whether there 
is a debenture issue. Too often such are investi- 
gations made too late. Scarcely a day passes 
without their being half a dozen winding-up orders 
made by the Court, whilst scores of companies 
present winding-up petitions on their own account. 
Some day, perhaps, the public may secure a further 
measure of protection from these bodies. 

Mr. Jordan has abstracted, and now presents in 
a readable form, the main provisions of the Con- 
solidating Act, and has provided as a guide thereto 
an excellent index to his little book. 








THE 1,500-LB. PRESSURE STEAM 
PLANT AT MANNHEIM POWER 
STATION. 


By Dr.-Ing. F. Mar@uErre. 


THouGH there are various fundamentals, which 
have to be taken into account in the design of 
every power station, in order that maximum 
efficiency in generation may be obtained, different 
solutions are reached in each particular case owing 
to the presence of special factors. These factors 
include the location of the station, the price of coal, 
cooling water facilities, size, estimated increase in 
demand, interconnection with existing stations and, 
finally purely local matters, such as the area of the 
site and the character of the ground. 

To begin with, therefore, it may be shown how 
a combination of these conditions led, in the case of 
a particular power station extension at Mannheim, 
to the employment of a pressure of 100 atm. (1,500 Ib. 
per square inch), a figure which is still unusual, 
at least in a condensing plant. 

The primary reason for this step was that by 
increasing the pressure above the figure common 
in recent years (35 atm., or 325 lb. per square inch), 
and at the same time raising the superheat, as is 
possible without increasing the superheater wall 
temperature, owing to the greater cooling effect 
of the denser steam, considerable gains in efficiency 
might be expected, though these, of course, are less 
appreciable at pressures exceeding 70 atm. to 80 
atm. (1,050 Ib. to 1,200 lb. per square inch). 
The proposed installation had, furthermore, to be 
worked in conjunction with existing plant. This 
consisted of three fairly modern single-cylinder, 
12,500-kw. turbines, and a quite new three-cylinder, 
20,000-kw. turbine, all these sets being designed for 
a steam pressure of 17 atm. (255 lb. per square inch), 
and a steam temperature of 350 deg. C. (662 deg. F.). 
As the power demand in the area supplied was not 
increasing so rapidly as to justify the erection of a 
completely new station equipped with high-pressure 
turbines, the possibility of retaining and raising 
the efficiency of the existing installation was 
considered. The result was that back-pressure 
turbines were adopted, the exhaust from which 
was added to the live steam from the existing 
20 atm. (300 Ib. per square inch) boilers. As, 
owing to the load conditions, the output of the 
new boilers had to be comparatively low, the choice 
of a moderate pressure for the super-pressure 
turbines, say, 35 atm. (525 lb. per square inch), 
would have meant the employment of very small 
units, and correspondingly high costs per kilowatt 
for the machines and buildings. These disadvantages 
become less important as the pressure is increased. 

As regards re-heating, the method which is fre- 
quently adopted of leading the extracted steam 
back into the boiler-room was considered to be 
undesirable from the operating standpoint, besides 
involving increased first cost and higher pressure 
and temperature losses. On the other hand, the 
use of live steam for reheating, though the tem- 
perature range is limited, has the advantages 
that the losses just mentioned are eliminated and 
that operation is simple. Moreover, its effectiveness 
increases with the pressure, since the saturation 
temperature of the steam used for the re-heating is 
higher. These were therefore all good reasons for 
the adoption of very high pressures. In addition, 
it should be mentioned that it is intended later on 
to distribute steam from the station for industrial 
purposes, an application for which the advantages 
of high initial pressures are obvious. 

A further point was, that if pressures of the 





order of 60 atm. to 80 atm. (900 Ib. to 1,200 lb. 
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per square inch) were adopted, the future employ- | 


ment of such special high-pressure systems = 
those due to Benson and Léoffler was ruled out. If, | 
on the other hand, a pressure of 100 atm. (1,500 Ib. | 
per square inch) was selected, it would always be | 
possible, if experience showed that these systems | 
had economic advantages, to adopt them later on | 
without employing a third pressure in the station. | 
At the time of the decision on the pressure question, | 
these special systems were, however, still in the | 
experimental stage. Only boilers of ‘ standard » | 
types were therefore considered. 

In opposition to these arguments in favour of 
the employment of high steam pressures, it may | 
be contended that the higher capital cost will out- | 
weigh the economic advantages and that rere 
difficulties may endanger operating reliability. 
As regards the former, the cost of the boiler, super- 
heater, and economiser naturally increases rapidly 
with the pressure. On the other hand, this does not 
apply to the firing arrangements and to the remain- 
der of the boiler equipment. Buildings, bunkers, 
and coal-handling plant are all, in fact unaffected 
by the pressure, so that if an increase in the steam 
temperature and pressure results in a 15 per cent. | 
increase in kilowatt output for the same coal con- 
sumption, the cost of those portions of the plant 
per kilowatt installed will be less by 15 per cent. 
This will to a considerable extent balance the in- 
creased expenditure on the boilers, &c. The feed 
pumps and feed system will naturally be considerably 
more expensive at the higher pressures, though 
this does not apply to the steam pipes, owing to 
their smaller section. The price of the turbine is 
little affected by the change, and any additional 
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expenditure on other items is offset by the decrease 
in the size of the condenser and of the cooling-water 
plant, or by their higher output. In the case under 
consideration the 100 atm. (1,500 lb. per square inch) 
super-pressure turbines cost much less per kilowatt | 
than lower pressure sets taking the same quantity 
of steam. This analysis therefore shows that the 
capital charges are not increased to any important drawn at the top. If the load is high, the water 
extent by raising the pressure. supply to the feed-heaters is cut off, and cold water 

In spite of careful investigation, it was, of course, | flows direct into the lower part of the tank, so that 
impossible to settle the question of technical | the extracted steam, which otherwise is expanded 
reliability with any great degree of certainty, | to 20,9-5 and 4-5 atm. (300, 142-5 and 67-5 lb. 
though initial troubles had perforce to be expected. | per square inch), can be employed down to condenser 
It was anticipated, however, that the economic 
advantages obtained would compensate for any 
temporary difficulties. 

The technical points that had to be considered 
will be dealt with in more detail, when the different 
sections of the installation are described. It 
appears, however, that the method of firing is of 
fundamental importance from the standpoint of 
the pressure. For economic reasons, high-pressure 
boilers possess a very small water content. It is 
therefore important that if the feed system fails, 
and this may occur even when the greatest care is 
taken, overheating shall be absolutely prevented. 
From this point of view pulverised fuel firing, a 
feature of which is that the quantity of coal in the 
furnace is never large, has considerable advantages 
over every other method. If the feed fails, the fuel 
can be cut off simply by pressing a button, so that the 
only risk of damage to the boiler is from the radiant 
heat of the brickwork. In any other system of 
firing large quantities of coal are present, which consi- 
derably increase the heat stored at the grate, and 
although shutting off the forced draught causes 
the glowing mass to become fairly rapidly covered 
with slag, the few minutes saved still gives pulverised 
fuel an advantage. This system of firing was there- 
fore resorted to, a decision which also had certain 
advantages in the then position of the coal market. 

The above arguments will make it clear why a 
pressure of 100 atmospheres (1,500 Ib. per square 
inch) was adopted on a large installation for the first 
time in Europe, though this decision may appear to 
have been arisky one. The author is, however, con- 
vinced that in future these high pressures will be 
more generally employed, even when special condi- 
tions do not exist. 

The general arrangement of the plant will be 
clear on reference to Fig. 1, page 226, and to Figs. 3 
to 6, on page 227 and annexed. These drawings show 
both the original installation and the very limited 
space that was available for extensions. Three sets 
were installed in the original turbine-room, the longi- 
tudinal axis of the boiler-house being at right angles 
to the latter. This boiler-house contained fourteen 
boilers, each of which had an evaporative surface of | 
600 sq. m. (6,459 sq. ft.). The problem was to instal | 
plant of as large an output as possible in the limited | 
space available along the turbine-room axis, and to 
arrange the new equipment, so that it could be easily | 
supervised and the pipe work be kept short. To meet | 
these conditions the second turbine-room, in which | carried out in two stages. The exhaust steam from 
the high-pressure turbines are installed, was built | the super-pressure turbines is first heated to about 
parallel to an extension of the original turbine-room. | 563 deg. F. by condensing live 100 atm. steam, 
Since the space required for the high-pressure boilers | and then passes into a second heater, through which 
was much less than that occupied by the earlier units, | the whole of the live steam is led. This live steam 
the longitudinal axis of the new boiler-house was | js, therefore, cooled some 25 to 30 deg. C. (77 to 


| the load, and the re-heating arrangements. Admis- 
sion to the tank is controlled by automatic valves, 
which are operated in connection with the circulat- 
ing pump shown in Fig. 2. Depending on the load, 
hot water either enters the top of the receiver 
through the stage feed-heater or cold water enters 
at the bottom, hot boiler feed water being with- 





Fig. 5. SECTION i-i. 
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pressure. 
boilers a considerable increase in output can be 
obtained. On the other hand, at low loads the 
valves are fully opened so that the pump supplies 
more water to the feed-heaters than is required for 
boiler-feed purposes, and thus more steam is ab- 
sorbed. This excess water is pumped from the 
bottom to the top of the tank, so that the latter is 
gradually filled with hot water. The same amount 
of steam thus results in a lower output, owing 
to the reduced expansion. Under the fore- 
going conditions a variation in load of from 60 
to 100 per cent. is possible without altering the 
firing. The chief advantage of the arrangement is 
that it is much cheaper than a corresponding 
extension of the boiler plant. In fact, for the 
two-hour peaks, for which the tank is designed, 
the latter costs only one-fifth the amount of the 
corresponding boiler-house additions. 

Re-heating by steam, though very simple in 
principle, has in this case been complicated by the 
conditions present. In a new installation a satisfac- 
tory re-heat of 300 deg. C. (572 deg. F.) at about 10 
to 12 atm. (150 to 180 Ib. per square inch) can be 
obtained by condensing live steam. In this case 
the re-heat had to be effected at 18 to 20 atm. 
(270 to 300 Ib. per square inch) and, owing to the 
existing boiler installation, the temperature had to 
be about 350 deg. C. (662 deg. F.). As will be 
seen from Fig. 2, re-heating had therefore to be 





arranged parallel to that of the turbine-room, the | g6 deg. F.) and normally reaches the turbine at a_| 


space between the two being used to accommodate | temperature of 425 deg. C. (797 deg. F.). By 
the feed pumps, evaporators, &c. In this way it was |jts passage through these heaters the steam 
possible to make the pipe connections between the | exhausted from the super-pressure turbine is super- 











[AUG. 23, 1929. 








Secondly, although the high-pressure plant was 
intended to carry the basic load of the system, large 
differences between the day and night loads were 
probable, owing to its interconnection with water- 
power stations,. The installation of unit mills, both 
from the point of view of regulation and power 
consumption at partial loads, therefore seemed 
inadvisable. Further, a central installation allowed 
the load to be equalised by shutting down the driers 
and mills during peak hours. Drying the coal by 
extracted steam also offers certain, if small, thermo- 
dynamic advantages. The installation itself was 
designed by the Firma Curt von Grueber as general 










Fig.6. SECTION k-k._ 
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The result is that without forcing the | contractors, and possesses no outstanding differences 


from the ordinary designs. 
(To be continued.) 








MECHANICAL ENGINEERING PROB- 
LEMS OF THE 3-FT. 6-IN. GAUGE 
SOUTH AFRICAN RAILWAYS.* 

By M. M. Lovssrr, B.A. 


AttHoucH the South African Railways have 
practically attained European main line standard as 
regards the weight and power of its engines, it has 
retained its narrow gauge of 3 ft. 6 in. and the character- 
istics of narrow-gauge lines, viz., steep gradients and 
sharp curves. Gradients of liin 100 are regarded as 
easy, those of 1 in 66 as medium, and, on the heavy 
sections, the gradients may be anything up to | in 40, 
while there is even a main line with a ruling grade of 
1 in 30, combined with curves of 300-ft. radius, 7.e., 
virtually 1 in 24. It is further essential that every 
locomotive should be able to negotiate curves of 300-ft. 
radius with ? in. spread of the rails, and, to allow for any 
possible movement of the track, which can easily occur 
under these severe conditions, it is very desirable that 
the locomotives should even be able to pass through a 
275-ft. curve without undue strain to either track or 
machine. 

The axle-loads allowed on the 45, 60 and 80 lb. 
tracks are 10, 12} and 18 tons, respectively, and the 
ratio of the maximum tractive effort that can be exerted 
to the weight on the drivers is about 1:40. A simple 
calculation will, therefore, suffice to show that, with a 
force of anything from 24 Ib. to 70 Ib. per ton required 
to move the train up the banks, the limits of an eight- 
coupled engine are soon reached. Various modifica- 
tions of this type have been in use during the last quarter 
of a century, the most common being the mountain type 
with a flangeless leading driver, but the stage where 
they no longer suffice has definitely been reached. The 
next step in the development is either a ten-coupled or 
articulated engine. Both solutions have been tried, 
and, as a final conclusion as to which is the better has 
not been arrived at, it may be interesting to enumerate 


condensers and the boilers, between the boilers and | heated some 40 to 45 deg. C. (104 to 113 deg. F.). | some of the good and bad points which have been 
the high-pressure turbines, and between the high-| This is possible, since, as already noted, the | observed up till now. 


pressure turbines and the main turbines, relatively | quantity is smaller, while, in addition, the specific 
short and small. The central coal pulverising plant | heat of superheated steam at the higher pressure 
was installed in a line with, and a short distance | js greater. It was possible to place the whole of the 
away from, the boiler-house, so that the local regula- | re-heating plant under the super-pressure turbine. 
tions with regard to good lighting and ventilation | 
could be complied with. The space between the old | few words. The question whether the unit or central 
and new boiler-houses was utilised for housing the | system of pulverising should be adopted was 
steam receivers, as shown in Fig. 1. ld 

The heat-flow diagram of the plant is given in a/ reasons: Firstly, no guarantee could be obtained 
simplified form in Fig. 2, page 226, which shows the | from the coal merchants that the moisture content 
combined operation of the 20 atm. (300 lb.) and 100 | of the coal would never exceed 10 per cent., and the 
atm. (1,500 lb.) plants. It is largely self-explanatory, | makers of the equipment for the unit system were 
but a few words may be said about the feed water | not at that time in the position to say that their mills 
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Before doing so, some of the limitations imposed by 
the clearance gauge must be briefly reviewed, as they 
have a very marked influence on the design of the 
locomotives. The maximum height of the vehicles is 
13 ft. above rail-level, so that the limit to the height of 


The coal preparation plant can be dismissed in a the boiler centre is from 8 ft. 3 in. to 8 ft. 6 in.; the 


maximum breadth for the first 3 ft. 4 in. above rail- 
level is 8 ft. 4 in., which has a limiting influence on the 


decided in favour of the latter for the following | size of outside cylinders. The gauge of 3 ft. 6 in. 


eliminates two inside cylinders of any appreciable 
size, and even limits the inside cylinder of a three- 
cylindered engine to about 23 in. Although outside 
cylinders up to 31} in. in diameter have been realised 





* Paper read before Section G of the British Association 


storage tank receiver, which is used for equalising | would operate satisfactorily if that were exceeded. | at Cape Town, South Africa, on July 25, 1929. Abridged. 
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constructionally on the low-pressure units of Mallet 
engines, the limit for simple engines with proper allow- 
ance for side-play of the front end round curves and the 
heavier big-ends to correspond to the greater piston- 
thrusts, is from 22 in. to 24 in. This limitation has 
made itself felt lately and will prove very irksome 
indeed, when the contemplated heavier main-line track 
is introduced, which will permit of 22-ton axle-load. 

As the highest speed which can safely be permitted on 
the 3-ft. 6-in. gauge is taken as 55 m.p.h., there has 
been no necessity to have wheels much bigger than 5 ft. 
in diameter and it has, therefore, been found just 
possible to place the boiler barrel over them without 
exceeding the limitations in height, but the firebox 
cannot be placed over the drivers without making it 
unduly shallow, even in the case of 4-ft. wheels. 
Furthermore, with a clearance of only 3 ft. 3 in. between 
wheels, a long fire-box between the wheels cannot be 
designed with a grate area much bigger than 20 sq. ft., 
and it soon became imperative to have a trailing Bissel 
and to adopt the broad firebox. The limitation to the 
depth of the firebox when placed over the drivers is 
also a serious handicap in designing engines of the 
Mallet type. 

With these existing restrictions, the centre of gravity 
of locomotives can hardly be higher than 5 ft. 4 in. and 
this height does not seem to be excessive for the gauge ; 
in fact, some of the tenders and trucks have centres of 
gravity slightly higher than 6 ft. and yet seem to ride 
well. Although these vehicles were at first regarded 
with suspicion, due to a series of derailments experi- 
enced with the maize trucks, it is now fairly definitely 
established that these troubles must be attributed 
mainly to rigid bodies, which resist twisting, combined 
with side-frictions spaced farther apart than 3 ft. 6 in., 
the trouble having disappeared as soon as the distance 
between the side-frictions was reduced to 3 ft. 6 in. 

Returning to engines stronger than the mountain type, 
the first solution tried was the Mallet. Double six-coupled 
compounds up to 48,000 lb. tractive effort are in use. 
Their upkeep per engine is heavier than for non-articu- 
lated engines; when based on unit haulage capacity, 
however, it becomes less so, and, on some sections, they 
are very useful machines. Their inherent weakness here, 
as in America, is that they will not run satisfactorily at 
high speeds, and, in addition, the long boiler is a 
troublesome unit. A few Mallets with four high- 
pressure cylinders are in service, and although they 
show the faults of a first design there are indications 
that for speed work they might be slightly more suitable 
than the compound type. 

The next solution tried was the double-articulated 
type, in which the boiler is carried in a cradle between 
the two engine units. There can be no doubt that, 
as far as the boiler is concerned, this is an ideal solution. 
The firebox is rectangular and can be made almost any 
size; the barrel is short and of large diameter, and, 
since the tubes can be held short and rigid, they very 
seldom leak and the resistance to the passage of the 
gases of combustion is low. The efficency is not notice- 
ably low if the boiler is properly proportioned, and the 
boiler can be fired up fairly fast. Disregarding an 
early attempt with a Kitson-Meyer, the first serious 
trial of a locomotive of this type was a Garratt, of 
47,000 lb. tractive effort, consisting of two six-coupled 
units. This locomotive could run at speeds equal to 
that attained by non-articulated types, and its general 
behaviour seemed to warrant adopting the double- 
articulated type in preference to Mallets. In the 
meantime, a large number of this type has been put 
into service, some Garratt, some Fairlie and some a 
combination of the two, known as the Union type. No 
marked advantage of any of the three designs has been 
noticed. The engine units of these locomotives are 
symmetrical with regard to the boiler, so that they run 
equally well in either direction, a feature made use of in 
sections with tunnels to run with the chimney trailing, 
in order to diminish the heat and smoke nuisance and 
also to eliminate turning. There can be no doubt that 
the double-articulated type offers the possibility of 
greatly increased tractive effort without exceeding the 
existing restrictions, but the rose is not without thorns. 

As each unit is only a six-or eight-coupled engine by 
itself, there is no extra difficulty in negotiating curves, 
so far as each unit is concerned. On the cylinder ends, 
they usually have either a Bissel or four-wheeled 
bogie, and, on the opposite end, a carrier with lateral 
play, but no radial adjustment; this arrangement, 
although it has almost become classical, is a mistake, 
as these carrier wheels are the leaders on the trailing 
unit and hence show marked flange wear. 

It has further been found that the frames of the 
units are very liable to break, and this must be attri- 
buted to (a) the fact that the unit frames receive no 
stiffening from the boiler as is the case with the non- 
articulated types, (b) the fact that the main load is 
applied at one point, and (c) to the additional strain 
imposed on them at changes of gradient, which is 
referred to later. These frames must, therefore, be 
exceptionally strong to resist bending moments in both 
vertical and horizontal planes; in the case of plate 
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frames, the addition of a heavy channel section on the 
inside of each plate seems to have the desired effect. 

Due to the great overall wheel-base of the larger 
engines of this type, they are too long for most existing 
turn-tables; this represents an almost prohibitive 
disadvantage in the case of a roundhouse shed, as it is 
impossible to bring the locomotive into the shed except 
on the one straight road. Another serious trouble 
caused by this great length, in combination with the 
fact that the units have only a very limited movement 
relative to the main frame in the vertical plane, is that 
the frames are unduly strained when encountering a 
sudden sharp change of grade. On some of the older 
lines, these sudden changes are numerous and large 
sums of money had to be spent to provide them with 
long flat vertical curves. 

These engines seem to have a larger number of hot- 
boxes than can be accounted for by the usual causes, 
and there is an impression that they are partly caused 
by the fact that these locomotives run in opposite 
directions alternately, and also by the fact that one 
unit is always running immediately behind the ashpan 
and is very much exposed to the dust and ash. 

The long steam pipes necessitating four ball joints 
and expansion glands, half of them carrying high- 
pressure steam, are another source of frequent trouble, 
aggravated by the fact that they are generally fairly 
inaccessible. In addition, as it can hardly be-avoided 
having them partially below the axles, it means that 
they must be removed when dropping a pair of wheels, 
thereby greatly increasing the labour involved in the 
operation. 

As the coal and water is used up, the adhesive weight 
diminishes and the engines are more prone to slip, and 
this must be allowed for in deciding on the largest 
possible tractive effort, so that the double unit is not 
strictly equivalent to two simple engines of the same 
axle-load. It has been customary to make the tractive 
effort not more than one-quarter of the weight on the 
drivers when all supplies have been used up, but 
experience has shown that this is wrong. Engines 
designed on this basis have to be worked in full gear 
when taking the maximum load, which, it is found, 
they can manage at their slipping limit; this results 
in uneconomic working. As it can be proved that the 
torque of a two-cylinder engine is most even when 
working at about 60 per cent. cut-off, it is evident 
that, if it is so designed that it will be working at its 
adhesive limit with this cut-off, it will be most powerful 
for a given weight. From tests carried out up to the 
present, it is suggested that the right size of cylinders 
would be such that an adhesive factor of 1 : 3-8 is 
obtained when the tractive effort is calculated at 
75 per cent. of the boiler pressure and the adhesive 
weight as that corresponding to two-third supplies. 
Even so, it will be found that a double-articulated, 
six-coupled locomotive is not appreciably stronger 
than a 10-coupled with the same maximum axle-load 
and an adhesive factor of 1:3-6. To get the full 
recompense for the additional complications, the double- 
articulated locomotive should have eight-coupled 
units. 

The upkeep of this type is low as regards its boiler, 
and practically equivalent to two engines as regards 
its engines. There is also the additional attention to 
the flexible steam and lubricating pipes. Hence, 
although they might, under the most favourable 
circumstances, take almost double loads and save a 
set of men, their percentage of idle days is higher than 
that of non-articulated locomotives, as they cannot be 
stopped in halves. On the whole, they are not liked 
by either the shed staff or the drivers, and when they 
go to shops it is found that they take up relatively too 
much room. 

Recently the third possibility, viz., 10-coupled 
locomotives, have also been tried, in the shape of two 
three-cylinder locomotives with a tractive effort of 
53,000 Ib., known as Class 18. Due to the restriction 
on the size of the cylinders previously referred to, a 
third cylinder became imperative, and, on account of 
the better balancing obtained with three cylinders, 
it was considered that the axle-load could be increased 
from 18 tons to 19 tons. In order to make full use 
of the adhesive weight so obtained, with the restricted 
cylinder diameter of 21} in., it was necessary to increase 
the boiler pressure from the customary 180 lb. and 
200 Ib. per square inch to 215 lb. per square inch. The 
stroke is 28 in. and the drivers are 4 ft. 9 in. in diameter, 
with 5-ft. 3-in. spacing, so that considerable difficulty 
was experienced in designing this locomotive to enable 
it to negotiate a curve of 300-ft. radius. 

The difficulties and the possible solution of this 
problem are best studied graphically. Doing this 
on an ordinary small-scale drawing is too inaccurate 
to be of any use. The usual method used is that of 
Roy. The engine is represented by a single straight 
line, each set of wheels being denoted by a single 
point, and the rails by two circles, the distance between 
them being equal to the total side-play of a set of 








wheels, i.e., # in. plus spread of rails. It can be 
proved that, if the circles be drawn with a radius 


1/n? their natural size and the wheel spacings 1/n 
their natural size, the lateral movements and the 
distance between the two circles representing the rails 
will be natural size. If now the whole of this distorted 
drawing be made to half-scale, it is possible to get it 
on an ordinary drawing sheet. The circles can be 
drawn with a beam compass for the more common cases 
if n be taken between 8 and 12 to suit. Unfortunately, 
this method is an approximation, and the error increases 
with the length of the engine and the curvature of the 
circle. With the longer engines and curves of 300 ft. 
or 275 ft. radius, the error is about 25 per cent. of the 
total side-play, and the method is therefore useless. 

The elliptical method, published in Organ fiir die 
Fortschritte des Eisenbahnwesens for September, 1926, 
is mathematically correct except that it equates cos A 
to 1 in measuring the side-play, where A is the angle 
between locomotive axis and rail. As, however, this 
angle in the most extreme cases hardly exceeds 3 deg., 
the error is less than 1 in 1,000, and therefore imper- 
ceptible. The method is briefly as follows :—The 
engine and rails, represented as in the Roy method, 
are regarded as lying on a co-ordinate system, whose 
axes are parallel and perpendicular to the tangent. 
The origin is taken as the point of contact of the 
tangent. The equation of the circle takes the form 

eg 7) 
ae seal 

Taking points for, say, x = 2, 4, 6, &c., we can 
calculate the corresponding values of y. If now we 
reduce the scale in the 2 direction in the ratio 1 : bn 
and in the y direction in the ratio 1 : b, we reduce the 
original circle to an ellipse. The wheel-base becomes 
1/bn of its actual size and the side-play and distance 
between curves representing the rails become 1/b 
natural size. As an example, if b= 4 and n = 10, 
the wheel-base will be shown one-fortieth of its actual 
size and must be measured perpendicular to the main 
axis of the ellipse; the side-play will be shown one- 
quarter natural size and must be measured parallel to 
the main axis: the co-ordinates of the successive points 
become 24/40 in., 48/40 in., &c., and the corresponding 
reduced values of y can be calculated for any given 
radius and the required part of the ellipse drawn. To 
obtain the two curves representing the rails, the ellipse 
is then displaced in the direction of the main axis 
by an amount equal to side-play plus speed, i.e. Ure) 
in. in the case of the sharper curves. By placing 
tracing paper over the original and drawing the line 
representing the engine to suit, the curves can be used 
repeatedly. When doing this it must be remembered 
that the front part of the engine has a tendency to 
run to the outside of the curve until all side-play is 
taken up and the wheel flanges are hard up against 
the rail; similarly, the rear end tends to run inwards. 
Any point representing a wheel-set not falling between 
the two curves points to the fact that the engine is 
‘binding ’’ in the curve, unless the set of wheels is 
made flangeless or given lateral play to correspond. 

In the case of an engine of the 18th class, the 
leading Bissel has a side-play of 6% in. to either side, 
the leading drivers have l-in. play, and the two are 
connected in a Krauss-Helmholz bogie. The centre 
and intermediate trailing drivers are flangeless. This 
engine cannot negotiate a 275-ft. curve. During an 
actual trial, the intermediate leader ran so hard against 
the inside rail that the outside wheel was lifted off the 
rail and the flangeless wheels moved so much lateraliy 
that they threatened to drop off the rails. This point 
must always be carefully watched in designing engines 
with flangeless wheels, allowance being made for side 
wear on the boxes. Due to the fact that they must 
always depend for guidance on the boxes, the side-wear 
on their boxes and on the boxes of the flanged wheels 
guiding them is marked. This engine will just nego- 
tiate a 300-ft. curve when new, #.e., when there is no 
additional side play on the boxes or flanges. The 
potential danger of the flangeless wheels dropping 
off the rails cannot be ignored. A suggested alteration 
to do away with this possibility and at the same time 
adapt the engine to a curve of 275-ft. radius, requires 
an additional side-play of § in. on the Bissel, which 
ought not to be difficult to realise; the additional 
} in. required on the leading driver will raise greater 
constructional difficulties. The trailing intermediate is 
flanged, but allowed a side-play of 4 in. to either side 
in the boxes and the connecting rods; this device 
has often been used and gives rise to no great construc- 
tional difficulties. In addition, the lateral movement 
at the rear end will be increased by about 1} in., but 
it is not expected that this will necessitate any notable 
change to drawbar or stoker. It may be mentioned, 
in this connection, that recently the flangeless tyres of 
the leading drivers on a Mountain-type locomotive 
were replaced by flanged ones, as the wheel-base 
permitted this without any other changes ; the result 
was & marked improvement in wear on sides of boxes 
and flanges. In addition, less slipping was reported, 








as a flangeless wheel with marked lateral movement 
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collects the grease on the check-rail and brings it on | shaped gap is then left between blast and chimney 
the carrying rail at the next curve in the opposite |through which air leaks in and destroys the vacuum. 
direction. The ideal arrangement would be to make the cone 

In most other respects the “eighteenth” class is | strike the chimney just at its narrowest part. When 
fairly satisfactory. The steam consumption is some- | the cap cannot conveniently be placed low enough 


what higher than expected. The coal consumption is to achieve this, the blast must be artificially spread 
appreciably so, due to a low boiler efficiency, but | by means of four knives or Goodfellow tips, i.e., pieces 
this must be attributed to the fact that our type of | 
grate is not suitable for stoker firing. However, a 
different type of grate will be tried in the near 
future. 

Spark Arresters and Draughting.—The prevention of 
the emission of dangerous sparks and securing proper 
draught on the fire are not questions peculiar to the 


of metal of wedge-shaped cross-section about ? in. 
broad projecting over the edge of the cap into the 
| blast for about an inch. The virtual cone then seems 
|to have a taper of about 1 in 4:50. In calculating 
'the area of the cap, the reduction in area caused by 
these knives must be allowed for. 


| The spark-arrester is a necessary evil, and naturally 


3-ft. 6-in. gauge, but they are so important that a offers additional resistance to the passage of the gases. 
few words on our experience in this direction may not | The material used is either mesh made of }-in. wires 
be without interest. The question of draughting is | with holes }-in. square, or perforated plate with 
very well dealt with in an article appearing in| oblong holes { in. by ¥¢ in. The former offers a 
Zeitschrift des Vereines Deutscher Ingenieure, in 1915, | slightly smaller resistance while the latter is less 
by Strahl. It resolves itself into three main problems— | liable to be damaged by rough handling. Two types 





the size of the chimney, the size of the blast-pipe cap 
to correspond, and, last but all-important, the relative 
position of the two. Strahl takes into account prac- 
tically all the determining factors and arrives at a 
comparatively simple way of calculating the size of 
the cap for any given boiler and chimney. Slightly 
correcting some of his constants to agree with the 
results arrived at by Fry in his Studies of the Loco- 
motive Boiler with regard to the question of combustion, 
the method has been found to give values agreeing 
very well with those found in practice. 

As it would take up too much time to go into 
Strahl’s method more fully, the following simple, 
yet fairly useful, method, is given. From the accom- 
panying table we can read off the velocity of the 











| 
Area of Velocity of Area of cap, Velocity of 
chimney, 8q.in.| gas through sq. in. steam through 
chimney, : ay ee cap, 
Area of grate, | in ft. per sec, | Area of grate, | in ft. per sec 
sq. ft. sq. ft. : 
6-2 320 | 0-80 800 
5-8 340 0-75 850 
0-71 900 
5°5 360 
0-67 950 
5-2 380 0-64 1,000 
4-95 400 | 0-61 1,050 











mixture of gases of combustion and exhaust steam 
through the chimney for a given boiler. The chimney 
should be tapered so as to increase 1 in. in diameter 
for every 12 in., or better every 10 in., in height. 
The area at the narrowest part is used for the calcu- 
lation and, where possible, so proportioned as to 
make the gas velocity not much greater than 320 ft. 
per second. The cap should then be of such a size 
as to give the values on the corresponding line. It 
will be seen that the size of both the cap and chimney 
are given relative to the grate, which is the main 
determining factor. To get low back-pressures, we 
must adhere to the smaller velocities. If the cap 
velocity appreciably exceeds 1,000 ft. per second, 
the engine is choked and a change in chimney is 
justified. On the other hand, the chimney velocity 
cannot be made much smaller than 300 ft. per 
second. 

This applies to simple non-articulated superheated 
locomotives. For articulated engines it would appear 
that the longer exhaust pipes have some detrimental 
effect on the blast, and the caps have to be made 
relatively smaller. The exact amount has not been 
definitely settled, but a fair average seems to be 
80 per cent. of the above areas in the case of Mallets 
and 70 per cent. in the case of double-articulated 
engines. Here it is of special importance to make 
the chimney velocity low, as the back-pressure is 
further increased by about 10 per cent. to 15 per cent. 
by the long exhaust pipes. In addition, all sharp 
bends should be avoided and the two exhaust pipes 
should come together at the blast-pipe symmetrically 
in order to get a straight exhaust. Due to non- 
observance of this rule, some of our double-articulated 
engines are very disappointing, as the blast does not 
strike the chimney centrally. 

Having settled the size of the cap and chimney, 
the third very important condition is that they must 
be situated the right distance apart. The blast first 
diverges sharply and then less sharply in a cone 
increasing | in. in diameter for every 6 in. of height 
in such a way that the cone seems to come from a 
circle 3 in. larger in diameter than the cap. This 
conical blast must not be larger than the bell-mouth 
of the chimney ; if it is, the cap must be put higher 
or a false petticoat used to compress it. This is 
the only case where a second petticoat is necessary 
or of any marked advantage. With the modern 
large boilers the difficulty lies in avoiding the other 
extreme case, in which the cone goes completely 
through the chimney without touching it. A ring- 


| of spark arresters are in use—the box type, erroneously 
| known as the Scott type, which is a rectangular 
box or cage between the base of the chimney and 
the cap; and the baffle plate, or 15a type, consisting 
|of a solid plate across the back of the smokebox 
| behind the chimney, a perforated horizontal table plate 
|on a level with the base of the cap and an inclined 
| perforated plate across the smokebox in front of the 
|chimney. The former type is more apt to have its 
| holes blocked up by pieces of char and allows char 
|to accumulate in the smokebox until it partially 
| buries the arrester. When this stage is reached the 
| boiler steams less freely and very often the smokebox 
| must be cleaned en route. In the case of an air leak, 
the char is liable to be ignited and burn the door and 
spark arrester. If the front plate of the latter type 
is inclined at least 30 deg. to the vertical, it is less 
|liable to get its holes blocked up, and the smokebox 
‘can be made self-cleaning if the free area underneath 
the front edge of the table plate be made 10 per cent. 
|of the grate area. The char is then ground by being 
|continually thrown against the arrester and finally 
| emitted through the chimney, so that the only attention 
'required is a few taps with the hammer against the 
| perforated plate before starting a journey, to dislodge 
| pieces of char sticking in the holes. The resistance 
| of this type is slightly higher at starting, but it has 
the advantage of remaining the same throughout 
| the journey and doing away with the work of cleaning 
the smokebox. Burning the door or spark arrester 
|is impossible, no matter how hard the boiler is forced, 











| Pustic Works DEPARTMENT, SHANGHAI.—The variety 
}of the work carried out directly by the Commisioner 
| of Public Works of Shanghai and his Department may 
| be gathered from the annual report of the Commis- 
|sioner to the Shanghai Municipal Council. During 1928 
| a reinforced-concrete bridge, 60 ft. in width and with a 
| clear span of 60 ft., was built to replace an old timber 
' structure. In addition, a hospital, police and fire stations, 
|an abattoir, a reinforced-concrete single-storey market 
and other buildings have been erected, and important 
widenings of roads effected. Considerable lengths of sur- 
| face water drains, culverts and main sewers were laid, 
|and many cesspools abolished. Other activities of the 
| Department include cleaning and watering the streets, 
| house-refuse collection and disposal, and street lighting, 
|and among the lesser operations are boiler and lift 
| inspection by the P.W.D. workshop staff. 


| THE IRonN AND STEEL InstITUTE.—The programme 
| of papers to be read at the forthcoming autumn meeting, 
| in Newcastle-upon-Tyne, of the Iron and Steel Institute, 
| has now been drawn up. The technical meetings will 
| be held in the Festival Hall of the North-East Coast 
| Exhibition on the mornings of Tuesday, Wednesday, 
and Thursday, September 10, 11 and 12. The papers 
to be read on Tuesday morning comprise: ‘‘ Notes 
on the Damping-Down and Re-Starting of Blast- 
Furnaces,” by Mr. C. S. Gill; ‘‘ Notes on Wire for 
Mining Ropes,” by Mr. A. T. Adam; ‘“ Crystallisation 
and Segregation Phenomena in 1-10 per cent. Carbon- 
Steel Ingots of Smaller Sizes,’ by Mr. A. Hultgren ; 
and ‘“ High Elastic-Limit Structural Steels,’ by 
Mr. J. A. Jones, The papers for Wednesday morning 
are: “The Coalescence of Pearlite,”’ by Mr. J. H. 
| Whiteley; ‘‘The Solubility of Carbide in Ferrite,” 
by Dr. H. A. Dickie; ‘‘Iron-Silicon Alloys: Consti- 
tutional Diagrams and Magnetic Properties,” by Mr. 
T. D. Yensen; and “Iron in Antiquity,” by Dr. T. A. 
Rickard. Thursday’s papers comprise: ‘‘ The Hardening 
of Superhardened Steel by Magnetism: The Lattice 
| Resonance Hypothesis,” by Mr. E. G. Herbert; ‘‘ Elec- 
trical Conductivity of Magnesite and some other 
Refractory Materials in Relation to the Temperature 
and their other Properties,’’ by Messrs. E. Diepschlag 
and F. Wulfestieg; ‘“‘The Hardness of Vacuum- 





“The Correlation of Fatigue and Overstress,” by 
Messrs. J. H. Smith, C. A. Connor, and F. H. Armstrong. 
Following the autumn general meeting two additional 
meetings will be held, the first at 6.30 p.m., on Sept- 
ember 17 at the Secondary Schools, Doncaster-road, 
Scunthorpe, and the second at 7.30 p.m., on Sept- 
ember 26, at the Birmingham Chamber of Commerce, 
95, New-street, Birmingham. 





Annealed Crystals of Iron,’’ by Dr. H. O'Neill; and ph 





SINE-WAVE ALTERNATORS FOR 
METER TESTING. 


A minor, but none the less important, part of the 
work of an electricity-supply undertaking is the pro- 
vision of meters for the accurate determination of the 
energy consumed, in accordance with the rules laid 
down by the legislature. This duty not only imposes 
what is, in the aggregate, considerable capital and 
revenue expenditure on the undertaking, but neces- 
sitates calibration of the instruments, both before 
installation and at regular intervals subsequently, to 
ensure accurate metering. To enable this work to 
be effected economically, special and carefully thought- 
out arrangements are necessary. For instance, when 
two-element meters, such as wattmeters and watt-hour 
meters, are being tested, it is desirable to be able to 
adjust the phase relations between the pressures applied 
to the current and pressure coils, respectively, as well as 
the magnitude of the pressure across either of these coils. 
These criteria are not obtained when the usual method 
of connecting the current coils to the secondary and the 
potential coils to the primary of a testing transformer 
is employed, and Messrs. J. H. Holmes and Company, 
Limited, of Newcastle-on-Tyne, have, therefore, de- 
vised a testing plant by which the adjustments 
mentioned above can be made separately. In addition, 
this plant enables the frequency of the current supplied 
to both coils to be simultaneously varied. This plant 
is known as the Castle sine-wave alternator, and its 
general appearance is illustrated in Fig. 1, on the opposite 
page. It consists of two alternators, which are driveu by 
one or two variable-speed direct-current motors, the 
whole combination being mounted on one shaft. One 
of the alternators is used to feed the current coils and 
the other the potential coils of the meters under test, 
and, since both the machines have the same number of 
poles and run at the same speed, the frequencies in the 
two cases are identical. The power required is limited 
to that necessary to supply the losses. 

We have already referred to the desirability of 
having some means of adjusting the phase relation 
between the pressures across the potential and voltage 
coils. This is effected in the Castle machines by making 
the stator frame of one of alternators rotatable through 
an arc exceeding one pole pitch, thus allowing the 
pressure waves of the two alternators to be adjusted 
so that loads with power factors from unity to zero, 
either lagging or leading, can be initiated. In Fig. 1, 
the machine constructed in this way is that on the 
extreme left of the illustration, while Fig. 2 is a half 
section through the same alternator. As will be seen, 
the stator core is built up in a cylindrical frame, 
the latter being mounted on roller-bearings inside an 
an outer casing. This frame is provided with a circular 
rack into which a pinion on the outer casing meshes. 
This rack can be operated by a hand wheel or, in the 
case of the larger sizes of alternator, by a small motor, 
as shown in Fig. 1, the drive of the latter being through 
worm gear on the hand-wheel shaft and mitre gearing. 
This arrangement enables the phase angle to be 
adjusted from any number of distant points by means 
of simple two-way switches. In order to eliminate 
backlash, which it is important should be non-existent 
if the gear is to operate satisfactorily, a divided worm 
is used on the rack and the mitre gear, if one is found 
necessary, is designed with specially curved teeth. 

The other alternator is of normal pattern, but both 
machines are designed so that the pressure generated is 
as near as possible to a pure sine-wave form, even with 
very weak fields. This is, of course, important when any 
type of meter is being tested,and is essential when induc- 
tion meters are being run at low power factors. The 
alternators are also much larger than standard machines 
of the same output, while the stators are provided with 
specially pitched and distributed coils, which are 
wound in skew slots. Coils of the same type are 
used on the rotor, which is of non-salient design, and 
the air gap is large. A short-circuited winding is 
provided on the rotor, thus enabling the alternators 
to work satisfactorily as single-phase generators. Fine 
or coarse regulation of each alternator field is possible, 
so that a close and independent adjustment is possible 
without affecting the phase-angle. It may be added 
that the mechanical construction of the alternators 
is robust and heavier than that of standard machines. 
Some idea of their performance can be gathered from 
Fig. 3, which gives the pressure waves of a three-phase 
alternator of the type we have been describing, when 
working at normal flux with one phase fully loaded 
and the other phases on open circuit; curve A was 
taken on the loaded phase and curve B on an unloaded 


ase. 
In general, regulation of the speed and frequency is 
effected by making the usual adjustments in the shunt 
field of the direct-current motor by which the com- 
bination is driven. If, however, a very wide range of 
frequency be required, it is an advantage to use two 
driving motors, or one motor with two commutators, 
the necessary regulation, in the latter case, being 
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SINE-WAVE ALTERNATOR FOR METER TESTING. 


CONSTRUCTED BY MESSRS. J. H. HOLMES AND COMPANY, LIMITED, ENGINEERS, NEWCASTLE-ON-TYNE. 
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effected by a combination of shunt regulation and 
series-parallel connections. As the speed of a direct- 
current motor is constant for a constant supply pres- 
sure, independent of its load, and the output and 
frequency of an alternator are proportional to its speed, 
the outputs of the latter, at the specified frequencies, 
determine the size of the former, though it is found best 
to make the motor power equal to the alternator output 
at the frequency at which the latter will be used most. The 
stator windings on both machines are arranged so that 
either single-phase, two-phase or three-phase current 
can be obtained, and so that the full kv.-a. output is 
possible at any power factor from unity to zero. 
Another point of which mention may be made is 
that for the production of a pressure wave of constant 
amplitude on the alternator side, the exciting current 
must be steady, a condition which necessitates constant 
excitation pressure and a uniform contact drop on the 
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slip rings. On the set we are describing, the latter] Messrs. 
condition has been fulfilled by paying special attention | 


to the balance and to the design of the brush gear and 
slip-rings, so that vibration is avoided and good brush 
contact maintained. Again, if the pressure wave is to 
be of constant length, the speed of the set must 
also be constant. This is effected by a series 
stability winding on the motor, which prevents any 
tendency towards hunting, though the brush gear and 
the commutation also play important parts in this 
respect. 








THE LATE MR. C. F. WIKE. 


WE note with regret the death, at the age of 81, of 
Mr. Charles Froggartt Wike, a former borough surveyor 
of Sheffield, which occurred at his home in that city, 
on August 14. Mr. Wike received his early education 
at Barnsley Grammar School, and gained a Locke 
engineering scholarship. He was articled to Mr. John 
Wade, A.M.Inst.C.E., borough surveyor of Barnsley, 
and for five years was occupied in connection with the 
sewerage of one district of Barnsley and of the township 
of Dodworth, and with the necessary surveying, &c., for 
gas and waterworks, and various architectural works. 
In 1871, after completing 2} years’ work with Mr. W. J. 
Jackson, the civil engineer of Nottingham and engineer 
for Carnarvon harbour works, Mr. Wike was appointed 
deputy borough surveyor of Leicester, and for nine 
years was deputy, under the late Mr. J. Gordon, engineer 
to the London County Council, whom he assisted in the 
preparation of plans for flood and sewerage schemes, 
and various improvement schemes and _ borough 
extensions. It was in the year 1888 that Mr. Wike took 
over his final post, that of borough surveyor to the 
Sheffield Corporation, which he held until he retired in 
1920. During his first twenty years in Sheffield, Mr. 
Wike, who was then city engineer and surveyor, in 
addition to having charge of the city architect’s, im- 
provement surveyor’s, building surveyor’s and sewage - 
disposal departments, carried out many important 
works, including the relaying of the tramways permanent 
way when electricity was substituted for horse traction, 
the remodelling of the sewers, and the widening and 
general improvement of many of the main thorough- 
fares. Mr. Wike was elected an associate member of 
the Institution of Civil Engineers in January 1881, 
and became a full member in November 1890. He 
was also a member of the Institution of Municipal and 
County Engineers, serving as a member of the Council 
for several years, and acting as vice-president from | 
1904 to 1910. 








MARTINEL HIGH ELASTIC-LIMIT 
STEEL. 


THE properties and characteristics of the high 
elastic-limit, heat-treated mild steel, introduced some 
years ago into the shipbuilding industry, have already 
been brought to the notice of our readers on several 
previous occasions. On page 510 of ENGINEERING, vol. 
exvil, we reprinted a paper presented by Messrs. G. W. 
Barr, F. G. Martin and A. T. Wall, to the Institution of 
Naval Architects on April 11, 1924, entitled, ‘“ High 
Elastic-Limit Steel and its General Applications.” 





More recently, an excellent review of the whole subject 
of shipbuilding steels in general, and of high elastic- 
limit steelsin particular, was given by Sir William Berry | 
at the Centenary Engineering Conference of the Insti- | 
tution of Civil Engineers, and was noted in our columns 
on June 8, 1928, page 720. The most recent contri- 
bution on the subject to the proceedings of a 
learned society is a paper by Mr. Martin, entitled 
** Elastic-Limit Steel,’ read in March last before the 
West of Scotland Iron and Steel Institute. High 
elastic-limit steel, as developed by Mr. Martin, and 
now frequently known as “ Martinel”’ steel, is a mild 
steel of selected quality which has been subjected to a 
special heat treatment. The latter removes the internal 
strains due to rolling, and, during the process, the usual 
banded microstructure is replaced by a fine-grained 
and uniform structure. 

The elastic limit of the material, as determined by 
means of the Ewing extensometer, is stated to be 
never less than 15 tons per square inch, and to average 
about 16-7 tons per square inch, while the ultimate 
strength value of the steel lies between 29 tons and 
34 tons per square inch, and averages about 32 tons. 
Among the advantages claimed for Martinel steel are 
that it can be worked with the same ease as ordi- 
nary mild steel, and that, owing to the absence 
of scale, resulting from the method of heat-treatment 
adopted, paint adheres to its surface more tenaciously 
than is the case with mild steel of the usual quality. 
As stated by Mr. Martin in his recent paper, the 
steel was first adopted by Messrs. Alfred Holt and 
Company, Liverpool, of whom Mr. Martin is the metal- 
lurgist. We understand that this firm has now 12 ships, 
either afloat or on order, in the construction of which 
the material has been largely employed. 
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Martinel Steel Company, Limited, whose 
offices are at 18 and 19, Great St. Helens, London, E.C.3, 
have informed us that Messrs. John Brown and Com- 
pany, Limited, recently placed an order with Messrs. 
David Colville and Sons, Limited, Glasgow, for a 
quantity of this steel for part of the top-sides and 
deck structure of the 40,000-ton liner Empress of 
Britain, which is at present under construction at 
Clydebank for Messrs. Canadian Pacific Steamships, 
Limited, London. Messrs. Colville, it should be pointed 
out, also manufactured the Martinel steel employed 
in the construction of Messrs. Alfred Holt and Company’s 
vessels. 








BOOKS RECEIVED. 


Der Eisenbetonbau : ein Leitfaden fiir Schule und Praxis. 
By C. Kersten. Berlin: Wilhelm Ernst und Sohn. 
[Price 6 marks. ] 

Institute of Physical and Chemical Research. Supplement 
to Scientific Papers. Vol. 11, No. 11. Spectrophotometric 
Study of Micas. By T. Yosurmura. Tokyo: Offices 
of the Institute. [Price 10 sen.] 

United States Bureau of Mines. Bulletin No. 294. Carbu- 
retion of Combustible Gas with Butane and Propane- 
Butene Mixtures, with Particular Reference to the Car- 
buretion of Water-Gas. By W. W. ODEtL [Price 25 cents. ] 
Bulletin No. 296. Iron Oxide Reduction Equilibria. A 
Critique from the Standpoint of the Phase Rule and 
Thermodynamics. By O. C. Ratston. [Price 60 cents. ] 
Technical Paper No. 410. Falls of Roof in Bituminous 
Coal Mines: Influence of the Seasons and Rate of 
Production. By J. W. Pavut. [Price 10 cents.] Technical 
Paper No. 448. Coal-Dust Explosions in Mines : Causes, 
Effects and Recommendations for Prevention. By G. 8. 
Rice. [Price 5 cents.] Technical Paper No. 449. 
A Study of the Crude Oil Produced in the Salt Creek 
Field, Wyoming. By H. P. Rue and I. N. BEALL. 
[Price 5 cents.] Technical Paper No. 452. Safety 
Organisations in Arizona Copper Mines. By E. D. 
GARDNER and D. J. Parker. [Price 10 cents.] I: 16. 
Secondary Metals in 1927. By J. P. Duntop. [Price 
5 cents.}] I: 17. Rare Metals: Cobalt, Molybdenum, 
Nickel, Tantalum, Titanium, Tungsten, Radium, 
Uranium and Vanadium in 1927. By F. L. Hess. 
[Price 10 cents.] I: 18. Gold, Silver, Copper, Lead and 
Zinc in New Mexico and Texas in 1927. Mine Report. 
By C. W. HenpeErson. [Price 10 cents.] II: 27. Coal 
in 1927. By F. G. Tryon, O. E. Kress~ine and 
L. Mann. [Price 30 cents.] II: 28. Petroleum in 
1927. By G. R. Hopxrs and A. B. Coons. [Price 
15 cents.] Washington: Government Printing Office. 

United States Geological Survey. Bulletin No. 794. ‘‘ Red 
Beds’ and Associated Formations in New Mexico, 
with an Outline of the Geology of the State. By N. H. 
Darton. [Price 1 dol. 30 cents.] Bulletin No. 801 
Geology and Water Resources of the Edgeley and La 
Moure Quadrangles, North Dakota. By H. A. Harp. 
[Price 50 cents.] Bulletin No. 803. Geography, Geology 
and Mineral Resources of the Portneuf Quadrangle, 
Idaho. By G. R. Mansrietp. [Price 40 cents.] 
Bulletin No. 807. Geology of Hyder and Vicinity, 
South-Eastern Alaska, with a Reconnaissance o 
Chickamin River. By A. F. BuppineTon. [Price 35 
cents.] Water-Supply Paper No. 597B. A Study of 
Ground Water in the Pomperaug Basin, Connecticut, 
with Special Reference to Intake and Discharge. By 
O. E, MErnzer and N. D. Stearns. [Price 25 cents. ]. 
Water-Supply Paper No. 597D. Geology and Water 
Resources of the Upper McKenzie Valley, Oregon. 
By H. T. Stearns. Water-Supply Paper No. 636A 
Quality of Water of the Colorado River in 1926-1928, 
By C. S. Howarp. Professional Paper No. 154F. 
Water-Laid Volcanic Rocks of Early Upper Cretaceous 
Age in South-Western Arkansas, South-Eastern Okla- 
homa and North-Eastern Texas. By C. S. Ross, H. D. 
Miser and L. W. STEPHENSON. [Price 25 cents.] 
Professional Paper No. 154G. Algae Reefs and Oolites 
of the Green River Formation. By W. H. BRaDLEy. 
Professional Paper No. 154H. A Revision of the Flora 
of the Latah Formation. By E. W. Berry. [Price 
30 cents.] Professional Paper No. 1541. Exogyra 
Olisiponensis Sharpe and Exogyra Costata Say in the 
Cretaceous of the Western Interior. By J. B. REESIDE, 
Jr. [Price 10 cents.] Professional Paper No. 514J. 
Additions to the Flora of the Green River Formation. 
By R. W. Brown. [Price 20 cents.] Professional 
Paper No. 157. The Mother Lode System of California. 
By A. Knorr. [Price 55 cents.] Washington: Govern- 
ment Printing Office. 








PersonaL.—In connection with their purchase of 
the works at Wolverhampton of Messrs. Clyno Engin- 
eering Company (1922), Limited, Messrs. Alfred Herbert, 
Limited, Coventry, state that they have no intention 
of entering the motor industry. They are prepared 
to sell the undertaking as a going concern, failing 
which the plant will be broken up. In the meantime 
they are carrying on the service and repair department 
until satisfactory arrangements can be made for its 
continuance. Communications in respect of this depart- 
ment should be addressed to, Messrs. Alfred Herbert, 
Limited, The Clyno Works, Wolverhampton.—Messrs. 
The Horseley Bridge and Engineering Company, 
Limited, and their associated companies, Messrs. Thomas 
Piggott and Company, Limited, and Messrs. Guest, 
Keen and Piggotts, Limited, have established a drawing 
office at 5, Victoria-street, London, S.W.1, in which 
designing and estimating for all classes of structural 
steel and bridgework will be conducted. This office is 
being run in conjunction with the London office of these 
companies, which is at 11, Victoria-street. 
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TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each 
case. 

Artesian Well, Motors, Pumps, d:c.—The supply and 
installation of electric motors, pumps, and mechanical 
filters, and the sinking of an artesian well 262 ft. in 
depth. The Egyptian Ministry of the Interior, Cairo ; 
October 16. (Ref. No. A.X. 8373.) ’ 

Crane.—The supply of one 7}-ton hand-operated 
overhead double-girder travelling crane. The Town 
Council, Johannesburg, South Africa; August 29, 
(Ref. No. A.X. 8392.) 

Weighbridges and Weighing Machines.—The supply 
and instaliation of three automatic weighbridges of 
a capacity up to 20,000 kg., and 10 portable weighing 
machines of a capacity up to 2,000 kg. The Spanish 
Customs Administration, Madrid ; September 6. (Ref. 
No. A.X. 8393.) 

Steam-raising Plant.—The supply of steam-raising 
plant, economiser and brick-lined chimney. The Munici- 
pality of Salisbury, Eastern Rhodesia; October 17. 
(Ref. No. A.X. 8391.) 

Venturi Meters——The supply of two Venturi meters 
to register discharge continually in cubic metres. The 
Egyptian Ministry of Public Works, Tanzim Depart- 
ment, Cairo; September 14. (Ref. No. A.X. 8408.) 

Water Main and Valves.—The supply of 89,000 ft. 
of rising main, specials, sluice valves, air valves, &c., 
for the Jaipur Water Supply Scheme. India Store 
Department, Simla; September 16. (Ref. No. A.X. 
8418.) 

Incinerating Plant.—The supply of an incinerating 
plant of the high-temperature type capable of reducing 
to cinders 100 tons of unselected refuse in 24 hours. The 
Municipality of Valparaiso, Chile; October 29. (Ref. 
No. A.X. 8412.) 


LAUNCHES AND TRIAL TRIPS. 


‘* ANGLO-SAxon.”’—Cargo steamer ; quadruple-expan- 
sion engines. Trial trip, August 14. Main dimensions : 
length, 426 ft.; beam, 58 ft. Built by Messrs. Short 
Brothers, Limited, Pallion, Sunderland, to the order 
of Messrs. Lawther, Latta and Company, Limited, for 
the Nitrate Producers’ Steamship Company, Limited, 
London. 

“ WesTRALIA.”’—Twin-screw passenger motorship ; 
single-acting eight-cylinder four-stroke cycle Harland. 
B. & W. Diesel engines. Trial trip, August 15. Main 
dimensions: 430 ft. by 60 ft. by 33 ft. 6 in. Built by 
Messrs. Harland and Wolff, Limited, Govan, for Messrs. 
Huddart Parker, Limited, Melbourne, Australia. 

“Ex Amrra Fawzia.”—Twin-screw passenger and 
troop-carrying steamer: four-cylinder triple-expansion 
engines. ‘Trial trip, August 16. Main dimensions : 








of | length, 286 ft.: beam, 38 ft. Built by Messrs. Swan, 


Hunter and Wigham Richardson, Limited, Newcastle- 
on-Tyne, for the Coastguards and Fisheries Adminis- 
tration of the Government of Egypt. 

“ BEAUFORT.”’—Single-screw oil-tank steamer ; triple- 
expansion engine. Trial trip, August 20. Main dimen- 
sions : 400 ft. by 52 ft. 6 in. by 30 ft. 6 in. Built by 
Messrs. Barclay, Curle and Company, Limited, White- 
inch, Glasgow, to the order of Messrs. Biorn Biornstad 
and Company, Oslo, Norway. 








Contracts.—Messrs. Alfred Herbert, Limited, Cov- 
entry, have secured an order for nine Atritors, each 
of 4 tons hourly capacity, from the Amsterdam electricity 
authorities. This power station now possesses a complete 
installation of 25 Atritors. Messrs. Herbert’s American 
licencees, the Riley Stoker Corporation, have obtained 
an order for four Atritors, each of 7 tons hourly capacity, 
for the Cahokia station of the St. Louis Electric Light 
and Power Company.—Messrs. The Integra Company, 
Limited, 183, Broad-street, Birmingham, have received 
an order from Messrs. Henry Ford and Son, Limited, 
Cork, in respect of 24 Leeds and Northrup potentiometer 
recorders to be used for the temperature control of 
heat-treatment plant. Six L. and N. potentiometer 
recorders have also been ordered by Messrs. The 
Petroleum Refineries, Limited, for their new cracking 
plant at Killingholme.—Messrs. Ruths Steam Storage, 


-| Limited, Africa House, Kingsway, London, W.C.2, 


have recently obtained three contracts for steam storage 
installations—one from Messrs. Duncan Stratton and 
Company for export to India; one from Messrs. Hydro 
Thermal Power, Limited for Avonmouth Docks ; and one 
from Messrs. Pirelli General Cable Works, Limited, 
Southampton.—Among recent contracts for vehicles 
received by Messrs. The Eagle Engineering Export 
Company, Eagle Works, Warwick, is a repeat order 
from the Great Western Railway for 42 four-wheel 
trailers for use behind motor lorries and tractors, and 
an order from Buenos Aires for 15 trailers.—A contract 
for 33 k.v. metal-clad switchgear for the North-West 
England National Electricity Scheme has just been 
awarded to Messrs. The English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, 
by the Central Electricity Board. The contract covers 
39 metal-clad units, of which 29 are designed for 
a rupturing capacity of 500,000 kv.-a., and the remain- 
ing 10 for a rupturing capacity of 750,000 kv.-a. All 
units have duplicate busbars with plug changing and 
are electrically operated from a remote control board. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
Iron and Steel.—Despite the slump in armament- 
manufacture and the scarcity of orders for shipbuilding 


steel the gross output of this district is considerably in | 


excess of that of a year ago. In the heavy steel section 
basic steel is principally in demand, and represents more 
than half the aggregate production. In steel billets 
and other forms of raw and semi-finished materials 
prices largely maintain their recent level. Buying of steel- 
making hematites is on a large scale. A considerable 
amount of forward business has been done in forge and 
foundry iron. In some instances a large share of out- 
put has been mortgaged to the year end. Current 
quotations are as follow: Hard _basic-steel billets, 
7l. 17s. 6d.; soft basic-steel billets, 61. 17s. 6d.; West 
Coast hematites, 88s. 6d.; East Coast hematites, 87s. 6d. ; 
Lincolnshire No. 3 foundry iron, 74s. 6d.; Lincolnshire 
forge iron, 70s. 6d.; Derbyshire No. 3 foundry iron, 
71s. ; Derbyshire forge iron, 67s.; bars, 11/. 10s. ; 
sheets, 127. Certain classes of steelmaking alloys have 
recently advanced in price owing to foreign mining 
difficulties, with the result that manufacturing costs in 
special steels have risen. At the same time there con- 
tinues to be a widespread demand for the most efficient 
heat-resisting, rust-resisting, boring and drilling steels. 
Prominent'buyers of local products are resident in foreign 
countries where special efforts are being made to extend 
this particular line of manufacture. More orders are to 
hand for ironworks and steelworks machinery. Good 
business is being done in electrical machinery, in steel 
implements and containers for the motor-car and 
chemical industries, and in machine tools for agricultural 
engineers. Sales of farm and garden tools have not 
been quite up to the average, but there is a growing 
demand for metal-working implements. Moreover, the 
general engineering trades are absorbing increased quanti- 
ties of hand tools—a fact which is taken to indicate an 
improved state of affairs in that direction. 


South Yorkshire Coal Trade.—With the knowledge 
that increased prices come into operation next month 
householders are placing orders more freely for winter 
stocking purposes. Some of the district collieries are 
working better, but output generally is ample to meet 
requirements, while inferior qualities are in surplus 
supply. Industrial coal is in fair demand on inland 
account, though export trade is not maturing as freely as 
is desired. Good business is being done in washed fuel. 
The coke market shows no sign of weakening. Quota- 
tions: Best branch handpicked, 25s. 6d. to 26s. 6d; 
Derbyshire best house, 19s. 6d. to 20s. 6d. ; Derbyshire 
best brights, 19s. to 21s. ; screened house coal, 17s. 6d. to 
18s. 6d.; screened house nuts, 15s. 6d. to 16s. 6d. ; 
Yorkshire hards, 15s. to 16s. ; Derbyshire hards, 15s. to 
l6s.; rough slacks, 9s. to 10s.; nutty slacks, 7s. to 
8s.; smalls, 3s. to 5s, 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is still little 
marketable Cleveland pig for early delivery, and fair 
quantities of iron from other areas continue to be used at 
Tees-side foundries, but Cleveland grades may be in 
ample supply shortly. A fair number of forward home 
sales are reported to have been put through recently, 
contracts being for delivery over periods from late 
September to the end of the year. Export demand, 
however, is still quiet. Buyers abroad appear as 
unwilling as ever to pay the prices named. Relaxation of 
financial stringency on the Continent is needed to open 
out overseas trade. The opinion prevails that quota- 
tions are unlikely to vary much for a while. No. 1 
grade of Cleveland is 75s.; No. 3 g.m.b., 72s. 6d. ; 
No. 4 foundry, 71s. 6d.; and No. 4 forge, -71s. 

Hematite-—East Coast hematite quotations remain 
well below costs of production, but they show marked 
upward tendency, and a fairly substantial rise would 
cause little surprise. Makers are fairly well sold, and 
are not at all keen to book further orders on the terms at 
present obtainable. Merchants also are less disposed 
than of late to accept ruling figures. Both home and 
Continental customers are in the market to buy, but it 
is doubtful whether they would follow an upward move- 
ment. Producers state that an advance of 4s. is needed 
to reach economical level. Quotations are irregular 
as they are still matter of individual negotiation, but 
the basis may be put at 75s. 6d. for ordinary qualities. 

Foreign Ore.—Plentiful supplies of foreign ore have 
come forward against running contracts, but little 
etfort is made to put through new business. Merchants 
have little ore to offer, and consumers are heavily bought. 
Nominally prices are at the equivalent of best rubio 
at 248, Od. c.i.f. Tees. 

Blast-Furnace Coke-—The forthcoming increase in 
blast-furnace coke production does not promise to be 
an iple for growing local needs, and values are rising. 
Gor od average qualities now realise up to 22s., delivered 
to local users. 

M inufactured Iron and Steel.—Sales of finished iron 
and steel are not numerous nor heavy, but manufacturers 
have considerable orders to execute, and plant is likely to 
be kept busily employed until autumn buying sets in. 
Prices are not quotably altered, but one or two descrip- 
tions of material are, if anything, a shade easier. 
Common iron bars are 101. 15s.; best bars, 11l. 5s. ; 
double best bars, 111. 15s. ; treble best bars, 127. 5s ; 
iron rivets, 111. 10s. ; packing (parallel), 82; packing 
(tapered), 101.; steel rivets, 111. 5s.; steel billets (soft), 
6l. 17s, 6d. ; steel billets (medium), 7/. 12s. 6d.; steel 
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| billets (hard), 82. 2s. 6d.; steel ship plates, 8/. 12s. 6d. ; 
steel angles, 8/. 2s. 6d.; steel joists, 8/. 2s. 6d.; heavy 
sections of steel rails, 8J. 10s.; black sheets (No. 24 
gauge), 107. 5s.; and galvanised corrugated sheets 
(No. 24 gauge), 13/7. 10s. 








NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 

Welsh Coal Trade.—Active shipments have been a 
feature of the Welsh steam coal trade since the holiday 
interruption. Outputs have expanded rapidly in the 
last week and, with a speeding-up of loading operations 
at the docks, it was possible in the past week to reach the 
highest shipment figures since May, 1927. Dock returns 
for this year all show a substantial recovery in trade. 
Supplies of large coal are now adequate for current 
requirements and the number of waiting vessels has 
been reduced. There is, however, still a predominant 
scarcity of small and sized coals, the demand for which 
has been very keen for a long while, with the result that 
while large coal is on the stabilisation basis, smalls and 
sized descriptions command from ls, 6d. to 3s. per ton 
above the minimum for the various groups. The decision 
of the coal marketing Association to advance large 
coals 3d. per ton from October 1, seems to be causing 
consumers to come forward more freely for supplies, 
and there will probably be considerable stocking of coal 
during the autumn, as a precautionary measure on the part 
of consumers, in view of the possibility of a stoppage at 
the end of the agreement. Best Admiralty large coals 
realise 19s. 9d. to 20s., per ton f.o.b., and 20s. 3d. is 
indicated. Other classes of large are on the stabilisation 
basis. Dry nuts realise up to 26s. per ton, and washed 
duffs range from 14s. to 17s. 6d. according to class and 
quality. Shipments of coal as cargo foreign in the week 
totalled 497,690 tons, or 134,440 tons more than in the 
preceding week. Shipments foreign from Cardiff rose 
from 211,110 tons to 231,920 tons; from Newport 
from 53,410 tons to 116,130 tons; from Swansea from 
55,500 tons to 81,270 tons; and from Port Talbot from 
34,930 tons to 62,890 tons; while from Llanelly ship- 
ments were reduced from 8,400 tons to 5,450 tons for 
the week. Shipments in the previous week were affected 
by short supplies of coal after the holidays. Exports 
to France in the past week reached the substantial total 
of 151,220 tons, and to Italy 62,150 tons. Figures for 
South America were not so good, the total for Argentina 
being 46,420 and Brazil, 28,480 tons. There were, how- 
ever, good increases to Canada, Belgium, Spain, Portugal, 
and Algeria. 

Miners’ Wages.—Considerable significance attaches 
to the recommendation of the Minister of Mines that 
new miners’ wages agreements shall be speedily made, 
on account of the danger of business being lost through 
periods of uncertainty, even if actual suspension of 
work be averted. The Welsh coalowners, two months 
ago, sought to negotiate, but the Welsh miners declined. 
They intimated that they required a shorter working day 
and anational agreement, together with a series of other 
concessions involving big advances in working costs 
and quite out of the question. No progress is possible 
towards a new agreement until the Government measure 
for the regulation of hours and conditions at the mines 
is introduced into Parliament. This will not be done 
before the end of October, so that the Minister of Mines’ 
recommendation to make a new agreement quickly is 
hardly a practical one at present. 

Welsh Marketing Scheme.—The Welsh colliery owners 
and representatives on the South Wales Coal marketing 
Association are still busy completing the revised scheme 
for coal marketing which is expected to come into 
operation on October 15. It has to be submitted to 
the general body of the Welsh coalowners for their 
approval, but this is expected to be little more than a 
formality, although it is probable that some minor 
revisions will be necessary to meet any unexpected 
difficulties and to co-ordinate the scheme with those of 
other coal districts. 








Satoon Cars ror CANADIAN Rartuways.—Thirteen 
new saloon cars of a special type have recently been 
completed and put into service by the Canadian National 
Railways. They have an overall length of 84 ft. 7} in., 
and are divided into three main sections, namely, an 
ordinary saloon compartment, a smoking lounge, and 
a “sun parlour.” The latter is built at one end of the car 
and has very large deep windows of Vitaglass, which 
allow the ultra-violet rays of the sun to pass through 
to the passengers. There are 23 revolving chairs in the 
saloon, 1] in the smoking lounge, and six wickerwork 
chairs in the sun parlour. 

British STANDARD SPECIFICATION FOR WROUGHT 
Tron.—A revised edition of British Standard Specifica- 
tion No. 51, which deals with wrought iron for use in 
railway rolling-stock, involving ‘‘ Best- Yorkshire ’’ and 
grades A, B and C, has just been issued by the British 
Engineering Standards Association. The specification 
was first issued in 1910 and was subsequently revised in 
1913, since which time several points have arisen neces- 
sitating a further revision. The principal amendments 
in the new issue are as follows :—A chemical test has 
been incorporated in the specifications for iron of grades 
A, B and C. Provision has been made for plates of 
grade A quality. The number of tests taken and the 
quantity of material represented by them have been 
slightly readjusted. The clause permitting the use of 
alternate test-pieces has been re-drafted to remove 
certain ambiguities which existed in the previous edition. 
Copies of the specification may be obtained from the 
B.E.S.A. Publications Department, 28, Victoria-street, 
London, 8.W.1 price 2s. 2d. post free. 





-$in., 81. 15s. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—The steel trade of Scotland 
appears to be in a more healthy state now than it 
has been for some time past. Certainly one or two of the 
works have done fairly well during recent months, 
but others have not been quite so favoured with good 
orders. The demand for shipbuilding material has 
been quite satisfactory, but orders from other consumers 
were none too plentiful. Now, however, there has 
been a decided improvement in the latter connection— 
due mostly to the useful contracts referred to last week— 
and the outlook from the steelmakers’ point of view is 
very encouraging. In most cases the plant which 
has been in operation during recent months is likely to 
be kept fully employed for some time. In the black- 
sheet trade the conditions are quite good at the moment, 
particularly in light sheets and galvanised sorts. Order 
books are fairly well filled, and when the usual autumn 
demand comes along from India the works are likely 
to be fully taxed. Other overseas markets have been 
purchasing reasonably well of late. Business in the 
heavier grades, while fair, could be very much better. 
Prices are firm with the exception of sheets, which ara 
easier. The following are the current market quota- 
tions :—Boiler plates, 10/. 10s. per ton; ship plates, 
8/. 12s. 6d. per ton ; sections, 8/. 2s. 6d. per ton ; sheets, 
per ton: and galvanised corrugated sheets 
(No. 24 gauge), 13/. 15s. per ton, all delivered at Glasgow, 
stations. 

Malleable-Iron Trade—tIn the West of Scotland 
malleable-iron trade there is not much change to report. 
Some of the works have lately done a little better in the 
way of new business, but the tonnage booked overall 
is small compared to the capacity of the plant available. 
New contracts are difficult to secure, but there are 
prospects of an improvement in demand as inquiries 
are again more favourable. The re-rollers of steel bars 
are not much better off for work, but the hardening of 
Continental prices may improve the local condition. 
The current prices are as follow :—‘‘ Crown” bars, 
10/. 5s. per ton for home delivery and 91. 15s. per ton 
for export; re-rolled steel bars, 8/. per ton for home 
delivery and 7/. 15s. per ton for export. 

Scottish Pig-Iron Trade.—The improvement referred 
to last week in the state of the Scottish pig-iron trade is 
maintained, and although it is only of a limited nature, 
it is, nevertheless, very acceptable. Foundry grades of 
iron are not, however, a very bright spot at the moment. 
Shipments overseas continue on very modest lines. The 
following are the current market quotations :—Hematite, 
80s. per ton, delivered at the steel works ; foundry iron, 
No. 1, 78s. 6d. per ton, and No. 3, 76s. per ton, both on 
trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, August 17, amounted to 373 tons. Of that 
total, 338 tons went overseas and 35 tons coastwise. 
For the corresponding week of last year the figures were 
725 tons overseas and 10 tons coastwise, making a total 
shipment of 735 tons. 

Important Shipbuilding Contract.—Messrs. Scotts’ 
Shipbuilding and Engineering Company, Limited, 
Greenock, have just secured orders from the Atlantic 
Refining Company, of Philadelphia, U.S.A., for two single- 
screw Diesel-electric oil tankers of about 8,900 tons gross 
each. These vessels will be practically duplicates of the 
Brunswick, built by Messrs. Scotts last year for the same 
owners. The latter vessel was the first oil tanker 
constructed in the United Kingdom for propulsion by 
Diesel-electric machinery, and it has proved such a 
success that the owners have placed the present order 
with the same builders. The machinery will consist of 
four single-acting Diesel engines of the Carels-Ingersoll- 
Rand type, made by Messrs. Carels Fréres, of Ghent, 
Belgium. The engines work on the four-stroke cycle ; 
each has six cylinders 19} in. in diameter, with a stroke 
of 24 in., and is designed to give an output of 750 b.h.p. 
at 225 r.p.m. Each is coupled direct at the after-end 
to one main and one auxiliary electric generator. Solid 
fuel injection will be used. The main generators, each of 
600 kw. capacity, work in series at 250 volts, and supply 
current at 1,000 volts to the main propelling motor, which 
is of the double-armature type and is designed for 
transmitting about 2,800 shaft horse-power at 95 r.p.m. 
to the propeller. The electrical transmission gear for 
both vessels—as in the case of the Brunswick—will be 
supplied by the British Thomson-Houston Company, 
Limited, Rugby. One of the new vessels will be exactly 
similar to the Brunswick, and will be designed for 
carrying spirit oil in bulk, while the other one will be 
slightly smaller and will carry lubricating oil in bulk. 








Tue INstTrITUTION OF MintnG ENGINEERS.—The Medal 
of The Institution of Mining Engineers has been awarded 
to Mr. G. S. Rice, chief mining engineer, United States 
Bureau of Mines, Washington, in recognition of his 
eminence in all matters relating to the safe working of 
coal mines and the well-being of mine workers, with 
special reference to the practical application of scientific 
knowledge. 


New Hypro-Etectric ScHEME IN QUEENSLAND.— 
According to a report which has reached us from Australia, 
it appears that local bodies at Cairns, Queensland, have 
decided to take the necessary steps to obtain permission 
for the putting in hand of a scheme, for the generation 
of hydro-electric power, at Barron Falls. It is thought 
that such a scheme would have very beneficial effects on 
local industries, especially on operations in the ore-bear- 
ing districts, the working of which is at present con- 
sidered uneconomical. 
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CONTINUITY OF EXPERIMENT. 


THE value of scientific research as a means 
towards industrial progress is recognised nowadays 
more than ever before. Those who know what it 
has done, put a value on it which is little less than 
the expectations from it which are formed by those 
who do not. Both classes would agree that its 
cost, not less than its value, is such as to make it 
desirable to turn all investigations to the best 
account. The labour by which it is obtained is 
highly specialised and not too abundant. It is, or 
should be, well paid; and though it must not 
always be confined to investigations with a definite 
practical purpose, it is stimulated by such investi- 
gations, and the industries concerned enjoy an 
immediate, instead of a deferred, profit. It is there- 
fore of the highest importance that it should be made 
to go as far as it can, so that results may be obtained 
as quickly as possible. Among the circumstances 
that are material in defining the rates at which 
results can be obtained is the extent to which use 
can be made of knowledge already acquired. For 
such use to be possible, it is necessary that the 
investigations in hand should be made under 
conditions comparable with those in which the 
previous results have been obtained. Like the 
arrangements for avoiding overlapping in simul- 
taneous researches, this adjustment cannot be 
attained unless some foresight has been shown in 
the scheme of previous experiments. It may be 
questioned whether this foresight has always been 
exercised whenever it would have been desirable, and 
little doubt can be felt that its absence has caused an 
extravagance of labour and a delay in progress in 
many, if not in most, technical investigations. 

The extent to which it is possible to make techni- 
cal experiments continuous among different authors, 
institutions and countries is a matter that calls for 
judgment and often for compromise. The rules of 
scientific methods are clear enough in theory. In 
an experiment made to ascertain the results of 
changing any variable in a process, the other 





variables must be kept constant, and if the 
results so obtained are to be compared with those of 
previous investigations, the variables not changed 
must have the same values in both. Sometimes the 
importance of this rule does not seem to be recognised 
as clearly as it should be. Instances can be given 
of metallurgical researches in which it was not 
thought worth while to make sure that the specimens 
compared had undergone the same previous heat 
and mechanical treatment, or even were very 
closely of the same composition. There seems 
sometimes to be an impression that, because in 
practical work some latitude in working conditions 
is inevitable, and some quantities may have to be 
put in by eye, similar liberties may be allowed in 
experimental investigations relating to the same 
materials. This may be a dangerous fallacy, 
leading to waste of work or even to misleading 
conclusions, and, often it is difficult to understand, 
not to say to excuse, the lightness of heart that 
could permit it. When, however, the relations of a 
present set of experiments to those that others may 
undertake at a future time is considered, the 
problem may be more difficult. It involves the 
formulation of standard conditions, to which the 
future, as well as the present, experiments must 
conform, and it may well be that conditions suitable 


2|to experiments made with one object may be 


unsuitable to other purposes. When such circum- 
stances occur, and the difference in conditions 
between the two sets of experiments may be 
material, either the earlier results may have to be 
ignored, or the work must be done over again in the 
conditions of the earlier investigations. Sometimes 
these alternatives may be inevitable. In other 
instances, however, they seem to arise through the 
absence of some agreement whereby the conditions 
of experiment might be co-ordinated, and “not 
through any intrinsic advantage in one set of con- 
ditions over the other. 

Two recent reports by the Department of Scientific 
and Industrial Research may serve to illustrate the 
possible consequences, on the one hand, of working 
without regard to standard conditions, and, on the 
other hand, of defining and adhering to them strictly. 
The first of these deals with the effects of tempera- 
ture on the setting times of cement and on the 
strength of cements, mortars, and concretes. 
(Building Research: Special Report No. 13. 
H.M. Stationery Office. Price 1s. net.) The 
Building Research Station had received numerous 
enquiries for information on these subjects, in 
regard to which the very extensive literature was 
not only inconveniently voluminous, but also 
confused and uncoordinated. Accordingly, Dr. 
W. N. Thomas prepared a summary and critical 
survey of the literature, and Mr. N. Davey carried 
out some experimental work in the endeavour to 
clear up some disputed points. The result is a 
concise account of available information, which 
should be of service to all users of cements and 
concretes. It shows, however, as Dr. Thomas 
points out, many instances in which the significance 
of experimental results is ambiguous because the 
conditions under which they were made are not 
sufficiently defined. In regard to the setting time 
of ordinary Portland cement at temperatures at or 
below those usual in the atmosphere, to which the 
report is confined, considerable uniformity was 
found in some experiments, in all of which a longer 
setting time was required at lower temperatures, 
and vice versa. Other experiments, on the other 
hand, gave widely different results, those of one 
observer showing a shorter setting time for lower 
temperatures. Experiments made at the Building 
Research Station under uniform conditions on a 
variety of brands of rapid-hardening Portland 
cement and aluminous cement showed wide 
divergences in the results, pointing, apparently, to 
intrinsic differences between the materials sold under 
these brands. The observations on the strength of 
cements, mortars and concretes gave results that 
were still more divergent. Apart from the differ- 
ences of different cements in their reaction to 
various conditions of temperature, their strength is 
affected by a large number of variable factors. 
Speaking generally, low temperatures retard the 
setting and hardening of Portland cement, frost 
may cause serious damage to both Portland and 








aluminous cement to an extent not recovered fully 
on thawing, and aluminous cement work in bulk 
may be affected by high temperatures. The 
extent, however, of these effects on mortar or 
concrete, and sometimes even their presence, 
may depend on many variable factors, such as the 
initial temperatures of the materials, the proportions 
of the mix, and, in particular, the water ratio, the 
nature of the aggregate, the air temperature during 
mixing and placing, the bulk of the work, and the 
temperatures and conditions of working. The 
results obtained in experiments can accordingly be 
taken as true only for the cement used and the 
precise conditions of observation. If, on the other 
hand, in default of some reason to the contrary, 
these factors had been given standard values instead 
of being chosen arbitrarily, the results might have 
had a more general significance. 

In another recent’ report by the Department, 
(Fuel Research: Special Report No. 22 H.M. 
Stationery Office. Price 1s. net.) Drs. J. H. Jones, 
J. G. King and F. S. Sinnatt describe the results 
of an examination of a number of metallurgical 
cokes in respect to their reactivity. By an accepted 
convention, reactivity in coke is the rate at which 
it reacts with carbon dioxide, in the same way 
combustibility is the rate of its reaction with 
oxygen. In the series of investigations to which this 
report refers, it is taken to mean the amount of car- 
bon monoxide produced when the gas is passed over 
heated coke at a definite temperature (950 deg. C.) 
and under strictly standardised conditions. It is 
measured by the volume of carbon monoxide 
obtained from 100 millilitres of carbon dioxide passed 
through coke at a prescribed rate, after the coke 
has been heated to that temperature in a current of 
nitrogen and further quantities of nitrogen and car- 
bon dioxide have been passed through it. A second 
kind of reactivity is defined as the volume of carbon 
monoxide obtained similarly from 100 millilitres of 
carbon dioxide after the reaction has settled down 
to a constant rate, which is usually, but not in- 
variably, less than the initial figure. By their 
preciseness these conditions enable the values so 
obtained to be strictly comparable with each other. 
They are not the conditions of practice, and further 
experimental information, now being sought in other 
investigations, is necessary before it can be hoped 
that these reactivity values will have a precise 
significance. In the meantime, the method enables 
relatively small variations in the values obtained 
from a coke under the standard conditions to be 
detected, and thus offers a means of distinguishing 
between cokes of similar characteristics. As yet, the 
results of these observations, whether in regard to 
the relation of reactivity and strength, the influence 
of conditions of carbonisation, the behaviour of the 
coke in blast-furnace practice, and the influence of 
inorganic constituents, are not general and con- 
clusive. It seems likely, however, that when the 
investigations into the course of the reactions 
between carbon dioxide and coke now in progress 
are completed the availability of these strictly com- 
parable results may be of service in interpreting the 
practical effects of the reaction, in the same way as 
the results obtained in studying it may throw light 
on the meaning of the reactivity values. 

It is impossible to suggest in general terms any 
procedure, desirable in all investigations, which will 
combine the advantage of the standardised con- 
ditions with that of conditions appropriate to the 
solution of individual problems. In_ principle, 
however, it does seem to be a useful precaution, 
in laying out a programme of investigations such 
as are likely also to be unclertaken by others, that 
enquiry should be made as to whether it is not 
possible to arrive at standard conditions, deter- 
minations under which should at least form part of 
any future experiments. Such an agreement would 
doubtless involve a good deal of organisation, if it 
had to include all the persons, bodies and countries 
likely to be involved. It would also mean a certain 
amount of work in making determinations under the 
standard conditions, even when not wanted for the 
particular purpose in view, which might serve as 
connecting links with other work on the subject, 
although the purpose of an individual investigation 
might also require it to be made under other 
conditions. Whether the extra trouble would be 
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worth while would depend on the nature of the 
investigations in question. It seems clear, however, 
that it would be advantageous to consider whether 
such an arrangement would be possible and desirable. 








LIGHTNING PROTECTION IN 
PRACTICE AND THEORY. 


ENGINEERING is based on the two great founda- 
tions of practice and theory, though the parts 
played by these foundations in sustaining the 
edifice are always different in different branches of 
the subject and in the same branch of the subject 
at different times. In other words, the store of 
practical information which enables products to 
be manufactured is, in some cases, greater than the 
theoretical knowledge of why that manufacture is 
possible, while in others, though the theory may be 
sound, there are obstacles which temporarily pre- 
vent its translation into practice. For instance, 
metals were forged, cast and welded long before the 
phenomena of their structure was understood, or 
the importance of that structure in securing the 
success of these processes appreciated. On the other 
hand, the theory of the transmission of sound by 
electrical means over long distances had been 
worked out many years before the practical diffi- 
culties, which prevented the actual employment of 
that form of communication, were overcome. Again, 
recent theoretical investigation into the properties 
of metals have led to the discovery of new materials, 
and have considerably extended the fields in which 
they can be used, while the development of long- 
distance telephony has aroused greater interest in 
electrical and acoustic theory, and caused our 
knowledge of these branches of physics to be 
increased. While, therefore, lack of theoretical 
knowledge is, for a time at least, no bar to practical 
development, and investigations into the nature of 
things may temporarily proceed untrammelled by 
any considerations of practical utility, a closer study 
will show that the two are permanently connected by 
some inelastic link the presence of which, sooner or 
later, becomes important. When that occurs, it also 
becomes clear that progress, either in the theoretical 
or practical field, is likely to be retarded unless our 
knowledge in the other has reached a certain stage. 

The above thesis may be illustrated by reference to 
the subject of lightning, the interest in which, both 
from the practical and theoretical aspects, is in- 
creasing, and the attitude to which on the part of 
human kind has passed through some curious phases. 
Like other cosmic occurrences, the phenomena of 
the thunderstorm and its accompanying lightning 
have been known since the beginning of space-time 
and their disastrous effects on buildings and 
natural objects, especially since the period when it 
became customary to erect churches with spires 
and buildings with similar prominent features, are 
frequently recorded in history. For many cen- 
turies, however, the sole attempts which were made 
to ward off these outbreaks took the form of 
exorcisms, the production of counter-irritant sounds 
by consecrated bells, and the exposure to drastic 
heat treatment of those who were suspected of 
having some hand in causing the trouble. The 
undoubted fact that Solomon’s temple was 
immune was ascribed, not to its being encased 
in a metal sheath, but to the bias of Divine 
Providence in its favour, a theory which is clearly 
untenable when Fuller’s statement that “there was 
scarce a great abbey in England which was not 
burnt down with lightning from heaven ”’ is recalled. 

It was not, in fact, until about the middle of the 
eighteenth century that the work of such pioneers 
as Gilbert and von Guericke led Stephen Gray, 
Dalibard and Franklin, especially the latter, to 
trace the connection between electricity and light- 
ning, and enabled them, as a result, to point out 
that buildings could be protected from damage by 
the latter, if an alternative highly-conducting path 
were provided. This discovery was rightly acclaimed 
by the scientific world as a great advance, but its 
practical application was retarded by the forces of 
ignorance and bigotry, such as are often evident in 
such circumstances. Opinion, however, gradually 
changed when it was found that the proportion of 
protected buildings which were struck by lightning 
was much less than those that had been left un- 








protected, so that, by the end of the eighteenth 
century, the use of lightning rods had become 
general, except in this country, where only a 
languid interest was taken in the subject. 

Ignorance of the nature of the discharges still 
persisted, however, and this ignorance, in its turn, 
had its practical reactions. For, while investiga- 
tions conducted in France under the direction of 
the Académie des Sciences led, in 1822, to the issue of 
an “Instruction,” which laid down that the rods 
were to be made of pieces of metal well jointed 
together and buried in the ground sufficiently deep 
to reach moist earth or water, nothing was said 
about the regular inspection and maintenance of 
these rods in good condition. The result was that 
a number of conductors failed to do their duty, 
and it became obvious that the subject would have 
to be investigated afresh. This latter investigation 
led to the issue of a second “ Instruction ”’ in 1854, 
in which the importance of maintaining a good earth, 
and the desirability of sub-dividing it, were insisted 
upon. Itis interesting to note that this stage in the 
practical construction of lightning conductors was 
reached just about one hundred years after Frank- 
lin’s first experiments, and that during the seventy- 
five years which have elapsed between then and 
now, nothing has occurred to show that the ideas 
embodied in these rules are other than correct. 
Indeed, so static is the condition on the practical 
side, that the rules under which lightning conductors 
are at present erected in this country are still based 
on the recommendations of the Lightning Rod Con- 
ference of 1882, from which the Code for Protection 
against Lightning, issued recently by the Bureau 
of Standards in America, does not greatly differ. 

Briefly, these regulations provide for a series of 
main and auxiliary rods projecting beyond the 
salient points of the building and connected to a 
horizontal conductor running along the roof ridge. 
The main rods must also be led by the most direct 
route to earth, and further connected to a second 
horizontal conductor at or near the ground line. 
Any metal work on the roof must be connected to 
the upper horizontal conductor, while other masses 
of the same kind must be earthed, either directly or 
through the lower horizontal conductor. This last 
stipulation does not, of course, extend to gas pipes 
or electric cables and conduits. The provision of 
an efficient earth is insisted on as a vital part of the 
system. Virtually, therefore, the building is enclosed 
in an earthed metal cage, and, provided that such 
an installation is carefully erected and efficiently 
maintained, experience shows that complete immu- 
nity from lightning strokes is secured. If, however, 
the system is not continuous or the earth is 
inefficient there is a risk of trouble. 

This is confirmed by some figures relating to the 
years 1919 to 1921, which are given in the publica- 
tion of the Bureau of Standards, to which reference 
has already been made. These figures show that 
nearly all the fires that were caused by lightning 
during that period occurred in rural districts, and 
that in Iowa, for instance, about 50 per cent. of 
the farm buildings were protected by lightning rods. 
In the years mentioned, about 28 protected and 503 
unprotected buildings were destroyed, and in other 
States the position was similar. Investigation also 
showed that where buildings provided with rods 
were struck, there was some defect in the installa- 
tion. 

On the other hand, the position with regard to 
the theory of lightning discharges is much more 
fluid. In fact, though adequate protection can be 
provided against the action of this phenomenon, 
considerable difference of opinion exists as to its 
causation. This uncertainty is a modern develop- 
ment. From the days of Franklin to within the 
last few years, it was generally held that lightning 
arose from the electric charges carried by minute 
particles of water floating in the air and forming a 
cloud, and that as these particles fell they coalesced, 
so that the total charge gradually increased and 
became concentrated on the lower surface of the 
cloud. The result, it was presumed, was that the 
earth below the cloud became charged by influence, 
until the difference of potential between the two 
conductors reached a value which caused the 
intervening air strata to break down and _a disrup- 
tive discharge to take place. 
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This theory, however, no longer finds universal 
acceptance. As a result of investigations under- 
taken in Simla and in London, Dr. G. C. Simpson is 
of opinion that the cloud is not a conductor but 
an insulator, while the atmosphere is not an insulator 
but a conductor. According to him, therefore, the 
electrical charges carried by the particles accumu- 
late during a thunderstorm in different parts of 
the cloud according to their sign, and when a 
certain potential is reached, discharge either takes 
place between the two accumulations or between 
one of the accumulations and earth. 

On the other hand, Mr. N. E. Dorsey considers 
that the direction of the stroke is not dependent 
upon the direction of the electrical field of a charged 
cloud, but is only initiated by that field and pro- 
gresses thereafter in a manner analagous to that 
of a beam of cathode rays. He regards the path of 
the stroke as being formed by an elongated dart 
of negative electrons, which originates in a region 


of intense electrostatic stress and acquires sufficient 


velocity to maintain itself in weaker fields, until 
it strikes some solid object, and explodes as the 
dart is suddenly impeded. He assumes, too, that 
the trailing electrons combine with the positive 
residues to form the flash, and that, while the path 
remains highly ionised, the cloud may be partly 
discharged with a heavy flow of current. 

It may be noted that Simpson’s theory assumes 
that the flash originates at the seat of positive 
electricity, while Dorsey requires that it should be 
set up at the negative. A photograph taken by 
Professor C. V. Boys, however, shows that it 
originates at both ends and meets midway. The 
difference of opinion to which these theories have 
given rise therefore indicates the speculative 
character of much of the work that is now being 
done on lightning phenomenon and emphasises the 
need for further investigation. 

For this reason alone, it is satisfactory to learn 
that the subject is attracting an interest, which 
may not be without its practical results in due 
course. Such results are, in fact, emerging. Mr. C. 
T. R. Wilson has pointed out that the energy 
which is dissipated in an average lightning dis- 
charge is of the order of 3,000 kw.-h. in about 
ideo Second, so that instantaneous currents of 
the order of 100,000 amperes may have to be 
dealt with. The most violent discharge likely to 
occur could actually be carried by a 0-08 sq. in. 
copper conductor, or by an iron conductor of 
0-2 sq. in. The Lightning Rod Conference laid 
down that conductors must consist of copper 
weighing not less than 6 oz. per foot run, or of 
iron weighing not less than 36 oz. per foot run. 
In the case of copper, this is equivalent to a cable 
0-1 sq. in. in cross section. The American rules, 
on the other hand, require the use of copper cable 
weighing not less than 3 oz. per foot, which is 
equivalent only to about a 0-0145 sq. in. cable, 
or iron weighing 5-1 oz. per foot. As will be seen, 
both these values, especially that for iron, are 
considerably less than the British standards. 

These discrepancies may seem large and are 
probably to be explained by the fact that, while in 
the early days conductors of inadequate size were 
installed, this false economy was followed by a policy 
controlled by the well-known factor of ignorance. 
If in view of the figures given above it may seem 
that American practice has swung too far in the 
opposite direction, it may be pointed out that 
Peek’s estimate of the energy in a lightning discharge 
is only one thousandth of Wilson’s figure, the 
actual value being probably somewhere between 
the two. It would seem, in fact, either that 
the Americans are exposing their buildings to 
unnecessary risk, or that the amount of copper 
tied up in our own lightning-rod installations is 
excessive, the latter, on the evidence available, 
being the more likely explanation. As the matter 
stands, therefore, this seems to be another of the 
cases in which theory may ultimately lead to a modi- 
fication of existing practice with satisfactory 
financial results. 








THe Roya AGRICULTURAL Soctery.—The 89th annual 
show of the Royal Agricultural Society of England will 
be held at Manchester from July 8 to 12, 1930. Copies 
of the Show regulations will be ready for issue after 
January 1, 1930. The offices of the Society are at 


16, Bedford-square, London, W.C.1. 





ENGINEERING. 


237 








THE BRITISH ASSOCIATION IN 
SOUTH AFRICA. 
SECTION G.—ENGINEERING. 
(Continued from page 208.) 
Transport problems have occupied a_ very 
prominent place in the programme of Section G 
at Cape Town, two whole mornings being devoted 
to the presentation and discussion of papers by 
both British and South African engineers dealing 
with this subject. At the meeting of Wednesday, 
July 24, the three following papers were taken : 
“The More Recent Changes Affecting British 
Highways,” by Sir Henry Maybury, K.C.M.G., 
C.B.; ‘‘The Road Transport Problem in South 
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Africa,” by Mr. D. E. Lloyd Davies, M.Inst.C.E., 
City Engineer and Surveyor, Cape Town; and 
“The Problem of Motor Transport in Un- 
developed Country,” by Sir Henry Fowler, K.B.E., 
Sir Henry Maybury’s paper was reprinted on pages 
121 and 155 ante, and that of Sir Henry Fowler 
will be found on page 198 ante. Mr. Lloyd Davies’s 
paper is reprinted on page 243 of this week’s issue 
of EnerneERING. In the absence of Sir Henry 
Maybury and Sir Henry Fowler, their papers were 
read by Mr. J. S. Wilson and Professor G. Cook, 
respectively. 


RoaDs AND Roap TRANSPORT PROBLEMS. 


The discussion on the above papers was opened 
by Colonel E. B. Martin, D.S.O., City Engineer 
of Salford, and President of the Institution of 
Municipal and County Engineers. He expressed 
regret at the absence of Sir Henry Maybury, since 
the excellent condition of the British roads, which 


‘he (Colonel Martin) considered were the finest in 


the world, was due more to Sir Henry Maybury 
and to the Ministry of Transport than to any other 
two factors. He could assure Mr. Lloyd Davies 
that if a Ministry of Transport were established 
in South Africa they would be well advised to 
copy the British model. The problems in England 
differed greatly from those in South Africa. 
England was a densely-populated area. In his 
own City of Salford, the density was 46 persons 
per acre, being exceeded only by West Ham and 
Glasgow. Included within the area were the largest 
inland docks in the world, and the traffic on the 
roads was extremely heavy. He had prepared 
a diagram, reproduced in Fig. 1, showing the manner 
in which this traffic had increased during the past 
nine years. In 1920, the weight of traffic passing 
along Chapel-street in the twelve hours from 
8 a.m. to 8 p.m. amounted to about 10,000 tons. 
The last traffic census taken in 1929, although a 
year of bad trade, showed that this had increased 
to 33,000 tons. He was quite certain that the 
general public did not yet realise the rate at 
which our road traffic was increasing. 

Through the kindness of Colonel C. H. Bressey, of 
the Ministry of Transport, he exhibited two diagrams, 
Figs. 2 and 3 (pages 238 and 239), showing the density 
of traffic on the chief roads into London for the years 
1922 and 1928. If the rate of increase shown by 
these diagrams continued, the'problem before us was 
very serious. Similar conditions were found in 
every populous centre. He was not sure whether, 
in England, the problem had been tackled in the 
right way. In addition to the best roads, we had 
the most magnificent railways in the world, and 
he was certain that we were not wise in allowing 
the diversion of so much heavy traffic from the 
railways to the roads. During the next twenty-five 
years, England would be faced with a burden which 
she would not be able to bear. He concluded his 
remarks by quoting an extract from his presidential 
address to the Institution of Municipal and County 
Engineers, in which he showed that the estimated 
cost of widening one of the main arteries connecting 
the Cities of Manchester and Salford amounted 
to no less than 1,686,035/. per mile on the Man- 
chester side, and 1,084,440/. per mile on the Salford 
side. Although his remarks had little reference to 
South Africa, he expressed the hope that our 
friends in South Africa would learn from the 
mistakes we had made in England. 

Mr. T. W. W. Perry, Engineer to the Cape 
Division, was the next speaker, and referring to 
Sir Henry Fowler’s paper, he said that, in his 
opinion, the development of motor transport in 
South Africa should be for the loads to be pulled 
rather than carried by the motor unit. An inde- 
pendent tractor unit, pulling a number of trailers, 
would more successfully deal with the road condi- 
tions, as it was not infrequent after a heavy rainfall 
for heavy vehicles to get stuck. Under such 
conditions, trailers could be unhitched and dragged 
out one byone. Referring to the question of fuel, 
he said that experiments on producer-gas vehicles 
had been carried out, and he hoped these would 
be continued, as he considered this form of power 
to be particularly applicable to South African 
conditions. He emphasised the difficulties, financial 
and otherwise, referred to by Mr. Lloyd Davies, 
arising from the divided responsibility for roads 
which obtained in the Union. 

Mr. F. Beck, Chief Roads Inspector, Cape Pro- 
vince, said he agreed with Mr. Lloyd Davies’ remarks 
regarding the allocation of funds for road purposes. 
The Provinces did not get a fair share of the revenue. 
In addition to the petrol tax, the question of getting 
revenue from steam wagons and electrically-driven 
vehicles had to be considered, but he had no solution 
to offer. Mr. Lloyd Davies condemned the policy 
of constructing roads parallel to the railways, but 
the Government would not accept any system which 
did not include this. Referring to Sir Henry 
Fowler’s paper, he thought it was essential, in 
developing the transport system, to use the roads 
as they at present existed to the maximum possible 
extent. Sir Henry Fowler suggested a maximum 
gradient of 1 in 15, but he (Mr. Beck) had no hesita- 
tion in saying that any vehicle limited by this 
figure would be of little use on most of the main 





roads in South Africa. Gradients of at least 1 in 8 
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must be provided for. Moreover, axle loads must be | constructing concrete causeways, which, although 


limited to 13-5 tons, as most bridges had been | traffic was occasionally interrupted, had proved 
designed for that load. If deviations were suggested |a great success. 
to avoid excessive gradients, his reply was that in | Mr. C. R. Wolhuter was convinced that, in South 
many districts the existing road was already a | Africa, roads fora long time would be what they were 
deviation. The vehicle must adapt itself to the | at present, and vehicles must therefore be designed 
road. In the wet season, in many districts, the | for existing conditions. He also believed that loads 
six-wheeled vehicle would soon completely destroy | must be pulled and not carried, and vehicles should 
the road surface. If such a vehicle could readily be | be fitted with haulage gear with at least 150 ft. of 
fitted with a caterpillar track it would provide a|rope. The builders of tractors were not providing 
most useful unit. ithis gear at present, but it was almost essential in 
Mr. A. Colly said that one of the axioms of trans- | South Africa in order to meet the difficulties of the 
port was that the cost per ton-mile decreased as the | ground satisfactorily. He regarded the introduc- 
load increased. The gap it was desired to bridge | Hon of the producer-gas vehicle as a step in the right 
was that between the railway train of from 300 tons |direction, in view of the fact that it could be run 
to 1,200 tons, travelling 300 miles to 500 miles a day, successfully on chips, sawdust, &c. i” : 
at a cost of 23d. per ton-mile, and the vehicle Mr. B. M. Jenkin deprecated the British policy 
carrying from 3 tons to 5 tons and costing 1s. per | of building roads for heavy traffic which was more 
ton-mile. Although the road train was one solu- |suitable for the railways, and urged the South 








tion, it was hardly applicable at present, though it | African authorities, who had a free hand at present, 
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Mr. Lloyd Davies, in reply, stated that he was 
gratified at the unanimous support which the pro- 
positions he had put forward in his paper had 
received. He was convinced that South African 
people did not yet appreciate the position. Instead 
of encouraging traffic on the railways, they were 
doing the reverse. In view of the capital already 
sunk in the railways, it was a blind policy to pursue. 
It would only result in the accumulation of debt. 
He was greatly indebted to Colonel Martin for the 
strong view he had put before them. 

On the motion of the President, a vote of thanks 
was accorded to Mr. Lloyd Davies for his paper, and 
it was resolved that letters should be sent to 
Sir Henry Maybury and Sir Henry Fowler thanking 
them for their contributions. After this, the meeting 
was adjourned. 

At the meeting held on the morning of Thursday, 
July 25, the first two papers read were ‘“ Road 
Transport in South Africa,” by Mr. J. D. White, 





indicated a right attitude of mind. If, say, a 100-ton | —e 
O=. 


road train with tractor were proposed, it would be| | Statistics taken August 1922 
necessary to ensure that the load was at hand | 
ready to be carried. | Fig. 2. scororo 

Professor D. McMillan said that motorists, | Q 
generally, were against the proposal to transfer the | 
entire control of the roads to the Government. He 
stated that many motor services were being run at | 
a lower cost than the railways. He considered that | 
a vehicle which could only deal with a gradient of | 
1 in 15 would be useless. The difficulties were not 
chiefly the roads, but the frequent interruptions in | 
the shape of “ dongas,” 7.e., dry river beds with 
steep banks, which had frequently to be crossed. | 
With regard to the caterpillar tractor, the ordinary LD warroro 
pin type was of no use. If a new type, without | 
pins in the track, could be developed, it would have | 
a useful field of service. For ordinary wheeled 
vehicles, pneumatic tyres should be insisted upon ; 
solid tyres should either be prohibited or heavily | 
taxed. He also stressed the importance of all | 
vehicles having large tanks, both for fuel and water. | 
The special difficulties of lubrication must also be | 
borne in mind, as a range of 80 deg. F. in tempera- | 
ture might be experienced in a single day’s run. 
Above all, the vehicle must be robust. There were 
few workshops, and the mechanics available were | 
usually of a low grade. Garage accommodation was | 
rare, and vehicles had frequently to remain in the | 
open all night. He doubted whether the Diesel 
engine would solve the problem ; although Diesel- 
engine fuel was comparatively cheap at present, | 
any considerable demand would be bound to raise 
the price. He was very much interested in a new | 
vehicle which had recently arrived at the Cape. | 
It was run on producer gas, and the claim was made | 
that it would run satisfactorily on very low grade 
fuels which were otherwise useless. 

Mr. C. Starke, President of the Farmers’ Union, | 
said that there existed vast tracts to be opened up | 
which could not depend upon the railways. He | 
fully agreed with Mr. Perry in the opinion that the 
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load must be pulled rather than carried. The 
lengths to be traversed and the high cost of con- | not to copy England in this respect. He suggested 
struction made it impossible to provide roads with | that they ‘should keep in view the possibility of 
foundations anything like those of England. He | using the railways as motor tracks by providing 
was looking to the engineers to solve the problem | eemawedie flanged wheels to the cars. 
of how to get goods from remote districts to the| Gir T. ae ead Beare enquired whether the South 
railways. He thought the solution would lie in a | African Government was really going to build 
tractor capable of pulling from 5 tons to 15 tons on | roads as rival routes to the railways they already 
trailers. He was grateful to the railways for the | owned. He could imagine no greater folly. The 
lorry system they had introduced, which was | roads should be feeders of the railways. This had 
opening up the country in a very striking manner. heen very successfully developed in Australia in 
He agreed with Mr. Lloyd Davies that it was a | connection with the wool trade, a 15-ton to 20-ton 
mistake to build highways parallel to the railways. | lorry being used. In England, we had done our 
Duplicated services were not economical. He | best to prevent our transport system from paying. 
suggested that the lorry system, as feeders to the | He hoped that the South African people would not 
railways, should be more fully developed. imitate us in this. 

Professor A. E. Snape said that the financial| The President, Professor F. C. Lea, said that he 
problems involved in the present road adminis- |felt that a great mistake had been made in England 
tration in South Africa were difficult. They had, | in the manner in which the transport problem had 
however, a Union, and the Provincial Council, if it | been dealt with. The railways had not been used as 
were the general desire, could be abolished. Divided | they would have been had there been, in the past, 
authority would then go, but apart from this, there |a really scientific conception of traffic adminis- 
was no hope for any Ministry of Transport. The | tration and control. He advised his friends in South 
technical side of the road problem could be suni- | Africa not to hurry, but to try to arrive at some 
marised under three heads—re-location, good | definite policy, which would force the heavy traffic 
drainage, and the use of local material. Instead | on to the railways and reserve the roads for light 
of building big bridges over rivers, they were now | traffic. 








Manager of the road-motor services of the South 
African Railways, and “Transport Costs in Roadless 
Countries and the Possibilities of Mechanisation, 

by Lieut.-Col. Philip Johnson, C.B.E., D.S.O. 
Col. Johnson’s paper will be found on page 123 ante 
and Mr. White’s paper we hope to reprint in a 
future issue. In the latter paper, the author first 
explained the organisation of the system, which 
covered an area of 795,000 square miles with 13,289 
miles. of railways and 11,213 miles of road services 
open and authorised. He then described the 
development of the road services and the results 
obtained, mentioning that in the 10 months ending 
January, 1929, over a million passengers had been 
carried, in addition to 91,752 tons of goods, and 
387,300 gallons of cream. The number of vehicles 
in service at the end of that period was 362, including 
a number of 5-ton six-wheeled lorries. Tests, he 
stated, would shortly be made with six-wheeled 
steam road lorries, with the object of deciding 
upon a unit which could be used for the conveyance 
of the main produce of the country, viz., malze, 
from districts not served by railways. The remainder 
of the paper discussed the types of bodies used. the 
organisation of the services, and the road conditions, 
and finally compared the provision of branch 
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railways with road services, pointing out the 
advantages of the latter. 

In the absence of the authors, these two papers were 
read by Professor A. E. Snape and Mr. A. Colly, 
respectively. The discussion on‘ them was opened 
by Mr. J. D. Shannon, who said that, some years 
ago, he had come to conclusions similar to those of 
Colonel Johnson. He was inclined to think that 
Mr. White looked at the question of road transport 
through rose-coloured glasses, and had shown the 
best side of it. He had not given the financial 
results of the services, which had shown a small 
loss, but, considering the services rendered to the 
country, they were not unsatisfactory. There was 
one thing upon which English manufacturers could 
congratulate themselves, namely, that, although 
in light passenger-carrying vehicles the American 
car was leading from the sales point of view, the 
English lorry was undoubtedly the best, there being 
hardly a single American lorry in use in South Africa. 
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ways, viz., that they were far too costly both for 
passengers and goods. In this respect they would 
doubtless improve. Dealing with Colonel Johnson’s 
paper, he could not refrain from emphasising the 
difficulties to be encountered in dry river beds, and 
the lack of facilities for repairs. He also thought 
there was a great demand for a light vehicle, with a 
capacity of, say, 14 to 2 tons, which would serve the 
dual purpose of ploughing and goods transport for 
all kinds of country. He had seen in London the 
type of track proposed by Colonel Johnson, and was 
impressed by the improvement over the pin type. 
The pin type of track was entirely useless in South 
Africa, but it would be well worth trying the kind 
proposed by Colonel Johnson. 

Mr. P. Cazalet said that one of the most serious 
factors affecting road maintenance was the ratio of 
tyre width to load, and he considered that taxation 
should be based on this ratio. He quoted figures 
showing that, in the transport of fruit from tree 
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Mr. D. E. Lloyd Davies, referring to Mr. White’s 
paper, said it was remarkable in showing how useful 
feeder roads were to the railways. It endorsed 
what he had said in his paper on the previous day, 
namely that it was far better to develop such roads 
than roads which were competitive with the rail- 
ways. From the map shown by Mr. White, the 
roads appeared to have been planned on good lines, 
and they emphasised the importance of the co- 
ordination of road and rail transport, so that they 
could advance side by side in accordance with the 
requirements of the country. With regard to Colonel 
Johnson’s paper, he would be interested to know 
whether the type of road train described by him had 
been used in any other country, and whether any 
idea could be given as to the cost of upkeep. Nothing 
had been said regarding light railways and the extent 
to which they might compete with this type of train. 
In his experience, particularly in constructing the 
pipe line from the Steenbraas reservoir, he had 
found a light railway for the transport of his 
material to be the cheapest means. He doubted 
whether the type of road train described would meet 
the conditions in South Africa. 

Professor D, McMillan had one criticism to offer 
regarding the road services developed by the rail- 





“ENGINEERING 
to market, a 1}-ton lorry was superior as regards 
cost to both ox-wagon and tractor. The discussion 
on these papers terminated with a vote of thanks 
to the authors. 


Rartway PROBLEMS. 


The two remaining papers on the programme for 
the Thursday meeting were ‘Some Engineering 
Problems of the South African Railways and Har- 
bours,” by Dr. C. V. Von Abo, and “ Engineering 
Problems (Mechanical) in Connection with the 
3-ft. 6-in. Gauge South African Railways,” by Mr. 
M. M. Loubser. The first of these we hope to 
reprint in a later issue of ENGINEERING; the 
second we reprint on page 228 of this issue. Dr. 
Von Abo’s paper described the most interesting 
examples of surveying and constructional work, 
and the problems encountered in connection with 
the permanent way, such as creep, side wear 
and splitting of rails, the use of steel sleepers also 
being referred to. Later sections of the paper dealt 
with the questions of foundations and momentum 
grades, and a final section, contributed by Mr. V. E. 
Williams, referred to problems in connection with 
main-line electrification on the Natal Railways. 
The problems discussed in this section were those 





a 


connected with the leakage of traction currents and 
electrolysis of concrete-mast bases, and with the 
operation of high-speed circuit breakers. 

The discussion on these papers was opened by 
Professor E. W. Marchant, who said that the care 
and thoroughness with which they had been written 
was evidence of the scientific manner in which 
the South African Railways were carrying out their 
work. He enquired whether the splitting of the rails 
occurring with electric traction was due to the centre 
of gravity of the vehicle being lower. He thought 
the corrosion effects were interesting and would 
like to know the nature of the soil on which the towers 
had been erected, as his experience had been that 
the presence of potassium or sodium in the soil 
aggravated the effects. He remarked that lightning 
arresters had not been found to be of much use in 
England, and had been removed from the trans- 
mission lines in North Wales. 

Professor G. W. O. Howe said the use of high- 
tension direct current was very unusual, and the 
use of oil circuit-breakers which, with alternating 
current broke the current when at zero value, resulted 
in pulling out an are when direct current was used. 
Much work had been done recently with very high- 
speed circuit-breakers, particularly in connection 
with mercury-arc rectifiers. 

Mr. J. S. Wilson said that Dr. Von Abo’s paper 
was of great interest to civil engineers. He referred 
to the trouble due to slips, which was most difficult 
to cope with. It was a branch of engineering science 
about which little was known, but reminded his 
audience that the British Association had in being 
a committee which was dealing with the whole 
subject of earth pressure. With the assistance 
of Dr. Stradlin, the Director of the Building Research 
Station, the committee were hoping to make consi- 
derable headway. Referring to the high stresses 
found in rails under certain conditions, he enquired 
whether any trouble had been experienced from this 
cause. 

Dr. Von Abo, replying to Professor Marchant’s 
remarks, said that the centre of gravity of the 
electric cars was not appreciably lower than that of 
the steam stock. He could not find anything in 
the soil which would directly accelerate corrosion, 
and he regarded the action as electrolytic. 

The session terminated with a vote of thanks to 
the authors. 

(T'o be continued.) 








THE DETERIORATION OF MATERIALS 
IN SEA WATER. 


Tue Ninth (Interim) Report of the Committee of 
the Institution of Civil Engineers, which, since 1916, 
has been investigating the deterioration of struc- 
tures in sea-water, has just been issued.* It deals 
with the year ending March 31, 1928, during which 
the last two of the four sets of metal specimens 
exposed to seawater in various ports for an intended 
period of five years, reached the end of that term, 
and were taken up and subjected to a thorough 
examination. The exposure of the two other sets 
intended to be continued up to exposures of 10 and 
15 years, respectively, is progressing. With the 
examination of the last of the five-years’ sets it has 
been possible to assemble and scrutinise the results 
to be gathered from the whole of them, and the 
Committee’s present report is devoted mainly to 
describing the results of the last two sets and insti- 
tuting comparisons with those of the two earlier sets, 
which had been dismantled and examined in the 
previous year. The observations were made by 
Dr. J. Newton Friend, who embodies them in two 
reports, with which is included a summary of a 
report by Sir Robert Hadfield on mechanical tests 
made by Messrs. Hadfields, Limited. 

The sets which have now been taken up were 
exposed at Plymouth and Colombo, and the earlier 
sets at Halifax and Auckland. Each of them 
include specimens, intended to be identical, of four 
mild and medium steels, together with duplicates 





* Department of Scientific and Industrial Research. 
Deterioration of Structures of Timber, Metal and Concrete 
exposed to the Action of Sea-water : Ninth (Interim) Report 
of the Committee of the Institution of Civil Engineers. 

ited by Joun Purser, M.Sc., B.A.I., Assoc.M.Inst.C.E., 
Secretary to the Committee, and H. J. Gross, M.C., B.Sc. 
H.M. Stationery Office. [Price 3s, 6d, net.] 
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of two of them with the scale ground off, two mild 
steels with small percentages of copper (about $ per 
cent. and 2 per cent.), Galahad “ non-corrosive ” 
steel (13-57 per cent. chromium), and low (3-75 per 
cent.), and high (36-55 per cent.) nickel steels. 
With some exceptions, these were exposed with 
the scale left on. The sets also include specimens 
of Armco and Low Moor wrought iron, and of 
Swedish charcoal iron, all with the scale ground 
off, and hot-blast and cold-blast cast irons with 
skin as cast. In addition, the Plymouth collec- 
tion included an extra set of specimens for expo- 
sure in fresh water, a set of tensile bars machined 
all over, and sets of medium carbon steel, high 
nickel steel, and Armco iron, which had been bent 
cold through a right angle, and were to be exposed 
in each of the conditions adopted as standard. 
All the bars were rectangular, 24 in. long by 3 in. 
wide by }in. thick, except the mechanical test- 
pieces, which were of a usual shape. At each 
port, identical assemblages of dissimilar metals were 
exposed in each of the standard conditions. 

For each type of exposure, the assemblages 
consisted of three pairs of dissimilar bars in con- 
tact along their edges, two single bars with four 
rivets through each, five single bars with four bolts 
and nuts through each, and two combinations of four 
bars bolted together, each combination consisting 
of two pairs of dissimilar metals. In the Plymouth 
collection, duplicates of one of these combinations 
were provided for each standard condition of ex- 
posure, asbestos washers being inserted between the 
specimen bars and the bolt heads and nuts, with- 
out causing appreciable difference. The standard 
conditions of exposure were in the air, well above 
the highest high-water level; at about half-tide 
level, so that the specimens would be alternately 
wet and dry, and well below the lowest low-water 
level, so that the specimens would be constantly 
submerged. Fig. 5, opposite, shows a concrete 
frame in which bars were mounted and exposed at 
Colombo to provide for a wet and dry and a sub- 
merged series. It illustrates also the difficulty or 
impossibility of making intermediate observations 
during an exposure test, owing to the accumulation 
of incrustations, which are too much part of the 
natural conditions to be removed safely in any test 
to permit of interim examination, but at the same 
time may completely mask considerable changes. 

The agreement between the results of the four sets 
is considered satisfactory as a whole, but in detail 
many differences have been observed, not only 
between different metals in the same waters, but also 
between the same metals in different waters, or 
otherwise in different conditions. Fig. 1, for example, 
shows the mild steel with 0°635 per cent. copper after 
five years’ exposure at Plymouth, and Fig. 2 similar 


| specimen after five years’ exposure at Colombo. 
|The Plymouth bar was, indeed, corroded severely 
| at both ends, but its loss of weight through corrosion 
| was substantially less than that of the Low Moor 
bar, which was taken as the standard in all tabulation 
of results. At Colombo, on the other hand, though 
the Low Moor lost weight by corrosion to three 
times the extent of the Plymouth bar, the low-nickel 
steel bar lost weight to an extent still greater by 
fully 25 per cent. Asa measure of corrosion the 
use of the loss of weight per 1,000 c.c. of surface 
exposed, has the advantage of expressing an objec- 
tive and conveniently measurable fact, and no 
index can be more suitable and serviceable in dealing 
with metals which are attacked uniformly. Dr. 
Friend observes, however, that a more dangerous 
form of attack is the development of pits, which 
may be sufficient to ruin a plate, and yet leave it 
with no inordinate loss of weight through corrosion. 
An extreme case of this is seen in Fig. 3, representing 
the low-nickel bar exposed at Colombo. This bar 
suffered about the same loss of weight as the stan- 
dard Low Moor bar, but in addition to localised 
attack which wore away the edge, it was severely 
pitted, and one pit immediately above the lower 
concrete level actually perforated the half-inch 
thickness of the plate. The occurrence and severity 
of pitting is evidently among the most serious of 
the criticisms which must be made on the be- 
haviour of a metal exposed to sea action, but the 
blemish does not seem to lend itself readily to 
standardised expression. In the table in which 
the performance of the Colombo single bars is set out, 
there is a column for appearance graded in order of 
merit, and this plate, in spite of its severe pitting 
and the bad eminence of being the only specimen 
to have had a hole corroded right through it, is 
ranked third out of the 16. A similar difficulty in 
reconciling the facts recorded with the opinions 
expressed is seen in a reference to the tests of the 
13-57 per cent. chromium steel, in earlier reports 
described as non-corrosive, which, in the alternate 
wet and dry exposure at Colombo, is said to have 
been ‘“‘ virtually destroyed by localised corrosion,” 
and yet in the order of merit is ranked second. 

In previous reports it has been pointed out that 
juntil all the specimens had been actually dis- 
mantled and examined after their five years’ ex- 
posure, it was impossible to form a provisional 
opinion about them. The wisdom of this view 
was evident, but it led also to the hope that when 
| that epoch had arrived it would be possible to collate 
| the data and extract some definite guidance from 
|them. Such a hope does not mean that anyone 
would wish to see Dr. Friend or any other authority 
peaeguetrgae: to force a meaning on data if they 











lare not definite or regular enough to contain | 





it. If that is the position of the results from this 
investigation up till now, it would reflect nothing 
but credit upon those who are responsible for it, 
that they should say so plainly, and their candour 
would offer the best possible assurance that, if the 
desired definiteness is possible, those who thus 
plainly look facts in the face will attain it ultimately. 
The present report does not, of course, attempt to 
colour its results, but occasionally there seems a 
disposition to use an unusual latitude in inter- 
preting them. In a discussion of the results 
obtained by mechanical tests on test pieces before 
and after exposure, it is suggested, for instance, 
that any loss of strength should be attributed to, 
in effect, the reduction of the sectional area of the 
test piece through corrosion, and not to deteriora- 
tion in the quality of the metal. It may well be 
that the figures bear out this conjecture, in which 
there is nothing intrinsically unreasonable. The 
report goes on, however, to say that as only one 
specimen of each material was exposed to corrosion, 
‘a possible variation must be assumed in the 
properties of the original uncorroded exposure 
test-bars, as compared with the bars tested in their 
original state, of an order comparable with the 
effects upon them of corrosion.” There is a maxim 
in law that a document must always be so construed 
as to make sense of it, when this is possible. If 
that canon of criticism is applied to this difficult sen- 
tence, it appears to say that, however considerable 
may be the changes produced by corrosion in the 
material, it is to be assumed that they are not of 
greater magnitude than the variations possible in 
bars purporting nevertheless to be of the same 
material and manufacture. It may, perhaps, be 
sufficient to leave the matter at this. 

In itself the information disclosed by the report 
is of considerable interest. It throws light on a 
number of points; and, in particular, the account 
to which it is turned in Dr. Friend’s tables is 
eminently suggestive. The most resistant of the 
alloys tried was the 36 per cent. nickel steel, 
followed usually by the chromium-steel specimens. 
The latter, however, is extraordinarily sensitive to 
the removal of its skin, and Fig. 4 shows the con- 
dition of a test piece of this material, ground all 
over, after having been exposed in a completely 
submerged condition. Both hot and cold blast 
cast irons were very close to the chromium and 
high-nickel steels in their resistance to all except 
aerial corrosion, and were notably free from pitting. 
Of the two, the cold blast was slightly the better. 
The small copper additions were very effective. 
Very remarkable effects were produced by the 
coupling of dissimilar metals in order to protect 
one at the expense of the other. Occasionally 
the members of such a pair would exchange their 
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Fia. 5. CoNncRETE FRAME WITH SPECIMENS. 


functions in this respect. 


A feature of the report, | 


Dr. Friend contributes also reports on the experi- 


as remarked above, is the manner in which its| ments in progress in regard to protective coatings. 


numerical information is developed in tables. The 
information so given enables the contrast between 
the two ports to be seen in much detail, and may 
possibly lead to some further knowledge of the 
mechanism of corrosion. If the figures of loss of 
weight given for the Plymouth and the Colombo 
exposures are taken out as totals for single bars, 
pairs of bars, bars with four rivets, bars with four 
bolts, and two-pair frames, and in each of them for 
the three types of exposure, some curious points 
arise. It will be seen that each one of these groups 
had at Plymouth a notably greater loss by corrosion 
under complete submersion than by the half- 
tide exposure, and, with the exception of the total 
for the exposure of single bars, greater also than the 
loss through aerial corrosion. At Colombo, the effect 
of complete submersion on single bars was only 
about 10 per cent. more than it was at Plymouth, 
and in each of the other groups it was anything 
from less than a third more to a good deal less than 
double. In the aerial and semi-aerial exposures, 
on the other hand, the ratio of the corrosion 
loss in the two ports was anything from nearly 
three times as great up to over six times for the 
semi-aerial, and up to ten times or more for the 
aerial exposures. This, of course, proves nothing ; 
but it does seem to suggest that, as each of the 
exposures at Colombo of which the effect was 
much more drastic than complete submersion 
involved aerial exposures, for either the whole or 
part of the time, and in all groups, except the 
small collection of single bars with four bolts, the 
aerial exposure was greatly the most effective, 
the ‘re might be some advantage in inquiring more par- 
ticularly into the mechanism of the aerial exposures. 





Until now perfect results have been obtained with 
two or three coats of iron oxide paint, and with 
galvanising, hopeful results with some other media, 
and very bad with others. Further experiments 
are going on with tar preparations. 

Professor George Barger is continuing his experi- 
ments on poisons for teredo and limnoria, and has 
been obtaining hopeful results from alcoholic and 
creosote preparations of two organic arsenical 
compounds. So far it appears that there is room 
for improvement in the method of impregnation, 
which until now has not been able to assure uniform 
distribution, and in the concentration, which is 
thought to have been too low. 








LETTERS TO THE EDITOR. 


THE TORSION OF A CRACKED SHAFT. 
To THE Eprror oF ENGINEERING. 


Str,—Mr. Lockwood Taylor in his letter in your issue 
of August 2, on page 150, states that the effect of a crack 
one-seventh of the diameter of a shaft reduces the tor- 
sional rigidity by only 10 per cent. 

Now this statement might lead engineers to regard 
the effect of a short crack as almost insignificant, 


| because the effective moment of inertia has not been 


appreciably reduced. 

We ought not to regard a shaft as a structure for 
resisting a static torque, but rather as a link in a 
system which has to transmit live torques in both 
directions. The problem, therefore, is to estimate how 
much the value of a shaft as a live torsion transmitter 
has been reduced by a certain depth of crack in its 
surface. 

The presence of a crack produces in the metal at 


its apex a pronounced concentration of stress, which is 
of vital consequence when estimating the depreciation 
in the value of the shaft. The degree of concentration 
is a function of the sharpness of the apex of the crack 
and of the brittleness of the material, so that a formula 
for giving accurately the reduced value of the shaft 
would be much involved, owing to the factors which 
have to be included in the equation. 

Fortunately, sufficient experience has been gained 
to form a general empirical rule for hard-steel shafts, 
which can be used with confidence up to a point where 
the depth of the crack is as much as one-tenth the 
diameter of the shaft. 

If we draw the largest inscribed circle between the 
bottom of the crack and the opposite surface of the 
shaft, this circle will represent that size of solid shaft 
which is roughly equal in value to the cracked shaft. 
This means that if the depth of acrack is only one- 
twenty-seventh—instead of one-seventh—of the dia- 
meter of the shaft, the value has been depreciated 
by about 10 per cent., although the effective moment of 
inertia has been reduced by less than | per cent. 

Obviously, the harder the material the greater the 
effect of a crack, so much so that a sharp scratch on 
a hardened high-carbon steel spindle is sufficiently 
detrimental to be taken into account, although the 
loss in effective moment of inertia is practically nil. 
On a wrought-iron shaft, the effect of a crack is not so 
serious. These considerations lead to questions about 
the effect. of keyways, and here again for a hard shaft 
of, say, 6 per cent. carbon steel, the inscribed circle 
tule is sufficiently accurate for ordinary purposes. 
With a keyway depth of one-twelfth the diameter, 
the depreciation in shaft value is, therefore, about 
23 per cent. 

In the design of mechanical transmission elements, 
care should be taken that the maximum stress does 
not occur at points of concentration, that is at sharp 
corners, because of the lowering of the working resili- 
ency which induces failure through fatigue. 

It is often worth while to reduce a shaft at the full 
circular places, where there are not keyways, sufficiently 
to raise the stress at these places above the equivalent 
stress at the .points of concentration at the keyway 
corners. There is also the matter of the effect of the 
key in the keyway, which certainly does not strengthen 
the shaft as might be imagined, but, on the contrary, 
weakens it still further. Yours faithfully, 

JAMES Brissy, 
The Wellman-Bibby Company, Limited. 
Victoria Station House, 
London, 8.W.1. 
August 20, 1929. 








THE REPORT OF THE BRIDGE 
STRESS COMMITTEE. 


To THE Eprror oF ENGINEERING. 


Str,—With reference to the letters of Mr. L. H. 
Swain and of Mr. Conrad Gribble in your issue of 
June 7, on page 723, if it is not too late, 1 would like to 
make it clear, as a member of the Indian Railway Board 
Bridge Committee from its formation in 1917 until 
my retirement from India early in 1922, that at no 
time during our discussions of the impact problem 
was any formula of the Pencoyd type seriously regarded 
as either logical or correct. Mr. Lloyd Jones produced, 
at one of our first meetings, his theory, based on his 
own brilliant mathematical investigations, that the 
greater part of the observed impact effect was produced 
by the unbalanced weights of driving axles, and that 
its amount depended upon the relation between the 
periodicity of the hammer blows so produced and the 
vibration periodicity of the bridge structure. 

The Committee directed much of its time and energy 
towards proving Mr. Lloyd Jones’s theory by direct 
experiment. Their investigations were not complete 
when the British Bridge Stress Committee embarked 
upon the same problem, but a reference to their 
reports will show clearly, I think, that what the 
Indian Committee began leads logically and directly 
to the conclusions of the British Committee. 

The actual adoption of a formula of the Pencoyd 
type by the Indian Railway Board in (if my memory 
serves) 1921, was merely a temporary arrangement 
giving some relief from the actual Pencoyd formula 
pending the completion of investigations. 

Certainly the 3,000 or so stress records, not to 
mention deflection-vibration records made by myself 
and my staff, pointed clearly to the fact that, in com- 
parison with Mr. Lloyd Jones’s theory, any formula 
of the Pencoyd type must be quite illogical and 
incorrect. I imagine every other member of the 
Committee who made tests came to the same 


conclusion. Yours faithfully, 
T. C. Hoop. 
Municipal Bridge Engineer’s Office, 
Singapore. 


July 22, 1929. 
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LABOUR NOTES. 
Tue latest official report of the United Pattern 
Makers’ Association states that the Executive Council 
passed the following resolution : ‘‘ That this Executive 
Council requests the General Council of the Trades 
Union Congress to issue a verbatim report of the 
proceedings at the joint conference between the 
General Council, the Federation of British Industries 
and the National Confederation of Employers’ Organisa- 
tions. That this Executive protests against the joint 
meeting, being of the opinion that the T.U.C. never 
gave the General Council power to meet the Federation 
of British Industries and the National Confederation 
of Employers’ Organisations.” Acknowledging the 
receipt of a communication from Mr. Findlay intimating 
these decisions, Mr. Frith, the General Council’s 
Assistant General Secretary, says :—‘‘The General 
Council wishes to point out that they had definitely 
decided before the Conference took place that short- 
hand notes should be taken for private use only, 
and that it was on this understanding that the Confer- 
ence was held. I regret, therefore, that we are unable 
to accede to the request of your Executive Council.” 





In the same official publication Mr. Findlay, the 
General Secretary of the United Pattern Makers’ 
Association, concludes his observations on the subject 
of rationalisation. He has not found it easy, he says, 
to grasp just why so many of his friends are opposed 
to both the Melchett-Turner conferences and the 
conferences with the Federation of British Industries 
and the National Confederation of Employers’ Organisa- 
tions. “ Generally speaking,” he proceeds, “ as things 
are at present, workmen must approach foremen, 
and ask, beg or pray for a job. Foremen, taking their 
instructions from managers, exercise an arbitrary 
power to start or stop workmen. Managers must 
produce dividends for their proprietors, directors or 
shareholders, or get out. All of them are the creatures 
or victims of circumstances, and each, acting more or 
less under restraint, is a free man only within limits— 
limits inherent in the system under which we live. As 
workmen we find it necessary to combine in unions, 
societies or associations to soften the rigours and 
degradations of illness, accident, unemployment and 
death. Those above the status of the wage slave, 
devise or secure their own measure of safety—busi- 
nesses, bank balances, stocks and shares, vested interest 
in land and proprietary articles, &c. There is no 
security of tenure. Always, there is someone facing 
disaster. From the top to the bottom each one is up 
against it, doing the best he can according to his 
light, and as the light comes through experience, and 
the experience of individuals is diverse, each has a 
different outlook.” 





“In the pooling of these outlooks,” Mr. Findlay 
says, ‘“‘ there is progress if we can agree to accept the 
greatest common measure as a step towards the highest 
conception of an orderly existence. Of course, I 
assume that we are agreed that progress is to be built 
up on a constitutiona! basis. I also assume that we 
are agreed that the present system with its unequal 
distribution of things that make life worth living, is 
to be changed. The quicker we agree on the next 
step to be taken the quicker will be the change. The 
more we argue amongst ourselves the more likely are 
we to leave things as they are. We must recognise 
that we have in our midst men capable of changing the 
present system to the advantage of a greater number 
of the people. I think these conferences are the 
logical and orderly development towards the security 
of tenure which is at the bottom of all our endeavours, 
both workmen and employers. After all, the 
motive underlying our meetings with the Engineering 
and Allied Employers’ National Federation is the 
improvement of our position as patternmakers. The 
same motive drives the General Council to meet with 
the Confederation of Employers’ Organisations and 
the Federation of British Industries—the improvement 
of the position of the workers.” 


It’ is officially stated that, in July, the number of 





of, and reference to, an arbitration tribunal were 
adjusted at a joint meeting. The terms of reference 
are as follows :—‘‘ The employers’ application for a 
reduction in the wages of those classes of workpeople 
covered by the operatives’ amalgamations of 25 per 
cent. of the standard piece price list rates of wages 
which, in the case of operatives who are at present paid 
95 per cent. of standard lists, will reduce the aggregate 
percentage additions on such lists from 95 per cent. to 
70 per cent., and mean a reduction of 12-82 per cent. 
on their current wages, and a similar reduction of 
25 per cent. from other lists which vary from 95 per 
cent. The reduction in the case of those workpeople 
who are not paid on the basis of a standard piece price 
list will be in the proportion which the above reduction 
of 25 per cent. on list prices bears to the current wages.” 





It was agreed that the arbitrators should examine 
the merits of the application, and after hearing the 
evidence of both sides, make an award determining 
whether, and, if so, to what extent, the employers’ 
claim for a reduction of wages is sustained. Full 
liberty of action was given to mills, capable of doing 
so, to resume work on Monday, August 19, at the usual 
time, and it was decided that, pending the award of the 
board of arbitrators, wages should be paid at the rates 
current prior to the stoppage of work. 





The Board of Arbitration is composed of two persons 
nominated by the employers, two persons nominated 
by the operatives, and an independent chairman to 
be mutually agreed upon—the chairman to have the 
full powers of an umpire in the event of the other 
members of the Court being unable to agree. The 
employers’ representatives are Sir Arthur Balfour, 
who was Chairman of the Committee on Industry and 
Trade appointed in 1924, and Sir Archibald Ross, of 
Newcastle-on-Tyne, President of the Engineering and 
Allied Employers’ National Federation. The opera- 
tives’ representatives are Mr. C. T. Cramp, Industrial 
Secretary of the National Union of Railwaymen, and 
Mr. A. G. Walkden, M.P., secretary of the Railway 
Clerks’ Association. The independent chairman is 
Mr. Justice Swift. 





At the close of the joint conference which adjusted 
the terms of reference, the employers’ negotiating 
committee put the following question to the repre- 
sentatives of the operatives’ organisations: ‘‘ Are you 
in favour of future major questions of disputes which 
threaten to lead to a stoppage of the mills being 
referred to arbitration ?”’ The operatives’ representa- 
tives replied that they would give this matter their 
careful consideration and make a formal reply later. 





The negotiators on both sides welcomed an interesting 
suggestion by Sir Horace Wilson, and agreed to hold 
an early meeting to consider it. The suggestion was 
as follows :—‘‘ That in order to ensure a means for 
co-operating with the Government committee of 
inquiry and the Cotton Trade Organisations Joint 
Committee and for discussing jointly proposals that 
may be made to improve the state of the industry and 
to strengthen its competitive position, it is agreed 
between the Federation of Master Cotton Spinners’ 
Associations and the Cotton Spinners and Manufac- 
turers’ Association, on behalf of the employers, and 
the several organisations concerned on behalf of the 
operatives, that there shall be established a joint 
consultative committee who shall invite an inde- 
pendent chairman to sit with them from time to time, 
with no powers except the powers of a friend.” 





At a meeting in Bradford on Saturday last, repre- 
sentatives of the wool textile trade unions declined to 
approve a recommendation of their negotiating com- 
mittee that they should make an offer to the employers 
to agree to a wages reduction of 74 per cent. instead 
of the 10 per cent. proposed. The negotiating com- 
mittee were instructed to communicate that decision 
to the employers, and, if necessary, to propose arbi- 
tration. 





unemployed members of the United Pattern Makers’ 
Association fell for the fourth time this year to a figure 
below 500. The total was 464—the lowest recorded | 
since January, 1921. The total membership is 11,031, | 





| 

The Clyde District of the United Pattern Makers’ | 
Association recently decided by 832 votes to 68 to) 
apply to the local employers’ association for an advance | 
of 4-42d. per hour, and by 741 votes to 154 to put an | 
embargo on overtime in support of the claim. The | 
Executive Council have now given the Clyde District | 


Committee permission “ to proceed.” 





Both groups of employers in the Lancashire cotton | 
industry having agreed to arbitration, the constitution 








In the Monthly Report of the Boiler Makers and Iron 
and Steel Shipbuilders’ Society, Mr. Hill, the General 
Secretary, suggests that, in their efforts to relieve 
unemployment, the Government should advance 
money on loan for shipbuilding. Cheap money is, in 
his opinion, required more than ever, as bankers’ rates 
are prohibitive. So far, he says, the schemes proposed 
for the unemployed are mostly for lesser skilled men. 
Such a scheme as is now suggested would, he contends, 
employ thousands of fully skilled men who have suffered 
more than others from unemployment. The Govern- 
ment have decided further to curtail employment for 
members of the society by stopping warship building, 
and they should compensate them in the interests of 


| peace and trade by using the millions of pounds they 


are saving to build peace and food ships. Members of 
the society in every constituency are urged to write 
to their Members of Parliament on the subject. If that 
is done, he declares the money will be found, the ships 
built, and members of the Society will have work 
instead of the demoralising dole. 





The weekly official organ of the Industrial Labour 
Office states that the Belgian Press has recently drawn 
attention to the existence of a shortage of labour in the 
country. Newspapers representing different tendencies 
of opinion agree as to the inadequacy of the labour 
available in relation to the present requirements of 
Belgian industry, but very different views have been 
expressed on the question of remedies. The shortage 
first made its appearance in the coal mines. Following 
an enquiry carried out by the newspaper Independance 
Belge in June, 1929, the shortage of labour was reckoned 
at nearly 10,000 workers of all groups, in so far as the 
Charleroi Basin was concerned, and the mining com- 
panies organised recruiting agencies abroad for the 
purpose of bringing in workers from Italy, Czecho- 
slovakia, and especially from Poland. In the coal 
basin of the Campine, the shortage of labour was still 
more marked. The shortage made itself felt also in 
building, in small industries and in crafts. It would 
appear also that Belgian industry in general is going 
through a period of intense activity, and it must be 
borne in mind that the exploitation of certain sources 
of mineral wealth, such as the coal deposits of Limburg, 
has scarcely begun. 





In order to meet this situation, it has been advised 
in certain quarters that the introduction of foreign 
labour should be greatly increased, but several news- 
papers have emphasised the disadvantages of this 
solution. According to the Journal de Charleroi, the 
presence on Belgian soil of some thousands of foreign 
workers already gives rise to social and moral objections, 
and a still greater influx would affect the local popu- 
lation and the living conditions of Belgian workers, 
especially in view of the density of population of the 
Kingdom. Again, while the employment of foreign 
labour would allow of some reduction in the imports of 
raw materials, this advantage would to a great extent 
be counterbalanced by the fact that immigrants 
generally send their savings to their country of origin. 
Other newspapers draw attention to the disadvantage 
which would result from increasing the labour supply 
by immigration in view of the fact that, if any interrup- 
tion of economic progress took place, the country would 
find itself encumbered with a supply of labour for which 
it would be very difficult to find an outlet. 





Although the total number of unemployed persons 
in receipt of benefits is relatively insignificant in 
Belgium at the moment, it is urged that no means 
should be neglected of employing in short-handed 
industries those Belgian workers of all classes who 
are considered as unemployed persons. In the opinion 
of certain industrialists also, great advances could still 
be made in the organisation of many factories by the 
use of more rational methods and more modern equip- 
ment. Generally speaking it is recognised that the 
present shortage, at least in so far as it concerns skilled 
labour, is largely due to the inadequacy of the appren- 
ticeship system, and that a development of technical 
education is required. 





On August 13, 1929, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,169,300. Of these, 794,400 were 
wholly unemployed, 302,000 were temporarily stopped, 
and 72,900 were persons normally in casual employ- 
ment ; 900,300 were men, 37,800 boys, 199,000 women, 
and 32,200 girls. These figures are exclusive of persons 
disqualified for benefit by reason of the trade dispute 
in the cotton textile industry. Account of the number 
on the registers was not taken on Bank Holiday, 
August 5. Of 1,154,129 on the registers on July 29, 
1929, 774,891 were wholly unemployed, 304,485 were 
temporarily stopped at 74,753 were persons normally 
in casual employment ; 891,600 were men, 35,058 boys, 
198,126 women, and 29,345 girls. The number of 
unemployed persons on August 13, 1928, was 1,314,159, 
of whom 1,020,983 were men, 39,812 boys, 218,220 
women, and 35,144 girls. 








Post OrFicE TELEPHONE ENTERPRISE AT SYDNEY 
Harpour.—An excellent example of co-operation has 
been set by the New South Wales postal department 1n 
connection with the construction of the Sydney Harbour 
bridge. At the request of the engineers working on the 
bridge, continuous telephonic communication has been 
established between headquarters and the creeper cranes 
which are continually moving outwards along the branches 





of the arch now in course of construction. 
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THE ROAD TRANSPORT PROBLEM Of the above mileage of Government-owned railways, | in the Cape province might be compared to that of 
IN SOUTH AFRICA.* 900 miles is of 2-ft. gauge and 11,519 miles of 3-ft. 6-in.| Great Britain, if the provincial council is taken as 
, ? gauge, : equivalent to a county council and the divisional 
By D. E. Luoyp Daviss, M.Inst.C.E. The capital expenditure, up till March 31, 1928, was| councils to the urban and rural councils. Last come 
THE era of mechanical propulsion has introduced the 
same road problem in South Africa as elsewhere, though TABLE II.—Ramway Ratios. 
in a form specially related to the circumstances of the 
pray 2 ; The —- -_ of the transport facilities | Miles of Line 
of the Union seems to afford an opportunity for compre- Union of South Africa Date Total Miles | Area Square Estimated | 
. PA 2 Ps . . ; >, s . 
hensive planning on modern lines, without mae! alos — Sate or <. ata Koes, 
expenditure merely to rectify existing conditions, but | 1 
this ideal is obstructed by the political arrangements 
Province— 
TABLE I.—Open Railway Mileage. Cape os oe << .. | March 31, 1928 5,266 276,536 3,024,000 1-90 17-4 
Transvaal .. Pe ae me Po 3,074 110,450 2,392,000 2-78 12-9 
| : Orange Free State. . Ga ee ‘- 1,509 49,647 720,000 3-04 21-0 
| Miles, Natal « “< we ee 2 1,555 35,284 1,613,000 4-41 9-6 
11,404 471,917 | 7,749,000 | 2-42 14-7 
covernment-owned ; Whole Union— . 
Pa — 5,017 South West Africa oe ee _ 1,426 312,194 | 254,000 0-46 56-2 
Transvaa AP a ar ae % ‘i 3,074 
Orange Free State... 52 we a ry 1505 Union and South West Africa 
pr = ad : 1,471 combined .. “6 ae ea _— 12,830 784,111 8,003,000 1-64 16-0 
South West Africa 1,352 
Mileage for Union and South West Africa 
x 12,419 | combined per 10,000 Europeans = 72-6 
Enemas — Natal-Zululand Railway Company... 50 C | 
rivate railways outside the Union operated by ountry— 
Government ., - os 4 - ai a 684 Union of South Africa March 31, 1928 11,404 471,917 7,749,000 2-42 14:7 
Australia oa June 30, 1927 28,667 2,974,581 6,169,000 0-96 46-5 
Total Government-operated line << a aie 13,153 Canada are Dec. 31, 1927 41,567 3,684,723 9,817,000 1-13 42-3 
Other private railways ae a ar a 361 New Zealand March 31, 1928 3,297 | 104,916 1,506,000 3-14 21-9 
Total Government and private railways. . ae 13,514 Continent— 
Less .. ae we ao. 684 North America ry a .. | End of 1925 316,644 8,574,483 144,645,000 3-7 21-9 
South America ae ae Pe 56,884 7,367,109 + 69,911,000 0-8 8-1 
Total Union Railways ea oe es — 12,830 Africa me 37,481 9,448,308 112,382,000 0-4 3-3 
Asia ms a +* anil Pr 84,252 16,303,292 1,007,315,000 0-5 0:8 
= Australasia ad < en = 30,110 3,092,087 7,695,000 1-0 39-1 
° P 2 | y y | 98 vd D 95 vie 5-6 5- 
made at the time of union, which separated the two | Europe ae <n oe “a ” 238,867 4,244,251 472,894,000 >: € 5-1 
i! a . | 
great divisions of the service of transport, roads and} Total—World — 764,238 49,029,530 1,814,842,000 | 1-6 4-2 


railways, and decreed that, whereas the railways were | 





an affair of the central Government, the roads should 

be left to the separate provincial administrations. | 133,624,408/., and the total earnings for the preceding 
Hence, while the railways constitute a highly organised | year 25,304,8211., of which 25-75 per cent. was required 
department of state, which clothes itself in elaborate | to meet interest and depreciation, The return on 
statistics and has a Cabinet Minister of its own, the | capital was 4-3. per cent., and the net surplus 379,8151. 
roads are a waif, with no records of traffic or any other | The train-mileage run during the year was 47,583,775, 
statistics worthy of the name, and nursed by local | the passengers carried 81,654,870, live-stock 5,838,476, 





the municipalities, village management boards, local 
area boards, &c. 

In the other provinces, there are no Divisional 
Councils, and the road authorities next in order after 
the Provincial Councils are the municipalities. The 
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authorities with feeble powers and limited means of 
taxation, 

The Union of South Africa is divided into four 
Provinces : Cape Province, Transvaal, Orange Free 
State, and Natal. The combined area of these provinces 
is about 471,917 square miles, and the estimated 
population, in 1926, derived from the most recent 
census, is 7,749,000, of which 1,677,000 are Europeans 
and 6,072,000 other races, including natives. Reference 
to the above map will reveal that about 18 per cent. 
of the total population is concentrated in seven centres, 
consisting of the larger towns or urban groups and 
their environs. These centres again are separated 
by considerable distances. 

The two main facilities for transportation are railways 
and roads, and to make the present position clear to 
those unfamiliar with the local conditions it is necessary 
to refer briefly to the two systems. 

The Railway System.—The railway system is owned 
by the State, and is managed by a special administra- 
tion under the direction of the Minister of Railways. 
The situation and direction of the main lines are marked 
on the map in full lines. The total open mileage of | 
private and Government-operated lines at the end of 
March, 1928, was as shown in Table I. 








and tonnage of goods 25,287,498. The earnings came 
to 2,045]. per open mile and 10s, 7-6d. per train mile ; 
the working expenditure was 1,632]. per open mile and 
88. 5-9d. per train mile. 

Table II of railway ratios is included for purposes 
of comparison. 

The Road System.—The Government of the South 
African Union is not responsible for the construction 
and upkeep of roads, this having been one of the 
functions reserved at the time of union for the Provin- 
cial administrations, which are directly responsible, 
not to Parliament, but to a local council elected for 
each province by the same constituencies as the 
House of Assembly. Unfortunately, this constitu- 
tional arrangement has led to a more difficult problem 
than a mere lack of inter-departmental co-ordination 
in the handling of general questions of transportation. 
The provincial privileges which still remain are jealously 
defended as State rights, while, on the other hand, 
the road-transport industry is heavily penalised by a 
dual system of taxation, the proceeds of which are 
mostly diverted to extraneous objects by a Govern- 
ment which is not responsible for maintaining the 
roads. 

The delegation of authority from the Provincial 


TaBLE III.—Mileage of Roads. 














| Mileage under 
Mileage under | Municipalities 
Province. Provincial and Village | Total Mileage. 
Control.* Management 
Boards. 

Cape Province 32,222 2,227 34,449 
Transvaal ae 20,000 2,543 22,543 
Free State .. 10,000 671 10,671 
Natal .. me 6,200 634 6,834 
Totals .. 68,422 6,075 74,497 








* Includes Divisional Councils in the Cape Province. 


rural road system in these provinces is under the direct 
control of the Provincial Road Departments, though 
in the Transvaal there are local road boards with advi- 
sory powers only, and in the Free State with powers 
to allocate the proceeds of the wheel-tax. 

The total mileage of roads and streets within the 
Union is 74,497 (1927), divided amongst the four 
Provinces as shown in Table III. Of these about 
20,000 miles are classed as main roads and 50,000 miles 
divisional or district roads. 

The ordinary expenditure on the road system for 
the year ending March 31, 1927, was as in Table IV. 


TaBLe 1V.—Ezpenditure on Roads, 

















Expenditure | Expenditure Total 
under under Ordinary 
Province. Provincial Municipal Expendi- 

Control.* Control. ture. 

£ £ £ 

Cape Province 385,283 310,757 696,040 
Transvaal 501,768 335,677 837,445 
Free State 403,993 38,990 442,983 
Natal .. 237,680 127,527 365,207 
812,951 2,341,675 





£1,528,724 | 





* Includes Divisional Councils in the Cape Province. 


Table V, page 244, gives further particulars of mile- 
age and expenditure, and expenditure per mile, and 
Table VI gives road ratios. 

Report of the Roads and Bridges Committee.—The 
question of the development and improvement of the 
main trunk road system received the attention of the 
Government during 1924, and a special committee 
was appointed to examine and report upon it. Very 
briefly, this committee, in May, 1925, recommended 
the classification of the roads of the union into national 
roads, provincial main roads and provincial branch 
roads. The proposed national roads constituted 





* Paper read before Section G of the British Associa- | 2dministration to local bodies differs in the various | an arterial transport system, complete in itself and cap- 


tion at Cape Town, South Africa, on July 24, 1929. 


provinces. The system of local government prevailing 


able of acting as a substitute for the national railway 
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The estimated length was 5,200 miles and cost of | paper, i.e., the co-ordination of the whole of the 
improvement 3,700,0001., the expense to be spread | transport industry, railways, roads and air, under 
over a period of ten years and borne by the Union| one ministry. At present, the railways are controlled 
Government. The length of the provincial main} by the Ministry of Railways, roads (in so far as the 
roads was given as 12,300 miles, the estimated cost | Union Government can be said to be concerned with 
of improvement being 8,550,0001., one-third of the|them) by the Ministry of the Interior, and air 
cost to be met during the ten-year period of Union| transport by the Ministry of Posts and Telegraphs 
subsidies, and the rest by provincial loans. Con-| and Public Works. Each administration looks upon 
struction programmes were suggested for the division | the industry from its own viewpoint and not from 
of the work between the Provinces, and a national road | the viewpoint of the whole. In the near future, there 
board recommended to take the scheme in hand. The | will be great development in air transport owing to 
national roads chosen are shown on the map by broken| the very favourable climatic conditions and long 
lines. It is understood that this report has not yet| distances between the thickly-populated centres of 
been adopted. the Union. 

Competition between Road and Railway Transport.— 
As in other countries, the competition between railway | this country, has been already planned, and much 
transport and road transport is becoming acute in| State capital is invested therein. The national road 
South Africa, owing to the mobility and speed of the | system, outside the larger municipal areas, is only 


system traversing and connecting the four Provinces. ilead up to the main proposition put forward in this! The Consolidated Highways Fund of the United 


| States is raised to the extent of about 33 per cent. 
| from motor-vehicle fees and licences, and 20 per cent. 
from taxes on motor fuel, making the road user’s 


‘contribution 53 per cent. Forty-six of the States 


| have “ gasoline ’’ taxes, only five reaching the maximum 
|of 5 cents per United States gallon, which is very 
| nearly equivalent to the Union Government’s duty 
| mentioned above. 

Thus we have the anomalous position that, whereas 
the provincial and local authorities have to discover 
sources of revenue for road purposes, the road user, 
| who ought to bear at least 50 per cent. of the burden, 
can point to the fact that he is already paying taxes 
to the Union Government equivalent to 80 per cent. of 


The railway system, the pioneer of development in | the present cost of road maintenance in the Union. 


The above does not exhaust the road user’s contri- 
bution, however, for, in 1927-28, he contributed 
581,703/. in motor licences, fees and wheel-tax to 


self-propelled vehicle, the elimination of double-loading | partly developed and is calling for further develop-| the provincial revenues, besides certain municipal 


and off loading, and improvement of the road surfaces | ment, whilst air transport is in its infancy. Surely 
within a radius of about 100 miles from centres of the | it would be to the interest of the community to 
more densely populated areas. co-ordinate the three and develop them together. 








dues. This is more than 60 per cent. of the total 
provincial road expenditure of 940,4741. 
It seems an extraordinarily uneconomic arrangement 


TABLE V.—MJLEAGE AND ORDINARY EXPENDITURE ON ROADS AND BRIDGES, TAKEN FROM THE OFFICIAL YEAR BOOK 


OF THE UNION OF SOUTH AFRICA, NO. 10. 



































| ee ee | ae ie : 
- Under Provincial | an Village” ate | , Total Total | Provincial Municipal | Total — oo Poll 
Province. Control.* | Management ge Of | Mileage. | E wane rll e acne i | Bicol Expenditure | Expenditure | Expenditure 
| Boards. | ca. lee ers eter’ | spe . per Mile.* per Mile. per Mile. 
| 1 
| No. of | aa | 0.08 ee | | 
| Bridges. | Mileage. | Bridges. Mileage. | | 
| ae ees | | £ 3 £ £ £ £ 
Cape .. - on | 291 | 32,222 177 2,227 | 468 34,449 385,283 57 696,040 12-0 139-5 20-2 
Transvaal .. oF 181 | 20,000 91 2,543 | 272 | 22,543 | 501,768 é 25-1 132-0 37-1 
Orange Free State .. 130 / 10,000 { 33 | 671 | 163 | 10.671 403,993 | 40-4 58-1 | 41-5 
Natal eo | 248 6,200 69 | 634 | 317 | 6,834 | 237,680 } 38°3 201-1 | 53-4 
850 | 68,422 | 370 | 6,075 | 1,220 | 74,497 | 1,528,724 | 312,91 | 2,341,675 22:3 133°8 | 31-4 
| 





* Includes Divisional Councils in the Cape Province. 


Whilst there has been a considerable increase in the | Unnecessary expenditure would be avoided by 
number of passengers and goods carried by the whole co-ordination, and the railways would be protected 
railway system during the last few years, this has not | from misdirected competition. 
been met by a similar increase in earnings to balance Road Finance.—The whole system of road finance 
the extra expenditure, and the result is a higher ratio | in the Union requires revision, as, under existing 
of working expenditure to earnings. The competition | conditions, the incidence of taxation falls too heavily 
is, at present, more or less confined to suburban traffic | upon the property owner and general taxpayer. 
where the main competitors are the truck and ‘bus. | Further, the amounts actually charged to the road user, 

From one point of view, the Railway Administration | through duties on petrol and imported vehicles and 
should be in a favourable position to compete with other | accessories, are diverted to the general revenue of the 
modes of transport, as it is practically exempt from | Union Government, whereas they would be reasonably 
rates and other forms of taxation. As the railways are | employed in paying a proper proportion of the annual 
state-owned, the country stands to benefit from this | road charge. ; 
exemption by lower charges for the conveyance of 
goods and passengers. On the other hand, the railways 











for the road user in South Africa to be actually paying 
as much in proportion as road users in other countries 
towards the upkeep of the country’s roads, while a 
Government not responsible for the roads is placing 
even greater burdens upon his shoulders. In this way, 
everybody concerned, taxpayer, property owner, and 
road user, has cause to complain of unfair taxation, 
while the road system still remains in an undeveloped 
condition. As will be seen from the figures given below 
for the City of Cape Town, the burden of road charges 
thrown upon the municipal ratepayer is still more 
inequitable. 

In view of the urgent need for road improvement, 


TABLE VI.—Roap Ratios—UNION oF SouTH AFRICA. 





are burdened with interest charges on heavy capital | ~ 
expenditure which some economists consider a fair 
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Area Square | Estimated 








Total Mileage of Roads and Streets. | | | 
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. . . : ' 
charge, at least in part, against the adjacent property Province. Miles. | Population. | per 106 Sq. | per 10,000 
owners and other beneficiaries from past railway Provincial. | Urban. Total | | | Miles. | Population. 
development if not also against the general taxpayer. | 
However the balance of advantage may stand, | | 
he od e ins that twithst li 8 I = ¥. of f Cape es | 32,222 | 2,227 34,449 276,536 3,024,000 12:5 | 113-9 
the fact remains that, notwithstanding the relief from | Transvaal 3 |} 20,000 | 2.543 | 22,543 110,450 2,392,000 20-4 94-2 
rates and taxes, the charges are not ey low | Orange Free State | 10,000 | 671 | 10,671 | 49,647 | 720,000 21-5 | 148-2 
to undercut the mobile truck and ’bus free from heavy | Natal . 6,200 | 634 | 6,834 35,284 | 1,613,000 19-4 | = 42-4 
overhead charges and operating within comparatively Totals _ | 68,422 | 6,075 | 74,497 | 471,917 7,749,000 15-8 | 96-1 
small radii where a substantial proportion of the trans- | | 








port business of the country is concentrated. It is 
inevitable that the suburban sections of the railway} Since the Financial Relations Act of 1925 was 
system will continue to show a loss, when they are | passed, depriving the provinces, as far as the roads 
considered separately from the whole system. Like| are concerned, of their former claims to a subsidy 
all large undertakings, the losses on some of the sections | from the Union Government on the pound-for-pound 
have to be counterbalanced by the gains on the others. | basis, the latter has raised some 6,500,0001. out of 
However, it is no use increasing the competition|the transport industry in customs duties, nearly 
from the road system by constructing expensive first- | 2,000,000/. of which were levied in 1928. While 
class long-haul roads along the same routes as the | these large sums have gone into general revenue, the 
railways, as appears to be proposed by the committee | provincial authorities have been obliged to maintain 
already referred to. The railways are fully equipped | the roads by further taxation, depending upon rates, 
to serve long-haul traffic quite as economically as | licences, and such other sources of revenue as the 
first-class roads. Such policy would only injure a|law allows them. A special grant of 500,000]. was 
state undertaking in which the Union has sunk a large | the sole important contribution of the Union Govern- 
capital sum. For the Government to spend further | ment towards the roads during the period in question, 
large sums on a duplicate system of transport by con- | but a further grant of 1,000,000/. has been promised. 
structing long-distance inter-town roads, would be a| As given in the table of road expenditures above, 
waste of public money, particularly in view of air} the total cost of the roads of the Union during 1926-27 
transport development in the near future. was 2,341,6751. The Government, on the other hand, 
A glance at the map will reveal how very closely the | collected from the road user through the customs 
proposed national roads follow the line of the existing | 1,681,534l. No portion of this sum was allocated to 
railways. By confining the national road scheme to | road charges, but, out of the special grant of 500,000I. 
100 miles radii from the large towns, the expenditure | already referred to, a sum of 217,577l. was expended 
recommended by the committee would be reduced by | on the roads. A small contribution was also made by 
one-half. The other half would be better spent on|the Union Government to the upkeep of certain | 
feeder roads from the hinterland to the nearest railway, | roads, passes and bridges in the Cape Province. 
and touring routes to the national parks and other! In 1927-28, the Union Government’s revenue from 
beauty spots. If the sections of the inter-town roads | customs at the expense of the road user had risen 
lying outside the 100 miles radii are kept in a sufficiently | to 1,956,812/., of which 541,0531., or about 28 per cent. 
good condition to carry light motor traffic only, they | came from the motor-spirit duty of 3d. per Imperial 
should adequately fulfil their present function. gallon. The disbursement out of the special grant 
A Ministry of Transport.—The foregoing premises ' was 73,3831. 





and the fact that the customs duties of the union are 
a matter of political policy, no suggestion is here made 
for a reduction of the existing burdens upon the trans- 
port industry. But the case is overwhelming for a 
much more generous contribution from the central 
government towards the road funds, without which, in 
fact, the problem of coping with the new develop- 
ments of transport appears insoluble. 

The Case of the Municipality—tIn South African 
municipalities, the ever-increasing rates and dues and, 
in particular, the ever-increasing burden of road 
construction and upkeep, are becoming a source of 
embarrassment under the present incidence of taxa- 
tion. In Cape Town, for instance, a town of just under 
250,000 inhabitants, the annual cost of maintenance 
of all roads, including loan and overhead charges, 
is about 280,000/., of which about 7} per cent. is met 
by provincial subsidy, leaving about 923 per cent. to 
be found from property taxes and other sources of 
municipal revenue. Only 2} per cent. of this 1s 
raised by local taxes upon the road user. It follows, 
therefore, that the ordinary citizen is bearing 90 per 
cent. of the burden of road construction and main- 
tenance, whereas about 47 per cent. is considered @ 


| fair proportion for the property owner and taxpayer it 


assessments for the Consolidated Highways Fund of 
the United States. a 
About 9 per cent. of the motor vehicles of the Union 
are registered in Cape Town. Presuming that an equal 
proportion of the customs duties raised by the Union 
Government is derived from the local transport industry, 
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DAMAGE TO SHIPS IN SERVICE. 
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it follows that the Government is receiving an annual | 
revenue of 180,0001. from the road users of Cape Town. | 
A portion of this returned in the form of a subsidy 
for road improvement would be a welcome relief to the | 
ratepayer. 

Instead of this, the municipalities have to carry all 
Government traffic, including the heavy railway goods 
traffic, entirely free of charge. It is clear that the 
present scale of subsidies out of the limited resources 
of the province is quite inadequate, and fails to return 
an appreciable proportion of the amount collected from 
the road user. If this grievance were remedied, the 
objection to the free use of the road by the Government 
would fall away, and one of the principal causes of 
dissatisfaction, especially against the railway adminis- 
tration, would be removed. 

Air Transport.—Only a very brief reference can be 
made to air transport, as it is still in its infancy. At 
the present time, South Africans have not developed 
what is commonly called the air sense to any marked 
degree, but it is gradually being fostered by the various 
aeroplane clubs. That air transport will spread rapidly, 
and that companies will be formed in the near future 
is certain, and its effect as a competitor to both rail- 
way and road transport, especially long-distance 
passenger transport, will be severely felt. There is 
every reason to place control of this coming great 
industry under the same ministry as that of railways 
and roads, in order that it may be organised to the 
best advantage of the country as a whole. 

The planning and regulation of airports, aerodromes 
and public landing grounds, should be dealt with as 
one scheme, under the direction of the Ministry of 
Transport, and the advantages of air transport, for 
long-distance inter-communication between populated 
centres, over first-class road transport should receive 
Special consideration. 

Conclusion.—In conclusion, the following suggestions 
are submitted, while recognising that the subject, apart 
from the general principles involved, is of purely South 
African interest :— 

(1) That the time is ripe for co-ordinating the whole | 
of the transport interests of this country under one 
ministry, which shall be responsible for the control of 
railvay, road and air transport, and shall report 
annually to Parliament upon the condition and require- 
ments of these vital industries. 

(2) That unless this be done, the present financial 
confusion will continue, whereby the road system of 


| 
| 
| 
| 
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the country is starved of funds, and the property 
owner and general taxpayer unfairly burdened, while, at 


|the same time, the Government derives a large and 


increasing revenue from the road user which is not 
applied to the improvement of the roads. 

(3) That it should be the duty of the Ministry of 
Transport to ascertain the requirements of the various 
executive road authorities, provincial, divisional, 
municipal, &c., in order that subsidies may be voted by 


| Parliament adequate to bring and maintain the roads 


of the Union up to the standard of modern traffic 
requirements. In assessing the subsidies, due con- 
sideration should be given to the traffic statistics and 
needs of each district, and the revenues there collected. 

(4) That the tax on petrol through customs duty, 
in particular, should be specially earmarked for the 
service of the roads, as by it the road user is taxed in 
proportion to the wear and tear he is likely to inflict 
on the highway. 

(5) That in forming the new Ministry of Transport, 
guidance should be sought from the experience of older 
countries, such as France, Britain, and the United 
States, while paying due regard to the constitution and 
special circumstances of the Union of South Africa. 

The writer wishes to acknowledge the assistance 
rendered by Mr. H. C. Mason, of his department, in 
collecting and collating the statistics, &c., upon which 
this paper is based. 








NOTES ON 
SHIPS.* 
By J. L. Apam. 

THIs paper is principally concerned with the damage 
found in parts of the structure after the ship has seen 
some service. Such damage may not be of a major 
character, and cannot be laid to the account of collision, 
stranding, etc., but it is of sufficiently frequent occur- 


SOME DAMAGE TO 


| rence, and a sufficient source of trouble, to call for serious 
| attention. 


Into this category fall the cracks in the shell 
plating found at various parts of the hull, damaged 
connections to the transverse bulkheads, the trouble 
experienced with the hold frame-brackets, in the 





* Paper read at the Joint Summer Meeting of the 
North-East Coast Institution of Engineers and Ship- 
builders and the Institution of Engineers and Shipbuilders 
in Scotland, held at Newcastle-on-Tyne, on July 3, 1929. 
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double-bottom at the fore end, under the wide-spaced 
pillars in the holds and at the tank ends, at the ends 
of erections such as bridges and long poops, and the 
disturbance found in the decks at the corners of open- 
ings, &c. 

Figs. 1 and 2 are intended to show the nature, posi- 
tion, and extent of the cracks which are found in the 
shell plating at the fore end of merchant steamers, 
sometimes after only one or two years’ service, but 
usually after longer periods, although it is interesting 
to note that in some ships they never appear. Fig. 1 is 
an external drawing of the shell in way of the fore peak 
and panting arrangements, and shows the stiffening 
provided by the frames, stringers, etc. Typical 
examples of cracks in the shell plating have been indi- 
cated as clearly as possible in Fig. 2. There is usually 
very marked local corrosion in the form of a groove 
along the line of the crack, and sometimes it is only 
by scraping and scaling that this groove is discovered 
and the crack located. To overcome this trouble 
various remedies have been tried, such as attaching 
double-riveted shell lugs to broad stringer plates, 
fitting beams on alternate frames, and connecting the 
intermediate frames by brackets or lugs to the stringer 
plates. But none of these remedies, separately or 
combined, have proved infallible. If an outside shell 
plate has several cracks, repairs are usually effected by 
renewing the plate. If an inside plate is not too badly 
cracked, the cracks are electrically welded and a 
doubling plate fitted. The first method is expensive, 
and the second unsightly and unsatisfactory, but both 
are obvious, and there does not appear to be a great 
choice of alternatives. Many reasons have been cited 
for the presence of these cracks, such as the shell plating 
being too thin, the frames too weak, the panting 
stringers too stiff, or a combination of these causes. 
It may be that the frame on which the panting beam 
is fitted is too stiff in relation to the intermediate frame, 
which is only restrathed by its connection to a plate 
stringer. The stringer itself may give in a vertical 
direction, thus allowing movement about the heel or 
rivet attachment of the stringer lug. In any case, 
it is always difficult to be sure that the shell lugs are 
‘“‘faying’’ properly. Whatever may be the cause, 
cracks similar to those shown in the diagrams are found 
in shell plating, and, in addition, the rivets in the 
connections of the intermediate frames to the stringer 
plates are frequently found slack. Abaft the fore peak 
similar cracks in the shell plates are found in way of 
the panting stringers, and, more frequently, at the 
after end of the brackets attaching the intercostal 
stringers to the peak bulkheads. The same methods of 
repair are adopted here as in the peaks. 

In an attempt to provide a structure which will be 
less liable to such damage, the British Corporation have 
introduced, in their rules, an alternative form of fore- 
end construction, which has been adopted with great 
unanimity by shipbuilders and shipowners alike, and 
might be used as a guide to future repairs on the ordinary 
fore-end construction. Figs. 3, 4 and 5 show examples 
of this system, from which it will be seen that, in the 
fore peak, all the plate stringer connections to the shell 
have been abolished and that all the frames are made 
deeper and stronger than in the ordinary standard, and 
are directly supported by struts at each tier. In addi- 
tion, the shell plating is increased some 20 per cent. 
over the normal rule. Time alone will show whether 
this arrangement will prove wholly successful, but 
it has the obvious merit that every frame is directly 
and adequately supported at each tier, and is much 
more effective in itself than under the older system, 
while the plating is of such thickness as to give reason- 
able hope that it will not pant unduly between the 
frames. Abaft the peak bulkhead, an attempt has been 
made to face the problem in a simple, straightforward 
way. The frames in this area deflect, and, bearing this 
in mind, it is justifiable to make such assumptions as to 
cause and effect as will lead to (1) the introduction of 
greatly-increased fore-end frames—anything from | in. 
to 2 in. deeper than normal; (2) the omission of inter- 
costal or plate stringers with shell attachments and the 
substitution of runners inside the frame without 
attachment to the peak bulkhead ; and (3) an increase 
in the strength and stiffness of the frame next to the 
bulkhead, in order to mitigate the trouble arising out 
of the ‘‘ hard spot” made by the fore-peak bulkhead. 
If the basis of the design is sound, it may be found still 
more effective to increase further the frame next the 
bulkhead, and to taper the stiffness from this frame 
over one or two frames down to that of the normal 
fore-end frame. 

Cracks in the stem plates at the after edge of the 
stem, and at the heel of the first frame abaft the stem, 
are also of frequent occurrence (zee Fig. 1). It is gener- 
ally found that these cracks occur in ships when there 
is not a sufficient number of breast hooks, or where 
the distance from the stem to the first frame is too great. 
The usual means adopted for repairing such damage is 
electric welding, or cropping and renewing part of the 





stem plate, but these methods can only be temporary 
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‘Extra Saf Frame 


in their effect, and more internal stiffening is the only 
permanent cure. 

The shell plating in way of the horizontal brackets | 
to the bulkheads and the bracket connections are } 
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MAGNETITE MINING IN THE 
MINEVILLE DISTRICT, NEW YORK. 


THE methods adopted in mining magnetite in the 






frequently found damaged in the manner shown in | Mineville district, New York, are dealt with in a recent 
Figs. 6 to 14. The various sketches show different types | paper, which is one of a series being prepared by 
of stringer connection to the peak bulkheads and the | officials and engineers of mining companies in co-opera- 
connections of the side intercostal stringers to the | tion with the United States Bureau of Mines, with the 
ordinary bulkheads, with the damage found in each. | object of obtaining uniform and comparable data of 
The same type of shell damage is also found in the way | mining methods and costs in the metal mines of the 
of the so-called “‘ tripping’ brackets at webs, the | United States. 

extension brackets at the ends of flats, such as tunnel| Mineville is in the Adirondacks, five miles west of 
recess tops, and at the horizontal brackets which, at | Port Henry, on Lake Champlain. Records show that 
one time, were fitted at watertight bulkheads. The | iron ore was mined in this district as long ago as during 
usual method of repair is to patch or renew the shell | the American Revolution. Since 1849, when the mines 
plates where cracked, to patch or crop and renew part | were acquired by the company now owning them, 
of the bulkhead plates, and to refit and sometimes | approximately 45,000,000 tons of ore have been 








to double the angle connections to the shell aon ones. Geologically the district is situated within 


bulkhead plates. 


the area of the Adirondack gneisses and Grenville 


Such repairs can scarcely be considered permanent, limestone, and is penetrated by small masses of an 


and in most cases the trouble recurs. In the case of 


intrusive rock (gabbro). The principal ore bodies are 


the stringer connections to the fore peaks, a T-bar | adjacent to one of these masses. 


connection on each side of the bulkhead plating seems | 


The magnetite deposits occur interstratified in the 


an obvious improvement. To avoid a recurrence of | gneissoid beds, the principal ones dipping S.W., 
the trouble in the frame and shell at the end of the | 20 deg. to 30 deg. from the horizontal. Their depth 
brackets, the latter might be “‘ scooped out” as shown | extends from several hundred to several thousand 
by the dotted lines in Figs. 6 to9 and 13and 14. The | feet, with corresponding lateral dimensions; the 


best way to avoid trouble in the region of the horizontal 
brackets to the bulkheads is to cut away the brackets | 
altogether, to repair the shell, and not to replace | 
the brackets; similar treatment is effective at 
the extension brackets at the ends of the tunnel 
flats, ete. 

It may be found that the shell plating is cracked 
along the heel of the boundary bar of an ordinary bulk- 
head. The bulkhead forms a stiff point, and, as the 
framing on each side of it is continually deflecting, it 
is probable that failure is a consequence of the shell 
plating being continually bent backwards and forwards. 
Although it is easy to suggest repairs, it is not so easy 
to recommend a method which will prevent a recur- 
rence of the trouble, or a new design in which it will 
not occur. It may be that some such arrangement as 
is being adopted at the fore-peak bulkhead would be 
successful. If a ship is provided with really stiff framing | 
throughout the holds, and if, in addition, the frames | 
adjacent to the bulkheads be made extra stiff so that | 
they are in effect webs, the hard spot effect of the bulk- 
head must be reduced. One conclusion seems obvious, 
and that is that stiff horizontal bracket attachments to 
the shell should be avoided in every part of the ship, 
and it is also suggested that intercostal shell lugs | 








should be made to fill, as completely as possible, the 
space between the heel of one frame and the toe of the 
next. 





(To be continued.) 


thickness varies from 3 ft. to 40 ft., the average being 
10 ft. of workable ore. An important magnetite mass 
which occurred near the surface of the Old Bed Mine 
averaged over 200 ft. in thickness ; it has been mined 
out except for the pillars left in for support. In some 
localities there is no definite division between the ore 


| and the rock, disseminated grains of magnetite occurring 


in the gneissoid rock in sufficient quantity for this to 
be mined as ore. In other places, especially along the 
footwall, the ore and rock are sharply defined. Ore 
with only 25 per cent. iron is mined and mixed with 
richer ores containing as much as 69 per cent. iron, 
so as to produce an average grade of ore mined of 
42 per cent. iron. This is concentrated by magnetic 
separators to obtain a shipping product averaging 
68 per cent. iron. Owing to the large number of 
faults, which displace the beds from 15 ft. to 150 ft., 
together with the folding, mining and transportation 
of the ore underground is difficult and complicated. 
Certain of the magnetite deposits outcrop on the 
surface, and were therefore readily discovered ; but 
to explore them in depth and to locate other deposits 
now being worked, magnetic surveys and diamond-drill 
bore-holes based on these surveys were made on an 
extensive scale. Over 100,000 ft. of drilling was done 
on contract. In 1918-19 the total number of feet drilled 
was 31,725 ft., at a total cost of 124,578 dols., or of 
3-92 dols. per foot. The drill core is 1 in. in diameter, 
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was obtained. In 1928, geophysical methods based on 
electrical induction were tried by the physicists of the 
United States Bureau of Mines, and the results obtained 
were found to check very closely with those of the 
diamond-drill records. 

Mining was first started from the surface, and then 
inclined shafts were sunk along the footwall of the 
deposit, from which levels were driven into the ore, 
and the whole area, except for pillars left for support, 
was then mined. Owing to faults and folds, the course 
of the inclines had to be frequently changed, which 
added to the difficulties of hoisting and track main- 
tenance. As soon as an appreciable depth was reached 
this resulted in decreased production and a corre- 
sponding increase in the cost per ton. The early 
methods of hand drilling, shovelling, and transporta- 
tion with wheel barrows have been largely replaced 
by the use of tram cars, air drills, scrapers, mechanical 
loaders, electric shovels, larger mine cars, and electric 
haulage equipment. The general method of mining, 
open stopes with pillar support, has, however, remained 
the same, and it is doubtful under the prevailing 
conditions whether any other method would give 
such good results. 

The main shaft (Old Bed Mine) follows the dip of 
the deposit along the foot-wall, pockets and chutes 
being placed either in the ore body above or in the 
hanging wall; part of the shaft, however, is in the 
footwall for a considerable distance owing to the 
faulted condition of the ore body at almost right 
angles to the dip. The dimensions of the main shaft 
are 15 ft. by 20 ft., and when the ore body is less than 
15 ft. thick additional rock is cut from the hanging 
wall. In the rock and where the ore body is small 
and the levels are located 75 ft. apart, the shaft is 
carried 10 ft. by 20 ft. Work in main shafts is run 
continuously with the regular mining operations, and 
the shaft workers are paid according to a premium 
system. Heavy Leyner-type drills with air pressure 
of 85 lb., operated by one man, are used for shaft 
sinking. When speed is necessary, three heavy Leyner- 
type drills are used mounted on bars and tripods ; 
40 per cent. gelatin powder is used for blasting. An 
average of 5 ft. per shift is obtained. The average 
cost per foot of sinking, hoisting material to the main 
shaft, and equipping with tracks, air and water lines, 
is 32-30 dols. per foot. The day is divided into three 
eight-hour shifts, drilling being done on one shift and 
cleaning by hand on the other two shifts. It has been 
found from experience that with modern equipment 
the difficulty in obtaining speed in shaft sinking is 10 
the removal of the broken material. The shafts in 
the ore body are worked in similar fashion to the 
auxiliary shafts, sinking being done by stoping the 
ore with light hammer drills on tripods. Timbering 





and an average speed of 10 ft. per eight-hour shift 


is only done at shaft stations. The main haulage 
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levels are at intervals of 1,000 ft. to 1,500 ft. along the | stoping levels is delivered to the auxiliary shafts and 
dip; they are 15 ft. by 10 ft., with enlargements for | is hoisted or lowered to the loading pocket on the main 
switches and pockets, and are driven in the foot- | haulage level or to the main shaft pockets. In 
wall on a contour which will keep them near the ore | advancing the auxiliary shafts up the dip of the ore 
body and necessitate the minimum amount of work | body, the material is removed by mechanical scrapers 
in barren rock to connect the faulted area. | which carry the material directly on to a platform, 
In driving the drifts, two drills of the heavy Leyner | whence it is pulled into a skip. 

type, each operating on a single-screw column and| The general system of mining is as follows :— 
equipped as for shaft sinking, are employed. An | Starting from the auxiliary shafts, stoping levels are 
average advance of 5 ft. per shift is obtained. A round | advanced at intervals of from 30 ft. to 100 ft., depending 
is drilled and blasted in five and a half hours; the| on the dip, width, and faulted or folded condition of 
broken material is then removed in three hours with | the ore body. The upper levels are kept well in 
mechanical shovels served by an electric locomotive. | advance of the lower so as to obtain the maximum 
Four men are employed, two on the drills, one on the | benefit from gravity and the minimum of heading work. 
shovel, and one on the locomotive, the two latter being | Where the bed is 15 ft. thick, headings are continued 
employed at other parts of the mine during the/| at a height of 7 ft. until a break is made to the upper 
remainder of the shift. An average of 125 lb. of | level. These headings and the upper levels form a 
40 per cent. gelatin powder is used per round, or 25 lb. | bench from which underhand stoping is done. 

per foot. It has been found that some of the latest | All the work in the auxiliary shafts, including sinking 
models of Leyner-type drills give at least 25 per cent. | and drifting, is done with mounted and unmounted 
greater drilling speed than the older models now in | light hammer drills, operated either wet or dry, accor- 
general use in these mines. With the use of faster| ding as conditions necessitate. For underhand work 
drills and mechanical shovels it may be possible for | these drills are operated by hand. 

two men to drill, blast, and remove the material from! Roof support is entirely by means of ore pillars 
a haulage drift in eight hours. varying from 20 ft. to 60 ft. in diameter, according to 


{n each faulted area there are one or more auxiliary | height and character of roof ; between the pillars, which 
shafts, which are driven both up and down the dip| are spaced about 50 ft. apart, the roof is arched to 
of the ore body, starting at the top of the ore pocket | prevent slabbing off of the ore or rock. So far there 
on the main haulage level. When the main shaft is 
i the ore body, the extension is operated as an 
au xiliary shaft until a new station is cut and a connec- 
tion is made with the main shaft. The ore from the 


have been no signs in any part of the mine of pressure, 
and in no case has the roof broken down. The pillars 
represent 25 per cent. of the magnetite beds in the 
mined areas, and their recovery will be possible later 














by mining them at the boundaries and retreating 
towards the shafts and allowing the ground to cave. 

Tramming in the auxiliary shafts is by hand-pushed 
trams with a capacity of 1} tons of ore, and by haulage 
cars with a capacity of 3} tons of ore, the latter being 
drawn by electric locomotives of the trolley type, 
which range from 1,200 Ib. to 3,000 Ib. draw-bar pull— 
the larger size being used on the main haulage roads 
and the smaller on the levels and drifts from auxiliary 
shafts. 








CATALOGUES. 


Switchboards.—Messrs. Mavor and Coulson, Limited, 
47, Broad-street, Mile End, Glasgow, have issued a 
pamphlet illustrating a number of large switchboards 
made by them for factories, warehouses and ships, 


Building Material.—Messrs. Bolckow, Vaughan and 
Company, Limited, Middlesbrough, have issued a 
catalogue of artificial stone and concrete parts for 
building construction, such as steps, sills, copings, balus- 
trades, pillars, kerbs, &c. 

Electric Lighting.—A catalogue of lighting cable 
carried on a reel by which the position of the lamp may 
be adjusted, is to hand from Messrs. Appleton Electric 
Company, 1701-29, Wellington-avenue, Chicago, U.S.A. 
It is called ‘‘ Reelite’’ and is made in a number of 
patterns. 

Refrigerating Machines.—Messrs. A.-S. Refrigerating 
Machines, Limited, Magnet House, Kingsway, London, 
W.C.2, have issued a catalogue briefly describing the 
construction of their refrigerating machine and _illus- 
trating its applications in hotels, meat stores, hospitals, 
dairies, &c. 

Railway Signals.—A detailed description of the 
present state of development in colour-light signals is 
given in a new catalogue issued by Messrs. The Westing- 
house Brake and Saxby Signal Company, Limited, 82, 
York-road, Kings-Cross, London, N.1. Many installa- 
tions are illustrated. 

Scaling Tools.—A catalogue of the Devoorde elec- 
trical scaling equipments has reached us from Messrs. 
| The Electrical Equipment and Carbon Company, Limited, 
107-111, New Oxford-street, London, W.C.1. The 
various tools are suitable for cleaning boiler plates and 
tubes, and other similar surfaces. 


Lubrication System.—We have received a catalogue 
of the central lubricating system made by Messrs. 
Ripaults, Limited, 1, King’s-road, St. Pancras, London, 
N.W.1, under the name of Alcyl. As applied to a motor 
car, the oil is led from a small tank under the bonnet 
by flexible tubing to each point to be lubricated, and the 
flow of oil can be regulated at each point. 


Electric Railways.—Messrs. Metropolitan-Vickers Elec- 
trical Company, Limited, Trafford-park, Manchester, 
have issued an illustrated description of the work they 
have done during recent years in the electrification of 
British railways. including the construction of power 
stations, substations, permanent way and rolling-stock. 
The record is certainly a very striking one. 

Motors and Transformers.—Messrs. Bruce Peebles and 
Company, Limited, Edinburgh, have issued two new 
catalogues dealing with motors and transformers. The 
transformer catalogue gives particulars of design and 
construction, tables of dimensions, weights and technical 
particulars for various sizes and voltages. The motor 
catalogue illustrates the application of electric motors 
to the machinery in a quarry. 

Condenser.—The Metrovick type central-flow surface 
condenser is very fully described in a new catalogue 
issued by the makers, Messrs. Metropolitan-Vickers 
Electrical Company, Limited, Trafford-park, Manchester. 
In this condenser, the air is drawn from a space in the 
| centre of the nest of tubes, giving the steam an inward 
| radial flow. It is essentially a large-scale condenser and 
is claimed to give a hot and well de-aerated condensate. 


Grain and Malt Treatment.—The treatment of grain 
and malt calls for a remarkably large range of machines, 
as may be gathered from a catalogue recently issued by 
Messrs. Robert Boby, Limited, Bury St. Edmunds. The 
processes are grouped under the headings of cleaning, 
grading, sweating, steeping and kilning; and these 
involve further mechanical equipment for conveying 
and elevating, drying, dust removal, &c. The description 
occupies over 70 pages of a particularly interesting 
catalogue. 

Steam Plant.—The Rateau Company, Paris, have 
issued two catalogue publications from their London 
office at 28, Russell-square, W.C.1, dealing mainly with 
steam regenerators, turbines, mine fans, and centrifugal 
pumps. The Rateau steam accumulator is described 
with sectional line illustrations, and some interesting 
data are given of the efficiencies of fans and pumps. 
Particulars are also given of the capacity of a steam 
accumulator and mixed-pressure turbine plant supplied 
to Messrs. The Citroen Company, for utilising the exhaust 
steam from their forging department. 

Electrical Machinery.—The English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, 
have sent us copies of new catalogues as follows: A 
detailed description of the Fullagar oil engine, made by 
the company for electric power stations, pumping 
plants, and general work ; motors for mill and individual 
machine drives; truck-type switchgear; and distribu- 
tion boards for power circuits. We have also received 
a copy of their journal containing descriptions of 
automatic substations, power factor compensator, and 
low-voltage auxiliaries on direct-current railway rolling- 
stock. 
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| 
80-H.P. FOWLER DITCHING MACHINE. | 
ALTHOUGH ditching is usually only a minor operation | 
on English farms or estates, very extensive work of | 
this nature is sometimes necessary in foreign countries 
or the Dominions, particularly in cases where artificial | 
irrigation has to be resorted to for watering large areas. 
Under such circumstances, the cost of making the ditches | 
with the usual plant way be very high, and it is with this | 
point in view that Messrs. John Fowler and Company 
(Leeds), Ltd., of Leeds, have designed the powerful | 
ditcher illustrated in Figs. 1 and 2, above. This 
machine is capable of cutting out of unbroken land | 
in one operation, a trench 6 ft. 6 in. wide at the top, 
8 in. wide at the bottom, and 2 ft. deep. A clear} 
surface, | ft. wide, is left on each side between the spoil | 
and the edge of the trench, ensuring that very little soil | 
can fall back into the trench. The formation of the | 
latter is clearly brought cut in Fig. 2. The pressure | 
applied to the sides of the trench by the weight of the 
implement, and also the form given to the mould- | 
board, consolidates the soii and thus minimises water | 
leakage. The plough works in one direction only, and | 
is drawn by a Fowler compound cable-ploughing trac- | 
tor with a continuous rating of 80 i-h.p., and an over- | 
load rating for short periods of 105 i.h.p. to 120 i.h.p. 
The rope from the engine drum passes round a large 
horizontal sheave mounted below the frame near to} 
the front of the plough, as shown in Fig. 1, and returns 
to the tractor, on which it is anchored to the tank. 
Ploughing is thus effected on the ‘ double-rope ” | 
system. The main frame of the plough is built up 
from steel flats and angles, strongly braced together 
and hydraulically riveted. The front end is mounted | 
on cast-steel wheels, while the rear end is supported | 








Fia. 2. 


on a cranked axle fitted with 7 ft. 6 in. dia. wheels. 


be raised clear of the work by its partial rotation. 
It will be observed from Fig. 1 that the horizontal 
sheave pulley, already referred to, is mounted on 
a spindle carrying a winding drum. This drum is 


|normally free on the shaft, but it can be driven 


from the latter by the dog clutch shown, the lower 
portion of the clutch sliding on feathers on the shaft. 


| The rope from the winding drum passes over a pulley 


shackled to the upper arm of a bracket embracing a 


| square on the rear axle, it then returns over a pulley 


mounted on the frame of the machine just behind the 


| winding drum, and is finally coupled to a beam on which 


brake blocks, bearing on the rear wheels, are mounted. 
The brake blocks can be seen in Fig. 1, and it should 
be mentioned that they are normally held clear of 
the wheels by two springs, one of which is shown. 
To follow the action clearly, it is essential to realise that 
the rear axle is mounted in bearings at the point C, 
the crank arms being outside the bearings, and the 
stub axles for the wheels being carried on the end of the 
arms. 

Assuming that the dog clutch is engaged, the rope will 
first pull the brake blocks into contact with the wheels 


| against the action of the springs. Once the blocks 
/are home, and thus prevent movement of the plough 


as a whole, the bracket embracing the square on the axle 
will be pulled over from the point A to the point B, 
thus rotating the axle and lifting the shares clear of 
the ground. The corresponding positions of the wheel 
centres are shown at X and Y. On completion of the 
lift, the two springs again withdraw the brake blocks 
from the wheel rims. It will be noticed from Fig. 1 that 
a hand lever is provided within convenient reach of 








the driver. This lever is provided with a catch which 


| The axle is a solid steel forging, and the plough can | registers under the lower corner of the lifting bracket 


when the latter is in its highest position, and thus 
prevents the shares falling when the machine is travel- 
ling without ploughing. A simple form of cable steer- 
ing, operated through a worm and wheel, is provided 
for the front wheels, as shown in Fig. 1. The cutting 
tools are of special design and are manufactured from 
selected steels. The share breast and-mouldboards are 
rigidly attached to the machine by the side tyne, central 
knife coulter, and steel angle stays. Forced-feed 
lubrication is provided for all the working parts. 

In actual use, the work is carried out in stages. 
Assuming that the tractor is anchored in the required 
position, the plough is drawn forward for about 300 ft. 
The tractor is then moved forward for the same distance 
and the operation repeated as often as may be required. 
We understand that from 3 to 4 miles of ditching can 
be carried out per day under average conditions, 
a crew of only five men being necessary. An average 
figure for the cost per mile is stated to be a little over 
6l. Trenches can readily be cut on a curve, and it will 
be evident from the description given that obstacles 
can be easily cleared. 








PORTLAND CEMENT IN THE UNITED STATES.- —Statistics 
relating to the Portland cement industry in the United 
States during 1928 and compiled by the Bureau o! 
Mines of that country have just been issued. The output 
for the twelve months under review, namely, 176,195,488 
barrels, is larger than the quantity manufactured In 
any previous year, and exceeds the 1927 output, the 
next highest yearly production, by 2 per cent. In 
addition some 2,284,085 barrels of hydraulic cement 
were imported, more than half of which quantity came 
from Belgium. 
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THE AMERICAN IRON AND STEEL 
INSTITUTE. ; 


A GENERAL meeting of the American Iron and Steel 
Institute was held in New York on May 24 last, when 
seven papers were read and discussed. We give 
below brief summaries of the contributions presented. 


LARGE OPEN-HEARTH FURNACES. 

A paper dealing with “Large Open-Hearth Fur- 
naces,” by Mr. F. A. King, contained a description of 
the plant of the Weirton Steel Company, Weirton, 
West Virginia. Mr. King stated that the installation 
at present included 12 stationary-type furnaces of 
from 150 to 350 tons capacity. The first heats from 
the first seven furnaces installed had been poured in 
November, 1920. These melts were approximately 
105 tons, but had been rapidly increased to about 
130 tons, and for some time this practice had been 
pursued. Later, all seven furnaces had been increased 
to 150 tons per heat. Encouraged by the successful 
performance of these seven furnaces, and space being 
limited, three more furnaces (Nos. 8, 9 and 10) were 
erected and placed in operation in 1927. Their 
capacity was 250 tons. At this time, No. 7 furnace 
was also rebuilt and enlarged to 250 tons. Late in 
1927 the construction of No. 11 furnace was com- 
menced ; this had a capacity of 300 tons, and the first 
heat was cast from it on February 4, 1928. The 
last and largest unit of the Weirton plant was No. 12 
furnace, and this had a capacity of 350 tons. Furnaces 
Nos. 11 and 12 were the largest stationary furnaces 
yet built, and the experience obtained at Weirton 
showed that, from an economic point of view, increased 
efficiency had been secured by their use. 

The 12 furnaces were equipped with four charging 
machines, and two overhead cranes for hot metal and 
material handling on the charging floor. There 
was ample ladle equipment, and, included in this, 
were two ladles designed for the use of two pouring 
nozzles. This expedient obviously reduced the teem- 
ing period and nozzle erosion. The larger furnaces 
were equipped on the tapping side with ‘“ Y ”-shaped 
spouts, and two ladles were used for heats of 250 tons 
and above. Experience indicated a tendency to 
increased yield in the product of the larger furnaces. 
The advantages of tilting over stationary furnaces 
had been well exploited. It had been more or less 
assumed that the larger type of stationary furnaces 
gave more bottom trouble. The practice at Weirton 
had, however, been to the contrary. Less bottom 
trouble had been experienced as the size or depth of 
the bath increased. With the deeper bath, the bottom 
cleaned better and was more easily maintained in 
proper condition. In actual practice, the larger 
furnaces had given less bottom trouble than the 
smaller. Among the doubts that had been enter- 
tained throughout the history on increasing furnace 
size was the fear of not obtaining a uniform temperature 
for pouring. Here again actual practice proved this 
apprehension to be unwarranted. There was no 
question that there was a limit to the size of open- 
hearth furnaces, as there was to blast furnaces. Experi- 
ence at Weirton had shown, however, that the limit 
in size had not been approached. In order to keep 
pace with the modern trend in all industries, furnaces 
would be built even larger than the existing 350-ton 
furnace. 


BLAST-FURNACE AND COKE-OVEN Gas IN OPEN- 
HEARTH FURNACES. 

A second paper dealing with open-hearth furnace 
practice was that by Mr. F. E. Leahy on the subject 
of “The Use of Blast-Furnace and Coke-Oven Gas 
in Open-Hearth Furnaces.” The author said that, 
with the improvement in methods of cleaning blast- 
furnace gas, it was now available for use outside the 
blast-furnace department. The gas varied in calorific 
value from 85 to 105 B.Th.U. per cubic foot, so that 
its use for combustion without preheat of either gas, 
air, or both, was extremely limited. It therefore 
became necessary, in all but a few cases, to consider 
the quantity of enrichment and preheat necessary. 
On the other hand, the general application of coke-oven 
gas for almost all heating purposes had progressed 
rapidly, as the gas possessed all the qualifications 
that made its use attractive, either straight or mixed 
with other fuels. The results obtained from coke- 
oven gas alone, however, varied greatly in different 
plants, and it was fair to assume that mixing this gas 
with blast-furnace gas would not improve the fuel 
conditions. Nevertheless, mixed fuels were often found 
more satisfactory than straight fuels, and coke-oven 
gas and tar were too generally used for the factors that 
made the combination more attractive than the employ- 
ment of coke-oven gas alone to be overlooked. The 
use of a liquid fuel with the mixed gas might be a 
necessity for many open-hearth plants, for the best 
general practice. 

At the United Steel Works, Hoentrup, Germany, 
there were two 100-ton and one 150-ton tilting furnaces 
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employing mixed gases, namely, blast-furnace and coke- 
oven gas, delivered at a constant pressure. The output 
was 30,000 tons of steel per month. The roof and upper 
portion of the furnaces had a life of from 500 to 600 
melts. The pig-iron consumption was about 20 per 
cent., and the heat consumption, including heating up, 
there being no work on Sundays, 4,962,500 B.Th.U. 
per ton of steel. In the case of another German tilting 
furnace operating on mixed gas, also supplied at a 
uniform pressure, the calorific value of the mixture 
amounted to approximately 214 B.Th.U. per cub. ft. 
The chequer chambers were reinforced and heat insu- 
lated, and the average temperature of the gas chamber 
was 2,012 deg. F., and of the air chamber 2,280 deg. F. 
Owing to sufficient preheat, the flame was of intense 
luminosity and had good melting effect. A review of 
the results of these and of other steel plants in which a 
noticeable advance had been made by the introduction 
of mixed gases, showed that this advance had come about 
mainly through a careful analysis of the design of the 
plant and close supervision and control of the operation 
within the furnace. 


REGENERATIVE PRINCIPLES IN THE STEEL INDUSTRY. 


In his paper entitled, “‘ The Theory and Application 
of Regenerative Principles in the Steel Industry,” 
Mr. T. J. McLoughlin stated that, in metallurgical 
operations requiring a supply of heat at a high heat 
potential, the utilisation of the sensible heat of the 
waste gases, in order to raise the temperature of the air 
used for combustion, was not only advantageous but 
absolutely necessary. For a given calorific intensity, 
the lower the calorific value of the fuel the greater the 
sensible heat required in the air for combustion. 
With the growing tendency to use lean fuels, such 
as blast-furnace gas, the necessity for increased 
regeneration became more important. The efficiency 
of a regenerative system might be expressed in one 
of two ways: the first was a relative figure involving 
only a knowledge of temperatures, and could be given 
as the ratio of the increase in temperature of the pre- 
heated air to the ideal increase. The latter presup- 
posed that the air leaving was at the same temperature 
as the waste gases entering. The other method 
expressed the true efficiency, as the ratio of the heat 
content of the air leaving the system to the heat content 
of the waste gases entering the system. Thus: 

B.Th.U. in Heated Air 
B.Th.U. in Hot Waste Gas 
In ordinary practice, the relative efficiency calculated 
by the first method varied from 65 per cent. to 82 per 
cent., while the true thermal efficiency ranged from 
35 per cent. for furnaces under poor working conditions 
to 45 per cent. for good furnaces. 

One of the most serious handicaps to the maintenance 
of high temperatures was air leakage. In an open-hearth 
furnace working extremely well there was an average 
drop in temperature of 500 deg. F. in the temperature 
of waste gases from the outgoing end of the bath to 
the entrance to the regenerative chamber. This was 
due to radiation from port ends and to dilution of the 
hot waste gas with cold air entering the furnace system. 
In an uninsulated open-hearth regenerative chamber, 
the heat lost by radiation from the roof and walls of a 
chequer chamber amounted to 10 per cent. of the sensible 
heat in the waste gases entering the chamber. By 
increasing roof thickness and proper insulation, this 
loss could be very materially reduced. Insulation of 
chequer chambers had another advantage, namely, the 
elimination of leakage. In the process of insulation, fur- 
naces were rendered impervious to leakage, and it was 
often the combined effects of airtightness and insulation 
which were attributed to insulation alone. 

In blast-furnace practice, with the ever-increasing 
demands for greater uniformity in iron composition, 
the need of sufficient stove capacity to enable the 
operator to supply the hot-blast at a high temperature 
was more urgent. Also, with the increasing application 
of blast-furnace gas to metallurgical operations, greater 
fuel economies in stove operation were becoming 
economically attractive. Recent progress had been 
towards increased efficiency through better cleaning of 
blast-furnace gas, increased stove heating surface, and 
adequate insulation. 


Efficiency = 


STEEL-PLANT METALLURGY. 


A paper by Mr. R. E. Sherlock bore the title, “‘ Func- 
tions of Steel-Plant Metallurgy.’”’ Mr. Sherlock stated 
that steel heats at the present time were made to 
specifications which included a wealth of detail other 
than chemical analysis. Great interest and concern 
were shown by the furnacemen themselves in the work- 
ing of heats, the specifications of which called for the 
more exacting refinements. Under the supervision of 
the plant metallurgists, there were constantly being 
conducted numerous experimental investigations. 
Most of these had two definite objects in view, namely 
improvement in the inherent quality of the furnace 
product, and improvement in the surface condition of 
the finished steel. The first involved the inspection 
of various kinds of raw materials, the study of the 





physical chemistry of slags, melting conditions and 
temperatures, and the investigation, both qualitative 
and quantitative, of various kinds of deoxidisers. The 
second involved the investigation of the numerous 
factors which had an influence on the final surface 
condition of the finished steel. These included pouring 
temperatures, pouring methods, runner spout, nozzle, 
and mould design, method of ingot heating and soaking, 
and rolling procedure. Surface defects originated from 
a multitude of causes, many of which were difficult 
to trace, and, if an improvement were to be secured, the 
utmost perseverance and the closest study were called 
for. 
Smica As A REFRACTORY. 

In presenting his paper upon the subject of “ Silica 
as a Refractory in the Steel Industry,” Mr. R. B. 
Sosman stated that, as a result of its abundance, its 
accessibility, and its consequent cheapness, silica 
found wide use as a refractory in the iron and steel 
industry. Among the weaknesses exhibited by silica, 
when used as a refractory, however, were its low melting 
point, its irregular thermal expansion, and its activity 
in slagging with other oxides. The melting point of 
silica was 1713 deg. C, but this was only the highest 
of three different melting points. There were three 
distinct crystalline modifications of silica, namely, 
quartz, the melting point of which was 1,400 deg. C., 
tridymite, melting point 1,670 deg. C., and cristo- 
balite, melting point 1,713 deg. C. Silica, however, 
belonged to a limited class of substances which were 
characterised by a very slow rate of melting. The 
melting points of tridymite and cristobalite were, 
unfortunately, just at, or a little below, the most 
effective temperature of the open-hearth furnace. 
The temperature within the furnace might easily 
reach 1,800 deg. or 1,900 deg. C. The absolute limit 
for the silica roof was, however, 1,713 deg. C. Nothing 
could be done to help matters, because, as a general 
tule, the addition of anything to a pure substance 
lowered the temperature at which it would liquefy. 
It appeared, therefore, that there was nothing to be 
gained in the direction of higher temperatures by the 
addition of other substances to pure silica. 

The second important limitation of pure silica as 
a refractory was found in the sudden expansions which 
the three crystalline modifications underwent at 
relatively low temperatures. These expansions were 
associated with the inversion, or critical, points of the 
three modifications. Tridymite, however, passed 
through very small expansions at both of its inversion 

ints. A brick consisting entirely of tridymite 
should therefore not spall easily. Apart from this 
there seemed to be no practicable way of reducing the 
amount of reversible expansion. It might be feasible, 
nevertheless, to decrease the suddenness of the cristo- 
balite expansion. If it were possible to find some 
practical way of making cristobalite on a large scale 
in a succession of batches which would show different 
inversion points, these might then be mixed and 
bonded to make a brick in which the inversion point 
would not occur suddenly at one temperature, but 
would be spread over a range of from 50 deg. or 100 
deg. C. Whatever the effect of mixing fine and coarse 
fractions in present practice, there appeared to have 
been no systematic experiments made on the blending 
of silica from different sources, although such blending 
was common practice in the manufacture of ordinary 
clay bricks. , 

The third weakness of silica as a steel-works refrac- 
tory was its property of slagging with other oxides. 
The grains of pure silica in the brick were bonded, at 
least initially, with some added substance, usually 
lime. Furthermore, during service the brick absorbed 
a constantly increasing amount of other materials, 
mainly lime and iron oxide. Both of these additions, 
the intentional and the unintentional, had their effect 
in liquefying, or “‘slagging,’ the brick. A plain 
avenue of progress seemed to lie in the bonding of pure 
silica. The desired result was a mechanically rigid 
aggregate of crystals of cristobalite or tridymite, 
either intergrown in a manner similar to the fibres of 
felt, or in molecular contact, face to face, so that the 
crystals adhered with the strength characteristic of 
chemical combination. All matters connected with 
the slagging of silica brick, it could be clearly seen, 
called for a great deal of profound research. 

ILLINoIs CoALs. 

In the course of his paper on “* The Past, Present, and 
Future of Illinois Coals,’’ Professor 8S. W. Parr stated 
that, among other characteristics, Illinois coal had a 
relatively high ash content, which might average from 
8 per cent. to 10 per cent., and a relatively high sulphur 
content, which might range from 2-5 per ent. to 
3-5 percent. The fuel also contained a high percentage 
of moisture, which varied from 10 per cent. to 12 per 
cent., and a high oxygen content. The question was 
whether a good coke for any purpose could be made 
from these high-oxygen coals. This high-oxygen 
characteristic was, in reality, a chemical indication, 
denoting a stage of transition from the higher oxygen or 
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lignitic coals, on the one hand, to the lower oxygen | have been quite appreciable, and that during shut- 


or so-called coking coals on the other. It was possible | down periods still greater. A thermal balance between 
by manipulation of the Illinois coal, however, to lower | the potential heat of the coal and of the products showed 
the oxygen content, thereby simulating, to a positive | a loss of 7-85 per cent., which included heat provided 
degree, the characteristics of the older or higher rank | for carbonisation by the combustion of part of the 
of bituminous coking coals. A semi-commercial plant | charge. The usual thermal loss in externally-heated 
had been erected to carry out this process, and it had | retorts is found, on the average, to be about 5 per cent. 
been in continuous operation for twelve months. The | of the heat value of the coal, and the heat taken for 
procedure consisted essentially in preheating the coal | carbonisation a further 8 per cent. Very roughly, 
to a temperature below the softening point, but high | therefore, the 3 per cent. heat of carbonisation in this 
enough to bring about the necessary preliminary | 
decompositions of the oxygen compounds contained | 
in the fuel. Excellent results had been obtained, not 
oniy with Illinois coals, but with other fuels, even | 
regular coking coals, from many other districts. The | 
future of Illinois coal held decided promise for the | 
manufacture of both coke and gas. 


X-Ray Stupies or CoLtp-WorKED STEEL. | 

A paper bearing the title ‘Some X-Ray Studies of 
Cold-Worked Steel,”’ by Mr. F. C. Elder, contained | 
a large number of reproductions of X-ray photographs | 
of steel wire after varying amounts of cold work and | 
subsequent annealing had been carried out. In his | 
conclusions, Mr. Elder stated that, judging by the | 
X-ray evidence, the cold work took place in two | 
stages. In the first stage, in stretching or cold-drawing | 
through a die, the crystals were apparently fragmented. | 
This stage extended up to an amount of cold work | 
equivalent to from 10 per cent. to 20 per cent. reduc- 
tion of area. There was evidence that the extent of 
this first stage depended chiefly on the grain size, 
i.e., the smaller the grain size the sooner the appearance 
of the preferred orientation, which was characteristic | 
of the second stage of cold working. A point worthy | 
of special mention was that the cold-worked structure | 
persisted, even after annealing at fairly high tempera- | 
tures, in wires which had previously been cold drawn | 
80 per cent. In less severely cold-worked wires, | 
evidence of the cold-work was removed by a compara- | 
tively low-temperature annealing. | 
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TESTS OF THE MACLAURIN | 
CARBONISATION PLANT. | 

In our issue of February 3, 1928, on page 128, we gave | 
an account of the five-unit Maclaurin coal carbonisation 
plant which has been working since 1925 at the Dalmar- 
nock Gas Works of the Glasgow Corporation. The 
experimental use of the Maclaurin system had begun 
before the war, and is of special interest both because of 


B.Th.U. 
per Cu.Ft 


the considerable experience that has been gained of its 

: aa fe : 0 10 20 30 40 50 
working, and because it is of the less usual type in : 
which carbonisation is effected by internal heating. (1547.A) 


On the application of the Corporation, an official test : 
has now been carried out on this plant by the Director F uw. 2.VERTICAL TEMPERATURE EXPLORATION 
of Fuel Research, the results of which have recently 
been published.* This test, while it does not attempt to 
arrive at a conclusion as to the commercial possibilities 
of the system, provides a number of authoritative data 
on the quality and quantity of the yields, the working 
temperatures, and the general ease of working. The 
design of the plant was described fully in our earlier 
article. It may, perhaps, be regarded more conveniently 
as a gas producer than as a retort, for though, as 
now worked, it is so adjusted that the majority of the 
charge is delivered as a solid fuel, the regulation of the 
air blast and gas outlet would allow any desired fraction, 
up to the entire charge, to be gasified. 

The present tests were made on one of the five pro- | 
ducers, each of which is rated at a throughput of 
20 tons a day, and the necessary arrangements were | 
made to enable the steam supply to each coke chamber | 
to be controlled independently, and the air, coke, 
tar and liquor, gas and coal to be measured or | 
weighed. The coal used was a medium caking | 
Scottish coal, about half of which remained on a 
2-in. and about one-eighth passed through a }$-in. 
screen. After the producer had run for a week at a 
throughput of about 15 tons a day, to obtain steady 
conditions, the test began, and was continued for 120 
hours with just under 7 hours’ interruption for relieving 
hold-ups ; the longest of these intervals was 1 hour. 
. The oonenes: # ed Cap ae — by anes 0 100 200 300 =. 400 500 = 6 06 

1e weight of all materials supplied to the carbonisin ; 
system against that of the pinche recovered, icon my Temperature,Degrees Centigrade. 
this it appeared that, as against about 102 tons of coal 
and 71 tons of air, steam and moisture, about 55 tons 
of coke were obtained, 37 tons of tar and liquor, and 
80 tons of gas, with an exact loss, on difference, of 0-55 
per cent. This close agreement was confirmed by a 
carbon balance, setting the carbon in the charge of 
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system compares with 8 per cent. in an externally- 
heated system. 

The fluctuations in the steam and air supplies and 
the gas made throughout the test, which are shown in 
coal against the aggregate carbon in the products, — Rita Patong — a = —- 
which showed a loss of only 1-66 per cent., including, of | _ . - 650 ib t 472 ie Th fe : "1 nga : 
course, errors not only in the weight balance but in | — oo ere a ns th _ - 7 vend - — 
sampling and in analysis. The loss by combustion of | pd cage ee Pay sarme +0 Phy = ‘The . Poy of oe 
coke between discharge and weighing is said to pres inst ete yang sd ton, aed pat oer h os tie 
** Report of Test by the Director of Fuel Research on the average, only 3-9 per cent. of volatiles, excluding 
Maclaurin Plant installed at Daimarnock Gas Works, | moisture, as against 14 cwt., and 6-4 per cent. for 
Glasgow, H.M. Stationery Office. Price 9d. net. | coke made at the Fuel Research Station from the same 





| 
| 

















(Aue. 23, 1929. 





coal in a horizontal steel retort at 600 deg. C. The 
Maclaurin coke, though suitable for burning in an open 
domestic grate, and actually sold regularly for the 
purpose, was a little more difficult to light than the 
other. It will be remembered that, although the volatile 
products are removed at a relatively low temperature, 
part of the coke has to pass before discharge through 
a zone at over 1,000 deg. C. By examination of the 
brickwork in the empty producer it was found, however, 
that, whatever may have been the maximum tempera- 


Fig.1. DIAGRAMS OF STEAM, AIR AND GAS. 
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ture in the producer, it was not enough to flux the 
brickwork, and the coke showed entire absence of 
clinker. These circumstances show that the tem- 
perature cannot anywhere have been excessive, and 
are in harmony with the combustibility of the product. 
The temperature of the coke within the producer just 
prior to discharge was, on the average, 450 deg. C., 
varying from 368 deg. to 517 deg. Mechanically, the 
coke was strong enough to stand transport to Greenwich. 

The make of gas per hour is shown in Fig. 1, and 
the average per ton of coal with 9-5 per cent. moisture 
was just over 30,000 cub. ft., with a calorific value of 
233 B.Th.U. per cub. ft. and a yield of about 70 therms. 
The tar had the general character of a primary tar, with 
properties similar to those of tar obtained from a 
similar coal by external heating at 500 deg. to 550 
deg. C. The liquor and gas contained the equivalent 
of about 42 lb. of sulphate of ammonia, but it was 
only of 6-2 oz. strength. 

The temperatures within the producer were explored 
vertically four times, at distances increasing by 2 ft. 
from the top to a depth of 19 ft. Fig. 2 shows the 
mean values of the readings on each exploration, 
together with the mean values (curve 5) of the four 
explorations. Horizontal explorations were made at 
four positions at a level of 12 in. above the air ports, 
and showed variations from 1,020 deg. C. inside the 
brick wall to 510 deg. C. 4 ft. 6in. within it. These 
variations are ascribed, tentatively, to the distribution 
of the coal on charging, the larger coal falling to the 
walls of the producer, and the centre space therefore 
being filled with small coal through which gas passes 
with more difficulty. 








INcoME-Tax CHART Manvuat.—We have just received 
the fourteenth edition of ‘‘Tolley’s Income-Tax Chart 
Manual,”’ which gives full details regarding the rates, 
allowances, and abatements for the year 1929-30. 
Within it are set out the numerous legislative alterations 
made in recent years, up till and including the Finance 
Act, 1929. Complete with Irish Free State supplement, 
the price of the chart-manual is 3s. 6d. post free, and 
without it, 3s. 2d. post free. It may be obtained from 
the compiler, Mr. C. H. Tolley, 107, Tierney-road, 
Streatham Hill, London, 8.W.2, or from the publishers, 
Messrs. Waterlow and Sons, Limited, London Well, 
E.C.2. 
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THE PROGRESS OF HELIUM EX- 
TRACTION IN THE UNITED STATES. 


THE bulky annual volumes which contain the 
proceedings of the Sub-Committee nominated by the 
House of Representatives to examine and report 
upon the United States Navy Department appro- 
priations, or estimates, for the new financial year, 
are replete with interesting facts concerning the 
country’s navy, and its contemplated activities 
during the period covered. The members of the Sub- 
Committee are very thorough in the task entrusted 
to them, and the departmental heads and their 
chief assistants are subjected to a vigorous and 
searching examination, when the particular portions 
of the appropriations for which they are responsible 
are brought under review. The procedure adopted 
is in striking contrast to that of the British House 
of Commons, where in an evening’s sitting many 
millions are sometimes voted with little or no 
discussion. 

The naval appropriations for the current: fiscal 
year (1930) which opened on July 1, were examined 
by the Sub-Committee last January. Amongst 
many other matters, the published report of the 
proceedings, or hearings as they are termed, 
includes a great amount of information on the 
progress made in the extraction of helium gas, its 
transportation and storage, its cost to the Govern- 
ment, and the amounts needed for the United 
States Army and Navy for aeronautical purposes. 
For this service, hydrogen has been wholly displaced 
by the more inert element. 

In a previous article in ENGINEERING a brief 
account* was given of the production of helium at 
the Government works at Fort Worth, Texas. 
It may be recalled that, following some experiments 
of Professor McLennan of Toronto, in 1916, the 
extraction of helium from natural gas was started by 
the United States Navy Department during the war, 
and about 200,000 cub. ft. of gas were ready at the 
armistice for transport to Europe. Subsequently 
the problem of extraction was more thoroughly 
investigated, and four experimental plants, repre- 
senting as many processes, were erected at Fort 
Worth to determine which was the most efficient and 
economical in operation. As a result of these experi- 
ments, Fort Worth was equipped with a plant based 
on a modified Linde process, the work being com- 
pleted in April, 1921. As experience was gained 
with this process, and with the machinery and its 
motive power, the cost of the extracted helium was 
progressively reduced from 3,000 dols. per 1,000 
cub. ft. in the earliest stages to 24 dols., a figure 
reached in June, 1925. The output of helium during 
that month was 1} million cub. ft. On July 1, 1925, 
the control of Fort Worth was -transferred, by 
order of Congress, from the Navy Department, who 
had been in charge from the outset, to the Bureau 
of Mines of the Department of Commerce. 

Soon after this transfer, the wells in the Petrolia 
field, from which Fort Worth was drawing the 
natural gas for the extraction of helium, began to 
show signs of exhaustion, and in addition the helium 
content diminished, with the result that the cost of 
extraction was increased. On January 10, of this 
year, Fort Worth was closed down, further opera- 
tions being deemed uneconomical. An official of the 
Bureau of Mines informed the Sub-Committee that 
during the past two years, although all available 
gas had been utilised, the plant had been working 
at one-sixth of its full capacity, whilst the helium 
content had fallen to 0-9 per cent., or little more 
than one-half of that at the time when operations 
were first undertaken. During the fiscal year 1928, 
6} million cub. ft. of helium were extracted, 3-3 
million being taken by the Army and the remainder 
by the Navy. During the first four months of the 
fiscal year 1929, i.e., July 1 to November 1, 1928, 
the output was 1,677,800 cub. ft. at a cost of 47°63 
dols. per 1,000 ft., or practically twice the cost in 
June, 1925. 

In anticipation of the closing down of Fort Worth, 
a new extraction plant has been erected by the 
Bureau of Mines at Amarillo, Texas, where the 
natural gas has a helium content of 1} per cent. 
Work on this station was taken in hand in 1927, 
and it was expected that the first of the three 





* See vol. cxxi, page 221 (1926.) 





ENGINEERING. 


251 





extraction units, which it is intended to instal, 
would be ready to start on February 1 of this year, 
and the second by June 1. The third set has not 
yet been ordered. It was stated that two or three 
months were necessary for adjusting and tuning 
up the machinery, and the two sets would not there- 
fore be ready for full capacity operation until about 
August 1. The maximum capacity of each unit is 
900,000 cub. ft. of helium a month, but as the 
separation portions of the plant require periodical 
opening up and clearing, the normal capacity may 
be taken as three-quarters full, ¢.e., 1-35 million 
cub. ft. per month for the two units. With the third 
unit installed, one of the three would be considered 
as a stand-by. 

With one unit alone in normal operation, or 
an output of 675,000 cub. ft. per month, the cost 
is estimated at 20 dols. per 1,000 cub. ft.; with 
two units at normal output, 14 dols.; and with 
three units at full capacity, or 2-16 million cub. ft. 
a month, 11 dols. It was explained that it will 
be some months before these figures are reached, 
the costs at the outset being considerably more. 
The minimum wages bill of the establishment, 
whether operating or not, is estimated at 105,000 
dols. a year, to which must be added for every 
1,000 cub. ft. of helium when operating, 3 dols. 
for gas, 34 dols. for supplies to plant, and 1 dol. 
for labour, the costs quoted above being based 
on these figures. 

The total estimated expenditure on the Amarillo 
station was given as 1-62 million dols., which 
includes 700,000 dols. for the two extraction units 
already installed, but not 130,000 dols. for the 
third. This expenditure covers the purchase of 
the leasehold gas rights over 26,000 acres of land, 
four gas wells, and the cost of 11 miles of pipe line 
for conveying the natural gas from the wells to 
the works. 

The estimated costs of the extracted helium 
quoted above are based on operating costs only, 
and some striking figures as to the estimated 
gross cost to the Government departments were 
presented in a letter from the Kentucky Oxygen 
and Hydrogen Company, who requested the 
Sub-Committee to grant them a hearing, and sent 
a representative to supply any information which 
might be required beyond that given in their 
letter. This company formerly supplied the United 
States Army and Navy with the greater portion 
of the hydrogen required for aeronautical purposes, 
but finding the demand decreasing as helium 
became available, considered the erection of a 
helium plant. In April, 1927, they approached 
the Authorities to ascertain if such a proposal 
would be favourably received, and if they might 
expect reasonable orders for the gas. Their proposal 
was welcomed by the Departments concerned, and 
a contract for the supply of 4,000,000 cub. ft. 
for the Navy was awarded tothem. The company’s 
plant is situated at Dexter, Kansas, utilising the 
natural gas from that district. According to the 
company, officials of the Bureau of Mines had 
previously analysed the gas and reported it as 
being of no value, or of such little value that it 
was unremunerative to utilise for helium extraction. 
The company had found, however, that the average 
helium content was slightly over 2 per cent., exceed- 
ing that at Fort Worth or Amarillo. The company’s 
original plant had a full capacity of nearly 
4,000,000 cub. ft. of helium a year, but had since 
been increased to three times this, or 8,000,000 
cub. ft. a year normal output. 

The capital of the company is 500,000 dols. 
The Dexter plant cost 250,000 dols., and the 
units were so designed as to be readily portable, 
so that in the event of the gas wells showing signs 
of exhaustion the whole plant could be transferred 
to a more promising district. During the eighteen 
months it has been in operation, 4,500,000 cub. ft. 
of helium have been extracted, of which 3,500,000 
cub. ft. were taken by the Navy Department at 
an average price of 35-4 dols. per 1,000 cub. ft. 
For the first 1,000,000 cub. ft. the average price 
was 62 dols. per 1,000 cub. ft.; for the next 
1,500,000 cub. ft., 23 dols. ; and for the remainder, 
18 dols., the high price of that first supplied being 
explained by unexpected difficulties with the 
machinery, and in boring the gas wells, troubles 








which had gradually been overcome. The process 
of extraction employed by the company was stated 
to be different from that at Fort Worth or Amarillo, 
but no details were given. 

Although the company had been promised, in 
July, 1928, they would be called upon to supply 
the Navy Department with one-half the helium 
it required, and had received a contract last 
October for 4,500,000 cub. ft. at 35 dols. per 
1,000 cub. ft., the directors became seriously 
alarmed at the huge capacity of the plant at the 
Amarillo station, fearing that with this in full 
operation their own product would no longer be 
needed. It was for this reason they claimed a 
hearing from the Sub-Committee, and an oppor- 
tunity to remark on the cost of helium extracted 
at the Government establishments. They stated 
that the estimated costs quoted by the Bureau 
of Mines for the Amarillo station were misleading, 
as they were based on operating costs only. The 
company stated that during its ten years’ operations 
48,500,000 cub. ft. of helium had been extracted 
at Forth Worth. The total capital expenditure 
on that station, according to the company, was 
7-1 million dols., and deducting 2,000,000 dols. 
for experiment and research and 100,000 dols. as 
the scrap value of the plant, there remained 
some 5,000,000 dols. or 103 dols. per 1,000 
cub. ft. of extracted helium. To this should be 
added interest on capital at 4 per cent. for ten 
years, 41-2 dols. and the actual operating costs 
45 dols., giving a total of 189-2 dols. per 1,000 
cub. ft. o- a: 

Turning to Amarillo, the company estimated the 
capital outlay at 2,000,000 dols., this being based 
on published figures. This carried an interest of 
80,000 dols. annually, and 70,000 dols. a year depre- 
ciation of machinery, i.e., 10 per cent. on 700,000 dols., 
whilst the annual charge of the Bureau of Mines 
was estimated at 98,000 dols., a total of 248,000 dols. 
With an output of 8,000,000 cub. ft. a year, the 
fixed charges would thus amount to 31 dols. per 
1,000 cub. ft., which, added to 20 dols. per 1,000 
cub. ft., the operating charges estimated by the. 
Bureau of Mines, gave a total of 51 dols. per 
1,000 ft. 

The company stated that although they had 
every incentive to reduce the costs of extraction 
at their plant at Dexter, and had the advantage 
of using a natural gas with an appreciably higher 
helium content than that at Fort Worth or 
Amarillo, they had found it impracticable, with 
an annual output of 8,000,000 cub. ft., to reduce 
the cost below 33 dols. per 1,000 cub. ft. 

The representative of the company, in reply to 
questions from the members of the Sub-Committee, 
stated that it was estimated that the total available 
volume of helium in the United States was 
7,000,000,000 cub. ft. This, with reasonable and 
efficient measures for conservation might be regarded 
as an inexhaustible supply, the annual requirements, 
so far as he was informed, being unlikely to exceed 
10,000,000 cub. ft. 

An official from the Navy Bureau of Aeronautics 
informed the Sub-Committee that the Government 
expenditure at Fort Worth up till July 1, 1926, 
amounted to 8-47 million dols., and in addition 
the operating costs from July 1, 1920, to July 1, 
1928, were 3-53 millions, a total of 12,000,000 dols. 
Of the first quoted sum 1,500,000 dols.. were for 
the purchase of gas rights, 2-1 millions for the four 
experimental helium plants, 0-61 millions for 
research and experiment, and 4-23 millions, for 
the extraction plant finally installed. The total 
volume of helium extracted at Forth Worth was 
not stated, but taking the Kentucky Company’s 
figure to be correct, and omitting the sums spent 
on research and experiment, and on the four 
experimental plants, the cost per 1,000 cub. ft. 
of helium works out at 191 dols., to which must 
be added 35 dols. to 40 dols. for interest. The 
Kentucky Company’s figures for the gross cost of 
helium at Fort Worth are thus on the low side. 

Admiral Moffett, Chief of the Navy Bureau of 
Aeronautics, in a statement to the Sub-Committee 
gave it as his opinion that so far as the supply of 
helium was concerned, the future was bright with 
promise, but both the storage and transport 
facilities would have to be considerably improved 
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to keep pace with the increased programme of 
naval aeronautics, and to effect economies in the 
cost of transport of the gas from the extraction 
plants to the Airship Station at Lakehurst. In the 
fiscal year 1928, for the first time, the supply of 
helium had exceeded the demand, and although 
at present the annual requirements were 4,000,000 
cub. ft., it was proposed to arrange for 8,000,000 
cub. ft. during the current fiscal year, and an 
appropriation of 300,000 dols. had been inserted 
for this purpose. By July 1, it was hoped to have 
6,000,000 cub. ft. of helium in reserve, and by 
the same date in 1930, 10,000,000 cub. ft. The 
first of the two new rigid airships ordered in 
October, 1928, was expected to be completed in 
April, 1931, and should begin charging with gas in 
September, 1930. This would require 6,500,000 
cub. ft., leaving 3,500,000 cub. ft. in reserve, and 
the Admiral considered it undesirable to reduce 
the reserve below that figure. The second airship 
would complete fifteen months after the first had 
left the construction shed. A delay of five months 
had been experienced in the erection of the shed, 
and this might delay the completion of the airships 
beyond the dates mentioned. With both these 
airships in commission the annual requirements 
of helium will be increased. 

Admiral Moffett added that the policy of the 
Navy Board was to encourage commercial firms 
to engage in the extraction of helium, and although 
one firm only was then operating, he thought 
others would follow if State competition ceased. 
If a reasonably cheap and adequate supply of 
helium from such sources were assured, he was in 
favour of closing down the Government plant. 

At the request of the Sub-Committee, one of 
Admiral Moffett’s assistants supplied some details 
of the storage and transport facilities for helium, 
which are under the control of the Navy Board. 
At present the only storage facilities are at Lake- 
hurst, the naval airship station, where, at the end 
of 1928, about 34 million cub. ft. were available. 
This storage consisted of a large gasometer 
(1,000,000 cub. ft.); a small gasometer (25,000 
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cub. ft.) ; a large number of high-pressure cylinders | 


(0-5 million cub. ft.) placed underground; and 
9,243 similar cylinders (1-74 million cub. ft.) 
above ground, all capacities being for gas at 
atmospheric pressure. By July 1 of this year, 
3,580 high-pressure cylinders (0-7 million cub. ft.) 
will have been added, and, in the fiscal year 1930, 
a further 6,000 (1,000,000 cub. ft.), together with 
a number of moderate-pressure commercial-type 
cylinders (0-5 million cub. ft.), giving by July 1, 
1930, a total storage capacity of 5,500,000 cub. ft., 
eventually to be increased to 7,000,000 cub. ft. 
For the transport of helium from the extraction 
plants to Lakehurst, the Navy Department use 
one tank car with a capacity of 200,000 cub. ft., 
and 22,000 high-pressure cylinders having a 
capacity of 3-8 million cub. ft. Each cylinder 
weighs 120 Ib., contains 170 cub. ft. of helium 
measured at atmospheric pressure, and is charged 
and discharged independently from the others. 
They are loaded in ordinary railway freight cars, 
the cost of helium transport by them being 18 dols. 
per 1,000 cub. ft., compared with 44 dols. by 
tank car. The time required for charging and 
discharging the gas from these cylinders is also 
greater than for the tank car. In view of their 
far greater economy and convenience, five addi- 
tional tank cars are to be acquired by the Depart- 
ment. One of these was nearly completed, and 
four others are to be ordered during the current 
year, the cost being 62,000 dols. each. On an 
average, the time required by a tank car to make 
the return journey, and to load and discharge 
the helium, is forty-five days, and to transport 
the 8,000,000 cub. ft. proposed to be ordered this 
year, six tank cars are the minimum necessary. 
The Army authorities, who transport 300,000 cub. ft. 
monthly, have two tank cars, and both are con- 
tinuously in use. The present tank cars mount 





in airships. When the impurities reach 10 per cent. 
to 15 per cent. the gas is withdrawn from the 
airship, passed through the purifier, and the purity 
restored with little loss of helium. The purifier 
is similar in principle to the extraction plant, 
but, as it deals with a considerably less volume 
of gas, is correspondingly smaller. The Army 
authorities have a similar purifier at Scott Field, 
the Army airship base, and a second mounted 
on a railway truck, which can be moved to any 
desired locality. According to figures given to 
the Sub-Committee, the wastage of helium in 
airships is from 8 per cent. to 10 per cent. monthly. 

The foregoing summary shows that the extraction 
of helium in the United States of America has now 
been placed on a stable basis, and has attained 
respectable proportions, which are likely to increase, 
even if only a few of the projects for commercial 
airship services which have been mooted in 
America should materialise. The cost of helium is 
high, from six to seven times the cost of hydrogen 
in this country, but the United States authorities 
consider its greater safety fully warrants the extra 
expense. For economical production, the State 
establishments appear at a disadvantage in com- 
parison with private enterprise. Another concern, 
the Helium Company of Louisville, has entered 
the field, and according to newspaper reports, 
controls wells in which natural gas with a helium 
content of 7-7 per cent. has lately been dis- 
covered. This second company has now com- 
bined with the Kentucky Oxygen and Hydrogen 
Company to form the Girdler Corporation with 
a capital of 5,000,000 dols., and will extract helium 
from the richer natural gas. If the latter is in 
sufficient quantity, it seems probable that the 
new State plant at Amarillo may soon either 
become unnecessary or too expensive to continue 
operations. 








THE 1,500-LB. PRESSURE STEAM 
PLANT AT MANNHEIM POWER 
STATION. 


By Dr.-Ine. F. MARGUERRE. 
(Continued from page 228.) 


Onty so-called standard boilers, which were capable 
of adaptation, both technically and economically, to 
the special conditions of high-pressure working, 
were considered. The claims of both Stirling 
and sectional boilers were examined, but the de- 
cision to employ two Stirling boilers of different 
manufacture and not sectional boilers resulted from 
no question of principle. The first essential con- 
sidered was to ensure reliable water circulation. 
From this point of view the conditions are better in 
the double drum than in the multi-drum type, while, 
since the drums are the most expensive part, the 
latter also means a more expensive unit. Moreover, 
in designing a high-pressure boiler account must be 
taken of the ratio of latent heat to total heat, as 
this is very different from the figure usual in the 
ordinary types. For instance, while at 20 atm. 
(300 lb. per sq. in.) with a total heat of 668-7 cals. 
per kg. (1,204 B.Th.U. per lb.), the latent heat is 
452-9 cals. (814 B.Th.U.), the corresponding figures 
at 100 atm. (1,500 lb. per sq. in.) are 640-5 and 311-8 
cals. (1,152 B.Th.U. and 561 B.Th.U. per lb.) re- 
spectively. It is necessary that this property should 
be considered in the construction of high-pressure 
boilers, in order that the more expensive portions, 
the boiler proper and the drums, shall be kept as 
small as possible. In spite, therefore, of the fact that 
the feed water is heated to 200 deg. C. (392 deg. F.) 
by extraction, economisers are provided to raise its 
temperature to 260 deg. or 270 deg. C. (500 deg. or 
518 deg. F.), and the furnace gases are finally cooled 
in a suitably dimensioned air heater, which raises 
the temperature of the air to 250 deg. or 300 deg. C. 
(482 or 572 deg. F.). In this way, it has been pos- 
sible to keep the expensive boiler heating surface, 
comparatively speaking, very small. Nevertheless, 
the average evaporation of about 100 kg. per sq. m. 


three large cylinders ; the newer have been de- | (20-48 Ib. per square foot) per hour, which is ob- 
signed with 28 smaller cylinders each, and although | tained from the heating surface, is not so remarkable 
the capacity is unaltered, the cost is appreciably | as may appear at first sight, since it is not obtained 


less. 


by increasing the load on the front rows of tubes, 


At Lakehurst, a plant is used for removing | but by eliminating the little-used back rows. 


impurities from the helium which has been in use 


The stresses on the drums had to be carefully 





investigated, asit would obviously have been incor- 
rect simply to extrapolate from the legal formule 
applying to low pressures. The additional stresses, 
which are caused by the heat transfer through 
the thick walls, had particularly to be ex- 
amined, in spite of the fact that the drums were 
very carefully shielded from radiant heat. Owing 
to their length, the bending stresses in the drums 
could not be neglected, while finally the additional 
stresses caused by drilling and expanding had to 
be considered in the light of existing theory. All 
these stresses were determined by calculation, and 
it was found, in spite of the fact that care had been 
taken to place the holes for the individual tubes 
at what was regarded as a sufficient distance apart, 
stresses occurred, which in the worst cases were far 
in excess of what is commonly supposed. If the 
drums had been designed according to the legal 
formula the thickness of the largest would have 
been 79 mm. (3-11 in.). In spite of a thickness of 
111 mm. (4-36 in.) being chosen, calculation showed 
that the nominal factor of safety was unity if based 
on the guaranteed yield point of 17-5 kg. per sq. mm. 
(11-11 tons per sq. in.). This yield point guarantee, 
however, had reference to a temperature of 350 
deg. C. (662 deg. F.), and it was actually con- 
siderably exceeded. These calculations naturally 
did not take into account certain compensating 
conditions, which must obviously have existed 
within the material, as otherwise every boiler 
manufactured would have an exceedingly low factor 
of safety. It seemed advisable, therefore, to go 
to the slightly greater expense of making the walls 
of the forged drums thicker, since when such thick 
walls are used the compensating conditions men- 
tioned may be less effective than with thin plates. 

The material selected for the drums was a 1} per 
cent. nickel-steel, known as Krupp, Mark F. which 
allows of a saving of weight at high tempera- 
tures, while its hardness ensures a reduction in 
deformation due to tube expanding. Sensible 
deformation may occur with 8 mm. to 10-mm. 
tubes, when they are expanded into soft carbon 
steel drums. This 1} per cent. nickel-steel, and 
not 5 per cent. nickel-steel, was chosen, for the 
reason that special heat treatment gave the former 
almost the same properties as the latter while 
it was much cheaper. This was, however, less 
a consideration than the possible risk of electro- 
lytic action between the carbon steel used for the 
tubes and the drum material. Laboratory investiga- 
tions has shown that the electrical potential is 
nearly proportional to the nickel content. As regards 
the 1} per cent. nickel steel, no noticeable electro- 
lytic action between the different materials has 
been noticed in practice. 

Ordinary carbon steel was alone considered for 
the tubes, partly owing to the conditions imposed by 
having to expand them, and partly owing to the 
price and lack of experience in the then state of the 
industry. In this connection, the greater thick- 
nesses of the soft carbon steel tubes also had to be 
taken into account, having regard to the fact that the 
internal mechanical stresses, due to heat transfer, 
naturally increase considerably with an increas- 
ing thickness of tube wall. These stresses should, 
however, certainly be sufficiently below the yield 
point, even in the combustion chamber, if no scale 
is present. As soon as scale forms, the heat concen- 
tration becomes so great that the thickness of the 
tube has no bearing on the problem one way or the 
other. 

The expansion of the tubes was made the subject 
of a special study, and a large number of tests were 
carried out by the firms engaged in their manu- 
facture. The results of one series of these tests are 
given in Table I, opposite. 

The table enables the effects of the thickness of 
the expanded portion, of beading, and of the tube 
diameter to be appreciated. The risk of pulling out 
in the case of the large diameter tubes may appear 
to have been insufficiently guarded against, but 
it should be noted that these tests were made 
before the tubes were bell-mouthed. The factor 
of safety increases considerably when this has 
been done. No difficulty was experienced from 
leakage at the expanded joint when the work was 
carried out by mechanically satisfactory methods. 
and it withstood considerably higher pressures. 
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Further expansion tests were made by the fitter 
responsible for the work on the site. The test pieces 
were then examined in a testing laboratory. 

-It seems doubtful whether the expansion of 
very thick: tubes leads to any considerable dis- 
tortion of the material, and micrograph investiga- 
tions showed that, in spite of the fact that in one 
case there was a fault on the inner wall of the 
material, over-stressing only penetrates a little way 
outwards from the inner surface, if the work is 
carefully performed. 

Special conditions also existed in the superheaters, 
since the very high normal superheat temperature of 
470 deg. C. (878 deg. F.) may be exceeded during 
load fluctuations, and temperatures may be pro- 
duced in the tube walls, which lie within the region, 
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where the limiting creep stress of the material is 
low. The employment of alloyed material in this 
connection therefore seemed advisable. The super- 
heater was constructed in two sections, nickel-steel 
headers and ordinary steel tubes being used in the 








sq. ft.). 


Tube 54 mm. Diameter. 
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the superheater from the effects of temperature 
variations, while the stress in the nickel-steel tubes, 
which is about 3 kg. per square millimetre (19 tons 
per square inch) is well below the limiting creep 
stress, even at 500 deg. C. (932 deg. F.). 

Naturally, the most careful tests and acceptance 
trials were carried out, owing to the severe demands 
made on the material. The whole of the material 
employed complied with the rules of the Vereinigung 
der Grosskesselbesitzer (Association of Large Boiler 
Users), though, in some cases, more stringent 
conditions were imposed. In particular, a large 
number of hot tensile tests were made, in order to 
determine the properties of the materials within 
the working temperature range. The variations 
from the values at normal temperatures were 








features may, however, be mentioned. In both 
boilers the upper drum is suspended from the 
framework, while the boiler as a whole is suspended 
from the tubes. The various parts of the boiler are 
supported, so that any expansion due to heat is taken 
up by the curved tubes. The method of suspending 
the boiler from the boiler house structure, which is 
usual in America, was not employed, as_ the 
saving obtained thereby is only small. On the 
other hand, it means that the boiler house, which 
in this case was built for four boilers, and the 
boiler design are so closely inter-dependent that 
difficulties may arise when further plant is in- 
stalled. The water circuits in the Hanomag boiler 
are multiple. The main circuit consists of the 





penultimate row of tubes, which are to a large extent 

















on the whole what were expected. 
Two boilers were installed, one of which 
was manufactured by Messrs. Hanomag, of 
Hanover, and the other by the Maschinen- 
bauanstalt Humboldt, of Cologne. The 
first boiler, designed by the Kohlenscheid- 
ungsgesellschaft, was equipped with a com- 
bustion chamber and pulverised fuel firing 
of the Lopulco type, while in the latter a 
combustion chamber, supplied by the 
Allgemeine Elektricitaits Gesellschaft, of 
Berlin, was used. The principal data 
relating to these boilers is given in Table IT. 

In the first boiler about 200 sq. m. 
(2,152 sq. ft.), of the heating surface are 





included in the combustion chamber. If the rear 
portion o f the tubes, which are not exposed to 
radiation, are deducted from the total, the effective 
heating surface may be taken as 128 sq. m. (1,378 





In the second boiler, the corresponding 


TABLE I. EXPANDING TESTS—BOILER B. 


Fie. 12. Stream Trap OPENED UP. 


shielded from the gases and act as down pipes for the 
lower drum. The combustion chamber circulation 


TaBLeE II.—Particulars of Boilers. 


Hanomag. Humboldt. 


63 (138,600 Ib.) | 63 (138,600 Ib.) 


Normal output, metric 
tons per hour | 

Maximum output,| 70 (154,000 Ib.) 
metric tons per hour 

Heating surface, sq.m.| 835 (8,988 sq. ft.) 716 (7,707 sq. ft.) 

Superheater surface,| 453 (4,876 sq. ft.) | 700 (7,535 sq. ft.) 
sq. m. | 

Economiser surface,| 668 (7,190 sq. ft.) | 500 (5,382 sq. ft.) 


70 (154,000 Ib.) 


sq. m. | | 
Air heater surface, | 3,400 (36,600 sq. ft.)| 3,400 (36,600 sq. ft.) 


sq. m. 
Type of air heater .. Plate. | Tube. 
Guaranteed efficiency 88-0 | 88-0 
at Full-load per} | 
cent. 


is separate, while the last nest of down pipes supplies 


the tubes in the front wall and roof. The tubes 
forming the floor are, as shown in Figs. 7 and 8, 








| | 
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Tube 70 mm. Diameter. 
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Tube 95 mm. Diameter. 





Tube 108 mm. Diameter. 
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No. Dimen- 
sions. 
1 Test no. ee aie ne aa _ 1 
2 Type of expansion .. oe ee ~_ 
3 Length of expanded portion ae mm. 55 
4 Before expansion, hole diameter .. mm. 56 
5 Before expansion, external diameter mm. 53-4 
6 Before expansion, internal diameter mm. 42-2 
‘ After expansion, internal diameter mm. 45°38 
8 Time taken .. en “ Ja min. 9m. L5dsec. 
9 | Expansion pressure. . se .. | kg. per 298 
sq. cm. 
10 Drawout pressure .. — me kg. 28,900 
il Surface expanded .. ie ..  8q. cm. 97 
12 Tension at 100 atm. sa a g 2,550 
13 Factor of safety at 100 atm. ae -- 11°3 





With one bead With one bead. 


§ 55 55 55 55 55 55 55 55 | 55 
f 71-9 71-9 71-9 96-7 96-9 96-9 109-5 | 109-7 109°6 
3°5 5 69-4 69-4 69-7 95-0 94-1 94-0 107-5 107-5 107+3 
41-8 42-1 52-1 54-8 53-8 72-7 73-2 73-1 87-3 | «89-1 88-8 
45-8 46-1 55-4 59-0 57-7 77°4 77°4 76-4 } 91-3 | 91-5 91-6 
-— 10m. 11m. 30sec. 4m. 5m. 30sec. || 5m. 50sec. | 6m. 20sec. | 5m. 10sec. || 6m. 30sec. | 8m. 7m. 30sec, 
253 266 352 356 325 328 386 167* 290 | 280 298 
24,500 25,500 43,600 44,100 40,300 55,000 48,000 | 28,000 | 55,000 | 53,000 | 56,500 
97 96 124 124 124 16 | 168 168 189 189 | 189 
2,550 2,550 4,200 4,200 4,200 7,600 7,600 7,600 9,700 | 9,700 | 9,700 
9-6 10 10-4 10°5 9-6 7-2 6-3 3-7* 5:7 5-5 | 5:8 





section exposed to the lower temperature, while in 
the hotter part nickel-steel tubes and chrome-nickel- 
steel headers were employed. A de-superheating 
jet of the Henky type, with automatic temperature 
regulation, was installed between the two sections. 
This device is intended, as far as possible, to protect 





* Insufficiently expanded on purpos?, 


figures are 210 sq. m. (2,260 sq. ft.) and 100 sq. m. 
(1,076 sq. ft.). 

The general design of the boilers will be clear 
from the illustrations on Plate XXXIV, of which 
Figs. 7 and 8 relate to the Hanomag, and Figs. 
9 and 10 to the Humboldt unit. Certain special 





connected with those in the two side walls of the 
combustion chamber. This separation of the 
circulation, though it possesses certain advantages, 
gives rise to constructional difficulties, and certain 
operating experiences have led to the decision not to 
employ it on the further boiler that has recently been 
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ordered. Only about 15 per cent. of the combustion 
chamber is equipped with tubes. These are arranged 
in front of the brickwork. If the tube-cooling 
surface had been increased the combustion of coal 
containing only 8 to 10 per cent. of volatile matter 
would not have been satisfactory, in spite of the 
air temperature being from 250 to 300 deg. C. 
(482 deg. to 572 deg. F.) 

The superheater is suspended between the tubes 
and, is partially exposed to radiation, the front 
portion where the temperature reaches 470 deg. C. 





(878 degs. F.) being of 3 per cent. nickel-steel | 


tubes. 


The velocity of steam is about 9 m.j|has_ proved 


Fig. 11 shows the type of gauge finally selected. 
These were supplied by Messrs. Hanomag and 
have worked well. The openings at both the top 
and the bottom of these devices are closed by a 
movable ball, which isolates the boiler when a glass 
breaks and allows the latter to be changed. Com- 
plete watertightness under such conditions is, of 
course, impossible, otherwise the balls would not 
free themselves again. In addition to the glass 
gauges specified by the regulations, good results 
have been obtained with a gravity gauge devised 
by Dr. Pfleiderer and containing no glass. This 
very reliable and an automatic 


(30 ft.) per sec., and the drop in pressure is | feed-water regulator based on the same principle, 
about 3 atm. (45 Ib. per sq. in.) at full load.|is on test. The joints on the economiser headers 
The regulation of the superheat by injecting| were packed with Klingerit, which worked fairly 


water between the two halves of the super- 
heater has proved efficient in principle, though 
at high temperatures the fact that the normal 
temperature characteristics of the superheater 
are closely dependent on the load is a draw- 
back. Thus, if it is desired to maintain the 
temperature constant at about 460 deg. C. 
(860 deg. F.) down to a 30 to 40 per cent. load, the 
normal temperature at full load must be over 
500 deg. O. (920 deg. F.). Any failure of the jet 
therefore means that there is risk of damage 
to the superheater. A combination of radiant and 
convection superheater would give a satisfactory 
natural characteristic, but the experience with the 
former type in Europe was too limited to render 
its use advisable. 

The economiser consists of wrought-iron tubes, 
which are expanded into headers, and it is so 
arranged that the water is always ascending in it 
and that no steam pockets are formed. The 
occasional formation of steam in it is not, therefore, 
a source of danger. The feed regulating valves are 
arranged at the economiser inlet. Since the water 
is not only de-aerated, but its inlet temperature is 
200 deg. OC. (892 deg. F.), corrosion of the wrought- 
iron tubes is not likely to occur. The air heater is of 
the plate type and possesses no special features. 
The burners are of the ordinary Lopulco pattern 
and need not, therefore, be described. 

The Humboldt boiler differs from the Hanomag 
boiler, in that the drums are arranged transversely, 
while all the water circuits are connected to the 
lower drum. The burners and combustion chamber 
were supplied by the Allgemeine Elektricitits 
Gesellschaft, and only 10 per cent. of the latter 
is covered with tubes, again for the reason that 
low-volatile coal is being used. As will be seen 
from Fig. 9, the tubes are partly embedded in the 
walls of the combustion chamber, which, as in 
the case of the Lopulco furnace, is traversed by 
the hot secondary air. The transverse position of 
the drum makes the boiler narrower than the com- 
bustion chamber, so that a relatively favourable 
arrangement of economiser, air-heater and hot- 
air ducts has been possible. In this case also the 
superheater is suspended between the boiler tubes 











well to begin with, but later had to be replaced 
by the same metallic packing as that used on the 
boilers. The copper packing, which was temporarily 





Martin steel, with a tensile strength of 55 kg. to 
65 kg. per sq. mm. (34-92 to 41-27 tons per sq. in.), 
the expansion bends being of chrome-nickel-steel, 
whose tensile strength is 65 kg. to 75 kg. per sq. mm. 
(41-27 to 47-62 tons per sq. in.). The pipes were 
erected with an initial stress corresponding to the 
expansion at 200 deg. C. (352 deg. F.). 

The flanges have given some trouble in operation. 
In particular, it was found that, in spite of the 
employment of metal packing, it was frequently 
possible to tighten up the bolts after they had been 
in use for some time. This was partly overcome, 
by replacing the chrome-nickel steel used, which 
was not suitable for the high temperatures, by a 
material of somewhat different composition, and 
by reducing the diameter of the bolts, so that 
it was equal to the diameter at the bottom of the 
thread throughout the entire length. In this way 
greater elasticity was obtained. It was supposed 
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and is divided into two portions. Its tubes are | employed for the latter purpose, though it did not | that, when the pipes were being warmed up, the bolts 
expanded into chrome-nickel-steel headers, which | jeak, gave rise to electrolytic action, which caused 
are formed out of the solid. In distinction to the | 


first boiler, the economiser is equipped with vertical 
headers and the air heater is of the tubular type. 
The removal of the slag and ash is effected 





trouble. It, therefore, had to be removed. 

The main high-pressure steam pipes have internal 
diameters of 125 mm. and 175 mm. (4-91 and 
6-88 in.) and consist of solid drawn tubes, 14 mm. and 


hydraulically, while the grit that is carried upwards | 17 mm. (0-55 and 0-67 in.) thick. It was suggested 


by the flue gases is trapped in cyclone separators. 
The equipment used for this purpose was designed 
and manufactured by the ‘Telex-Apparatebau 
Gesellschaft, of Frankfurt-on-Main, and replaced 
a wet system, which was originally employed. 
Though the latter worked very satisfactorily it had 
to be removed owing to co:Tosion to which it gave 
rise. The cyclones extract about 70 per cent. of the 
grit, so that as the chimney is 60 m. (197 ft.) high, 
and the remaining dust emitted is extremely fine, 
there is no fear that the neighbourhood will be 
subjected to greater nuisance than is unavoidable. 
A few words may be said about the fittings and 
packings, as, owing to the high pressure, much 
attention was devoted to these accessories. 
Considerable difficulty was experienced with 
the gauges, owing to the low visibility of 
the water. In spite of the fact that it meant 
duplicating the number of glasses, illuminated 
gauge glasses had, therefore, to be employed. 





that the separate lengths of pipe should be welded 
together, but this was considered inadvisable owing 
to the disastrous effect of a pipe failure. Flange 
connections were therefore retained. The flanges 
used are provided with gas threads and are then 
welded on to the pipes, the object of the latter 
operation being to keep the flange from turning, 
while the axial stresses are taken up by the thread. 
Packing is inserted between the ends of the pipes 
and is arranged in the flange in such a way that it 
cannot blow out in case of failure. Softiron, nickel 
and Monel metal have all been used for packing 
purposes, and up till the present it is impossible to 
say which material has proved the most satisfactory. 
The flange bolts are of chrome-nickel-steel with a ten- 
sile strength of 90 kg. to 100 kg. per sq. mm. (57-14 
to 63-5 tons per sq. in.), while the flanges are of 
Siemens-Martin steel with a tensile strength of 
48 kg. to 58 kg. per sq. mm. (30-48 to 36-82 tons 
per sq. in.). The pipes themselves are of Siemens- 














became hot very much more slowly than the flange, 
and that expansion above the elastic limit therefore 
occurred owing to the large differences in tempera- 
ture between them. To check this assumption a 
large number of investigations were made on the 
flanges with thermo-couples during the heating-up 
period, and it was found that there were differences 
of over 100 deg. C. (180 deg. F.) between the 
mean flange temperature and the mean bolt tem- 
perature, even when the pipes were carefully 
heated up. Such a difference in temperature 
leads to stresses above the elastic limit of the 
ordinary bolt material, even when the elastic 
deformation of the flange is taken into account. 
It is true that by the use of high-grade material and 
careful heating up reliable service can be obtained, 
but some improvement, based on a closer considera- 
tion of the temperature differences, is very desirable. 

The stop valves were for the most part supplied 
by the Messrs. Borsig, of Berlin, though one was 
installed by Messrs. Schiffer and Budenberg. In 
general, these valves have operated satisfactorily. 
Sections of a Borsig valve are given in Figs. 13 and 14. 
It is a so-called quick-acting valve, in which the 
greater part of the opening is closed after the wheel 
has been given a few turns. It is made of cast 
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molybdenum-steel, the yield point of which is 20 kg. 


per sq. mm. (12-7 tons per square inch) at a 
temperature of 450 deg. C. (842 deg. F.). This is a 
very important property when steam temperatures 
up to 470 deg. C. (878 deg. F.) are being used. 
Steam traps, designed by Messrs. Klein, Schanzlin 
and Becker, of Frankenthal, and controlled by slide 
valves, are employed. One of these is shown in 
Fig. 12. They were constructed of forged material. 
Reducing valves made by Messrs. Schumann, of 
Leipzig, and fitted with the Askania type of control, 
were also used. These valves are made of electri- 
cally-produced cast steel, the seatings being of 
Krupp’s V.A steel and the branch pieces of the 
same material. To secure steam-tightness ordinary 
cast-steel ought not to be employed in such valves, 
and even with electrically-produced steel difficulties 
have been found to arise unless the very highest 
qualities are used. 


(To be continued.) 
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Manufatti Stradali. Vol. I. By Ing. E. Mtozzr. Milan: 

Ulrico Hoepli. [Price 60 lire net.] 
TRAVELLERS in Italy in the past century have not 
been sparing in their criticisms of the roads, but 
in spite of Government decrees passed from time to 
time with the objects of systematisation and classi- 
fication, and of ensuring improved standards of 
construction, the highways remained, up till the out- 
break of the war, distinctly inferior, on the whole, to 
those of other important European nations. The 
rapid development of road transport in this, as in 
other countries, however, led the Government to 
review the whole position soon after the restoration 
of peace. As a result, a decree was passed in 1923, 
by which the roads were divided into five classes, 
and an extensive programme of reconstruction was 
initiated. This was followed, in 1928, by the creation 
of the Azienda Autonoma Statale della Strada, or 
Road Board, with an organisation on somewhat 
similar lines to that of the railways, and under the 
control of the Minister of Public Works. It was pro- 
posed that this body should take over the mainten- 
ance of some 20,000 kilometres of road, for which 
provincial and communal authorities had previously 
been responsible, and that a programme extending 
over four years should be prepared for improvement 
works on about 6,000 kilometres of road practically 
requiring reconstruction. 

In the introduction of Manufatti Stradali, the 
author, Ing. E. Miozzi, who is a Divisional Head 
of the Azienda Autonoma Statale della Strada, points 


out that, in view of the very extensive works | 


contemplated, it was necessary to unify the types 
of construction most commonly used, making a 
careful selection from those actually in use to arrive 
at the forms which would, while offering a reason- 
able degree of permanence, lend themselves to 
economical and rapid execution. In the work 
under review, the author has collected together a 
large number of these selected forms of construction, 
the designs illustrated being actually taken from 
completed works in every case. The work is divided 
into three volumes, of which only the first has yet 
been published. This contains 150 loose plates, and 
is entirely without letterpress, other than concise 
explanatory notes given on the drawings. The 
plates vary in size from 9} in. by 133 in. to 132 in. 
by 37} in., the scale adopted for the majority of the 
drawings being one-twentieth full size, which is 
sufficient to show all important constructional 
details. Wherever necessary, however, small details 
are shown to a larger scale. To indicate the exhaus- 
tive nature of the work, it may be mentioned that 
36 alternative sections are given for retaining walls 
on different types of ground, while there are no less 
than 57 drawings showing various forms of sur- 
charged wall. It is impracticable to mention even a 
limited number of the forms covered by the draw- 
ings, but the more important types of road work, 
Such as bridges, are fully covered, the designs in- 
cluding both masonry and reinforced-concrete con- 
struction. The drawings are very clear, and per- 
Spective views are given in some cases. 

We understand that the second volume, which is 








already in the press, will consist mainly of examples 


of arch bridges in reinforced concrete, iron bridges, 
and centreing, and that the third volume will cover 
wooden bridges, street widening, and protection 
works. Upon the whole, the book, which is of a 
somewhat unusual type, should prove of consider- 
able value to road engineers in other countries. We 
would suggest that it would be desirable, in future 
editions, to state where examples of the more 
important forms of construction can actually be 
seen. In conclusion, we may say that the designs 
have been published by permission of the Minister 
for Public Works. 


Textbook of Ordnance and Gunnery. By Ligut.-CoLoNEL 
E. McFartanD. New York: John Wiley and Sons, 
Ine. London: Chapman and Hall, Limited. 
32s. 6d. net.] 

At 7.15 a.m. on March 23, 1918, Colonel McFarland 
reminds us, Pari was startled by the explosion of a 
largeigun-shell on the Quai de la Seine. At 15-minute 
intervals followed similar explosions, and during 
the following weeks some 300 shells reached the 
neighbourhood, 180 falling inside the city walls and 
120 outside. Fired by the Germans from Laon, 
Ham and Fere-en-Tardenois, these shells came from 
one or other of the seven “ Big Berthas ” which 
had a range of approximately 75 miles. The guns 
were 122 ft. long, weighed 142 tons, had a calibre 
of 21 cm., and were built to withstand a maximum 
powder pressure of 67,000 lb. per square inch. These 
long-range guns and the so-called “‘ tanks,”’ weighing 
some 40 tons, propelled by engines of 300 h.p. and 
carrying two 6-pdr. guns, marked the climax of 
600 years’ progress in the development of artillery, 
to which have contributed a great number of 
individuals, many of whom are forgotten, but among 
whom the names of Robins, Paixhans, Woodbridge, 
Armstrong, Blakely, Whitworth, and Krupp recall 
some of the most notable students of science and 
engineering as applied to ordnance. During the 
four critical years, 1914-18, the subject became 
familiar to thousands besides professional students, 
but to-day the interest in it is again more or less 
confined to the gunnery officers of armies and 
navies and the manufacturers of war material. 

The subject, however, has an interest all its own, 
and though Lieut.-Colonel McFarland’s T'extbook of 
Ordnance and Gunnery is written mainly for the 
use of the cadets of the United States Military 
Academy, and deals almost entirely with the matériel 
of the United States Army, it will be a welcome 
addition to the bookshelves of every general reader 
of military affairs, the matter being a clear presenta- 
tion of the broader aspects of modern ordnance. In 
its 21 chapters, the reader will not only find descrip- 
tions of guns and gun carriages, breech and recoil 
mechanisms, sighting arrangements and control 
apparatus, together with the elementary principles 
of ballistics, the design, classification and manufac- 
ture of projectiles, the theory of explosives and of 
the metals and methods used in gun construction, 
but there are also chapters dealing with rifles and 
pistols, primers, fuses, grenades and machine guns. 
The book runs to some 600 pages and is illustrated 
by over 280 diagrams, drawings and photographs, 
many of the diagrams having the parts named 
instead of lettered, a plan which saves the reader 
much time and trouble. That there should have 
been great developments in fighting methods during 
the world war was only to be expected, and in 
an interesting chronological outline of ordnance de- 
velopment, the author summarises these as includ- 
ing aeroplanes, aeroplane bombs, anti-aircraft guns, 
armoured motor-cars, tanks, self-propelled artillery, 
machine guns, gas and gas masks, German 75-mile 
guns, German (42-cm.) siege guns, and railway 
artillery. From this chronological outline we note 
that it was just 500 years ago—in 1415, at the Siege 
of Honfleur—that mines were used; and in 1418, 
at the Siege of Cherbourg, that mortars were used. 

Engineers have long been familiar with the basic 
principles of gun construction, the effect of shrinkage, 
and the theory of stress and strain in thick cylinders. 
This theory is of great importance in connection 
with the built-up guns, the first of which was made 
by Armstrong in 1855. Built-up guns were generally 
adopted about 1885. What Lieut.-Colonel McFar- 
land calls the most revolutionary step in gun 
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construction since then was the introduction of the 
cold-working process, which has been greatly 
improved and developed since the war at Water- 
town Arsenal. This process consists essentially in 
taking a single cylinder with the interior diameter 
slightly less than the calibre desired, and subjecting 
it to an interior hydraulic pressure of from about 
44,000 lb. to 100,000 lb. per square inch. The 
stress due to the hydraulic pressure decreases 
outwards, and the pressure is so determined that 
the fibres of the metal take a permanent set, the 
inner diameter being increased approximately 
6 per cent. The most efficient method of cold- 
working has been found to be to place the gun in 
a very strong “container,” the interior of which 
has the shape and dimensions of the exterior of 
the finished gun after the hydraulic pressure has 
been applied. Effecting a saving of time and cost 
of 25 per cent. to 40 per cent., the cold-working 
increases the proportional limit and tensile strength 
of the metal, and decreases the elongation, the 
contraction of area, and the Charpy impact-test 
figure; both forgings and guns are subjected to 
heat treatment. The author gives the normal pro- 
perties before and after cold working as follows :— 


Proportional limit .. 60,000 (83,000) Ib. per 
square inch. 

90,000 (98,000) lb. per 
square inch. 

18 (15) per cent. 


Ultimate strength .. 


Elongation in 2 in... 
Reduction in area .. 30 (20) per cent. 
Charpy test (tensile) 24 (12) ft.-lb. 


Guns and howitzers of from 37 mm. to 155 mm. 
calibre have already been successfully manufactured 
by the cold-working method, which, when originally 
developed, was termed auto-frettage—a French 
term meaning literally self-hooping. 





Engineering for Forest Rangers in Tropical Countries, 
By A. H. Luoyp, M.C., M.A. Oxford: Clarendon 
Press. [Price 17s. 6d. net.] 

Tuovuau forest engineering is necessarily of a simple 

character, carried out in as cheap and expeditious 

a manner as possible and generally with the 

materials which are most readily available, it is 

essential that those responsible for the work should 
possess a knowledge of the elementary principles 
of building construction, highway engineering, and 
methods of transport. Timber is used all the 
world over and carpentry is one of the oldest of 
crafts, but there will be a great difference between 
the work of an officer possessing a practical acquain- 
tance with the common methods of construction 
and that of one who has had to tackle a job without 
such practical knowledge. The same applies to 
the construction of roads and bridges, even of the 
simplest character. The builder, engineer, or 
contractor obtains much of this elementary practical 
knowledge during his apprenticeship or training, 
and right and well-tried methods become familiar 
to him. Students of forestry, however, can spare 
but little time for the carpenter’s shop or the 
contractor’s yard, and thus arises the need for 
such books as this by Mr. Lloyd. Of the qualifica- 
tions of Mr. Lloyd for his task ample evidence is 
found in the preface, foreword, and title-page. 

He himself dates his book from Pynimana, Burma. 

In the foreword he is described as Deputy Conser- 

vator of Forests and Director of the Burma Forest 

School, while on the title page we are informed 

that he is lecturer in forest engineering at the 

Imperial Forestry Institute, Oxford. 

Though it will prove useful to forest officers in all 
tropical countries, the book deals mainly with 
forest engineering problems as they are met with 
in Burma, the land of teak and bamboo, of the 
elephant and buffalo. The first three chapters are 
devoted to buildings and materials, the next six 
to roads and bridges, and the others to transport, 
water supply, and miscellaneous engineering works. 
Most of the notes refer to timber construction, 
and the student is given sketches of the usual joints 
and fastenings, roof trusses, and the like. Timber 
preservation in the tropics includes a never-ceasing 
war against the several kinds of white ants. Wooden 
buildings are often protected by resting the lower 
ends of the house posts in iron sockets which are 
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of arsenic. Charring is probably the oldest method 
of preservation, and this was used by the Burmese 
kings centuries ago. To-day Solignum proves 
effective, and is far cheaper than creosote or paint. 
Rest-houses in Burma are usually built to standard 
plans issued by the Forest Department, and the 
author gives sketches of some types and shows 
how the natives weave bamboo mats for the walls 
and roofs. All such buildings are, of course, built 
with their floors raised some distance from the 
ground. 

In dealing with forest roads and bridges, the 
author explains the use of the instruments employed 
in alignment, which include the Abney level, the 
De Lisle clinometer, and the Ghat tracer, gives 
‘ general instructions for carrying out the preliminary 
surveys, and shows how roads are set out and 
estimates prepared. For tools, there are native 
hoes, grubbing mattocks, pickaxes, crowbars, 
sledge hammers, steel wedges, saws and axes, and 
the bamboo basket so common in the Far East. 
Much of the work in Burma is done by numerous 
small contracts, a system which requires less super- 
vision, while the men work better. A coolie earns 
about one rupee a day, and 100 coolies can complete 
a mile of forest cart road in 10 days. Few forest 
roads are metalled, but the surface of earth roads 
is improved by the use of a road drag made of 
timber, on which the driver stands. Forest road 
bridges are practically all of timber, and will 
probably remain so, though the bridges on highway 
roads are being replaced by steel and masonry | 
structures. Teak and pyinkado (xylia dolabri- | 
formis) are used, and a bridge built of the latter, if 
kept in proper repair and tarred regularly, should | 
last about 20 years. Piles and pile driving, revet- | 
ments, drainage culverts, piers, cribwork, trestles, | 
strutted and trussed bridges, and suspension bridges | 
are all subjects on which the forest officer should | 
have some knowledge, and they are all touched upon | 
in the book. | 

Though the actual work of extraction and trans- | 
port is nearly always carried out by timber firms | 
or contractors, it is essential that the forest ranger | 
should possess a knowledge of the methods used | 
and the difficulties involved. Some of the timbers | 
of Burma are non-floatable, and therefore have | 
to be drawn to their destination by elephants, 
buffaloes or bullocks. An elephant can drag 
an average-sized log a distance of 14 miles a day, 
in difficult country, or a distance of four miles in 
bush country, and calculations have sometimes to 
include the number of “ elephant days” a job will 
take. Elephants on timber-extraction work, are 
employed about 20 days a month, and are given 
three months’ rest in March, April and May. Two- 
wheeled carts are in common use, and a pair of 
buffaloes can cart logs up to one ton in weight, on 
the average road. ‘‘ Skidders,” aerial ropeways, and 
tractors, have only been used in Burma to a small 
extent, but, says Mr. Lloyd, “‘ no form of tractor has 
yet been invented which can compete with the 
elephant for ordinary timber extraction in broken, 
hilly country.” 


DEAD-WEIGHT GAUGE FOR THE 
DIRECT MEASUREMENT OF HIGH 
STEAM PRESSURES. 


By G. S. CaLLenpar. 





‘ Wuen using high steam pressures, particularly 
those above 2,000 Ib. per sq. in. it was found 
desirable to obtain a more accurate method of 
observing the pressure than is possible when using the 
ordinary Bourdon-tube gauge. The scale of one of 
these gauges which reads up to 4,000 lb. per square 
inch is naturally somewhat difficult to read to an 
accuracy of 2 lb. per square inch. It also requires 
very frequent and careful calibration, particularly 
if used near the limit of its range. In the experi- 
ments on the properties of steam at high-pressures 
now in progress at South Kensington, it was 
therefore decided to connect the high-pressure 
thermometer pocket directly on to the dead-weight 
gauge. 

The general arrangement of the apparatus is 
shown in Fig. 1, and is as follows :— 

The pressure water is taken from the oil pressure- 


kept filled with earth-oil containing a small quantity | 


gauge tube, after the tube has passed through a/| continuous flow regulated by a throttle. In order 
cooling-water bath. It is then taken directly to an| to record these slight variations, a spring balance 
oil-water separator. This separator, which is shown | is attached to the top of the floating piston. The 
in section in Fig. 2, is one of the most essential parts | scale of this spring balance is graduated to read 
of this apparatus. Obviously no water must be/ directly in pounds per square inch. The total range 
allowed to reach the floating piston of the dead- | of movement of the piston records 100 lb. per square 
weight gauge, on account of probable injury to the} inch on the scale of the balance. Thus it is easy 
accurately ground surfaces of the piston and cylinder. | to read the final pressure to } lb., even though the 
Neither must the oil be allowed to enter the ther- | total pressure be 5,000 lb. 
mometer pocket, as it would upset the observations! The balance is adjusted to read zero when the 
being taken and deposit on the inside surface of the| piston is in its highest position and just floating. 
condenser. | A decrease of pressure in the high-pressure pocket 
From the figure it will be seen that the separator| causes the floating piston of the gauge to fall 
has two chambers with a tap between. The large until the pull of the balance compensates for the 
upper chamber is for oil; the castor oil used in| change in pressure. Thus the reading of the 
the dead-weight gauge is very viscous, but gives| balance is always to be subtracted from the total 
a smooth surface of separation, provided that, | weight on the piston. 
as in this case, the movement is extremely slow.| The method of operation is very simple. When 
It was found advisable to allow, in the separator, | the boiler is running at a steady pressure and the 
more capacity for oil than for water, on account| steam has reached the temperature required for 
of the slight leak of oil past the floating piston.| the observation, the deadweight gauge is adjusted 
This, at a pressure of 3,000 lb. per square inch, | to give the same pressure reading, as shown by the 
amounts to only 5c.c. in a period of 10 hours.| gauge on the H.P. pocket, allowance being made 
Three drain taps are fitted, so that at any time, | for the different corrections of the two Bourdon- 
by turning off the main tap, the chambers can be | tube gauges. 
refilled with oil or water. As an additional safe-| About 50 lb. per square inch are taken by the 





‘guard, an electric contact is fitted in the centre of| spring balance, so as to commence the observation 
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each chamber, which gives an alarm should some 
unnoticed leak occur on the oil system, or if too 
much oil should come through to the steam side. No 
current flows so long as the contact is drowned in 
oil, but should the oil surrounding the point be 
replaced by water, a current passes which is 
indicated by a suitable instrument. 

An insulator is fitted directly above the separator ; 
this is necessary because the current used for heating 
the boiler is taken from a three-wire system, the 
middle wire being earthed. It is inconvenient to 
insulate the high-pressure end of the boiler, on 
account of the high temperatures encountered there ; 
thus the apparatus is insulated from earth only in 
the cold parts. From the insulator the pressure is 
conveyed to the dead-weight gauge through a long 
copper pipe of i-in. internal diameter. 

The dead-weight gauge, which was made by 


Messrs. Budenburg and Company, has a differential | 


floating piston, from which suitable weights can be 
suspended ; the range is from 300 to 5,000 lb. per 
square inch. This gauge has been carefully cali- 
brated against a column of mercury. It is fitted 
with a pump and screw-press for adjusting the 
quantity of oil and the pressure. A tube pressure 
gauge is also fitted, to check and adjust the pres- 
sure. 

In order that the floating piston should work 
friction free and the weight be wholly oil borne, it 
must be kept continuallyin motion. For this purpose, 
a small electric motor is used, the drive being by 
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with the floating piston in the middle position, 
and thus avoid having to change the weights on 
the hanger. The drain taps on the separator 
are opened slightly, to make sure that the oil- 
water surface is in the correct place. The main 
tap on the separator is now opened, and the floating 
piston of the gauge assumes its correct position 
in two or three seconds. The balance now reads 
the amount which must be subtracted from the 
total weight on the hanger in order to obtain the 
exact pressure of the steam. There are small zero 
corrections, due to difference of level, &c., which 
are very accurately known; these are taken into 
account when reading the total weight on the 
hanger. 

The slightest changes in the conditions under 
which the boiler is operating are instantly shown 
on a magnified scale on the spring balance. These 
changes may be much too small to be shown by 
jan ordinary tube gauge. Thus, this method of 
| pressure measurement forms a_ valuable check 
'on the steadiness of the running conditions, and 
| saves a considerable amount of time in adjusting 
‘the flow to obtain any particular pressure, which 
|may be required. 
| It goes without saying, that this method of 
reading high pressures, besides being much more 
| sensitive and accurate, saves all the trouble of 
|repeated calibration of the tube-gauges, and 
|eliminates accidental errors due to ~ sticktion 
|of the needles, or strain from prolonged exposure 





belt, through suitable reducing gear, which rotates | of the tubes to high pressures in a series of observa- 


the piston at 6 r.p.m. 
keep the steam-pressure absolutely steady when 
using superheated steam at high pressures with a 


It is, of course, impossible to | tions lasting several hours. The method is easy 


to work and results in a great saving of time and 
trouble. 










































































































































































































































































AUG. 30, 1929.] ENGINEERING. 257 
DOOR-OPENING GEAR FOR GRAIN-CAR UNLOADER. 
CONSTRUCTED BY MESSRS. THE DOMINION BRIDGE COMPANY, LIMITED, ENGINEERS, MONTREAL. 
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Cassette Didnt, slide.vertically, the casting being | the same page, the pressure arms can be seen in the 
4 iii cncstamsionniie > connected to the lower end of the | horizontal position which they occupy inside the 
Le, ae “| arm by a pin joint, and at the|car while the grain is being unloaded, the sliding 






4. O52 





eee 


(1303.C) 


UNLOADING MACHINE FOR GRAIN 
CARS. 
(Concluded from page 165.) 


WuEN the car has been clamped in a central 
position on the cradle and the bolts securing the 
ends of the latter have been withdrawn, as pre- 
viously explained, an interlocking switch is re- 
leased to permit the door-opening mechanism to 
be operated, the cradle to be tilted, and the baffles 
to be inserted. The door-opening mechanism, 


details of which are given in Figs. 17, 18 and 19, on | 
toothed | 


this page, comprises two  cast-steel 
quadrants, each of which is cast integrally with a 
tangential pressure arm, most clearly shown in 
Fig. 17. The quadrants, it will be seen, are pivoted 
in bearings mounted on the framework, and can be 
rotated by a 22-h.p. motor which drives, through 
Wworm-reduction gearing, a shaft carrying two 
pinions engaging with the quadrants. Each of the 
pressure arms, which can exert a maximum pressure 
of 5 tons, carries a casting in which a block can 













upper end of the casting by a 
system of toggle levers, as will be 
clear on reference to Fig. 17. The 
sliding block is normally held up, 
against the action of a spring, by 
means of a trigger, the position 
of its lower end then being above 
the highest floor level of the cars 
which have to be unloaded. When 
the hinged casting comes into 
contact with the grain door, the 
trigger is released and the sliding 
block falls on to the door sill. 
The continued movement of the 
pressure arm then exerts a pres- 
sure over the whole height of the 
door, regardless of the elevation 
of the car floor, so that the door 
is not damaged by the operation 
of opening. This is, of course, 
an important economy, as by 
some methods of opening, the 
doors are broken up. 

The pressure of the grain against the door is 
relieved by the leakage of grain into the hopper, 
which occurs as soon as the smallest opening has 
been effected, and the outward flow of the grain 
leaves sufficient clearance for the door to be pushed 
inwards and upwards through the grain towards 
the roof of the car, in which position it is shown 
on the right of Fig. 17. It should here be men- 
tioned that, when the pressure arms are withdrawn 
after the car has been emptied, a roller on the end 
of the sliding block runs over a guide track, indicated 
by dotted lines in Fig. 17, the sliding block being 
in this way forced upwards against the action of 
the spring, and eventually held in position by the 
trigger. Fig. 24, on page 266, shows one of the 
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pressure arms with the sliding block in the raised 
position in which it approaches the door to be 
opened, and also shows a part of the guide track 
which restores the block to its normal position 
during the return movement, as explained above. 
The trigger for holding up the sliding block is also 
visible in this illustration. 





In Figs. 25 and 26, on 


blocks then being in the fully-extended position, 
as shown. 

During the door-opening operation, about 10 
per cent. of the grain in the car escapes into the 
hopper, and to remove the remainder, while the 
door is still being held up inside the car by the door 
opener, the cradle is slowly tilted, and, at the 
same time, one of the two baffles, viz., that on the 
lower side, is run in though the door opening, 
forcing its way through the grain and remaining in 
a stationary position on the floor of the car at an 
angle of 45 deg. with the longitudinal axis. The 
two baffles, one of which can be seen in Fig. 26, on 
page 266, and their operating gear, are carried by 
the same framework as supports the door-opening 
mechanism, the whole moving bodily with the 
cradle and car during the tilting operation. As the 
tilting proceeds, the grain, in falling from the upper 
end of the car, strikes the baffle, and is thereby 
deflected outwards through the door opening into 
the hopper, about 40 per cent. of the grain being 
discharged in this way. At the end of the first tilt, 
the baffle first moved into position is withdrawn, 
and the other baffle is inserted, the cradle and car 
then being tilted in the opposite direction. On 
the second tilt, practically the whole of the grain 
is discharged, but to remove the small remaining 
quantity the first baffle is re-inserted and the car is 
then tilted to the maximum angle in the opposite 
direction, after which it is returned to the horizontal 
position and the baffle withdrawn. 

The general arrangement of one of the baffles 
and its operating mechanism are illustrated in Figs. 
20, 21 and 22, on page 258. Each baffle consists 
of a steel-plate structure, of the form shown in the 
plan, Fig. 21, the front end passing through a 
yoke fitted with guide rollers, and pivoted on to a 
vertical shaft. The rear end of the baffle is fitted 
with rollers which run in guide tracks above and 
below the baffle, the form of these tracks being 
clearly shown in Fig. 21. It should, perhaps, be 
mentioned that the tracks have been designed to 
reduce the overall width of the unloader to a 
minimum. The vertical shaft, above referred to, 











is shown in greater detail in Fig. 22. Its upper 
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BAFFLE-GEAR FOR GRAIN-CAR UNLOADER. 


CONSTRUCTED BY MESSRS. THE DOMINION BRIDGE COMPANY, LIMITED, ENGINEERS, MONTREAL. 
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end, it will be seen, is squared, and carries a worm 
wheel driven by a worm on the shaft of an 11-h.p. 
motor. The vertica) shaft also carries a grooved 
drum, round which a wire rope passes, the ends of 
the rope being attached to the front and rear ends 
of the baffle, as clearly shown in Fig. 20. By 
means of this rope, the baffle can be pulled in 
either direction, when the shaft is rotated by the 
motor. 

On account of the varying height of the car floors, 
the front end of the baffle is arranged to enter the 
door of the car well above the highest floor level, 
the baffle being automat cally lowered on to the 
car floor as it is moving into position. The lower 
edge of the baffle then makes contact with the car 
floor along its entire length, but a flexible-rubber 
sealing strip is fitted to prevent any grain from 





escaping under the edge of the baffle into the! 
lower end of the car. As previously mentioned, the | horizontal, the angle of slope of the baffle in space 
front end of the baffle passes through a yoke | is 30 deg., and at this inclination the grain will readily 


carried by the vertical shaft, the yoke, of course, | flow out of the car. 


Hatchway Limit 


when the latter is not supported on the floor of the 
car. The front end of the baffle, it should be pointed 
out, is balanced by a weighted lever acting on the 
yoke in order to relieve the pressure on the car 
floor. As the front end of the baffle passes through 
the car door, it is at least 3 in. above the floor level, 
but, as the forward movement continues, the 
effect of the screw and nut is to lower the baffle 
until it makes contact with the floor. When this 
occurs, the weight is taken off the sliding nut, 
which then merely travels up the screwed portion 


of the shaft without affecting the height of the | 


yoke. 

In its final working position the baffle lies on the 
floor of the car at an angle of 45 deg. with the 
longitudinal axis, as already mentioned, and with 
its front edge in contact with the rear wall. When 
the car is also tilted to an angle of 45 deg. with the 


To prevent the grain from 


determining the height of the baffle. The lower | flowing too far down the baffles and entering the 
end of the shaft, as shown in Figs. 20 and 22, is| baffle track, bafile-sealing doors are fitted, as shown 
screwed, and the screwed portion passes through | in Fig. 21, these doors also serving to close the 
a sliding nut which is supported in such a position) openings when the baffles are completely with- 


that it takes the unbalanced weight of the baffle drawn. 


One of these doors, which are of curved 
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steel plate, can be seen, in the completely closed 
position, behind the door opener in Fig. 24, on page 
266. Flexible hand-operated deflecting bafiles 
are also provided to prevent leakage of grain along 
the sides of the car, and deflecting plates are fitted 
under the car door to direct the grain into the centre 
of the receiving hopper. Steel gratings are provided 
to protect the latter and to cover all the spaces 
round the unloader; they also serve to retain any 
large foreign body which may have got into the 
car with the grain. 

In general, it may be remarked that the design 
of the unloader was largely governed by con- 
siderations of safety in operation. The cradle, as 
already mentioned, is in stable equilibrium under 
all conditions, so that if any breakage should occur 
in the tilting mechanism, the car and cradle would 
return to the horizontal position without damage. 
In all cases, power is transmitted through self- 
locking worm or screw gearing, so that motion 
cannot take place unintentionally. The opera- 
tions, moreover, are all electrically interlocked to 
ensure their being carried out in the propet 
sequence, and limit switches are provided, where 
necessary, to prevent the possibility of over-running. 

In conclusion, we may mention that the averace 








a. e . = me 


Co os 


r 


tic 


of 
ka 
tic 
sh 
k Ne 
on 
to 
ele 
/,{ 
Oc 


ma 
me 
me 
wh 
yee 
314 
to 

lan 
The 
uni 
lan 
nar 
of | 
192 








AUG. 30, 1929.] 





GRAIN-CAR UNLOADING INSTALLATION. 
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interval from the time the loaded car has been run 
on to the cradle until the empty car is ready for 
removal, amounts to 242 seconds, or about 
4 minutes. The time taken to remove the empty 
car and run a full one on to the cradle naturally 
depends very much upon the arrangement of the 
tracks, but the time occupied in these operations is 
generally about 3 minutes. When wheat is being 
unloaded, and no delays in distribution occur, it 
has been found easily possible to unload cars at the 
rate of eight per hour. When handling oats, 
however, about a minute longer is required per 
car, as at least one additional tipping of the cradle 
is necessary. The time of operation over long 
periods is, of course, generally increased by delays 
incidental to distribution and other causes, but it 
has been found in practice that 250 cars can be 
unloaded in a day of 10 hours on the four unloaders 
installed at the elevator of the Canadian National 
Railways, the average thus exceeding 6 cars per 
unloader per hour. In addition to this installation, 
two unloaders have been installed at Edmonton, 
Alberta, where the average rate of operation is 
7 cars per unloader per hour, and three have been 
erected at the Grain Growers’ Elevator at Port 
Arthur, where as many as 12 cars have been un- 
loaded in an hour on one unloader. Other installa- 
tions include three unloaders at the Alberta Pool 
Elevator at Vancouver, in addition to the battery 
of five unloaders at the No. 7 Elevator of the Sas- 
katchewan Pool at Port Arthur, previously men- 
tioned. A photograph of the interior of the track 
shed of the latter, in which four of the five un- 
loaders can be distinguished, is reproduced in Fig. 23 
on this page. This elevator, it may be of interest 
to mention, is said to be the largest single-house 
elevator in the world, having a capacity of over 
7,000,000 bushels; it was put into operation in 
October of last year. 








ELEctRIcIry SUPPLY IN BrrmincHAM.—The progress 
made by the City of Birmingham Electric Supply Depart- 
ment during the past year is well shown in the state- 
ment of accounts for the year ending March 31 last, 
which document has just been published. During the 
year under review, the total number of units sold was 
314,560,336, the gross profit, 773,454/., the contribution 
to the rates, 41,000/., the lamp connections, in 60-watt 
lamps, 1,160,999, and the motor connections, 310,470 h.p. 
the figures for the previous year were 280,985,406 
units, 767,614/. profit, 31,0007. to the rates, 1,028,959 
lamps and 276,332 h.p. The average charge per unit, 
namely, 1-3d., compares favourably with the 1913 figure 


of 1-16d. The highest charge in recent years occurred in 


1921, when the figure was 2-267d, 











AT SASKATCHEWAN Poot ELEVATOR. 


THE BRIDGE-MEG RESISTANCE 
TESTER. 


THE measurement of the electrical resistance of a 
material is generally effected in one of two ways, 
depending on whether that material is a conductor 
or an insulator. In the first case, a bridge method 
is usually employed, and this, since the results are 
obtained by a system of balancing, requires only small 
currents and low voltages for its operation. In the 
second case, more direct methods are used, in conjunc- 
tion with the well-known ohmmeter type of instrument. 
These necessitate relatively high voltages, especially 
since their object is to determine the capability of the 
particular material that is being investigated to with- 
stand the effect of a pressure. In the early days, both 
methods required a relatively complicated array of 
equipment, but more recently careful design and 
mass production methods have enabled apparatus 
which is compact, light and easy to handle to be 
produced. 

For instance, some seven years ago* we described the 
Meg insulation tester, which had been devised by 
Messrs. Evershed and Vignoles, Limited, of Acton-lane 
Works, Chiswick, London, W.4, to supplement, rather 
than to replace, their well-known Megger, an instru- 
ment which, though admirably fitted to meet the 
requirements of large undertakings, was bulky, heavy 
and expensive. This instrument, though originally 
designed for insulation testing alone, was later adapted 
so as to enable it to be used for measuring resistances 
by the Wheatstone bridge methods, an adaptation, 
however, which necessitated the use of a separate 
resistance box. 

Messrs. Evershed and Vignoles have now made a 
further advance towards simplicity by introducing the 
Bridge-Meg resistance tester. This combines in a single 
case both the ohmmeter and generator, and the resist- 
ances, and therefore bears the same relationship to the 
Meg as the Bridge-Megger did to the Megger. The 
operation of a single switch enables this instrument 
to be used either for measuring insulation resistance, 
or for the determination of conductor resistance 
by the Wheatstone bridge method. In the former 
case, it has a range from 100 megohms to 10,000 
ohms, and in the latter, from 999,900 ohms to 0-01 
ohm. The necessary current is supplied by a 
500-volt hand-operated constant-pressure generator. 
From the point of view of manufacture, the set is 
divided into four units: A generator, an ohmmeter, a 
set of adjustable resistances and two switches, one for 
changing over from insulation to conductor measure- 
ments, and the other for altering the ratios of the bridge 
setting. These units are all contained in a rectangular 
aluminium-alloy case, the lid and base of which are 
made of moulded Bakelite. In their arrangement, 
close attention has been paid to the convenience of the 


* See ENGINEERING, vol. cxiv, page 458 (1922). 





user, the switches and generator handle being very 
accessible. The scale, which is protected by a hinged 
lid, is easily read while the adjustments are being 
made. Errors due to surface leakage are obviated by 
a system of guarded circuits, while portability is 
facilitated by an adjustable leather strap. 

The generator, the construction of which is generally 
similar to that on the Meg insulation tester, is provided 
with two windings, which are connected in series for 
insulation tests and in parallel for the bridge measure- 
ments. The interposition of a clutch between the 
handle and the armature spindle ensures a constant 
voltage. Free movement of the ohmmeter system 
has been obtained by the use of spirally-wound liga- 
ments, any slight variation in which can be adjusted 
by distorting the field round the pressure coil by a 
simple device. There is only one pair of external 
terminals, which are utilised for both sets of measure- 
ments. The overall dimensions of the instrument are 
7 in. by 8} in. by 12 in., and the weight is 12? Ib. 








LETTERS TO THE EDITOR. 
THE COST OF DAMS. 


To THE EpitTor OF ENGINEERING. 


Str,—An attempt has been made to compare the 
cost of the Metur Dam now being constructed in 
Madras Presidency with dams built elsewhere. The 
literature on the subject is vague and unless some 
standards for comparison are known it seems impossible 
to arrive at a conclusion which is even approximately 
correct. 

The sanctioned estimate for the Cauvery Metur 
Project is 737 lakhs of rupees, of which 509 lakhs are 
reserved for headworks, the balance being for works in 
the area to be irrigated, which is some 150 miles down- 
stream of thedam. When the project is completed, the 
only tangible asset at headworks will be the dam, the 
sluices and a few houses for the permanent staff at 
Metur. 

The headworks estimate is made up approximately 
as follows :— 

Lakhs. 
Rs. 

Main Dam— 

Excavation for dam -- =. 9 I 
Masonry in dam ... aee aes - 198-12 
Subsidiary works, such as up and down- 

stream face finish, cut-stone work, 

including pointing, dam parapets and 

architectural effect, earth filling in 

front and rear of dam, archwork, &c., 

for sluices, expansion joints, divers 

on work in river bed, pumping found- 

ations, yearly arrangements for sur- 

plusing, boring and grouting founda- 

tions, laying light railway, &c., 


contingencies and petty supervision... 39-00 





247-03 
orsay 247 lakhs 


Total 


Other Works— 








Sluice gates in dam ade nee -- 9-50 
Masonry for surplus 14-61 
Sluice gates for surplus ... aa --- 17-14 
Labour camp, officers’ quarters, hospital, 
electric lighting, drainage and water- 
works ... ae oes ae woe §=53°24 
Hydro-electric pipes ove <s4 2-70 
Bridge across the Cauvery River 2°75 
Value of lands acquired for water-spread 
and headworks, including cost of 
revenue establishment employed in 
the acquisition ... eee cos --- 25-80 
Permanent and temporary engineering 
staff, inclusive of all direct and indirect 
charges, e.g., pension and leave allow- 
ances... xe wns ies «-- 45-60 
Staff of other departments, e.g., magis- 
terial, health, medical, police, audit, 
&c., including direct and indirect 
charges ... Bee “ Pre ee 
Aailway connection between Salem 
Junction and Metur Dam, east of the 
Cauvery river see “s --- 6-00 
Road between Erode Junction and 
8.I.R. Metur and roads at headworks 10°41 
Special tools and plant, including tram- 
way plant waa ese oo. 66°75 
Preliminary expenses connected with 
the investigation of site, &e. ... oe §6=— BO 
Abatement of land revenue “ee ee «=. 3 67 
Tools and plant, ordinary and suspense... 4-20 
272-07 
Deduct— 
Receipts on capital account 10-00 
262 -07 
Total— 
Main dam ... aca ... 247 lakhs, 
Other works die wes Sy ce 
509 lakhs. 





The effective capacity of the lake that the Metur 
Dam will impound is 93,500 million cubic feet, or 
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2-15 million acre-feet. The contents of the dam 
will be 1,852,000 cubic yards. Reducing the total 
expenditure to storage units, the cost per acre-foot 
is Rs. 11-5 (0°851.). Reducing the total expenditure to 
masonry units, the cost per cubic yard of masonry is 
Rs. 13-3 (11.). 

It is obvious, of course, that the cost per acre-foot 
of storage or per cubic yard of masonry depends on 
which items in the estimate are debited to the dam, 
and, in the case of Metur, the cost will vary from 
Rs. 23-7 (1-81.) per acre-foot to Rs. 11-5 (0-85l.) per 
acre-foot and Rs. 27-5 (2-06l.) per cubic yard to 
Rs. 13-3 (1l.) per cubic yard, according as the all-in 
costs or only the actual dam costs are considered. 

On page 257 of ENGINEERING dated March 1, 1929, 
figures are quoted to show comparisons between the 
Bhandardara, Assouan and Bhatgar dams. Unless 
more detail is given, the figures as they stand are not of 
much use. They may represent the upper or lower 
limits for Metur or something intermediate. 

It would be interesting if figures for the three dams 
mentioned, in something like the same detail as I have 
given the figures for Metur, could be furnished. 

Yours faithfully, 
F. M. Dow.Ley, 
Engineer-in-Chief, C.M.P. 
Metur Project, Madras, August 1, 1929. 


MECHANICS OF THE MOVABLE WEIR. 


To THE Epitor oF ENGINEERING. 


Sir,—In his letter in your issue of the 16th inst., 
Mr. A. P. Flockart remarks that he fails to see why 
I cannot agree with his views on this subject, and 
[ should like to show why I regard the divergence as 
utterly fundamental. 

It will simplify matters if, instead of using Berno- 
uilli’s name, we regard the essential fact that his 
theorem is based upon the Law of Conservation of 
Energy while my own analyses, for simplicity, were 
based upon the alternative Law of Conservation of 
Momentum. 

Each law is general, hence it should not matter 
which is used as a basis; the results should be the 
same, and figures resulting from one analysis should 
agree with the other. As I pointed out in the March 22 
issue, however, a numerical application of Mr. Flockart’s 
formule directly contravenes the Momentum law, 
so that, in the absence of experimental evidence, I 
could not agree with his conclusion that the height 
of wave resulting from the sudden arresting of a stream 
is entirely independent of the original depth. 

Further, numerical applications of his formula for 
wave velocity give results which, I contend, are far 
too great. Hence, while admitting that the Momentum 
method is by no means exact, 1 cannot see that the 
Energy method is any more so, or that the dis- 
crepancy definitely proves the error of either method. 

Mr. Flockart’s comments on the jet-thrust paradox, 
while true in themselves, are nevertheless merely 
hair-splitting, since it is obvious that neither the 
equations nor their application would be altered by 
forming a perfect bell-mouth on the inside of the 
L.H. tank. 

I should be glad to hear that Mr. Flockart has 
facilities for settling this question by direct experiment, 
which would bring him the thanks of all hydraulic 
engineers, especially of, 

Yours faithfully, 
J. H. Jones. 

Kilmarnock, August 22, 1929. 








THE WaTER Suppty oF LiIveRPooL.—The tota 
quantity of water drawn from all the sources of supply 
at the disposal of the Liverpool Corporation Water 
Works during the year ending March 31, 1929, was 
16,702 million gallons. This was 429 million gallons in 
excess of that taken during the previous twelve months. 


Mr. J. R. Davidson, the Water Engineer, states in his | 
annual report that a steady expansion of the demands | 


upon the undertaking may be expected in the future. 
In view of this statement. a brief account of the new 
works undertaken during the year may be of interest. 
The laying of the third main from Lake Vyrnwy is being 
proceeded with, and 9,000 yards were laid in the Malpas- 
Cotebrook section, during the year ending March 31 last. 
The pipes employed are 42 in. in internal diameter, 
ye in. thick and 25 ft. in length. They are protected 
internally by a lining of bitumen, 3 in. thick, applied 
centrifugally, whilst the outside has a double helical 
wrapping of hessian cloth thoroughly impregnated with 
hot bitumen. The pipes were supplied by Messrs. 
Stewarts and Lloyds, Limited, Glasgow, and were laid 
by Messrs. A. Monk and Company, Limited, Irlam. In 
the spring of last year, it was decided to increase the 
filtration plant at Oswestry and to add four new beds 
to the 15 slow sand filters then in commission. By the 
end of March last, 80 per cent. of this work had been 
completed. In addition to the works on the Vyrnwy 
main and at Oswestry, nearly 23 miles of new mains were 
laid within the City of Liverpool and its suburbs. 
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ROTATIONAL ACCELEROMETER. 


CONSTRUCTED BY MESSRS. CAMBRIDGE INSTRUMENT COMPANY, LIMITED, LONDON. 

















Fic. 1. DemonstraTION MopEL OF INSTRUMENT. 




















THE CAMBRIDGE ROTATIONAL 
ACCELEROMETER. 


THE instrument illustrated on this and on the oppo- 
site pages has been designed by Mr. W. GQ. Collins, of 
Messrs. Cambridge Instrument Company, Limited, 
45, Grosvenor-place, London, 8.W.1, for recording 
variations in the angular velocity of rotating bodies. 
It can be used for tracing and measuring cyclic fluctua- 
tions and other variations in the speed of internal- 
combustion engines and electrical machinery, as well 
as for measuring the comparatively steady angular 
acceleration produced by, say, an electric motor in 
starting from rest. Torsional resonances in any class 
of prime mover or driven machinery can also be detected 
and their effects investigated by the instrument, which, 
being light and of small dimensions, can be employed 
on aircraft if required. 








Fie. 2. INSTRUMENT WITH PULLEY AND CovER REMOVED. 


The actual instrument, with its cover and driving 
pulley removed, is illustrated in Fig. 2, above, but 
it will be more convenient to explain the principles 
employed in its design with reference to Fig. 1, which 
is reproduced from a photograph of a model con- 
structed for demonstration purposes. It should first 
be explained that, in this instrument, a light pulley 
driven from the apparatus to be investigated, and 
following the variations in angular velocity of the 
latter, drives a heavy flywheel, the rotational inertia 
of which is sufficiently high to render its angular 
velocity sensibly constant. The drive from the pulley to 
the flywheel is transmitted through a form of linkage, 
so arranged that the relative angular movement 
between the pulley and flywheel is transformed into 
a longitudinal movement, whih is recorded by means 
of a stylus marking on a moving strip of celluloid. _ 

In the model illustrated in Fig. 1, the disc on the 
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left represents the driving pulley, which is fixed to 
the shaft, while the eentral disc and the heavy flywheel 
on the right are both mounted on a sleeve which is 
free to rotate on the shaft. Passing freely through a 
slot in the sleeve and shaft, in front of the central 
dise, is a rod, and this rod, which we propose to call 
the floating rod, is connected to the central disc by a 
system of three flexible links. These links, which 
consist of pieces of brass tubing with short lengths of 
steel music wire soldered into the ends, are arranged 
so that the floating rod cannot move longitudinally or 
rotate relatively to the central disc, although it is free 
to move in a direction parallel to the axis of the shaft 
by the flexure of the steel wires. The ends of the 
floating rod are also connected by flexible links, of 
the type just described, to two studs fixed in the face 
of the driving disc near the periphery and diametrically 
opposite each other. These links, one of which is 
clearly shown in Fig. 1, while the other is partly 
visible, lie in a direction inclined both to the planes of 
the discs and the axis of the shaft, and it is through 
them that the torque required to drive the flywheel is 
transmitted. 

Now, suppose the flywheel and central disc to be 
held stationary, and a torque to be applied to the 
driving disc in an anti-clockwise direction. The 
effect will be to pull the inclined links, or torsion 
links, as they may be called, into a direction more 
nearly parallel to the plane of the driving disc. The 
ends of the torsion links attached to the floating rod 
will thus be moved towards the left in Fig. 1, pulling 
with them the floating rod itself, which, as already 
explained, is only free to move in a direction parallel 
to the axis of the shaft. The torque will be trans- 
mitted to the central disc and flywheel by the system 
of flexible links connecting the former to the floating 
rod, so that the flywheel, if released, will be caused to 
rotate. The action just described will, of course, take 
place in a similar manner when the whole system is 
rotating, if any variation occurs in the angular velocity 
of the driving disc, since that of the heavy flywheel can 
be assumed to be constant, and the variations will give 
rise to axial movements of the floating rod. These 
movements are transmitted through a spindle passing 
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through the centre of the shaft and connected to the 
pointer shown on the extreme right of Fig. 1, so that the 
movements of the end of the pointer follow those of 
the floating rod on a magnified scale. If we assume, as 
before, that the parts are rotating in an anti-clockwise 
direction, as viewed from the driving-disc end, an 
increase in the angular velocity of the latter will 
cause the end of the pointer to move towards the left 
and vice versa. 

Referring now to the drawings of the actual instru- 
ment, reproduced in Figs. 3 to 10, above, it will 
be seen, from the sectional elevation, Fig. 3, that the 
heavy flywheel is keyed on to a shaft which runs in 
ball bearings carried by a bracket cast integrally with 
the base-plate. The driving pulley consists of two 
aluminium castings, one in the form of a disc with a 
central boss in which a hardened-steel sleeve is fitted, 
and the other a two-stepped rim screwed on to the 
disc ; the latter is shown, with the rim removed, on 
the left of Fig. 2. The pulley, as shown in. Fig. 3, is 
mounted on ball bearings on the outer end of the 
flywheel shaft, and the driving torque is transmitted to 
the flywheel through a linkage system practically 
identical with that described above, in connection 
with the model, except that the central disc used in 
the latter is omitted and the simple floating rod is 
replaced by a ring into which two steel rods are 
screwed diametrically opposite each other. The torsion 
links are connected between the ends of these rods 
and the disc of the driving pulley, other links, at right 
angles to and parallel with the rods, connecting them 
to the flywheel, as clearly shown in Figs. 6 and 8. 
On the right of Fig. 6, and in Fig. 7, is shown an adjust- 
able stop, which limits the relative angular movement 
between the driving pulley and the flywheel, thus 
preventing the links from being overstrained. 

The floating ring easily clears the shaft over which 
it fits, as shown in the section Fig. 3, and across its 
diameter is screwed a steel strip which passes through 
a hole drilled transversely through the shaft. Another 
hole is drilled longitudinally through the shaft to meet 
the transverse hole, and through the longitudinal hole 
is passed a steel rod with pointed ends, of which the 
inner end fits into a centre drilled in the strip carried 





by the floating ring. The outer pointed end of the 
steel rod fits into a similar centre in the short arm 
of a knife-edge lever, shown in position in Fig. 5 and 
illustrated in detail in Fig. 10. In the former figure, 
the small circle drawn on the vertical chain-dotted 
line represents the centre in which the pointed end 
of the steel rod rests. The bearings for the knife 
edges, which are carried on a bracket cast with the 
base-plate, each consist of two hardened-steel plates 
cut off at an angle and mounted one above the other 
so as to form a “‘ vee” in which the knife edges rest. 
The latter are held in place by a spring, the tension 
on which can be adjusted by means of a screw, as will 
be clear from Fig. 5, and it will also be noticed from 
this illustration that the pointed ends of the knife edges 
rest on the ends of hardened-steel grub screws, which 
serve to locate the lever vertically. The long arm of 
the lever terminates in a thin strip of steel of No. 36 
S.W.G., to which the merking stylus is attached 
at a point such that the effective length of the 
long arm is four times that of the short arm. The 
stylus, which has a fine rounded point, bears upon 
a strip of transparent celluloid passing round a rubber- 
covered roller driven by clockwork, as can be seen 
on reference to Figs. 4 and 5; details of the roller 
itself are given in Fig. 9. In this way, a continuous 
record is obtained of the movements of the floating ring 
due to the relative angular movement between the 
driving pulley and the flywheel, the record being in the 
form of a fine groove on the celluloid film which can 
be examined under a microscope or projected optically 
and photographed. Provision is also made in the 
instrument for uniform time intervals and events in 
the motion being investigated, such as the strokes of a 
reciprocating engine or the revolutions of some rotating 
part, to be simultaneously recorded by marks on the 
celluloid film, so that the conditions of the motion can 
be accurately correlated. 

In use, the instrument should be set up as close as 
is practicable to the shaft under test, so that the shortest 
possible belt may be used for driving. The belt must 
also be light, flexible and practically inextensible, and, 
in practice, a strip of the celluloid film used in the 





recorder has been found to answer the purpose 
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admirably. The ends of the film are tapered by 
means of a tool provided and stuck together by applying 
amyl acetate. The diameters of the two pulley steps 
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are 70 mm. and 140 mm., respectively, and it will be| (GongrRUCTED BY MESSRS. CAMBRIDGE INSTRUMENT:-COMPANY, LIMITED, LONDON. 


obvious that the sensitivity of the instrument will 
be twice as great when the drive is taken on to the 
smaller pulley as when the larger pulley is driven from 
the same shaft. The five terminals shown in Fig. 2 
are connected to similar terminals on a control box 
supplied with the instrument, other terminals on this 
box being provided for the connection of a 6-volt 
accumulator, a time marker, and a position marker ; 
the latter may consist of a simple make and break | 
operated by a projection from the shaft under test, or | 
in any other convenient manner. The whole control | 
of the instrument, including the speed of the celluloid 
film, which is adjusted by a pointer provided for the 
purpose, is centred in the control box, the only opera- 
tions external to this being the winding of the time- 
marker and recording clockwork. 

Having described the construction of the instrument, 
we may now briefly indicate the theoretical principles 
upon which its applications depend. Let us assume 
that the shaft being investigated has a mean angular 
velocity (2, upon which is superimposed a harmonic 
oscillation represented by ¢ sin pt, and that a is the 
diameter of the belt pulley on the shaft and 6 the 
diameter of the pulley on the instrument. Then the 





‘ ; ee 
instrument pulley will have a mean angular velocity 5 
? 

which we may denote by w, and a harmonic oscillation | 
t : , . 1 | 
¢ sin pt, which we may call @ sin pt. The flywheel | 
DO 

will also have a mean angular velocity w, and, in 
addition, will oscillate under the spring control of the 
linkage system. Let f be the natural frequency of the 
flywheel oscillating in this way when the pulley is held 
stationary, and letg = 27f. Then, since the damping 
is small, the flywheel will execute forced oscillations 
closely in phase with those of the pulley and of ampli- 

2 
tude -,“—. g sin pt. On these will be superimpoved 
q? — pe ; 
free oscillations proportional to sin gt. Neglecting the 
latter, which in any case are damped out in two or three 
of their complete periods, the movement of the stylus, 
which will be proportional to the difference between the 
amplitude of the oscillations of the pulley and the 
2 
q 


flywheel, is therefore \ (@ sin pt oz 8 sin pt) 
ge 


= PF’. ésin pt, where \ is a constant of the instrument. 
g— p 

So long as q is large compared with p, the instrument 
therefore records p? @ sin pt, which are the small angular 
accelerations of the shaft under test. Under these 
conditions, the accelerations will be recorded on a 
constant scale. When, however, p = }q the scale is 
increased by 11 per cent., and when p = 4g, the scale is 
increased 33 per cent. For values of p greater than, 
say, %g, resonance effects come into play and the 
readings cannot easily be interpreted. For large values 
of p, when, for example, p is greater than about 3q, of 2} r.p.m. per second can be read off ; in other words, 
the movement of the stylus becomes more and more | @ readable acceleration is obtained with a shaft taking 
nearly equal to \ @ sin pt, so that the instrument then | over 6 minutes to run up from rest to a speed of 1,000 
becomes a vibrograph indicating small and very rapid|r.p-m. This particular instrument is, of course, too 
oscillations. Its indications, under these conditions, | sensitive for use with an ordinary petrol engine as used 
can be correctly interpreted and the results are of |on a motor car, and the firm are now constructing 


be noted, is equal to 10 r.p.m. per second, and as the 
record can be read to within 0-01 mm., an acceleration 


considerable value. 

So far we have considered the shaft to be rotating 
with a constant mean velocity. Lf, however, the shaft 
is being uniformly accelerated, taking the angular 
velocity as (2, as before, and ueglecting any small 
disturbances from the uniformly accelerated rotation, 
the angular velocity of the instrument pulley will be 


= : ' dw 
w and its angular acceleration will be da’ Apart from 


small movements due to the free oscillations of 


one having a much greater natural frequency and also a 
smaller sensitivity. 

Of the other two records reproduced in Figs. 12 and 
13, the former was taken from a 14-in. shaft between a 
90-ton flywheel and a three-cylinder compressor, and, 
on the right, shows beats at about half the critical 
resonance speed. On the left, the peaks have flat tops 
owing to the instrument hitting on its stops. Of the 
horizontal lines on the records, one indicates the time 
in tenths of a second and the other, which was produced 


the system, the flywheel will also rotate with an | by the position marker, operated by hand and there- 
angular velocity w, but it will lag behind the pulley ps eg approximately correct, gives the time intervals 
ldw , of each revolution. In Fig. 12, the flywheel is seen to 
dt: The stylus, therefore, moves | p, oscillating about Ridge ei a itn and the 
a a Adw record can be interpreted directly as a graph of angular 
, P 2dt’ accelerations. 
rotational acceleration of the shaft. The record shown in Fig. 13 was taken from another 
Fig. 11 is a record taker from the instrument con- | part of the same installation, at a somewhat higher speed. 
nected to an electric motor starting from rest and | In this there are no oscillations due to resonance effects, 
running up to full speed. ‘The waves on the curve | but the varying accelerations due to the three cylinders 
are due to lack of symmetry in the rotor, causing | of the compressor are distinctly measured, and the 
the toque to vary cyclically as a point on the rotor smaller vibrations are reproduced at each third phase 
passed under each pole; there were four poles, so | with extraordinary consistency. Here the main waves 
that this circumstance enabled the revolutions and | can be measured as graphs of true angular acceleration, 
speed of the motor to be determined from the curve, | the frequency being less than four per second, and the 
and also enabled the calibration of the instrument | smaller superimposed waves, with a frequency of over 
to be checked. The larger humps in these curves are | 30 per second, can be measured as true angular vibra- 
due to the passage of the handle of the starting | tions, each on the appropriate scale of the instrument. 
rheostat from one resistance contact to the next. | In neither record is there any apparent disturbance due 
The instrument illustrated, which was used in this | to waves with a frequency of 14 per second, t.e., waves 
test, has a natural frequency of 14 cycles per second, | which, due to insufficient damping, were created in the 
so that g = 88. The sensitivity is such that a steady |. : - ‘ uate 
athe we of 1 radian per rise nd per second gives 4 | instrument itself. By a suitable choice of the ratio y 
movement of 0.038 mm. of the stylus on the film. An | it is generally possible to avoid trouble due to resonance 
acceleration of 1 radian per second per second, it may | in the instrument. 


by an angle @ 





and thus records the steady 














Fig. 11. 








INDIAN IMPORT TRADE. 


From a survey of the import trade of India during 
the fiscal year, April 1 to March 31, 1928-29, which 
has recently been issued by the Department of Over- 
seas Trade, it appears that India’s sea-borne trade 
increased generally during the period under review. 
Imports, as compared with the previous twelve months, 
rose by 1 per cent., exports of Indian merchandise rose 
in value by 3 per cent., while re-exports alone showed a 
decrease of 18 per cent., and the grand total of imports, 
exports and re-exports amounted in value to Rs. 591 
crores, as against Rs. 579 crores in 1927-28. The figures 
given for the total visible balance of trade have im- 
proved steadily during the past three years, the values 
given being Rs. 40,14, 49,77 and 52,18 lakhs. 

Although the total imports of the British Empire 
increased to 54-1 per cent. of the total, the share of 
the United Kingdom, declined in both the total imports 
and in the import trade of British India, the decrease 
being reflected mainly in the figures for galvanised 
sheets and plates, woollen and cotton piecegoods, and 
tinned plates, there being notable increases, however, 
under the headings of electrical instruments and machi- 
nery, jute, cotton and sugar machinery, bolts and nuts, 
steel bars and boilers. It is gratifying to note that 
under the sub-title of machinery and millwork, a 
considerable increase in imports is recorded, which was 
provided almost entirely by British manufacturers ; 
and, further, it is satisfactory to find that the United 
Kingdom supplies over 76 per cent. of India’s general 
requirements of machinery; when the Indian cotton 
mill industry recovers, this percentage will probably 
be higher. 

As far as metals are concerned, although, taken 
as a whole, the total imports remained fairly steady, 
it is again satisfactory that the share of the United 
Kingdom recorded an increase in the majority of cases, 
especially in the imports of iron and steel bars, other 
than cast steel, the British share having doubled, rising 
to 46,000 tons. -. 

Both the value of the total imports and of the British 
share, under the comprehensive heading of hardwaie, 
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showed a slight decline ; the total figures given in Rs. 
lakhs for some of the principal items during the years 
1927-28 and 1928-29, respectively, may be quoted, as 
follows :—Agricultural implements 184 and 14 ; builders’ 
hardware 34 and 35}; enamelled ironware 36} and 42 ; 
implements and tools 763 and 76}; and metal lamps 
81 and 81}. The total imports of electrical instru- 
ments, apparatus, appliances and parts thereof again 
advanced from Rs. 283} lakhs to Rs. 313 lakhs, the 
British share rising from Rs. 185 lakhs to Rs. 199 lakhs ; 
while increased shipments were also registered from 
Germany, Holland, Italy, Japan and the United 
States of America. 

The steady increase in the imports of motor cars, 
which has been a noticeable feature of recent years, 
has been maintained. The share of the United King- 
dom has remained fairly steady, the total for 1928-29 
being given as 3,645, while that of Canada has been 
nearly doubled at the expense of Belgium, France and 
Italy, and now stands at 6,568. The United States 
of America still head the list with a total of 7,943. 








LABOUR NOTES. 


Tue Board of Arbitration, set up to consider the 
dispute over wages in the Lancashire cotton industry, 
issued its award on Thursday last week. ‘“ Having 
heard the whole of the evidence,” Sir Rigby Swift said, 
“and the arguments presented by the parties, we 
have come to the conclusion that the employers’ case 
for a reduction is made out, and they have sustained 
their claim to have wages reduced. During the 
course of the case, the evidence disclosed that the 
cotton industry in Lancashire was in a very depressed 
condition, and our attention was called to many factors 
which contributed to its present deplorable state, and 
it was contended, on behalf of the employees, that no 
reductions in wages should be made until the cotton 
industry had, in other respects, put its house in order. 
Our attention was also called to the fact that in July 
of this year, the Prime Minister had appointed a sub- 
committee of the Committee of Civil Research to 
consider and report upon the present condition and 
prospects of the cotton industry, and to make recom- 
mendations as to any action which may appear desir- 
wble and practicable in order to improve the position 
of that industry in the markets of the world. Our 
reference has one, and only one, purpose, and we are 
not charged with the reorganisation of the industry— 
a task which has been undertaken by the sub-committee 
of the Committee of Civil Research.” 





“The Board have listened with great interest,” Sir 
Rigby Swift went on to say, “to the arguments of 
both parties spreading over a wide field, and it is not 
at all convinced that a reduction of wages is the only 
remedy for the present state of affairs. But it is also 
convinced that something must immediately be done 
to alleviate the present position, and as an immediate 
easement it is unanimously of opinion that such a 
reduction in the rate of wages should be made. In 
the opinion of the Board it is most desirable that the 
above-mentioned sub-committee should deal with 
the above matter at the earliest possible moment. In 
the meantime they unanimously make the following 
award :—In respect of those classes of workpeople 
covered by the operatives’ amalgamations, 124 per 
cent. reduction on the standard piece price list rates 
of wages, which, in the case of operatives who are at 
present paid 95 per cent. on standard lists, will reduce 

he aggregate percentage additions to such lists from 
%5 per cent. to 824 per cent., and mean a reduction of 
6} per cent. on their current wages and a similar 
reduction of 12} per cent. from other lists, which vary 
from 95 per cent., and an equivalent reduction in the 
wages of all other operatives who are not paid by piece 
price lists. The reduced rates of wages will come 
into operation after the making-up day in the week 
ending September 7, 1929, and shall be payable on the 
pay day of the week ending September 14, 1929.” 





A resolution passed at the annual conference, in 
London, during the week-end, of the National Minority 
Movement, suggests that the organisation has changed 
its tactics. In addition to forming factory and work- 
shop committees and independent trade unions, it 
intends to link itself more closely to the unemployed 
workers’ organisation, and also to penetrate the 
co-operative movement. Rationalisation of industry 
's, moreover, to be opposed by means of demands for 
higher wages, shorter hours, the abolition of payment 
by results, and repudiation of all forms of collaboration 
with employers. 


The introduction to a document dealing with the 
Subject of rationalisation, presented to the conference, 
contained the following passage :—“ In the ‘ Memoran- 
cum on Nationalisation ’ presented to last year’s annual 
conference it was pointed out that whatever measure 
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: 3 
of rationalisation had taken place the effect was mainly | in the brush and broom industry. The principal 
to be seen in the worsening conditions of the workers : | group of workpeople whose wages were increased 
when companies had combined, the numbers of workers | included hosiery workers in the Midlands, whose cost-of- 
had been reduced; when new machinery had been | living bonus of 6d. on each shilling earned was in- 
installed, fewer workers were employed ; when speeding | creased to 7d. Other workpeople, whose wages were 
up took place, again many workers were ‘stood off’ | increased in July, included hosiery and lace bleachers, 
and the remainder were required to work overtime, | dyers, finishers, &c., in the Midlands, pieceworkers in 
wages were attacked, directly by mass attacks on rates | the boot and shoe-repairing industry, and men employed 
or indirectly by re-arranging work and introducing | by civil engineering contractors. 

new and lower rates for the new work ; young workers | 
and women workers were substituted for male workers | 
at less pay; unskilled, again at less pay, for skilled. | 


During the sevea completed months of 1929, the 


Every conceivable kind of effort was made to increase 
and intensify the exploitation of the workers.” In 
much the same strain, the new document “ carries the 
story forward to the present date.” 


As has already been mentioned, the Miners’ Federa- 
tion intend to move, at next month’s Trades Union 
Congress, at Belfast, that itshould be made compulsory 
on employers to notify vacancies to the Employment 
Exchanges in their districts. 
the Dyers, Bleachers, Finishers, and Kindred Trades 
have given notice seeks to make the restriction appli- 
cable only to employers who are not dealing direct 
with trade unions for their supply of labour. On the 
same lines is an amendment by the London Glass 
Bottle Workers, proposing that employers, in notifying 
vacancies, should state whether they are for trade union 
labour or otherwise, while the Engineering and Ship- 
building Draughtsmen consider that employers should 
also be required to notify vacancies to appropriate 
trade unions. The London Society of Compositors 
and the Woolcombers’ Society, on the other hand, 
desire to delete the whole reference from the resolution 
of the Miners’ Federation. 





In the course of their annual report to the Belfast 
Trades Union Congress, the General Council say that 
political success must not be made the excuse for any 
slackening of effort to increase the bargaining power 
of the organised workers, but the opportunity should 
be used to strengthen and extend the influence of the 
trade unions. The advent of a Labour Government 
should be made the occasion, it is suggested, of an 
intensive effort. Industrial depression cannot be 
remedied, the report declares, by wage cutting or the 
lowering of working conditions. Against proposals 
of that character the Trade Union movement must, of 
necessity, offer the sternest resistance. 





At the end of July, 11,222 members of the Boiler 
Makers and Iron and Steel Shipbuilders’ Society were 
signing the books, as compared with 11,616 at the 
end of June. The number of members in receipt of 
superannuation benefit was 4,545, as compared with 
4,565, and the number in receipt of sick benefit 2,458, 
as compared with 2,512. In July, the expenses were 
10,1107. Os. 10d. ; in June, they were 10,2911. 10s. 





According to The Ministry of Labour Gazette, there 
was little change in the general state of employment 
during July. Among the workpeople, numbering 
approximately 11,880,000, insured against unemploy- 
ment in Great Britain and Northern Ireland, the 
percentage unemployed in all industries taken together 
was 9-9 at July 22, 1929, as compared with 9-8 at 
June 24, 1929, and 11-6 at July 23, 1928. The per- 
centage wholly unemployed at July 22, 1929, was 
7-4, the same as at June 24, 1929; while the percentage 
temporarily stopped was 2-5, as compared with 2-4. 
There was an improvement in river, dock and harbour 
service, and also in the tinplate, jute, brick, tile, cement 
and artificial stone industries. On the other hand, 
there was some decline in the building trade and public 
works contracting, in steel manufacture, shipbuilding 
and ship-repairing, and in the motor vehicle, woollen 
and worsted, textile, bleaching, dyeing and finishing 
and clothing industries. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during July, resulted in a reduction of about 13,4001. 
in the weekly full-time wages of 296,000 workpeople, 
and in an increase of 11,8001. in those of 147,000 
workpeople. 

The largest group of workpeople afiected by reduc- 
tions consisted of railway traffic workers, a consider- 
able number of whom sustained a reduction of Is. 
per week under a cost-of-living scale. Other groups 


of workpeople whose wages were reduced included 
work people employed in the bleaching, dyeing, finishing, 
&c., industries in Yorkshire, Lancashire and Scotland, 
coa) miners in Cannock Chase, electrical cable makers, 





paper box and paper bag makers, and workpeople 


An amendment of which | 


| cone reported to the Ministry of Labour in the 
|industries for which statistics have been compiled 
| have resulted in net increases of 6,300/. in the weekly 
| full-time wages of 91,000 workpeople, and net reduc- 
| tions of 40,3001. in those of 532,000 workpeople. In 
the corresponding seven months of 1928 there were 
net increases of 17,2501. in the wages of 199,000 work- 
people, and net reductions of 120,0001. in those of 
1,107,000 workpeople. 


The number of trade disputes involving stoppages 
of work, reported to the Ministry of Labour as beginning 
in July, was 20. In addition, 14 disputes, which began 
before July, were still in progress at the beginning of 
the month. The number of workpeople involved in all 
disputes in July (including workpeople thrown out of 
work at the establishments where the disputes occurred, 
but not themselves parties to the disputes) was about 
367,000, and the aggregate duration of all disputes during 
July was about 1,188,000 working days. These totals 
include workpeople, provisionally estimated to number 
about 350,000, involved in the dispute in the cotton 
industry of Lancashire, Cheshire and the adjoining 
counties, which began on July 29, and accounted for a 
loss of about 1,050,000 working days in July. In the 
previous month, about 16,300 workpeople were involved 
in disputes, and in July, 1928, the corresponding 
number was 21,600. The numbers of working days 
lost by the disputes in these two months were 188,000 
and 227,000 respectively. 


The aggregate duration of all disputes in progress 
in the first seven months of 1929, was about 2,087,000 
working days, and the total number of workpeople 
involved in these disputes was about 429,000. The 
figures for the corresponding period of 1928, were 
1,166,000 days and 97,000, workpeople, respectively. 





The committee appointed by the Minister of Labour, 
under the chairmanship of Sir Harold Morris, K.C., to 
consider certain unemployment insurance matters 
referred to them, met on Tuesday at the Ministry of 
Labour. Evidence was given by Mr. J. L. Smyth, 
Mr. J. A. Newrick and Mr. E. J. Chapman on behalf 
of the Trades Union Congress General Council, and the 
committee adjourned until Monday September 9. 





On August 19, 1929, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,162,300. Of these, 800,400 were 
wholly unemployed, 288,500 were temporarily stopped, 
and 73,400 were persons normally in casual employm<¢ nt ; 
884,100 were men, 38,600 boys, 206,100 women, and 
33,500 girls. Of 1,168,068 on the registers, on August 12, 
1929, 794,336 were wholly unemployed, 300,743 were 
temporarily stopped, and 72,989 were persons normally 
in casual employment; 900,120 were men, 37,848 
boys, 197,825 women, and 32,275 girls. The number 
of unemployed persons on August 20, 1928, was 
1,308,160 of whom 1,019,949 were men, 42,396 boys, 
210,400 women, and 35,415 girls. The figures given for 
August 19, 1929, are exclusive of persons disqualified 
for benefit by reason of the trade dispute in the cotton 
textile industry. 

At the time of writing, the wages difference in the 
wool textile industry is still critical. On Saturday 
last, the National Association of Unions in the Textile 
Trade re-affirmed its policy, and gave the Executive 
Committee full authority to deal with any situation 
that may arise, in the event of employers deciding to 
post notices. In other words, resistance is to be 
offered to the employers’ modified claim for a reduc- 
tion of slightly over 9 per cent., but arbitration will 
be accepted. On the question of arbitration the posi- 
tion of the employers is, of course, difficult, as any 
reference would presumably be based on their modified, 
and not on their original, demand. In the course of 
the discussions in the Joint Industrial Council, they 
abated 5s. a week on their original claim, in respect 
of men, and 2s. 11d. a week in respect of women. 


An agreement determining the wages of metal workers 
in the city and province of Milan came into force this 
month. Under it, the minimum wages of metal workers 
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in undertakings situated outside the town vary from 
2 lire to 3-05 lire per hour for men, from 1-20 lire to 
1-40 lire for apprentices, from 1-05 lire to 1-30 lire 
for women, and that of children is fixed at 70 centesimi. 
For the city of Monza, the minimum wages vary from 
2-10 lire to 3-20 lire for men, from 1-25 lire to 1-45 
lire for ‘apprentices, from 1-10 lire to 1-35 lire for 
women, and that of children is fixed at 75 centesimi. 
For the payment of special work, the increase over the 
normal hourly wages is fixed at 20 per cent. for the 
first two hours, and at 30 per cent. for each subsequent 
hour. Night work is paid for at the rate of 10 per 
cent. above the normal wage, while, for work performed 
on public holidays, the rate is increased by 30 per cent. 
The agreement further provides that 3 per cent. of 
the workers covered by a contract of employment 
may be paid wages below the minimum established, in 
order that undertakings may be able to retain in their 
service persons whose physical condition renders them 
incapable of giving the normal output for workers of 
their class. 








ENGINEERING TRAINING AND 
EDUCATION. 


The Portland House Scholarship.—The Council of 
the Institution of Structural Engineers has sent us 
particulars of the 1929 Portland House Travelling 
Scholarship, which is awarded triennially. The 
Scholarship has a value of 3001., and candidates may 
be members, associates, associate-members, or gradu- 
ates of the Institution between the ages of 21 and 31. 
The Scholarship is awarded with the intention of 
providing an opportunity for the study of cements, 
concrete, and reinforced concrete in foreign countries. 
Candidates will be required to sit for an examination 
in the design of a reinforced-concrete structure, parti- 
culars of which examination will be issued in due 
course. Forms of application for participation in the 
examination, which must be returned not later than 
September 7 next, may be obtained from the Secretary, 
The Institute of Structural Engineers, 10, Upper 
Belgrave-street, London, 8.W.1. 

Manchester College of T'echnology.—The prospectus 
of University day courses in the Municipal College of 
Technology, Manchester, for the session 1929-30, has 
just reached us. Degree, associateship, and certificate 
courses are available in mechanical, electrical, and 
municipal and sanitary engineering, applied chemistry, 
the chemical technology of textiles, metallurgy and 
assaying, electro-chemistry, photography, cotton manu- 
facture, coal mining, and industrial administration. 
In most cases the courses are spread over three years, 
but in some instances a fourth year of more advanced 
study is provided. The enrolment of students will 
take place from September 30 to October 2 next, and 
the Michaelmas term will commence on October 3. 
Copies of the prospectus may be obtained from the 
Principal, The Municipal College of Technology, 
Manchester. 


THe Survey or Cutna.—-A comprehensive scheme 
for the complete survey of the territory of China has 
recently been formulated by the National Government 
authorities. The scheme provides for the employment 
of a large staff of ree a surveyors, the purchase of 
equipment, and the organisation of a technical institute 
for the training of a permanent staff of surveyors. The 
work will be carried out under the general supervision 
of the Chief of the General Staff of the Chinese Republican 
Army, General Chu Pei-teh. 

THe Socrety or Moror MANUFACTURERS AND 
TRADERS.—At a recent meeting of the British Manu- 
facturers’ Section of The Society of Motor Manufacturers 
and Traders, Limited, Sir Herbert Austin, K.B.E., was 
unanimously elected chairman in succession to Mr. E, H. 
Blake. The British Manufacturers’ Section was formed 
in 1927 with the object of encouraging co-operation 
between all sections of manufacturers of motor products 
in order to promote the development of the British motor 
industry at home and in all parts of the world. Branch 
offices have been opened in Australia, New Zealand, and 
South Africa, and a definite liaison established between 
manufacturers at home and British factory representa- 
tives and distributors in thes» Dominions. The offices 
of The Society of Motor Manufacturers and Traders, 
Limited, are at 83, Pall Mall, London, S.W.1. 








THe METAL StrRoNtIUM AND Its UsEs.—-Although the 
metal strontium is present in many rocks and minerals, 
practically the only sources of the strontium compounds 
used in industry are celestine (strontium sulphate, Sr SO,) 





and strontianite (strontium carbonate, Sr CO,). Stron- 

tium hydroxide is used on a large scale in the beet-sugar 

refining industry, strontium nitrate in pyrotechnics, and | 
strontium carbonate in the manufacture of iridescent | 
glass. Celestine and strontianite deposits occur in 

Gloucestershire, in Ireland, in Westphalia, Germany, | 
and in Canada, while celestine is found in India, France | 
and Sicily. The English deposits of celestine, however, 
are the most important, and supply practically the entire 
requirements of all other countries, including those of | 
the United States, 





ENGINEERING. 


TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each 
case. 

Woollen Worsted.—The supply of woollen worsted for 
oil syphoning. The South African Railways and Harbours 
Board, Johannesburg ; October 10. (Ref. No. A.X. 8437.) 

Locomotive and Rolling-Stock Parts.—The supply of 
parts for locomotives and rolling stock. The Board of 
The Port and Railways, Lourengo Marques ; December 30. 
(Ref. No. A.X. 8439.) 

Scientific Instruments and Clocks.—The supply and 
delivery of scientific instruments and clocks. The 
Physical Department, Ministry of Public Works, Cairo ; 
September 30. (Ref. No. B.X. 5624.) 

Creosote.—The supply of 60,000 Imperial gallons of 
creosote. The South African Railways and Harbours 
Board, Johannesburg; September 5. (Ref. No. B.X. 
5634.) 

Tunnel Construction.—The construction of the Lahaiwa 
tunnel on the east side of the River Nile and about 
500 km. (310 miles) south of Cairo. The Under-Secretary 
of State, Ministry of Public Works, Cairo ; November 16. 
(Ref. No. A. 8445.) 

Small Box Refrigerators.—The supply of small box 
refrigerators to be used on the running board of a motor- 
car. A firm at St. Louis, Missouri, U.S.A. (Ref. No. 
B.X. 5625.) 





BOOKS RECEIVED. 


Aeronautical Research Committee. Report for the Year 
1928-29. London: His Majesty’s Stationery Office. 
[Price 2s. net.] 

Turbocompressori Soffianti e Ventilatori. By Inc. Pror. 
Mario Mepicr. Milan: Ulrico Hoepli. [Price 48 
lire. ] 

Proceedings of the Imperial Academy of Japan. Vol. V, 
No. 6. Tokyo: Offices of the Academy. 

Bulletin of the Earthquake Research Institute. Vol. VII, 
Part I. June, 1929. Tokyo: Imperial University. 

Bulletin of the Institute of Physical and Chemical Research. 
Vol. VIII, No. 7. Tokyo: Offices of the Institute. 

Foundrymen’s Handbook. Second Edition. London: 
Penton Publishing Company, Limited. [Price 30s. 
net. ] 

Public Cleansing : Collection, Treatment and Utilisation 
of Town Refuse. By THE “Jas. Jackson” Stupy 
CIRCLE OF THE BIRMINGHAM CORPORATION SALVAGE 
DEPARTMENT. London: Ernest Benn, Limited. [Price 
18s. net.] 

Department of Overseas Trade. Economic Conditions in 
the Persian Gulf. April, 1929. Report. By LinuTENANT- 
CoMMANDER ForeEsTER. London: His Majesty’s 
Stationery Office. [Price ls. 3d. net.] 

United States Coast and Geodeiic Survey. Special Publica- 
tion No. 145. Manual of Second and Third Order 
Triangulation and Traverse. By C. V. Hopason. 
Washington: Government Printing Office. [Price 
60 cents. ] 

United States Bureau of Standards. Miscellaneous Publi- 
cation No. 94. Scientific and Technical Positions in 
the National Bureau of Standards. By W. C. Fewell. 
CS5-29. Steel Pipe Nipples. [Price 10 cents.] Wash- 
ington : Government Printing Office. 

Les Origines des Chaudiéres d Circulation Accélérée 
(1825-1885). By P. AvuausTIN-NoRMAND. Paris: 
Société d’Editions Géographiques, Maritimes et 
Coloniales. 

Air Publication No. 1354. Air Photography. Part I. 
Organisation and Training. London: His Majesty’s 
Stationery Office. [Price ls. 3d. net.] 

Air Ministry. Meteorological Office. The Observatories’ 
Year Book, 1927. London: His Majesty’s Stationery 
Office. [Price 31. 3s. net. ] 

Home Office. Report on Conferences between Employers, 
Operatives and Inspectors concerning Fencing of 
Machinery, Prevention of Accidents, First-Aid and 
Temperature in Cotton Spinning Mills. By E. F. May. 
London: His Majesty’s Stationery Office. [Price 
ls. 3d. net.] 

United States Bureau of Mines. Bulletin No. 305. 
Inspection and Testing of Mine-Type Electrical Equip- 
ment for Permissibility. By L. C. Itstry, E, J. 
Gutem and H. B. Brunot. Washington: Govern- 
ment Printing Office. [Price 10 cents. ] 

Ohio State University Studies. The Engineering Experi- 
ment Station Bulletin No. 43. The Angular Distortion 
of Crankshafts. By C. A. NoRMAN and K. W. Strvson. 
Columbus, U.S.A.: The Ohio State University. 
[Price 25 cents. ] 

Anuario de Mineria, Metalurgia, Electricidad y Demas 
Industrias de Espatia (Anuario de la Industria Espajiola) 
1929. By Don AprIANo ConTRERAS, Don ROMAN 
OrtoL and Don Luts Ortot. Madrid: Sucessores de 
Rivadeneyra (S.A.). [Price 9-50 Pesetas. ] 

Department of Scientific and Industrial Research. Deterio- 
ration of Structures of Timber, Metal, and Concrete 
Exposed to the Action of Sea-Water. Ninth (Interim) 
Report of the Committee of the Institution of Civil 
Engineers. Edited by J. Purser and H. J. Grose. 
London: His Majesty’s Stationery Office. [Price 
3s. 6d. net. ] = 

Wellington (New Zealand) Chamber of Commerce. Annual 
Report for 1929. Wellington, N.Z.: The Chamber of 
Commerce. [Price 2s. 6d.] 
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LAUNCHES AND TRIAL TRIPS. 

“ Korra.”’—Single-screw cargo motorship; single- 
acting, four-stroke cycle, Harland—B. & W. Diesel engine 
supplied by Messrs. J. G. Kincaid and Company, Limited, 
Greenock. Launch, August 21. Main dimensions, 
330 ft. by 47 ft. by 30 it. 3in. Built by Messrs. Harland 
and Wolff, Limited, Govan, Glasgow, for the Moss 
Line, Limited, Liverpool. 

** CorBROOK.’’—Steel screw collier; triple-expansion 
engine installed by Messrs. George Clark, Limited, 
Sunderland. Trial trip, August 21. Main dimensions, 
length, 265 ft. 6 in. ; beam, 37 ft. 6in. Built by Messrs. 
Cowpen Dry Docks and Shipbuilding Company, Limited, 
Blyth, for Messrs. Cory Colliers, Limited, London. 


‘* ATHELTARN.”’—Single-screw oil or molasses-carrying 
steamer ; triple-expansion engine. Launch, August 22. 
Main dimensions, 220 ft. by 36 ft. by 14 ft. Built to 
the order of Messrs. The British Molasses Company, 
Limited, London, by Messrs. Cammell Laird and Com- 
pany, Limited, Birkenhead. 


“GEOFFREY STANLEY.”—Single-screw motor coasting 
vessel ; 90-b.h.p., two-cylinder, Plenty-Still semi-Diesel 
engine. Trial trip, recently. Main dimensions, 90 ft. 
by 18 ft. by 7 ft. Constructed by Messrs. James Pollock, 
Sons and Company, Limited, Faversham, Kent, for the 
War Department. 


“Et Hak.’—Single-screw cargo motorship; Atlas 
Polar Diesel engine. Launch, August 23. Main dimen- 
sions, 241 ft. 6 in. by 35 ft. by 20 ft. 9 in. Built by 
Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, Hebburn-on-Tyne, for Messrs. The Halal 
Shipping Company, Limited, London. 


Two TRAWLERS.—Two steel screw trawlers, one of 
which is named Gullfloss. Launch, August 24. Main 
dimensions, in each case, 140 ft. by 25 ft. by 14 ft. 
Built by Messrs. Cochrane and Sons, Limited, Ouse 
Shipbuilding Yard, Selby, for owners at Grimsby. 


“Tito, No. 1.”—Single-screw, oil-carrying motor- 
boat; 50-h.p., two-cylinder, Bolinder heavy-oil engine. 
Trial trip, recently. Main dimensions, 64 ft. by 14 ft. 6 in. 
by 6 ft. Built by Messrs. James Pollock, Sons and 
Company, Limited, Faversham, Kent, for service in the 
River Thames. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Conditions in the Cleveland 
pig-iron trade alter slowly. Business is on a limited 
scale only, but improvement in demand is looked for 
with the passing of the recognised dull season. A little 
iron from other districts is still being consumed on 
Teeside, but supply of Cleveland pig may be equal to 
needs in the near future. Parcels are offered fairly 
freely for delivery from mid-September onward, but it 
is still difficult to purchase prompt lots, and the small 
parcels that come on the market realise high figures. 
Home users have made further contracts for supply 
over periods to the end of the year, but sales for ship- 
ment overseas are few and small, customers abroad 
being very disinclined to pay the ruling rates. No. 1 grade 
of iron is 75s.; No. 3 g.m.b., 72s. 6d.; No. 4 foundry, 
71s. 6d.; and No. 4 forge, 71s. 


Hematite.—Better accounts are given of the East 
Coast hematite industry. Demand is improving and 
values are stiffening, but the economic position is still 
far from satisfactory. Steady rise in prices of raw 
material are increasing production costs, and terms of sale 
are already unremunerative to manufacturers. Quota- 
tion movement towards economic level is slow and 
unsatisfactory. Makers have good order-books and are 
not pressing sales at prices obtainable, and second 
hands are less keen than of late to enter into contracts 
at figures named. Home and Continental consumers 
are buying moderate quantities. Ordinary qualities 
are 75s. 6d. to 76s., and prices for other grades are in 
the usual proportion. 


Foreign Ore.—Recent unloadings against running 
contracts have provided ample supplies of foreign 
ore. Consumers are heavily bought to the end of 
next year, and as merchants are unable to offer parcels 
of moment, except for delivery well ahead, very little 
new business is passing. Nominally quotations remain 
on the basis of best rubio at 24s. 9d. c.i.f. Tees. 


Blast-Furnace Coke.—Scarcity of Durham _blast- 
furnace coke is causing some anxiety. Local require- 
ments promise to increase, and production threatens to 
be inadequate, though output is being much enlarged. 
Good average kinds are fully 22s. delivered here. 


Manufactured Iron and _ Steel.—Manufactured-iron 
firms have a lot of work to execute, and hope to book 
further orders. Demand for semi-finished steel is 
quieter, and Continental competition is increasing, but 
producers here are well sold, and they adhere to prices 
that have ruled recently. Signs of early expansion of 
transactions in finished steel are increasing. Foreign 
inquiries, long overdue, are now coming to hand. Common 
iron bars are 101. 15s.; best bars, 111. 5s. ; double best 
bars, 11/. 15s.; treble best bars, 121. 5s.; iron rivets, 
1ll. 10s.; packing (parallel), 8/.; packing (tapered), 
101.; steel billets (soft), 62. 17s. 6d.; steel billets 
(medium), 7/. 12s. 6d.; steel billets (hard), 8/. 2s. 6d. ; 
steel rivets, 111. 5s. ; steel ship plates, 8/. 12s. 6d. ; steel 
angles, 8/. 2s. 6d. ; steel joists, 8/. 2s. 6d. ; heavy sections 
of steel rails, 8/. 10s.; black sheets (No. 24 gauge). 
107. 5s.; and galvanised corrugated sheets (No. 24 
gauge), 13/7. 10s. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel—Reports of increased keenness in 
Continental competition are more numerous, but while 
acid-steel production is much below capacity and some of 
the biggest plants are largely idle, there is evidence that 
the basic open-hearth furnaces are more than holding their 
own. These furnaces are largely contributing to a gross 
production that is well in excess of that of pre-war years, 
and is also substantially ahead of post-war output. 
Though the extra cost of coke is increasing the expense 
of pig-iron production, quotations are steady, as is the 
case with steel-making hematites, in which large overseas 
purchases are reported. Makers of high-speed steel 
are maintaining recent rates, despite the rise in tungsten 

rices. Current quotations are as follow: hard basic 
steel billets, 7/. 17s. 6d. per ton; soft basic-steel billets, 
6l. 17s. 6d. ; West Coast hematites, 88s. 6d.; East Coast 
hematites, 87s. 6d.; Lincolnshire No. 3 foundry iron, 
74s. 6d.; Lincolnshire forge iron, 70s, 6d. ; Derbyshire 
No. 3 foundry iron, 7ls.; Derbyshire forge iron, 67s. ; 
bars, 11l. 10s.; sheets 127. Having modernised their 
equipment and concentrated on the more efficient units, 
makers of heating installations and industrial machinery 
are making encouraging progress, though the pressure 
of external competition is so marked that contracts allow 
only a narrow margin of profit. Orders have been com- 
pleted for Germany, Holland, Spain, and Australia for 
steelworks plant, special grinding machinery, and 
brick and tile-making machinery. Contracts for wash- 
house plant have been received from the Corporations of 
Liverpool, Manchester, and Nottingham. Further 
developments along this line are in prospect. Heating 
equipment has also been ordered by H.M. Office of 
Works. A somewhat brighter tone is displayed in the 
medium sections. The War Office has ordered horse- 
shoes, steel bars, and springs from local works, and 
dredger bucket equipment is to be supplied to the 
Admiralty. Active conditions prevail in the production 
of large hollow-forged boiler drums for sea and land 
services, cold-wrought steel in various forms, wire, air- 
craft and automobile steel, special apparatus for the 
chemical and dye trades, magnet steel, and metal-working 
tools. Business in farm and garden tools and implements 
has been only moderate, but steady deliveries of machine 
tools are going inland and abroad. Precision tools of 
local manufacture for highly skilled engineering services 
are replacing those of foreign origin. 


South Yorkshire Coal Trade.—The house coal position 
shows little alteration. Business in the best grades for 
winter stocking purposes is perhaps a shade more active, 
but secondary sorts are still in abundant supply. 
Collieries are anxious to reduce stocks. Steady move- 
ment is reported in industrial fuel, at firm prices. Export 
enquiries are more numerous, though current business is 
on the quiet side. Furnace and foundry coke are both 
still in strong demand at firm rates, and gas coke is an 
active market, while good business is passing in coking 
slacks. Quotations: Best hand-picked branch, 26s. 
to 27s. 6d.; Derbyshire best brights, 20s. to 228.; Best 
house, 19s, 6d. to 20s. 6d.; screened house coal, 17s. 6d. 
to 18s. 6d.; screened house nuts, 15s. 6d. to 16s. 6d. ; 
Yorkshire hards, 14s. 6d. to 15s. 6d. ; Derbyshire hards, 
l4s. 6d. to 15s, 6d.; rough slacks, 9s. to 10s. ; nutty 
slacks, 7s. to 8s. ; smalls, 3s. to 5s. 








THE InpustRIAL WELFARE Socrety.—The tenth 
annual conference organised by the Industrial Welfare 
Society will be held at Balliol College, Oxford, from 
September 13 to 17 next. The offices of the Society are 
at 51, Palace-street, London, S.W.1. 


Personat.—Mr. H. R. Forbes Mackay, general 
inanager of the Electricity Department, Sydney, N.S.W., 
Australia, is visiting England in the near future, and, 
whilst in this country, his address will be, care of Messrs. 
Preece, Cardew and Rider, 8, Queen Anne’s-gate, West- 
minster, London, §8.W.1.—The United Dominions Trust 
Limited, Bankers, King’s House, King-street, London, 
K.C.2., has secured the services of Mr. P. R. Jackson, 
M.1I.Mech.E., A.M.I.N.A., who is joining the company 
as assistant to the managing director.—The Wagner 
Electric Corporation, 6400, Plymouth-avenue, St. 
Louis, Missouri, U.S.A., has moved its Cleveland service 
station and branch sales office to new premises at 3756, 
Carnegie-avenue.—Messrs. The Stirling Boiler Company, 
Limited, have recently appointed, as general manager, 
Mr. George Summers, who has been associated with the 
company for 22 years.—Messrs. The Wadley Manufac- 
turing Company, Limited, Thames House, Queen-street- 
place, London, E.C.4, who have been, for many years, 
the manufacturing side of the firm of Messrs. C. A. 
Hunton and Sons, which are now closing down, are 
continuing in business and have secured the lease of the 
offices hitherto occupied by Messrs. Hunton. Mr. H. C. 
Hunton remains managing director, in association with 
Messrs. A. D. McKillop and R. G. Perry.—Mr. I. F. 
3aker was recently appointed European sales manager 
of the Westinghouse Electric International Company, 
and will have his headquarters at 2, Norfolk-street, 
Strand, London, W.C.2.—The Wagner Electric Corpora- 
tion, St. Louis, U.S.A., have transferred Mr. F. C. 
Hosimer from their St. Louis office to the Chicago branch 
sales office, where he will represent the company. 
—As from September 2 next the head office of Messrs. 
Bell’s Asbestos and Engineering Supplies, Limited, will 
be removed ‘from Asbestos House, Southwark-street, 
London, §.E.1, to Bestobell Works, Slough, Bucks. 


London offices have, however, been established at 157, 
+ + cea E.C.4, and at 239, Upper Thames- 
street, E.C.4, 





NOTES FROM THE SOUTH-WEST. 











Carpirr, Wednesday. 


The Coal Trade.—That the Italian State Railways are 
to purchase annually for the next three years 1,000,000 
tons of British coal has given great satisfaction to Welsh 
coal operators. Prior to the Dawes Agreement, the 
Italian State Railways purchased 3,000,000 tons of 
Welsh coal a year, and it is expected that the bulk of the 
1,000,000 tons will be drawn from the Welsh collieries, 
thus providing extra employment and resulting in more 
regular working at the pits. When the Italian State 
Railways’ offices at Cardiff were virtually closed down 
five years ago, the Welsh coal industry suffered a severe 
blow, which was all the more keenly felt, because it fol- 
lowed the changing over to oil of Naval ships and leading 
liners. Strenuous efforts have, however, been made by 
Welsh coal owners andexporters to overcome the difficulties 
caused by the loss of business representing about 7,000,000 
tons per annum, and where Reparations questions have 
not been allowed to interfere with the normal course of 
business, Welsh coal has continued to hold its own in 
competition. The new arrangement, which will pro- 
bably operate next year, will, it is expected, prove a badly- 
needed stimulus, and should result in the shipment of 
some hundreds of thousands of tons, for it is estimated 
that the boats required to carry the coal will also take 
about 100,000 tons of coal as bunkers. In the mean- 
time, the feature of the market is the continued scarcity 
of sized products which are in pressing demand. Col- 
lieries are already booked up with orders, and shippers 
find it very difficult to arrange stems. The dry varieties 
are particularly short, and, for nuts, up to 28s. has been 
conceded with sellers asking 30s. for later loading. Duffs 
too remain exceedingly scarce at relatively high levels, 
the bituminous classes realising up to 17s., with drys up 
to 15s., and unwashed up to 13s. 6d. Smalls, though in 
increasing supply, owing to better shipments of large, 
remain tight and difficult. In individual cases collieries 
are more ready to supply, but generally supplies are short, 
on the basis of 14s. for the best bunker sorts. Exports 
of coal last week amounted to 524,850 tons, which was 
27,000 tons more than in the preceding week, shipments 
at Cardiff being raised from 231,920 tons to 304,730 tons. 
France took 116,800 tons, Italy 86,300 tons, and Egypt 
46,400 tons. 


Iron and Steel.—Shipments of iron and steel goods 
in the past week amounted to 11,551 tons, compared 
with 21,365 tons in the previous week. Exports of 
tin-plates and terne-plates fell from 12,257 tons to 5,448 
tons, of black-plates and sheets from 963 tons to 95 tons, 
and of galvanised sheets from 5,902 tons to 3,464 tons, 
but other iron and steel goods were advanced from 
2,243 tons to 2,544 tons. 








Surrace MINING IN THE UNITED States.—The rela- 
tively large extent to which open-pit methods of mining 
are employed in the United States is revealed in a 
Bulletin issued recently by the Bureau of Mines of that 
country. In an average year, 19,000,000 tons of coal, 
24,000,000 tons of copper ore, 32,000,000 tons of iron ore, 
150,000 tons of bauxite, and 2,700,000 tons of pebble 
phosphate were mined from the surface by means of 
steam or electric shovels. These quantities total 78,000,000 
tons, and at least four times that amount of overburden 
has to be removed to expose the minerals. The output 
of bituminous coal mined in this manner is equivalent to 
about 3 per cent. of the total coal produced annually in 
the United States. The yearly total of anthracite mined 
from the surface exceeds 2,000,000 tons. 





ToRPEDO-Boat DESTROYER FOR THE DutcH Navy.— 
On page 704 of our issue of May 31 last we gave an 
illustrated description of the De Ruyter, one of eight 
torpedo-boat destroyers built in Holland for the Royal 
Netherlands Navy, to the designs and with the technical 
assistance of Messrs. Yarrow and Company, Limited, 
Glasgow. The builders were Messrs. Koninklijke Maat- 
schappij de Schelde, Flushing. The fifth vessel, the Van 
Galen, has just completed a successful series of trials on 
the Clyde. The first four destroyers, which are already 
in service, have a boiler pressure of 275 Ib. per sq. in. 
and a steam temperature of 610 deg. F. In the case 
of the Van Galen and the remaining three vessels of the 
programme, a boiler pressure of 400 Ib. per sq. in. and 
a steam temperature of 685 deg. F. have been adopted. 
The Van Galen was constructed by Messrs. Maatschappij 
voor Scheeps-en Werktuigbouw Figenoord, Rotterdam. 





ContTracts.—The General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, has received 
an order from the Auckland Transport Board for 104 
tramway motors, each rated at 40 b.h.p., 500 volts, 
on the one-hour rating.. The order also includes the 
supply of resistances, lighting arresters, &c.—Messrs. 
the British Thomson—Houston Company, Limited, 
Rugby, have been entrusted with the order for the 
complete sub-station equipment in connection with the 
electrification of the Manchester, South Junction and 
Altrincham Railway of the London and North Eastern 
and London, Midland and Scottish Railways Joint 
Committee. The order comprises switchgear, trans- 
formers, rotary converters, and control equipment, the 
latter being of the automatic type with remote control 
for one of the two substations. In each sub-station 
there will be six 750-kw., 750-r.p.m. rotary converters.— 
The English Electric Company, Limited, Queen’s House, 
Kingsway, London, W.C.2, has received a further order 
from the Central Electricity Board for two 15,000-kv.-a., 
132,000-volt, three-phase transformers for the Central 
Scotland scheme, for installation at Saltcoates. This 
makes a total of 130,000 kv.-a. of three-phase trans- 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—Conditions in the Scottish steel 
trade continue fairly satisfactory at present, and quite 
a good tonnage is being turned out. With the ship- 
building industry maintaining its position by the fixing 
of one or two more contracts during recent weeks the 
demand for ship plates will be better again, and a fair 
run is anticipated at the steel works. The black-sheet 
trade shows signs of improvement, and in the mean- 
time there is a fair amount of activity in light and 
galvanised sorts, and order books are tolerably well 
filled. Overseas buyers have been making purchases more 
steadily of late, and tonnages are on the increase, while 
the current inquiry represents a big volume of work. 
For the heavier grades of sheets there is not so encourag- 
ing a demand, although there is a fair general amount of 
business going through. The following are the current 
market quotations :—Boiler plates, 10/7. 10s. per ton ; 
ship plates, 8/. 12s. 6d. per ton ; sections, 8/. 2s.' 6d. per 
ton; black sheets, 4 in., 8/. 15s. per ton; and galvanised 
corrugated sheets (No. 24 gauge), 13/7. 15s. per ton, all 
delivered at Glasgow stations. 

Malleable-Iron Trade.—The state of the malleable-iron 
trade of the West of Scotland is still not too satisfactory. 
Order books are certainly a shade better, but the actual 
volume of business is not very heavy. Inquiries are 
rather better. The re-rollers of steel bars are not doing 
too well at the moment, but the outlook is again more 
favourable for them, as the Continental competition 
has eased off a little. With the very low prices which 
have been quoted for Continental bars for some time 
back, the local re-rollers have been hardly hit, but there 
are now prospects of them getting more business before 
long. Current prices are as follow :—‘‘ Crown” bars, 
107. 5s. per ton for home delivery, and 9/. 15s. per ton 
for export; re-rolled steel bars, 8/. per ton for home 
delivery and 7/. 15s. per ton for export. 


Scottish Pig-Iron Trade.—In the pig-iron trade of 
Scotland, there is little fresh to report. The same 
number of blast furnaces is still in operation, and the 
output is quite equal to the current demand, which shows 
little variation. There is a fair call on hematite from 
the steel works. Prices continue firm and are as follow:— 
Hematite, 80s. per ton delivered at the steel works ; 
foundry iron, No. 1, 78s. 6d. per ton, and No. 3, 76s. 
per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, August 24, amounted to 649 tons. 
The whole of the tonnage went overseas and none 
coastwise. For the corresponding week of last year, 
the figures were 682 tons overseas and 71 tons coastwise, 
making a total shipment of 753 tons. 


Locomotive Contract.—The North British Locomotive 
Company, Limited, Glasgow, has received an order 
from the Egyptian State Railways for 20 side-tank loco- 
motives. The firm is rather better off for work now, as 
other home and foreign locomotive orders have been 
recently booked, as well as orders for a number of 
duplicate locomotive boilers for various foreign railways. 

Shipbuilding.—Messrs. David Macbrayne (1928), 
Limited, Glasgow, have placed orders with the Ardros- 
san Dockyard, Limited, Ardrossan, for two motorships 
for service in the West Highlands of Scotland. These 
two vessels will be the second pair to be ordered in 
accordance with their mail and passenger-service agree- 
ment with the Post Office. There is still one other 
vessel to be ordered, as the arrangement was for five 
new vessels, but, so far, the contract has not been given 
out. The above order is for two twin-screw vessels, and 
their machinery—of 600 b.h.p. aggregate in each ship— 
will be of the Gardner heavy-oil cold-starting type, by 
Messrs. Norris, Henty and Gardners, Limited, Manchester. 
—Messrs. Yarrow and Company, Limited, Scotstoun, 
have received an order from British owners for a stern- 
wheel steamer. This vessel is intended for service in 
West Africa. 








ScHOLARSHIPS IN NAvAL ARCHITECTURE.—The 1929 
post-graduate research scholarship in naval architecture, 
of the Royal Commissioners for the 1851 Exhibition, 
has been awarded by the Council of the Institution of 
Naval Architects to Mr. J. H. Lamble, of the University 
of Liverpool. This scholarship has a value of 2501. 
per annum for two years. The Council of the Institution 
of Naval Architects has also awarded the 1929 Martell 
scholarship in naval architecture, valued at 130I.. for 
three years, to Mr. R. N. Newton, of Portsmouth Dock- 


yard. 





THe CanapiAN Paciric Ratbway Company.—The 
working expenses of the Canadian Pacific Railway 
Company for the year ending December 31, 1928, 
including all taxes, amounted to 77:43 per cent. of 
the gross earnings. The corresponding figure for the 
previous twelve months was 80-36 per cent. The 
net earnings for 1928, namely, 51,694,451 dols., were 
greater than in any year in the Company’s history. 
According to the annual report of the Company, which 
was issued recently, the construction of new branch 
lines in Western Canada has been proceeded with, 
and during 1928, 352 miles of track were graded, 343 
miles laid, and 270 miles ballasted. Furthermore, 
Parliamentary authority for the construction of 1,200 
miles of new branch lines to serve new mining and 
agricultural districts, had been sought. During the 
year under review 40,326,781 tons of. freight and 
13,330,093 passengers were carried, yielding’ an income 
of 0-94 cent per ton of goods per mile, and of 





formers supplied by the company for this scheme. 





2-59 cents per passenger per mile. 
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UNLOADING INSTALLATION. 


(For Description, see Page 257.) 
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Journal and any other publications bearing 
somewhat similar titles. 3 
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Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
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of the necessity of going to press early with 
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previous to the day of publication. 
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practice, therefore, the choice of site is not wide. 
PAGE| Again, land in urban areas is expensive and often 

| hard to come by, and the superficial area required, 

251 | especially in the case of the larger stations, is not 
O59 inconsiderable. When to this is added the resis- 
“““| tance, active or passive, of those who own the land 
| to its acquirement for this purpose, it is not sur- 
255 | prising that considerable time has been expended 
| in getting through this necessary preliminary work. 
256 | The same applies in a less degree in the rural districts, 
257 | through which it is intended that the main transmis- 





259 sion lines shall run. Though the amount of land 
259 _Tequired in this case is not so great as for the sub- 
260 | Stations, rural landowners are, perhaps, even more 
262 | jealous of their rights, real or presumed, while their 
263 | multiplicity, even on a comparatively short route, 
264 | tends to slow down progress very considerably. 

264 | It may be thought that the picture we have just 
pons ?s asariaeerscrias pin | drawn is exaggerated, especially as the Central 
6 | Electricity Board in their first annual report acknow- 
9e5 | ledged the helpful and public spirit in which the 
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279 | and the wayleaves obtained amount to not a very 
274 | large proportion of the total, although the work has 
| been in progress for some time. While it is true, 
4/ of course, that since the date of the report some 
5| progress has been made, it must also be pointed 
|out that during the last twelve months several 
275 more schemes have been approved, so that the 
a M | position is probably worse rather than better. 
530 | At any rate, it goes a long way towards explaining 
Ons Fee thns Pik, 00k Umea PRESSURE | Why manufacturers cannot make their deliveries in 
ares a PLANT AT MANNHEIM POWER accordance with the s« hedule ‘ 
STATION. Before a remedy for this unfortunate state of 
|affairs is suggested, it may be advisable to 
examine the legal position. By Section 21 of the 
Electricity (Supply) Act of 1926, the Central Elec- 
| tricity Board may acquire land for the purposes of 
| any of their powers, either by agreement or compul- 
sorily, but before they do so in the latter way the 
Electricity Commissioners and the Minister of 
Transport must be satisfied that the object cannot 
be attained by the normal procedure, as to way- 


From information received it appears that the | leaves, provided in Section 22 of the Electricity 
erection of the lines and plant, which are required | (Supply) Act of 1919. This section gives the 
for the national electricity supply scheme, is not Central Electricity Board, as an authorised under- 
proceeding quite according to plan. When this / taker, the power to erect an overhead transmission 
reorganisation was first proposed, British electrical | line, provided the owner or occupier is served with 
manufacturers were a little anxious lest the| notice of their intention. If within twenty-one 
contracts for the whole equipment required should | days after that notice the owner fails to give his 
be let at one time, thus causing congestion in their | consent, the line cannot be erected without the 
—_ er ant - one - sarin — of ranged pean — gan : - a 
slump. Fortunately, however, the Central Elec- | preuminary to that consent the latter must, how- 
tricity Board adopted the wise course of carrying | ever, hold an inquiry to enable him to decide 
= his saaguamd a = tages, — . ~~ or _ eye woes eral ov 
sharing the contracts ween a e firms which | to the report 0 e Ventra 2 U 
are capable of performing the class of work| Which reference has been made, this complicated 
required. Considering the state of the industry, | procedure was only necessary in two cases up till 
too, the orders were given out with commendable | the end of 1928. At the same time, no indication 
promptitude. Manufacturers, therefore, have been | is given as to how protracted the negotiations were 
able to keep their shops well filled without straining | -ssanrting aeseneg a Me ee 
their resources or unduly upsetting their regular | from the figures must be, however, that 1t was con- 
programmes. The contracts, however, contained siderable, and that some speeding up in the present 


clauses requiring delivery by a certain early date ; arrangements is highly desirable. Nevertheless, it 
but in more than one instance when this date | is a little difficult to see how this can be achieved. 


arrived the Central Electricity Board have been | The Acts give both the Central Electricity Board 
unable to take delivery, the result being that, and the Minister of Transport considerable powers, 


though the shops have not been congested, stores | and even if the onus were placed on the landowner 
have been over-loaded. The reason for this of proving his case rather than, as matters stand at 


state of affairs is worth considering, since unless it | present, it: being necessary for the Central Electricity 
is altered it may react as unfavourably on the Board to prove theirs, it does not appear that 
manufacturers as the awarding of contracts on a| matters would be much improved. 
wholesale scale would have done. Up till now the Central Electricity Board have 
An examination into the causes of this hold-up adopted the judicious policy of handling the forces 
leads to the conclusion that the trouble lies in the | they can undoubtedly set in motion in an insulat- 
delay that is occurring in obtaining suitable sites| ing glove. Such a course is probably correct, as 
for the sub-stations, and in surveying and arranging | well as judicious, since it wil], we hope, lead to 
the routes for the transmission lines. Of these, the the establishment of good, rather than ill, will, an 
former problem is in some ways the more difficult. | asset which, since the landowners are also the 
The majority of the sub-stations are to be erected | potential consumers, is not to be despised. It has, 
in or near towns, while their actual location is | however, the drawbacks that it enables recalcitrants 
determined, within narrow limits, by the position of | to take advantage of a Jenient attitude, and causes 
the existing generating stations and the distribu-|a delay, which not only militates against the 
tion of the load in the area they are to serve. In| interest of the manufacturers, but of the consumers 
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themselves. The time has come, therefore, when 
these people must recognise that the country has 
rights as well as the individual, and that for them to 
attempt to resist the carrying out of work, which is 
for the general benefit, is a policy which cannot be 
permitted. 

This dictum applies with even greater force 
when we consider the agitation which is now being 
organised against the proposal to erect an overhead 
line between Penrith and Keswick as part of the 
North-West England Scheme. This line, it may be 
mentioned, is of a secondary character, but it will 
enable power to be transmitted from the grid itself 
not only to Keswick, but to the industrial districts 
on the coast of Cumberland. Such bodies as the 
National Trust for Places of Historic Interest or 
National Beauty and the Society for Safeguarding 
the Natural Beauty of Lakeland are naturally 
taking part in the agitation, since that is what 
they are for, but with a certain altruism a Com- 
mittee of the Residents of Keswick has also been 
formed to resist the scheme. We say with a certain 
altruism, since the lines to which objection is 
taken will enable not only the town itself, but 
the surrounding district, to acquire a supply of 
electricity at a cheaper rate than is possible at 
present. 

The arguments advanced against the erection of 
this line do not differ from those usual in such cases, 
and may be summed up in the statement that the 
towers will interfere with the scenic amenities of 
the district. In our view that opinion is not well 
conceived for the following reason :—The proposal is 
to erect the towers along the valley to Keswick 
and in front of Latrigg. As those acquainted with 
the district know, they will therefore be almost 
invisible to anyone looking across the valley 
towards them, as they will merge in the background 
and not stand out against the skyline. We under- 
stand also that it is proposed to paint any towers 
which are erected in neighbourhoods like those under 
discussion, so that their colouring will protect not 
themselves, but those who are likely to be exposed 
to optical shocks by their existence. In fact, 
everything is to be done to render both the towers 
and the lines inconspicuous, and we have no doubt 
that this result will be achieved. It is fallacious, 
moreover, to suppose that such towers are per se an 
eyesore. The large number of English people who 
visit France, Switzerland and Norway each year 
would, in fact, be hard put to it to give an example 
of a natural beauty spot in those countries that 
has been damaged by the erection of transmission 
towers, in spite of the fact that such erections can 
be reckoned in thousands, and that the lines are 
run without much attention being paid to anything 
but technical requirements. 

The associations concerned in this agitation have 
done much excellent work in preserving the 
amenities of this beautiful part of England. Never- 
theless, we cannot regard their attitude on this 
occasion as determined by anything but unjustified 
sentiment. They need to learn to differentiate 
between structures, influences and behaviour which 
are really destructive to beauty, and those which 
they only believe will have that effect. The intro- 
duction of an electricity supply into the Lake 
District should prove advantageous rather than the 
reverse. It will encourage the immigration of more 
visitors, and will make their existence more com- 
fortable. It will enable the industries now in 
existence to carry on their activities without 
causing a nuisance, and it will bring about the 
establishment of new enterprises of an appropriate 
kind without interfering with anyone's esthetic 
enjoyment. In fact, the agitators would help more 
if they turned their attention to preventing the 
erection of unsightly buildings and the scattering of 
rubbish, two examples of human activity which 
too often spoil the countryside for the right- 
thinking majority, but which, at the moment, 
singularly little is done to check. 

Both landowners and esthetes must, in fact, 
realise, and act as if they realised, that their rights 
and predilections must be subordinated to some- 
thing greater, this being the good of the country as 
a whole. We would be the first to protest against 
any gross injustice or unnecessary vandalism, but 
we do not believe that either is being exhibited. 





ila itunes 


What is obvious is a tendency to regard individual- 
ism too much as a fetish, which must not be displaced. 
The country is, however, becoming too densely popu- 
lated for that to be the sole consideration. 








HEALTH IN INDUSTRY. 


WuEN Mark Twain at the German inn was 
served with a different wine from that he had ordered, 
the innkeeper put matters right by calling for a new 
label. In assuming the title of the Industrial Health 
Research Board the Industrial Fatigue Research 
Board shows an equal candour, for, in its Ninth 
Annual Report (H.M. Stationery Office. Price 9d.), 
it declares emphatically that the change of name 
does not denote any modification in its present 
aims and methods. To some extent the change is 
due to a sense that it is better for the Board to be 
known by a title expressing what it seeks to promote 
rather than what it seeks to eliminate. This, 
however, is not the whole or even the main reason. 
When the Board was formed, the chief problem 
relating to the health and efficiency of workers arose 
from the long hours worked during the war. Years 
before that date, indeed, it had been pointed out 
in these columns and elsewhere that the reduction 
of excessive hours of work was one among several 
sources of increased output, which, at that date, had 
not been tapped. A number of enquiries made on 
behalf of the Board in a variety of industries con- 
firmed this statement, and other influences have 
co-operated in leading to so considerable a reduction 
of hours in almost all industries, that, under existing 
conditions, the Board now finds problems of health 
and efficiency, arising from long hours, to be of 
relatively small importance. 

It is questionable whether in all instances the 
Board’s statement is true in regard to efficiency. 
When hours were reduced, it was realised on 
all hands, as indeed was obvious, that a_propor- 
tionate increase in hourly output would be necessary, 
if the efficiency of the industry was not to suffer. 
Common sense no less than justice demanded that 
the men who worked shorter hours should be given 
the opportunity of producing all they could, and 
the incentive of being paid according to what they 
produced. In these respects expectations have 
frequently been disappointed, and the shorter 
hours have then resulted in lessened output, and 
led ultimately to increased unemployment. Never- 
theless the fact remains that, as the Board says, 
its investigations are now for the most part directed 
towards problems far removed from those of fatigue 
as such, and in a special report, issued simultaneously 
with the annual report, the statement is made that 
boredom is now rightly regarded as no less important 
than fatigue. This, perhaps, is a good deal more 
than most engineers are likely to allow. If fatigue 
is taken broadly to mean a reduction of energy or 
the power of doing work, there are, of course, many 
conditions other than length of hours which tend 
to produce it, and in most industries they count 
for far more than those which produce boredom. 

The most notable feature in the Board’s present 
report is that in its view the time has now arrived 
for these conclusions to receive practical application 
in industry, and for means to be established by 
which the several industries should be brought 
into closer relation with the Board’s work. This 
is not the first time the Board has expressed the 
aspiration for closer touch with the industries, 
and its present suggestion is supported by recom- 
mendations contained in the finai report of the 
Committee on Industry and Trade. That Com- 
mittee desires to see the work of the Board “ both 
extended, consolidated and expedited.” It suggests 
that in each trade a standing representative com- 
mittee should be formed, if it does not exist already 
in the shape of a joint industrial council, on which 
employers and employees should consider jointly 
the results obtained from time to time by the 
Board’s investigations, and the means by which 
they could be employed in practice. The Board 
itself, reverting to a suggestion it put forward 
tentatively in its fourth annual report, would ad- 
vocate the formation, in each important industry, 
of a committee representative of employers and 
workmen, which should be responsible first for 
examining results submitted by the Board, and, 
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after criticism, applying them on an experimental 
basis, and secondly for discovering problems calling 
for investigation by the Board. It proposes during 
the current year to consider the possibility of estab- 
lishing some form of continuous contact with certain 
of the principal industries in the country. In 
these days, however, those who conduct industry 
have to attend to a good many representative 
bodies, and a new one is likely to be successful only 
in so far as it leads to definite results. In every 
trade there is a sufficiency of men who are willing 
to discuss what others have worked out, but, for 
the discussions to be fertile, the work must dis- 
close not only a means of practical application, 
but also reasonable evidence that the means sug- 
gested represents the best that can be done. 

As regards the engineering trades, we have 
more than once had occasion to point out that 
few of the results of the Board’s investigations 
would satisfy this criterion. The Board is a branch 
of the Medical Research Council, and most of its 
investigations appear to be framed and conducted 
predominantly as problems in the sciences with 
which medicine is familiar. In the processes 
of engineering manufacture, on the other hand, 
most problems have essential features which 
cannot be expressed in terms of those sciences, 
and some that cannot be expressed in terms of 
any science at all, but have to be put in by eye. 
The solution of other problems, again, such for 
example as those relating to the effect of tem- 
perature and humidity, are at bottom questions 
of engineering practice. It has seldom, if ever, 
appeared that an engineer has co-operated with 
the Board’s investigators in framing the scheme 
of investigation, or in designing, where such design 
was necessary, the improved methods that should 
be applied. Such co-operation to be useful doubtless 
requires that the engineer should bring to the 
joint task not only the skilled eye derived from first 
hand knowledge and experience of shop conditions, 
but also a knowledge of scientific method equal 
to what is required in any scientific investigation. 
It seems unlikely that without such co-operation the 
Board will arrive at the best attainable results, 
when the stage of practical application is reached. 
This would be regrettable in any circumstances, 
and it would only make matters worse for such 
results to be forced automatically upon the atten- 
tion of an industry, and would discredit the Board’s 
work if they turned out to be unsuccessful or 
inadequate. 

The practical conclusions suggested by the 
laborious and often ingenious investigations pub- 
lished by the Board have considerable value and 
interest, but most of them seem to require further 
work before they are ready for application in the 
engineering trades. The use of rest-pauses, for 
instance, has long been known to be of value, and 
the Board’s work is useful in affording a new 
confirmation in various industries of what was 
known already in some operations. What was 
lacking, however, was some quantitative basis 
for the best use of rest-pauses, and while it may 
not be likely that a general formula will be dis- 
covered for the best alternations of work and 
intermissions, such as Taylor and Barth attempted 
to provide in the case of heavy muscular work, it 
should not be impossible to obtain data in respect 
to typical operations, which would provide a 
sufficient basis for practical applications. The pro- 
vision of such data should be part of the primary 
investigation, to be completed before the method is 
submitted to industry for further experimental 
application. 

Among other results which the Board proposes for 
practical application is the use of specially designed 
spectacles in work demanding the discrimination 
of fine detail. The results that has been obtained 
in this investigation are undoubtedly encouraging, 
but it is to be regretted that no examination seems 
to have been made of the effect of eye exercises, by 
which the use of spectacles might be avoided 
altogether. From the time of Oliver Wendell 
Holmes until the present day, remarkable instances 
have been recorded of patients, who, by the use of 
such exercises, have been enabled to discard their 
spectacles and at the same time increase the strength 
of their sight. Of late years the number of such 
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cases is said to have increased largely, but oculists 
do not seem to have subjected the effect of such 
exercises for general purposes to an adequate and 
impartial trial. It certainly seems advisable that 
such trials should be made before spectacles are 
adopted in an industrial process. Apart, indeed, from 
the needs of fine work, a thoroughly impartial ex- 
amination of results obtained by the use of such treat- 
ment should be valuable to industry in general. 

The report on boredom, to which reference has 
been made above, entitled Effects of Monotony in 
Work (Report No. 56. H.M. Stationery Office, 
price 2s. net), is described as a first step in the 
study of the prevalence and nature of boredom 
outside the controlled conditions of investiga- 
tions made in the psychological laboratory. It 
relates mainly to the performance of 49 girls in all, 
distributed over three operations in the manufacture 
of metal-filament lamps, and a number of operations 
in soap wrapping, chocolate packing, and tobacco 
weighing. The predominant effect investigated is 
known as boredom. 

It is common knowledge that the amount 
of repetition work involved in modern manu- 
facture may lead to monotony, and with the best 
will in the world the work of a person who by 
temperament is sensitive to monotony is liable to 
suffer both in quantity and quality. To some 
extent this disadvantage may be avoided by not 
putting persons of that temperament on to such 
work, but the results recorded in this report suggest 
that other ways are available, which are not always 
adopted. Payment by results, change of occupa- 
tion, the provision of material in quantities suffi- 
ciently small to allow the begining and end of 
a job to occur more often, so that the worker 
can feel the speed at which successive jobs are 
worked off, are examples of such means. Bore- 
dom is perhaps a condition which industrial 
workers are more likely to find if they look for 
it, than if they do not. In this, they are no 
worse off than some scientific investigators, but 
it is not amiss to remember that some operations 
of modern manufacture give natural ground for 
feeling it. The methods of avoiding it, which this 
report suggests, are worth considering, for though 
they may be fairly obvious when made, they do 
not seem to have been acted on as generally as they 
might have been. 








NOTES. 


THE Farture oF Roiiine-Stock Parts DuE 
To FATIGUE. 


Two accidents of a similar nature, which occurred 
on United States Railways last year, form the 
subject of reports drawn up by the Director of the 
Bureau of Safety and presented to the Interstate 
Commerce Commission. The first accident occurred 
in February, 1928, on the Boston and Maine Rail- 
road, at Ballock, New Hampshire, and the second 
in March, 1928, on the New York Central Railroad, 
at Watkins Glen, New York State. In each 
instance, a portion of a freight train left the track, 
while travelling at a speed of about 35 miles an 
hour in the first case, and of 25 miles an hour in 
the second. Both derailments were attributed to 
the breakage of the lower arch bar in a rear bogie 
frame of one of the freight cars. The lower arch 
bar, it should be pointed out, forms the bottom 
member of the bogie frame, and is in tension. The 
arch bar involved in the accident at Balloch was 
made of wrought iron and, if a part of the original 
equipment of the car, had been in use for 24 years. 
Physical tests carried out on the broken bar showed 
that an inferior grade of wrought iron had been 
employed ; a better quality of material, it is stated 
in the report, would undoubtedly have postponed 
the accident, and might have averted it. The dis- 
mantling of the remainder of the bogie showed that 
incipient cracks were present at the corners and 
near the bolt holes of the lower arch bar on the other 
side. The arch bars of the front bogie were found to 
be in good condition, and of more recent construction 
than the rear bogie. The Director of Public Safety, 
in his concluding remarks, emphasises the fact that 
criticism is not directed against the utilisation of 
Wrought iron as a metal for arch bars, but against 
the use of an inferior quality of that material. 


The arch bar of the freight car which caused the 
derailment at Watkins Glen was made of steel, and 
was, presumably, 16 years old at the time of the 
accident. The steel was apparently of good quality ; 
moreover, failure was certainly not due to either 
heat or mechanical treatment during manufacture. 
The cause of the fracture is therefore somewhat 
obscure, and can only be ascribed to the effects of 
concentrated stresses and to the vibration sustained 
by the bogie frames while in service. 


SaFETy IN Cotton MILLs. 


In 1912, the Home Office organised a conference 
between officials selected from the Factory inspec- 
torate and representatives of employers and opera- 
tives engaged in the cotton-spinning trade. The 
object in view was the devising of ways and means 
for diminishing the accident list. As the result of 
an exhaustive discussion, a set of safety regulations 
was agreed to and promulgated by the department 
concerned. These are stated to have led to a very 
gratifying decrease in the number of accidents 
peculiar to the industry. A revision of these rules 
being called for, a second series of conferences was 
held last year, and additional safety measures 
agreed to, particulars of which are given in a 
pamphlet* prepared by Mr. E. F. May, superin- 
tending Inspector of Factories. Under these new 
rules, provision is made for the fencing of double tin 
rollers, and for the better protection of skew 
gears on speed frames. One matter to which the 
Home Office attaches much importance is the estab- 
lishment of a standard system of signalling between 
the piecers and minders when starting and stopping 
mules. Many accidents have been caused by opera- 
tives tampering with interlocking devices and guards, 
and interference with these is strictly prohibited 
by the new regulations, save when made for inspec- 
tion or repair by men specially authorised for the 
work. Neither employers nor the Trade Unions 
were prepared to accept the Home Office scheme 
for ‘safety first,’ by which specially appointed 
inspectors would be responsible for maintaining 
safeguards. A modified clause was, however, 
agreed to. Additional guards are to be incorpo- 
rated into all new machinery, and exposed belting 
is to be further protected. Increased provision 
for first aid is to be made, and, under the new rules, 
every injury, however slight, is to be treated 
immediately and examined daily till healed. As 
matters have stood in the past, about one-fifth 
of the minor injuries in cotton factories have proved 
septic. 








THE BRITISH ASSOCIATION IN 


SOUTH AFRICA. 


(Continued from page 239.) 

SECTION G.—ENGINEERING. 
Tue final meeting at Cape Town took place on 
Friday, July 26, and opened with a paper by 
Professor A. E. Snape, M.Sc., M.Inst.C.E., Professor 
of Civil Engineering in the University of Cape 
Town, on “ University Training in Structural Design 
and Practice.” 


TRAINING IN STRUCTURAL DESIGN. 


This paper, which we reprint in an abridged form 
on page 275, explained the methods employed in the 
Civil Engineering Department of the University of 
Cape Town in teaching the theory and practice of 
structural design. The course occupies four years, of 
which the first three follow the ordinary lines, while 
in the fourth year, the students are required to 
undertake practical work which is of the nature of 
elementary research. The final year examination 
includes the working out in detail of two theses, for 
which two calendar months are allowed. One of 
the theses is a design subject, for which full detail 
calculations are required, as well as the production 
of finished drawings, a brief specification, and the 
main quantities. The other thesis is of a practical 
character, and includes the working out of some 
special theory, and testing the theory by experi- 


i 
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draw a few from England. 
spent two years at a recognised British university, 
and were prepared to spend their two final years in 
the University’ of Cape Town, there would be no 
difficulty in finding good posts for them. 


ment. Considerable use is made of models through- 
out the work. 

Sir T. Hudson Beare, in opening the discussion 
on this paper, congratulated the author and his 
colleagues on the excellent training given to their 
students in their fourth year. There were many 
differences between the conditions in South Africa 
and in Britain. In the first place, every student in 
South Africa was practically certain of a job at 
a good salary. There was also the fact that, in 
the British universities, many students had already 
been in works, and had to work side by side with 
students without that practical experience. He 
agreed with the author that it was not the function 
of the university to turn out completely-trained 
engineers, but rather to give them that mental 
equipment necessary for their future development 
into engineers. 

Professor G. Cook said that he had had more 
opportunities than his colleagues from Britain of 
studying the work Professor Snape was doing, and 
he had nothing but the greatest admiration for it. 
The previous speaker had referred to some of the 
advantages which Professor Snape had. It was 
undoubtedly, from the university point of view, 
a great advantage to have a four years course, but 
in Britain, where students without practical experi- 
ence could hope for nothing like the scale of salary 
referred to in the paper on leaving the university, 
three years was as much as most could afford. 
Another great difference, which had been mentioned 
by the author in his supplementary remarks, and 
which he (Professor Cook) would have liked to 
have seen in the paper itself, was the fact that in 
South Africa, it was practically impossible to 
obtain a post in the Civil Engineering Departments 
of the Public Services without a university degree 
which would exempt from the Associate Member- 
ship Examination of the Institution of Civil 
Engineers. This placed a special responsibility 
upon the university staffs, and he thought that 
the University of Cape Town was to be congratu- 
lated in having, as the heads of its engineering 
departments, men with the progressive ideas shown 
in the paper. 

Mr. J. S. Wilson regarded as very valuable the 
care which was taken to remove the idea from a 
student’s mind that text-books were infallible. He 
asked whether Professor Snape had ever thought 
of introducing a course on the History of Civil 
Engineering Design, which he considered to be a 
subject insufficiently dealt with at the present day. 
Professor H. Bohle referred to the early days of 
the engineering departments of the University of 
Cape Town, and described the difficulties they 
encountered. He still thought there were too 
many examinations, arid it was he who was respon- 
sible for the introduction of theses for fourth-year 
students. They were fortunate in being able to 
place all their students, and would be glad now to 
If such students had 


Professor F. G. Baily said that he had adopted, 


at Edinburgh, a similar scheme for diploma students 
to that described in the paper, though on a smaller 
scale. 
of a subject, and he had found that many students 
who came out badly in the high-speed work required 


A fortnight was allowed for the working out 


n a three hours’ examination, did extremely well 


when they had the longer time to think. Although 
this work was not easy to arrange in electrical 
subjects, it was of great value to the student to 
concentrate his attention on a single problem for 
a considerable time. 


Professor E. W. Marchant also expressed his 


agreement with the views of the author, and 
described a scheme which had proved very success- 
ful for fourth-year students at Liverpool, in which 
each student was required to prepare a paper on 
some specific subject, that would be discussed by the 
class as a whole. 


Professor D. McMillan referred to the necessity 


for the mechanical and electrical engineering 


tudents to obtain their practical experience 


overseas, there being no opportunity for this in 
South Africa ; they went to Britain, to Germany, 
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and to America. It was desirable that these men 
should return to South Africa after acquiring their 
training, and he thought it was in the interests of 
the British manufacturers to offer facilities for this 
training, as the effect of going to Germany or 
America was that such students would always 
think in marks or dollars, instead of in pounds, 
shillings and pence. 

Mr. D. E. Lloyd Davies expressed his apprecia- 
tion of Professor Snape’s work, and mentioned that 
among all the students who had come to him from the 
University there had not been a single failure. 

The President, Professor F. C. Lea, in closing the 
discussion, said he was sure that Professor Snape 
was working on the right lines. He described work 
of a similar kind which he (Professor Lea) had done 
while Professor of Civil Engineering at the University 
of Birmingham, and said that the great aim should 
be to train students to think, to observe, and to 
express themselves both in language and design. 
He proposed a hearty vote of thanks to the author. 


IRRIGATION IN SouTH AFRICA. 

The concluding paper was entitled ‘A Review 
of Irrigation in South Africa,” by Mr. J. C. 
Hawkins, and was read, in the absence of the 
author, by Mr. G. Stewart. The paper, which 
we reprint on page 278 of this week’s issue of 
ENGINEERING, dealt with the legal aspects of the 
problem, gave data on rainfall and run off, and 
included particulars of storage works, water duties, 
and crops. 

The discussion on this paper, which was opened 
by Mr. R. S. Newman and continued by Messrs. 
J.S. Wilson and P. Cazalet, turned chiefly upon the 
legal aspects of the subject peculiar to South Africa, 
so that we do not propose to deal with it here. 

The meeting concluded with an expression of 
appreciation, voiced by the President, to the local 
secretary, Professor D. McMillan, and to Professor 
A. E. Snape and his colleagues, who had contributed 
so largely to the success of the meeting. 

No special excursions were arranged for Section G 
in Cape Town, and two main parties left for 
Johannesburg on Sunday, July 28, and Monday, 
July 29, respectively. Both parties stopped at 
Kimberley en route and visited the diamond mines, 
&c., as guests of Messrs. De Beers Consolidated 
Mines, Limited. 


PROGRESS IN STEAM-TURBINE PLANT. 


The proceedings of Section G were continued at 
Johannesburg on Wednesday, July 31, the meetings 
being held in the University of Witwatersrand. The 
first paper was by the Hon. Sir Charles Parsons, 
O.M., K.C.B., F.R.S. on ‘“ Recent Progress in 
Steam Turbine Plant,” and this paper was re- 
printed on page 213 ante. ~ 

The discussion was opened by Mr. Bernard Price, 
General Manager and Chief Engineer of the Victoria 
Falls and Transvaal Power Company, Limited, who 
said that it was a great honour to Johannesburg 
to receive a paper from Sir Charles Parsons. He 
(Mr. Price) had had twenty-five years experience 
with power undertakings using turbine plant, and 
in that time had seen a great revolution. He 
mentioned that a turbine set was now on order for 
his company which would develop 32,500 kw. at a 
speed of 3,000 r.p.m., this set being the largest that 
had yet been constructed for that speed. 

Dr. H. J. Van der Bijl, Chairman of the Electrical 
Supply Commission, after referring to the honour 
Sir Charles Parsons had done them by reading the 
paper which all engineers would read with the 
greatest interest, said that, out of fourteen large 
turbines recently ins‘alled in South Africa, no 
less than twelve were Parsons turbines. The turbine 
still remained the cheapest means of developing 
large powers, which was a remarkable fact in view 
of the enormous advances which had been made 
since its invention in other forms of power produc- 
tion. 

Professor G. W. O. Howe spoke of the excellence 
not only in turbine design, but also in electrical 
design, which characterised the author's firm. The 
portion of the paper dealing with developments in 
alternator design was of particular interest to him. 
He regarded these developments as of the greatest 
possible importance. In the insulated high-tension 





cable, the dielectric stress was concentrated near the 
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conductor, and was not halved when the insulation 
was doubled in thickness. This placed a com- 
paratively low limit on the voltage. If, however, 
the cable were built up in concentric layers, as 
shown in Fig. 4 of the paper, the voltage being 
increased in equal steps in the successive layers, 
the dielectric stress was equally distributed between 
them. By applying this principle to the alternator, 
thus using three turns in series in a single slot, a 
voltage of 33,000 could be obtained directly from 
the machine. The same principle could be used for 
any electrical machine connected to the 33,000- 
volt line, thus avoiding the use of transformers. 
This, he considered, was a development of a revo- 
lutionary character. 

Professor E. W. Marchant desired to confirm 
what the previous speaker had said about the triple 
concentric cable. He thought, however, that when 
the principle was used in the alternator, the high- 
pressure windings were not so completely pro- 
tected as they were in the transformer. He wished 
to emphasise the importance of securing the highest 
possible efficiency, which was not as fully appre- 
ciated as it should be. The high efficiency was 
one of the great merits of the Parsons turbine. He 
was very gratified that all the turbines he had so 
far seen in South Africa were of British manufac- 
ture. 

The President, Professor F. C. Lea, in proposing 
a vote of thanks to the author, said that progress in 
the development of steam-turbine plant, as in 
almost every other branch of engineering, had 
taken place concurrently with the development 
of suitable materials of construction. He was par- 
ticularly interested in the new method of casting 
ingots. If the lack of homogeneity found in 
ingots cast in the usual manner, and therefore also 
in the forgings, could be got over, it would be an 
achievement of supreme importance. He was not 
quite sure whether the author had overcome all the 
difficulties, but the experiments he had made were 
full of promise. 

Sir Charles Parsons, in replying, compared the 
splitting up of the voltage in the concentric cable 
to the stages of a steam turbine. He also said 
that great efforts were being made to encourage 
the use of pulverised fuel instead of oil for steam 
generation, with advantages to the British Empire 
which needed no emphasis. 


CoOMPRESSED-AIR SUPPLY ON THE RaNp. 


The second paper bore the above title, and its 
author was Mr. Bernard Price, O.B.E., M.Inst.C.E., 
M.I.E.E. After describing the negotiations which 
led to the formation of the Rand Mines Power 
Supply Company, Limited, the author stated that 
the capacity of the initial plant installed in 1911 
for feeding the air pipe line was 48,000 h.p., 
including 12 4,000-h.p. units of the rotary type 
designed for a speed of 3,000 r.p.m. Six of these 
sets were driven by steam turbines, and were 
located in the Rosherville power station, while 
the remainder were electrically driven and were 
located in the Robinson station. The latter, 
he added, was one of the main distributing centres 
on the electrical system. These high-speed rotary 
compressors were considerably larger than any 
other compressor built at the time, but the 
subsequent development of the load necessitated 
the adoption of still larger units. In 1914 three 
additional sets were installed at Rosherville, each 
having a capacity of 9,350 h.p. and a 15,000 h.p. 
unit had recently been added; the latter, he said, 
was the largest compressor in the world. Some 
years ago one of the original compressors at 
Rosherville and one of those at Robinson had 
been transferred for use elsewhere on the system, 
and the new 15,000-h.p. set had replaced a second 
original unit at Rosherville, so that the total 
plant capacity installed at the present time was 
nearly 80,000 h.p. In order to meet the increasing 
demand for compressed air, the installation of a 
new electrically-driven compressing station at 
Canada Dam, a point about 3} miles beyond the 
western extremity of the existing pipe system, 
was now under consideration. If these plans 
matured, two 8,000-h.p. units would be installed, 
bringing the total capacity up to 95,000 h.p. We 
intend to reprint the paper in a later issue. 

Dr. J. H. Dobson complimented the author on 
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the high standard of the paper, and enquired 
whether, if the whole power scheme were to be 


instituted to-day, it would include compressed-air 


transmission. On the one hand, a combined elec- 
trical load might have a better load factor and 
greater diversity ; while, on the other hand, the 
compressed-air distribution scheme enabled the 
compressed air to be directly generated from the 
steam turbine, thus eliminating the losses due to 
electrical conversion. He was very much interested 
and surprised to hear of the amount of water which 
collected in the mains, in view of the dryness of the 
atmosphere of the Witwatersrand. 

Professor G. Cook said that the unique character 
of the installation had already been referred to. 
He was interested in the test results, and would 
like to add that there was a unique opportunity 
here to furnish data very much sought in regard 
to the flow of fluids through pipes. This was a 
subject receiving much attention at present in 
England and in Germany, and what was most 
needed now was the results of really accurate 
tests upon large-scale plant such as that described 
in the paper. The formule given by Mr. Price 
were, presumably, based upon the well-known 
D’Arcy formula, and, in the curves shown in 
Fig. 5 of the paper, the velocity-squared law did 
appear to fit the results pretty well, although 
obviously the coefficients were incorrect. Had the 
results been plotted logarithmically, it would 
probably have been found that an index rather 
less than 2 would more accurately have represented 
the results. 

Dr. Ezer Griffiths enquired whether the Pitot 
tube had ever been used by the author for the 
measurement of air quantities, as was the standard 
practice at the National Physical Laboratory. He 
also wished to know whether attempts had been 
made to obtain a supply of cold air for the mines 
by using compressed air in engines driving electric 
generators. 

Professor G. W. O. Howe referred to the close 
analogy between the economic aspects of the 
transmission of air and of electric power when the 
load factor was a bad one. In the “ grid” system 
in England, the load factor was a very important 
consideration. In this power scheme, a better load 
factor might be obtained if the transmission were 
entirely electrical, but many other considerations 
would enter in a comparison of the relative advan- 
tages of the two schemes of transmission. 

Professor F. C. Lea, the President, in proposing 
a resolution of thanks to the author, referred to the 
great importance of getting the most complete 
data regarding the flow of fluids through pipes. In 
such tests, it was necessary that all the variables, 
such as temperature, should be measured, and a 
great opportunity was provided for getting really 
valuable information, which he hoped would he 
forthcoming in due course. 

Mr. Bernard Price, in replying to the discussion, 
said that, in giving the curves in Fig. 5, his intention 
was merely to show that the drop in pressure was 
greater than that given by the formula, and the 
curves should not be used in justification or otherwise 
of any law. He had no information as to how 
the pressure drop varied with the diameter, and he 
was not sure whether they would get the opportunity 
of doing much work on that point. He was, how- 
ever, hoping to get some accurate instruments, and 
he would greatly appreciate help in being made 
acquainted with the latest advances made in Eng- 
land. As to the economic justification for the system 
adopted it was difficult to reply. As explained in 
the paper, the scheme was forced upon his company. 
The air part of the business had, in fact, not paid to 
the same extent as the electrical part. Replying 
to Dr. Griffiths, no experiments had been carried 
out with the Pitot tube or with any other form of 
meter, but, with regard to the cooling of air, attempts 
were being made to obtain a supply of air dehumidi- 
fied, rather than cooled, by a process of compression 
and expansion on the lines mentioned by Pr. 
Griffiths. 

MINING OPERATIONS ON THE RAND. 

The last paper read at the morning session was by 
Professor G. A. Watermeyer and Mr. S. N. Hoffen- 
berg, and was entitled “A Résumé of Mining 
Operations on the Rand.” 
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The paper described the form and location of 
the gold deposits on the Rand, the type of shaft 
employed for mining, methods of development and 
exploitation of the ore, methods of supporting 
excavations, of hauling and hoisting the ore, and 
of draining and ventilating the mines. The dust 
problem, and other matters affecting the health of 
the workers, were also dealt with, and, in conclusion, 
some statistics of the industry were given. From 
these it appears that, in 1927, the total value of the 
gold produced in the world was 83,300,000/., of which 
51-6 per cent. was obtained from the Transvaal. The 
yield per ton in that year was 28s. 3d., the working 
costs amounting to 19s. 7d., and the profit to 
8s. 8d. per ton. The number of rock drills in use 
in 1927 was 5,000, and the European and coloured 
employees numbered 20,850 and 187,757, respect- 
ively. 

In thanking the authors for their paper, which, 
he said, was a very valuable one, the President, 
Professor F. C. Lea, expressed regret that, owing 
to the lateness of the hour, no discussion was possible. 


ScIENCE AND ENGINEERING. 


The proceedings of Section G on Thursday, 
August 1, commenced with the delivery of the 
Presidential Address by Professor F. C. Lea, on 
“Science and Engineering.” The address was 
reprinted in ENGINEERING, on pages 151 and 186 
ante, 

Sir T. Hudson Beare, in proposing a vote of thanks 
to the President, referred to the wide range he had 
covered, and pointed out how, in every branch of 
engineering mentioned, the need for research was 
insistent if progress were to be made and waste 
avoided. Every increase in efficiency achieved 
resulted in a saving of the natural resources upon 
which we depended, and it was the engineer who 
was primarily responsible for the economical use of 
these resources. Prof. Lea had clearly and forcibly 
drawn attention to the fact that, if progress were 
to be made in the next quarter of a century similar 
to the last, it would be by the co-operation of physi- 
cists, mathematicians and engineers. 

The motion was seconded by Sir Charles Parsons 
and carried with acclamation. 


Fj Evecrricrry Surrty in Great Brirar. 


A paper on “ The National Scheme for Electricity 
Supply in Great Britain,” by Mr. C. H. Merz, was then 
read, in the absence of the author, by Mr. Bernard 
Price. The discussion on this paper, a summary of 
which was given on page 147 ante, was opened by 
Mr. Bernard Price. 

In the course of his remarks, Mr. Price said one 
might almost say that Mr. Merz had made the ration- 
alisation of power supply in Great Britain his life’s 
work, and it must be particularly gratifying to him 
that, after 25 years of patient and persistent effort, 
and in spite of many disappointments, a national 
scheme for the whole country had at last matured— 
a scheme which gave full effect to the principles 
he had so ably and resolutely advocated. The 
importance of the scheme as a means for assisting 
industrial development and increasing national 
well-being required no emphasis. Motive power 
was an essential requirement of industry and 
electricity ministered in an ever increasing measure 
to the health, comfort and prosperity of the people. 
Though, relatively speaking, little water power was 
available in Great Britain, conditions in other 
respects were favourable and, eventually, the cost of 
energy under the adopted scheme should compare 
favourably with that in other countries. 

The paper explained concisely the genesis of the 
scheme and the justification for it. Everyone 
agreed that a drastic change was necessary, and the 
only question had been the best means for attaining 
the object in view. There seemed no reason to 
doubt that the benefits forecast would accrue, but a 
certain amount of criticism had, he thought, been 
brought against the adopted scheme, on the ground 
that the cost of complete interconnection and uni- 
fication of frequency would be greater than could be 
fully justified by the resulting additional savings. 
It had also been contended, in some quarters, that 
further efforts should have been made to consolidate 
Supply in a few large areas without the active inter- 
vention and financial help of the Government. 
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contribute immediately towards the lowering of the 
prices charged to consumers, it would more than 
justify the initial cost as time went on. 

The author, Mr. Price continued, referred to the 
fact that the Rand system was one of the early 
examples of a large network furnishing supply for all 
purposes over an extensive area, and it might be of 
interest to mention a few facts with regard to the 
Power Company’s undertaking. The Victoria Falls 
and Transvaal Power Company, Limited, was formed 
23 years ago, with the object of supplying electrical 
energy to the gold-mining industry and other con- 
sumers in the Witwatersrand district. Having 
taken over two small existing concerns, the company 
installed several 3,000-kw. sets in two new stations, 
and from these small beginnings the scheme 
developed so rapidly that the undertaking soon 
became the largest of its kind in the British Empire. 

In 1911, a third station on the Reef was started up 
at Rosherville, a few miles east of Johannesburg, and 
this was soon followed by a fourth station situated 
on the Vaal River at Vereeniging, some 35 miles south 
of Johannesburg. Since the war, a fifth station 
belonging to the Electricity Supply Commission, 
had been constructed at Witbank and interconnected 
with the eastern end of the company’s system. The 
installed capacity in the five stations, including 
plant on order but not yet running, was 325,000 kw. 

The Rand system was an interconnected regional 
system somewhat similar in type to that described 
in the paper. The heavily-loaded mining area 
was fed by three stations located along the Reef 
(Rosherville, Simmerpan and Brakpan) and by 
two outlying base-load stations (Witbank and Ver- 
eeniging) from which small local networks were 
also supplied. The base-load stations at Witbank 
and Vereeniging ran at constant load night and day, 
while Rosherville and Simmerpan only ran during 
the 8 hours of peak load. Brakpan took the 
balance of the off-peak loading, and ran partly as a 
base-load and partly as a peak station. The two 
Witbank interconnectors, each of which was about 
65 miles long, operated at 132,000 volts, and those 
for Vereeniging at 88,000 volts. The centres of 
generation and distribution along the Reef were 
interconnected by 44,000-volt lines and the distri- 
bution networks operated at 22,000 volts, and, in 
one case, at 11,000 volts. The company supplied, 
either wholly or in part, the electrical requirements 
of almost all the gold mines operating on the Wit- 
watersrand. All the municipalities along the 
Reef, with the single exception of Johannesburg, 
purchased bulk supplies from the company for 
distribution within the municipal boundaries. In 
the case of Germiston, however, which is the second 
largest municipality on the Rand, the company 
reticulates the supply to individual consumers 
under an agreement with that municipality. The 
sustained peak loading on the system was about 
220,000 units sent out from generating stations 
per hour. The quantity of electricity sold per 
annum was over one thousand million units. 

Legislative control of power undertakings in 
South Africa was instituted by the passing of a 
Power Act for the Transvaal Province in 1910, 
under which the Power Company was granted a 
licence authorising it to supply electrical energy 
within a defined area. The method adopted for 
controlling prices was that which had been agreed 
between the mining groups and the Power Company, 
and this method had been reaffirmed in the Elec- 
tricity Act which was passed in 1922 and now applied 
throughout the Union. The licence, in specifying 
the basis of charging for energy supplied, laid down 
that consumers should share annually in the surplus 
revenue of the licensees, i.e., in the balance remaining 
after working expenses and certain capital charges 
had been met. In thecase of the Power Company, 
50 per cent. of the annual balance was divisible 
amongst consumers pro rata with their consumption 
of energy, so that, in effect, consumers were equally 
interested with the company in the results of the 
business. 

As a result of a reduction of 174 per cent. in the 
prices charged, which took effect as from the begin- 
ning of 1923, and after allowing for the above- 
mentioned share in the surplus revenue of the 
company, the mining industry to-day was obtaining 
its electrical energy at a net cost of only slightly 











His own view was that, even if the grid did not 
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Dr. H. J. Van der Bijl, Chairman of the Electrical 
Supply Commission, said that he was a great 
admirer of the pioneer work of Mr. Merz who, as 
long ago as 1916, had advocated the scheme now 
in process of completion. There could, however, in 
the absence of the author, which all regretted, be 
no one better equipped to read the paper than Mr. 
Price, who had so ably guided and superintended 
the regional system in operation-on the Rand. In 
this system, there were now five stations, from which 
the whole of the gold mines were supplied. He also 
referred to the system in operation in Natal, and 
it was of interest to mention that, in the location 
of the transmission lines over a difficult portion 
of the province, arrangements had been made to 
take aerial stereoscopic photographs, a method. 
which, he suggested, might be of great value in 
England. The benefits to be obtained from the 
“ grid” system were now established. Where it 
had been used, enormous savings had been made. 
He instanced the case of Natal, where all the munici- 
palities along the route of the transmission line 
had taken power from the Electrical Supply Com- 
missioners, and a revenue of 10} per cent. on the 
capital outlay had been obtained after covering 
interest, provision for redemption, salaries and 
administration, &c. There were a few benefits that 
had not been mentioned in the paper, one of which 
was the difficulty experienced by a single power 
station in meeting an immediate large demand by 
a new industry; this would not occur under the 
“grid system. He further believed that it would 
encourage decentralisation. With the developments 
in transportation, intelligence communication, and 
power transmission which were possible by the com- 
bination of science and engineering, there was no 
excuse for over-congested cities. 

Professor F. C. Lea expressed the thanks of the 
meeting to the author for his paper, and to Mr. 
Bernard Price for reading it. 


TRANSMISSION OF ELECTRICAL ENERGY. 


The next paper on the programme was one by 
Professor E. W. Marchant, entitled ‘“ Limits of 
the Economical Transmission of Electrical Energy.” 
It was reprinted on page 183 ante, but the author 
added that the figures given were based on a cost of 
14s. 6d. a ton of coal having a calorific value of 
11,500 B.Th.U. The cost of coal at Witbank 
delivered, at the power station, was 2s. 6d. a ton 
for coal of 11,500 B.Th.U., and electrical energy 
was sold to the mines on the Rand at 0-4d. per unit. 
The load factor of the Rand station, however, was 
70 per cent. Taking these figures, and assuming 
that the running charge for a hydro-electric station 
amounted to 0-ld. per unit (which was a liberal 
allowance for a large station) 0-3d. per unit was 
available to cover capital charges with a load factor 
of 70 per cent., and the maximum permissible capital 
expenditure was 1001. per kilowatt of maximum 
demand. Fora 600-mile line, the cost of transformer 
and line had been estimated at 19-5/. per kilowatt. 
Allowing for transport charges, this amount might 
be increased to 301. per kilowatt, which left available 
for necessary works at the hydro-electric station 
701. per kilowatt. Allowing for spare plant, the 
permissible capital expenditure per kilowatt of 
plant installed might be taken at 501. 

The President called upon Dr. J. H. Dobson to 
open the discussion, and Dr. Dobson remarked 
that the economic side of electrical distribution had 
not generally received the attention given to power 
production, and he therefore welcomed the paper. 
It raised the important question of the proper 
sites for power stations. With many public bodies, 
this question had not been considered strictly 
on an economic basis. The smaller the munici- 
pality, the greater, generally, was its determination 
to remain independent. The necessity for con- 
tinuity of supply, however, was gradually forcing 
civic pride to take a second place. He was not 
quite sure whether the application of Kelvin’s Law 
had not sometimes been overdone. 

Professor F. G. Baily said that, although the 
figures given by the author referred only to one 
place, a valuable and novel method had been 
described which was perfectly sound, and he 





would commend it very heartily to the attention 
of engineers. 
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On the motion of the President, a vote of thanks 
was accorded to the author for the paper. 


PROPERTIES OF INSULATING MATERIALS. 

The last paper read at this meeting was by 
Professor O. R. Randall, entitled ‘‘ An Investigation 
into Oertain Properties of Insulating Materials 
using Solid Contacts.” We hope to deal with 
this paper in a subsequent issue of ENGINEERING. 

Dr. Ezer Griffiths, in opening the discussion, 
congratulated the author on the manner in which 
he had tackled a very difficult subject. He referred 
to work of a similar nature carried out at the 
National Physical Laboratory, in which great 
trouble had been experienced through humidity 
effects. He enquired whether the moisture content 
of the material had been taken into account, as 
this was a vital point. 

Professor F. G. Baily also expressed admiration 
for the assiduity with which Professor Randall 
had pursued his investigation in a very important, 
but very exasperating, subject. He would like to 
see the method tried by other people. The contact 
resistance would have to be carefully examined. 
He (Professor Baily) had found considerable dim- 
inution in this resistance as the weight on the 
contact increased. The use of mercury had its 
own difficulties. The method described by the 
author was extremely ingenious, and he hoped 
to bring it to the notice of the Electrical Research 
Association. 

Professor E. W. Marchant said that, in his 
experience, the best results had been obtained by 
the use of mercury contacts. It was, however, 
very necessary to control humidity and temperature. 

Professor O. R. Randall, in replying w the 
points raised by the various speakers, said that, 
in the investigation, he had endeavoured to imitate 
practical conditions as closely as possible. He 
therefore avoided the use of mercury cups. More- 
over, he used commercial materials as he received 
them, without any treatment, as he preferred to 
get inconsistent results with a material as used 
in practice, rather than consistent results with 
a material which found no place in ordinary work. 
He also used pressures such as would normally 
be met with, but he pointed out that, in comparative 
tests, his method eliminated the contact effects. 

On the motion of the President, a vote of thanks 
was accorded to the author, and as the following day 
would be occupied by a joint discussion, he took 
the opportunity of thanking, on behalf of the 
section, the local officers who had so largely contri- 
buted to the success of the meeting. 


Derr MINE VENTILATION. 


The final session of Section G was held on 
Friday, August 2, and took the form of a joint 
discussion with Section I (Physiology) on the subject 
of “ Problems Connected with Deep Mine Venti- 
lation,” the meeting being held in the Selbourne 
Hall. The discussion was opened by Dr. J. S. 
Haldane, F.R.S., and continued by Dr. J. H. 
Dobson, Dr. A. Mavrogordato, Dr. A. J. Orenstein, 
Dr. H. Pirow, Mr. M. O. Tillard, and Mr. H. Mitchell. 
We propose to deal in a later issue with the contri- 
butions of those speakers who dealt with the subject 
from the engineering standpoint. 


(To be continued.) 








THE MEASUREMENT OF DETONA- 
TION IN INTERNAL-COMBUSTION 
ENGINES. 


By R. O. Kine, M.A.Se , and H. Moss, D.Sc. 
(Concluded frora page 221.) 


(c) Operation of Method 1. Consistency and 
Sensitivity—When two fuels, A and B, are to be 
compared, the engine is run on A and the mixture 
strength adjusted until the rate of gas production 
in the electrolytic cell is a maximum, thus fixing the 
mixture strength at the definite value corresponding 
to maximum detonation. The mixture strength for 
fuel B is similarly adjusted and fixed. Readings of 
the gas liberated in successive one-minute runs are 
then taken alternately on the two fuels, half- 
minute intervals between runs being allowed for the 
changing of the fuel in the small part of the car- 
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characteristic set of readings for a short run, taken at 
an engine speed of 1,000 r.p.m., is given below, the 
figures on the horizontal lines being hundredths of a 
cubic centimetre. 


Gas collected during Average Gas 


successive one-minute runs. per minute. 
Fuel A... ... 60 58 58 64 60 0-60 c.c. 
pees Seasons 56 53 56 55 0-55 c.c. 


Fuel A thus exhibits less resistance to detonation 
than B, and requires the addition of a non-deton- 
ating fuel or of a dope to bring it to an equality 
with the latter. The required addition can be 
estimated approximately, but the exact amount 
is determined by a process of trial and error. 

It will be noted that, for fuel A, there are some- 
times greater differences between successive gas 
readings than are obtained for the mean difference 
between the two fuels A and B. This irregularity 
illustrates the difficulty, already mentioned, of 
maintaining the variable factors of engine operation 
and the amount of detonation constant during the 
period of a trial. Irregularities due to change of 
variable engine factors may, on an average, affect 
two fuels equally when the fuels are used alter- 
nately, and differences may be consistent while the 
quantities of gas liberated vary considerably. 


Fig. 3. COMPARISON OF FUELS BY 
BOUNCING PIN APPARATUS 
z AND “DELCO” LIGHT ENGINE . 
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It may not always be possible, however, thus to 
average irregularities due to amounts of detonation, 
because the nature of this effect differs for different 
fuels. With fuels in ordinary use, however, this 
factor does not seem to be of sufficient importance to 
affect results within the limit of accuracy necessary 
for practical purposes. 

The degree of consistency with which the differ- 
ence between two fuels C and D can be determined is 
shown below, by the results of a longerrun, averages 
being taken of readings 1 to 5, 2 to 6, and so on. 

Gas collected during successive one-minute runs. 


Fuel C 70 80 74 75 74 76 70 72 73 175 
Fuel D 60 65 63 60 56 62 62 59 60 


Averages by groups of 5 for C and of 4 for D. 
Cc 75 76 74 73 73 73 
62 61 60 60 61 60 


Fuel 
Fuel D 





Differences 13 15 14 13 #12 #13 


It will be seen that the difference for the two 
fuels as between six groups of readings varies from 
12 to 15. Thus, if any single group were taken, as 
for the short run of five readings first mentioned, 
the probable error would be less than two on the 
reading, that is 0-02 c.c. of gas liberated. 

It would be expected from the form of the curves 
given in Fig. 1, page 219 ante, that the sensi- 
tivity of the method would be constant for succes- 
sive equal additions of benzol over the usual 
mixture range, but would decrease for similar addi- 
tions of ethyl fluid, since, for this dope, the effect of 
equal additions diminishes as the quantity added 
increases, This characteristic difference between 
benzol and ethyl fluid is shown in Table ITI. 

It will be seen that the addition of 2 per cent. of 
benzol gives an effect just equal to the experimental 








error, whether the addition is made to the original 
fuel or after 334 per cent. of benzol has already 
been added. The addition of 0-25 c.c. of ethyl 
fluid per gallon to the original fuel gives an effect 
50 per cent. greater than the experimental error, but 
after the addition of 12 c.c. per gallon, twice as 
much is required to produce the same effect. 


Tasie III.—Effect of Additions to Fuel. 














; Decrease in 
Fuel Used. ee to Gas Liberated 
Ls per Minute. 
Shell aviation sie ..| 2 per cent benzol .. 0-02 ce. 
Ditto+ one-third benzol ..| 2 percent. ,, 0-02 ,, 
B.P. No. 1 ey ..| 0°25 cc. of ethyl 0-03 ,, 
fluid per gall. 
Ditto + 12 ec. ethyl fluid | 0-50 ” 9 0-03 ,, 
per gallon 





(d) Typical Results, Method 1.—The character 
of the results obtained by the operation of this 
method is shown by Fig. 3, illustrating trials carried 
out with two natural fuels, with mixtures of the 
two in various proportions and with the fuels 
containing additions of ethyl fluid. The two 
fuels selected were a straight-run California spirit, 
highly resistant to detonation, and a straight-run 
naphtha possessing less resistance to detonation 
than any of the fuels in general use. The additions 


Fig.4. VARIATION OF COMPRESSION RATIO 
FOR STANDARD DEGREE OF AUDIBILITY 
OF DETONATION WITH MIXTURE 
STRENGTH. E35 ENGINE; ISOOR.PM.; 
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of ethyl fluid required to bring any two or more of 
the fuels to an equality with respect to tendency 
to detonate can be obtained by reading across the 
graph. Thus, reading along the base line of the 
figure, it will be seen that an addition of 8 c.c. of 
ethy] fluid per gallon is required to make the naphtha 
equal to the California spirit without dope, but if 
the latter contain 2 c.c. per gallon of ethyl fluid, 
then the corresponding horizontal line shows that 
the naphtha requires 17 c.c. per gallon for equality. 

It will be noted that Method 1, as stated in the 
description given earlier, gives relative values only. 
It is a necessity of the method that these relative 
values be obtained under unusual conditions of 
engine operation, and it is of interest to determine 
how nearly they remain unaltered under normal 
conditions. Further, the relative values are useful 
only if the tendency to detonation of one of the 
fuels is known in terms of the fixed and variable 
factors of some particular class of engine. 

Method (3).—The Relative Tendencies of Fuels to 
Detonate Obtained in Terms of Highest Useful Com- 
pression Ratio (H.U.C.R.) (a) The Ricardo Variable- 
Compression Engine-—The development of this 
method is almost entirely due to the design by 
Mr. H. R. Ricardo of a satisfactory variable-com- 
pression engine. With the E.35 type of this engine, 
the compression ratio can be varied continuously 
between the values of 3-8 to 1 and 7-9 to 1, while 
running under power. The selection of a cylinder 
bore of 4} in. with a stroke of 8 in. provides that 
the modification of the shape of the combustion 
space on change of compression ratio is not sufficient 
to mask the effect of the latter on power and 
detonation. A detailed description of the engine 
is unnecessary, since it has been given in the technical 
Press and in Mr. Ricardo’s book on high-speed 
engines, Ordinary No. 1 motor-car fuels used in 
this engine at full throttle and 1,500 r.p.m., with 
30 deg. ignition advance and the mixture strengt!: 
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required for full power operation, give the usual 
audible sound of detonation at a compression 
ratio of about 5 to 1, which leaves a useful margin 
toward either end of the range for experimental 
work. The cylinder head can be moved up or 
down while the engine is running, and the compres- 
sion ratio corresponding to any position is given 
by a micrometer-screw measuring device. 

(b) Operation of Method (3.)—According to the 
definition given earlier, the H.U.C.R. for a fuel 
in any particular engine is that compression ratio 
at which slight but continuous detonation is 
audible when the variable factors of engine operation 
are set for maximum power output at some chosen 
speed. Determinations of H.U.C.R. values at the 
Air Ministry Laboratory are made at an engine 
speed of 1,500 r.p.m., and a cylinder-jacket tempera- 
ture of 60 deg. C., and there is no difficulty in main- 
taining these factors nearly constant at the chosen 
values. The difficulty of the method arises in 
dealing with the variable factors of ignition timing, 
mixture strength, and compression ratio. The 
exact adjustment of these three factors to the 
particular combination required to give maximum 
power simultaneously with a particular intensity of 
detonation, is a lengthy process. When the adjust- 


Fig. 5. H.U.C.R, VALUES OF FUELS BY 
VARIABLE COMPRESSIONE35 ENGINE, 
STANDARD CONDITIONS O 
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ments for H.U.C.R. are approximately correct, 
a slight retardation of the ignition reduces both the 
intensity of detonation and the power. The inten- 
sity of detonation being restored by an increase of 
compression ratio, it is found that the power has 
regained its former value, or differs from it by an 
amount of the order of the accuracy of the power 
measurement. Thus, a small range of values can 
be obtained for the compression ratio giving the 
standard intensity of detonation while the power 
output has been maintained at as near the maximum 
as it is possible to determine it. A similar difficulty 
arises in connection with the adjustment of mixture 
strength, since small changes from the optimum 
value must be accompanied by changes in the 
compression ratio to maintain the standard intensity 
of detonation, and the two adjustments result in 
changes of the power which are too small to indicate 
definitely a departure from the maximum value. 
The operations can be simplified by using an 
invariable ignition timing. It has been found that, 
at a constant engine speed and full power running, 
the ignition timing required for the determination 
of H.U.C.R. values according to’the above procedure, 
varies little for the fuels in general use. With the 
K.35 engine at 1,500 r.p.m., a spark advance of 
not less than 30 deg. is always required for maximum 
power. This simplification enables the H.U.C.R. 
to be defined as the compression ratio giving slight 
audible detonation at 1,500 r.p.m., with the cylinder- 
jacket temperature 60 deg. C., ignition timing 
30 deg. advance, and the mixture strength giving 
maximum detonation. On this basis, the deter- 
mination of H.U.C.R. requires the adjustment of 
two variables only, namely, mixture strength and 
compression ratio, to the combination required for 
the standard intensity of audible detonation. 
The modified definition of H.U.C.R. does not 
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mention directly the factor of power output, 
but it is found that, for ordinary fuels, the mixture 
strength required for maximum power is nearly 
identical with that giving maximum detonation. 
Fuels containing metallic dopes, however, tend 
to give maximum detonation at a weaker mixture 
than that required for maximum power, but, with 
ethyl-fluid dope, this effect is small for the additions 
usually employed. 

The shifting of the point of maximum detonation 
in the direction of weak mixtures for fuels containing 
metallic dope, is shown by Fig. 4. It will be seen, 
by reference to the curves, that the compression 
ratio giving the standard degree of audible detona- 
tion for the plain fuel may have any value between 
5-45 and 5.65, over quite a small range of mixture 
strength, and that the lowest, or H.U.C.R., value 
occurs with the mixture strength approximating 
that for maximum power. The curve for doped fuel 
exhibits a similar variation of compression ratio 
with mixture strength, but the lowest value of the 
compression ratio occurs at a mixture strength 
15 per cent. weaker than that required for maximum 
power. The doped fuel, if rated at the mixture 
strength, required for maximum power, has an 





apparent H.U.C.R. value of over 7-1, whereas, on 


should be approximately the H.U.C.R., since the 


mixture strength has already been adjusted [to 
give maximum power. Two more determinations 
are then made using a greater and a less fuel flow 
than that required for maximum power. The com- 
pression ratios are then plotted against fuel flow, 
as in Fig. 4, and a smooth curve drawn through 
the three points. The minimum value of the 
compression ratio, as shown by the curve, is taken 
to be the H.U.C.R. 

The H.U.C.R. for a fuel, as determined on the E.35 
engine in the manner described, varies slightly 
from day to day, on account of changes in the 
cleanliness of the combustion space of the engine 
and the temperature, pressure and humidity of the 
atmosphere. These changes do not alter the 
H.U.C.R. by more than 0-10 of a ratio, if they are of 
normal extent. In order to verify that this is the 
case, a determination of the H.U.C.R. of a fuel 
is always preceded, and sometimes followed, by a 
check determination of the H.U.C.R. of a trial 
sample from a stock fuel. If the H.U.C.R. of the 
stock fuel differs not more than 0-10 of a ratio 
from its normal value, it is concluded that the 
observed H.U.C.R. value of the fuel being tested 
differs to the same extent from its true value. A 


TABLE IV.—Comparison or RESULTS BY METHODS (1) AND (3). 


























(1) (2) (3) (4) (5) (6) 
Ethyl Fluid required Difference between 
Spirit Matched with Ethyl Fluid according to— Methods in Terms of 
oa in = a — ‘ee RET 
(Fuel A). Spirit. Ethyl Fluid . 
Method (1) Method (3) ‘Additions. H.U.C.R. 
c.c./gall. c.c./gall c.c./gall. c.c./gall. 
Naphtha (Fuel E). 0 8-0 8-0 0 0 
1 10-9 12-2 1-3 0-1 
? 14-8 16-9 2- 0-1 
3 20-5 21-5 1-0 0-05 
4 26-5 — _ a= 
75 per cent. Naphtha + 25 per cent. 0 5-7 4-9 — 0:8 0-1 
Californian (Fuel D). 1 8-4 7-1 — 1:3 — 0-1 
2 11-5 10-2 — 1:3 — 0-1 
3 15-4 13-8 — 1:6 — 0-1 
4 21°3 17-9 — 3-4 — 0-1 
50 per cent. Naphtha + 50 per cent. 0 3-1 2-2 — 0:9 — 0°15 
Californian (Fuel C). 1 4:8 3-8 —- 1:0 — 0-15 
2 6-7 6-1 — 0:6 -— 0-1 
3 8-8 9-0 + 0-2 0 
4 11-7 11-9 + 0-2 0 
5 15-5 14-8 — 0-7 — 0-15 
25 per cent. Naphtha + 75 per cent. 0 1-2 1-0 — 0-2 0 
Californian (Fuel B). 1 2-8 2-2 — 0-6 — 0-1 
2 4-2 3°5 -— 0:7 — 0-1 
3 5°8 5-2 — 0:6 — 0-1 
4 7-5 7-4 — 0-1 0 
5 9-0 9-6 + 0:6 + 0-05 
6 10-6 11-4 + 0-8 + 0-05 
7 12-1 13-0 + 0-9 + 0-05 
8 13-9 14-4 + 0:5 + 0-05 




















the basis of mixture strength giving maximum 
detonation, the H.U.C.R. value is 7-0. The latter 
value is now taken in trials at the Air Ministry 
Laboratory. It has been found, in general, that 
when, using ethyl fluid as a dope, the difference in 
the two ratings is less than 0-05 on the compression 
ratio for additions up to the usual 5-c.c. per gallon. 
For additions of 10-c.c. per gallon, the difference 
is about 0-1, and for 20 cc. and 40 c.c. per gallon 
of ethyl fluid, the difference is about 0-15. These 
larger additions are, however, not used in practice. 

The standard procedure for the determination 
of the H.U.C.R. value of a fuel on the E.35 engine 
as now conducted is as follows :—The engine is run 
for about half-an-hour to reach steady temperature 
conditions, and until the jacket water reaches 60 deg. 
C. The water flow is thereafter adjusted to main- 
tain this temperature. The speed is maintained 
at 1,500 r.p.m. at full throttle by means of the load 
on the dynamo, and the ignition is fixed at 30 deg. 
advance. 

The mixture strength of the fuel to be tested is 
first adjusted to give maximum power with the 
compression ratio less than that required for detona- 
tion, and the engine head is lowered until audible 
detonation is obtained. The first indication of the 
effect is somewhat irregular and spasmodic, and is 
disregarded. A further small movement of the 
head causes the characteristic metallic clang to 
become more frequent and regular. At this second 
and well-defined stage of detonation, the value of 





the compression ratio and the rate of fuel flow are | 
recorded. The compression ratio so determined 


greater correction is seldom required if the com- 
bustion space of the engine is clean and the valves 
in good condition. 

(c) Consistency and Sensitivity of Method (3).— 
The sensitivity of this method depends on the 
sharpness of definition of the sound of detonation 
as it alters with change of compression ratio. With 
ordinary fuels, detonating in the E.35 engine at 
standard conditions of operation at a compression 
ratio of about 5 to 1, a change in the characteristic 
sound can be detected by ear on a change of 0-05 
on the compression ratio. At higher compression 
ratios, requiring the use of benzol or dope additions 
to the fuel, the sound of detonation becomes some- 
what confused ; besides, a small movement of the 
engine head corresponds to a relatively greater 
change of compression ratio than at lower ratios. 
Thus, at higher values of the compression ratio, 
6 to 1 and over, successive determinations of the 
H.U.C.R. of a fuel may differ by 0-10 of a ratio. 
It has been explained in the preceding paragraph 
that day-to-day determinations of the H.U.C.R. of 
the same fuel may vary by 0-10 of a ratio, for other 
reasons. The two errors are additive; so, for any 
single determination without a check measurement 
on the stock fuel, the error may be between 0-15 and 
0-20 of a ratio, depending on whether it is made at 
low or high values. 

The probable error can be expressed in terms of 
benzol or dope addition by a consideration of the 
data in Fig. 1, page 219 ante. Referring to the 
curve for benzol in B.P. petrol, it will be seen that 
for the lower part, a change of 0-10 in H.U.C.R. 
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corresponds to a change of 4 per cent. in benzol 
content. Since the possible error in determining the 
H.U.C.R. is 0-15 of a ratio, it follows that no less 
than a 6 per cent. change in benzol content could 
be detected from a single set of three observations. 
For the upper part of the curve, the accuracy of 
the method diminishes, as explained in the last 
paragraph, but also the rate of change of H.U.C.R. 
for successive equal increments of benzol content 
increases as greater quantities are added. The two 
opposite effects cancel out approximately, with the 
result that, for benzol additions, the probableaccuracy 
of the H.U.C.R. method remains nearly constant 
over the usual range of operation. 

The reverse is the case for additions of a metallic 
dope such as ethyl fluid. At the lower end of the 
curve, Fig. 1, the rate of change of H.U.C.R. with 
additions of dope is 0-10, for 0-6 c.c. of ethyl 
fluid per gallon. The accuracy of the method 
being 0-15 on the compression ratio, it follows that 
no addition of less than 1 c.c. per gallon of ethyl 
fluid could be detected with certainty from a single 
set of observations. At the higher value of 6-0 for 
the H.U.C.R., corresponding to an addition of 
10 c.c, of ethyl fluid per gallon, the rate of change 
of H.U.C.R. with additions of dope has fallen to 
0-10, for 1-6 ¢.c. per gallon. The accuracy of the 
method having fallen to 0-20 on the compression 
ratio at this higher value, the least addition of dope 


that can now be detected with certainty is 3-2 c.c. | 


per gallon. Greater accuracy can be obtained when 
check determinations are made on a stock fuel. 


Differences can then be detected of 2 per cent. in | 
benzol content, and of from 0-3 ¢.c. to 1-6 c.c. of | 


ethyl fluid per gallon, according to the concentration. 

(c) Typical Results, Method (3).—The relative 
tendencies to detonation of a series of fuels, as 
determined by Method (1) and expressed in terms 
of dope additions required to bring any two or 
more of the fuels to an equality, were given in Fig. 3. 
The relative values of the same series of fuels have 
been determined in terms of H.U.C.R. by method 
(3), and are given in Fig. 5, on page 273. ‘The curves 
are typical of the effects obtained by the use of 
metallic dopes, and, the results being expressed in 
terms of compression ratios of the E.35 engine, 
some useful conclusions follow from their general 
character. It will be seen, for instance, that in all 
cases the H.U.C.R. approaches a maximum value 
for the larger additions of dope, and it would be 
clearly impossible to use enough to enable the 
engine to run at full power at what many consider 
the ideal compression ratio, namely 8 to 1, even if 
the dope were added to the best of the fuels. The 
rate at which metallic dope can be supplied to an 
engine is limited, at present, by considerations of 
cleanliness, and it may be taken that 8 c.c. per 
gallon is the maximum that can be used continuously. 
On this basis, a poor fuel with respect to detonation 
could be used at a compression ratio of 5-5 instead 
of 4-5, but a good fuel, such as the California spirit, 
could be used at nearly 7, instead of 5-5. 

Comparison of Results by Methods (1) and (3).— 
Trials of the same series of fuels having been made 
by both methods, it is possible to compare the 
results on a basis of additions of ethyl fluid required 
for equality of tendency to detonation, or on a basis 
of equality with respect to H.U.C.R. value. 

The data required for the first-mentioned com- 
parison is obtained directly from Figs. 3 and 5, by 
reading horizontally across the curves, and has been 
set out in columns 3 and 4 of Table IV, differences 
being given in column 5. 

The maximum difference between results obtained 
by the two methods is 3:4 c.c. of ethyl fluid per 
gallon. This, and other serious discrepancies, occur 
only for relatively large addit‘ons of ethyl fluid, and 
would be expected, since it has been shown that the 
sensitivity of both methods decreases with increasing 
additions of a metallic dope. Additions of ethyl 
fluid used in practice do not exceed 8 c¢.c. per gallon, 
and if the comparison of methods is restricted to 
cases requiring additions not exceeding this amount, 
the discrepancy does not exceed 1 c.c. per gallon. 

The difference in results obtained by the two 
methods can be more usefully expressed on the 
basis of differences in H.U.C.R. values. Thus, 
considering the fuels A and B, if A contain 2 c.c, 
of dope per gallon, then, from Fig. 3, B requires an 
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addition of 3-5 c.c. of dope per gallon for equality 
according to Method (1). However, according to 
| Method (3), Fig. 5, the H.U.C.R. for fuel A + 2 c.c. 
| of dope is 5-9, and that for fuel B + 3-5 ¢.c. of dope 
is 5-8, instead of the fuels being equal, as indicated 
| by Method (1). Differences between the results of 
|the two methods, determined in this way, for the 
whole series of fuels, are given in column 6 of 
Table IV. For one pair of fuels only is the differ- 
; ence between results greater than 0-1 of a compres- 
|sion ratio. This difference is of the same magnitude 
| as the day-to-day differences found for a single fuel 
| when used in an experimental engine maintained in 
| better condition than engines in ordinary use. 
| The experiments described were made in the Air 
| Ministry Laboratory at the Imperial College of 
| Science, South Kensington, with the exception of 
| those required for the data given by Fig. 3. These 
|were made by Mr. 8S. D. Heron of the Ethyl 
|Gasoline Corporation, assisted by the technical 
staff of the Anglo-American Oil Company, using 
a Delco-light engine fitted with the Midgeley 
| Bouncing Pin apparatus. This equipment was 
|similar, in all respects, to that used in the Air 
| Ministry Laboratory for trials of the sensitivity and 
| accuracy of Method (1). 


‘THE LATE PROFESSOR L. H. COOKE. 
| We regret to note the death on. August 23, at 











| Putney Hospital, of Professor Lewis Henry Cooke, 
| professor of mine surveying at the Royal School of 
| Mines, Imperial College of Science and Technology, 
South Kensington. Professor Cooke, who was 59 
| years of age, received his general education at North- 
ampton Grammar School and entered upon a three 
| years’ course of study in mining and metallurgy at the 
Royal School of Mines in 1889. He secured the 
Associateship of the School in 1892, and in that same 
year was awarded the De la Beche Medal. ‘This medal, 
it may be noted in passing, was established in 1857, in 
memory of the founder of the Royal School of Mines, 
Sir Henry De la Beche, and is awarded annually to the 
best student in mining. In 1891, a year before sitting 
for his final examination for the A.R.S.M., young Cooke 
was appointed assistant demonstrator in mining at the 
Royal School of Mines, which position he retained until 
1893. In the latter year he proceeded to Glasgow to 
take up the appointment of lecturer in mining at the 
Glasgow and West of Scotland Technical College, now 
the Royal Technical College. He continued to hold 
this position for three years, and in 1896 was offered the 
post of instructor in mine surveying at his old college, 
the Royal School of Mines, which offer he accepted. 
He subsequently became assistant professor and finally 
professor in mine surveying at the Imperial College. 

Professor Cooke, who had been a fellow of the 
Geological Society since his early manhood, became a 
member of the Institution of Mining and Metallurgy in 
1909 ; he was serving on the Council at the time of his 
death. He gained the premium awarded by The 
Consolidated Gold Fields of South Africa, Limited, in 
1913, and the Gold Medal, given by the same body, in 
1925. Professor Cooke was a recognised authority on 
all matters connected with mine surveying, and was 
the author of many treatises dealing with improve- 
ments in mine-surveying instruments and methods. 
One of his best known works is perhaps the monograph 
entitled Mine Surveying in Practical Coal Mining. 
He was also responsible for a revised edition of Sir 
C. Le Neve Foster’s Ore and Stone Mining. 





PROJECTED IRRIGATION Works IN CHILE.——-The 
Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1, informs us that an official of the Chilean 
Government is desirous of receiving offers from British 
public-works contractors in regard to some of the more 
important irrigation works projected. The works com- 
prise mainly the construction of dams and canals. 
British firms can obtain further particulars upon applica- 
tion to the Department at the above address, quoting 
Reference No. A.X. 8434. 


Coat Mintina Meruops IN INpIANA.—The output of 
bituminous coal in the State of Indiana, U.S.A., amounted 
to 16,378,580 tons during 1928. While this total shows 
a decline of 8-7 per cent. from the figure for the previous 
twelve months, the output per man has increased. A 
striking feature of coal production in Indiana, in fact, is 
the steady increase in the daily output per miner em- 
ployed. ‘Ten years ago the average output per man per 
day was 4:45 tons; by 1928 this figure had risen to 
6-51 tons, representing an increase of 46 per cent. These 
figures are explained, partly by the great increase which 
has taken place in open-pit mining, and partly by the 
rapid advance made in the adoption of machinery in 
the deep mines. In this connection, it is interesting to 
note that, whereas in 1918 only 4-8 per cent. of the coal 
output was mined from the surface, open mines accounted 
for 29 per cent. of the production in 1928. 
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REGULATIONS FOR THE ELECTRI- 
CAL EQUIPMENT OF SHIPS. 

A NUMBER of alterations and additions to the second 
edition of the Regulations for the Electrical Equip- 
ment of Ships have been approved by the Council 
of the Institution of Electrical Engineers and have 
been issued in the form of a pamphlet, copies of which 
can be obtained free of charge from the Secretary, 
Savoy-place, London, W.C.2. In this pamphlet the 
clauses which are affected by the changes are reprinted, 
the new wording being shown in italics. This renders 
comparison easy. 

We notice that pressures of 12, 50 and 110 volts 
direct-current are now recognised as standards for tugs, 
trawlers, small yachts, fishing vessels and similar 
craft. As regards the manufacture of the equipment 
used, switch boards are to be constructed wholly of 
durable, non-ignitable, non-absorbent materials, and, 
if insulating material is used as a base, it must comply 
with the specification set out as an Appendix to the 
Regulations. The rule with regard to the proportion- 
ing of conductors to the current carried is amended 
by a clause which allows a maximum pressure drop 
of 1 volt plus 1 per cent. of the ’bus-bar pressure for 
wireless mains. Tough rubber-sheathed cable with or 
without braiding over the sheathing, is added to the 
types of cables that may be used, and while the use of 
cables insulated with varnished cambric is not recom- 
mended, the conditions under which their employment 
is permitted is laid down. If it is desired to use types 
of cables other than those specified, samples must be 
submitted for approval. Though the use of both pure 
lead and lead alloy is permitted for sheathing purposes, 
the latter is strongly recommended, especially when 
protective braiding or armouring is employed. The 
composition of suitable alloys for this purpose is 
given. 

As regards installation, outlets must be provided in 
the conduit to allow the circulation of air and to prevent 
water lodging, and all open ends must be bushed. 
All openings must be protected against the ingress of 
salt water. In cold storage chambers, cables must be 
lead-covered and supported with clips of approved 
material. The lead covering must be earthed at both 
ends, except in the case of final sub-circuits, and all 
metallic envelopes must be made electrically con- 
tinuous throughout their length. Motors essential to 
the safety of the ship must be installed so as to be 
capable of running fora reasonable time after the 
compartment in which they are situated has been 
flooded. Five new tables and two Appendixes have 
been added. 








LANTERN SLIDES FOR ENGINEERING LECTURES.— 
Messrs. Marshall, Sons and Company, Limited, Britannia 
Iron Works, Gainsborough, inform us that they have a 
large selection of lantern slides, dealing with steam and 
oil engines, boilers and road machinery, which they will 
be pleased to lend for lecture purposes. 





DESTROYERS FOR CHILE.—Mention has been made in 
these columns on several occasions, of the contract for six 
torpedo-boat destroyers placed in this country by the 
Chilean Government about two years ago. An account 
of the launch of the first of these, the Serrano, will be 
found on page 111 of our issue of January 27, 1928. 
We now learn that with the departure of the Videla and 
Aldea from these shores, the contract has been completed. 
All six boats, which were designed, built, and engined by 
Messrs. John I. Thornycroft and Company, Limited, 
Thornycroft House, Smith-square, London, S.W.1, 
carried out their speed, endurance, and other trials 
without hitch. We understand that the contract con- 
ditions were exceeded in each case. The six vessels 
constitute a notable addition to the Chilean fleet. 

STANDARD SPECIFICATION FoR Exectric Fans.—The 
recently-issued British Standard Specification No. 367 
—1929, which relates to the performance of ceiling-type 
electric fans of the large-diameter, medium-speed pro- 
peller type, regulates the method of testing so that the 
results obtained may be reasonably comparable. The 
specification has been drawn up following upon 4 
considerable amount of research. In preliminary tests 
in which the fan was suspended at the centre of a four- 
sided screen, it was found that the type of air flow had 
definite characteristics, consisting of a central stream of 
relatively high-speed air, covering an area only slightly 
larger than the sweep of the fan blades, and a surround - 
ing stream of air which was moving relatively slowly. 

analysis of the test results has shown that 
practically all the variation takes place in this outer, 
or induced, stream, and that the volume of air 
being moved directly by the fan blades is practically 
constant. It therefore appeared that uniform results 
could only be obtained if the test were confined to the 
central airstream. Consequently, for the purpose of 
this specification, the measurements are confined to this 
central stream. The specification suggests that a state- 
ment of the air-delivery per watt of input is a better 
indication of the service value of this t of fan than a 
determination of the overall mechanical efficiency, #.¢., the 
ratio of the actual power output to the power input. 
Copies of the new specification may be obtained from the 
BESA. Publications Department, 28, Victoria-street, 





London, 8.W.1, price 2s. 2d. post free. 
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FEED-WATER DE-AERATOR. 


THE steady rise of pressures in power station practice 
has enhanced the demand for air-free feed-water, 
which eliminates the danger of corrosion in the boilers 
and accessories, whilst promoting, as has long been 
recognised, the efficiency of the surface condenser. 
In view of the relatively small water content of modern 
boilers, it is nevertheless convenient to have the hot- 
well open to the atmosphere, in spite of the consequent 
absorption of air, since this arrangement simplifies 
the problem of dealing with varying loads. The open 
tank serves as a reservoir, the water-level falling 
or rising as the demand for feed waxes or wanes. 
The air unavoidably picked up in the open hot-well 
1s most readily removed by subsequently boiling the 
feed on its further passage to the pumps. The process | 
is most effective if conducted at low pressures, which 
are also advisable in order to avoid inconveniently 
high temperatures at the feed-pump suctions. 

‘To meet these requirements Messrs. G. and J. | 
Weir, Limited, of Cathcart, Glasgow, have introduced | 
the de-aerator, which we illustrate on Figs. 1 to 3, 
above. The apparatus is entirely self-contained, and 
can thus be easily installed even in existing power 
Stations. A characteristic feature is that the boiling, | 
which may be effected by low-pressure steam drawn | 
from a suitable stage of the turbine, is of a highly 
turbulent character. This end is secured by tapping 
the turbine at a stage at which the temperature is 
distinctly higher than that of the water discharged from 
the de-aerator. 

The turbulence promotes the liberation of the dis- 
solved gases, so that a high degree of de-aeration is 
readily secured, corresponding, say, to less than 
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is ¢.c. of oxygen per litre. The less the temperature 
of the water, the greater the attraction it has for air. 
Hence, a low hot-well temperature necessarily imposes 
more work on the de-aerator. Typical results, obtained 
in service, are plotted in Fig. 4. From this it will be 
seen that, with an inlet temperature of 50 deg. F., 
the outlet temperature must be 110 deg., if the oxygen 
content is to be reduced to 7, c.c. per litre. The 
temperature rise is, therefore, in this case 60 deg. F. 
With an inlet temperature of 120 deg. F. equal de- 
aeration is obtained with a temperature rise of 25 deg. F. 

The air driven off from the feed is extracted by a 
steam jet, the exhaust from which is condensed by 
coolers, which are traversed by the feed on its way to 





the de-aerator. There is thus extremely little waste 
of heat. 

A section through the apparatus is shown in Fig. 1, 
whilst Figs. 2 and 3 represent, respectively, an end view 
and a plan. The water from the hot-well enters the 
de-aeratorat the top through the float-controlled throttle 
valve shown in Fig. 1. This valve delivers the 
water on to the perforated plate indicated at G, from 
which it falls as a spray into the central compartment 
or float chamber B. The spray, as it falls, condenses, 
and carries down with it the steam escaping from the | 
surface of the boiling water in the annular chamber | 
C. This chamber communicates on the one side by 
the port D with the float chamber, and on the other 
side with discharge passage E, which terminates 
at its lower end in the inlet branch of the motor- 
driven extraction pump shown in position in Figs. 1 
and 3. This pump is generally designed to work against 
a head of 35 ft. to 45 ft. at its delivery port. 

The heating steam enters the de-aerator by a 
hand-controlled valve the position of which is indicated 
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on the left of Fig. 1. A perforated plate is fitted at F, 
which breaks up the flow of steam into a very large 
number of fine jets, which offer a large surface to 
the water through which they pass. Rapid ebullition 
is thus secured. The air thus driven off from the water 
in the annulus C, has, on its way to the ejector, to 
pass up through the spray, formed as already described, 
by the entering feed. It is thus cooled and de- 
vaporised before it reaches the inlet to the air ejectors. 
These are of the three-stage type, and give stable 
running in all conditions, even should the heating 
steam be shut off and only cold water enter the 
apparatus. 

The float gear is practically friction free, since its 
normal operation does not involve the movement of 
packed rods, although packing is required on the hand 
gear provided for testing the working conditions. 
There is sufficient play in the connection between the 











hand lever and the float, for this valve can rise and fall 
freely within its normal working range without inter- 
ference from the testing gear. 


UNIVERSITY TRAINING IN STRUC- 
TURAL DESIGN AND PRACTICE.* 


By Proressor A. E. Snape, M.Sc., M.Inst.C.E. 


A TEACHER of engineering subjects is always faced 
with the problem of the right balance that should be 
preserved between the mathematical and more acade- 
mic side of his work and the exact amount of practical 
knowledge that he should attempt to instil into the 
minds of his students. That pure and applied mathe- 
matics are not solely required is shown by the fact 
that great importance is attached by Universities 
and technical colleges to their engineering teachers 
having undergone a reasonable amount of practical 
engineering training before their appointment. It is 
always difficult in a professional course depending 
upon the application of several sciences and mixed 
up with a certain amount of utilitarian work, to lay 
down any line of demarcation within which University 





* Paper read before Section G of the British Association 
at Cape Town, South Africa, on July 26, 1929. Abridged. 
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studies should be confined, and opinions will necessarily 
differ on the work that a University should attempt 
to do. The problems presented to University engi- 
neering students are essentially practical, and yet 
it cannot be expected of a University that it should try 
to give a complete practical training, which can only 
properly be obtained in the construction of engineering 
works. 

There seem to be two schools of thought on the 
subject. In one it is taken that there is a mass of 
facts, data, formule, methods, &c., that is called 
engineering, which it is the duty of the student to Jearn. 
The other way, far the better one, is to train the student 
well in fundamental scientific principles, to give him 
some indication of how these can be applied in practice, 
and to develop his mental faculties so that he will be 
capable afterwards in practical life of functioning 
rightly as an engineer. A good engineer need not store 
up in his mind a quantity of facts and details, but is 
rather one who possesses sound judgment that with 
practical experience becomes almost intuitive, has the 
faculty of building up his designs from basic principles, 
can balance up natural forces and phenomena as they 
affect his works, and can bear in mind the important 
factor of economy which must, of course, be consistent 
with stability. That, in my opinion, should be the 
object of a University course in engineering ; to give 
the student that training that will enable him, with the 
necessary practical experience, to function properly 
as an engineer. 

There are three departments of engineering in the 
University of Cape Town, namely, civil engineering, 
mechanical engineering and electrical engineering. The 
division of work between them follows the two classes of 
engineering works laid down by Rankine, who wrote :— 

“The works of human art, to which the science of 
applied mechanics relates, are divided into two classes, 
according as the parts of which they consist are intended 
to rest or to move relatively to each other. In the 
former case they are called structures; in the latter, 
machines.” 

Following this separation, the civil engineering depart- 
ment of this University is responsible for all teaching 
work connected with structures, and the other two 
departments for that connected with machines. The 
division is comprehensively viewed, and such subjects 
as strength of materials, theory of structures and hydrau- 
lics, are taught from their commencement in the civil 
engineering department. 

In teaching the two branches, strength of materials 
and hydraulics, the practical work is covered by the 
ordinary laboratory work in those subjects, testing all 
kinds of materials and measuring quantities, losses of 
head and efficiencies of water flow in channels, pipes, 
pumps and turbines. Generally, there is little new 
about these kinds of laboratory practice on which to 
write. But it has always been surprising to the writer 
that such a subject as the theory of structures should 
be taught with little or no practical work. True, all its 
practical applications cannot be demonstrated in a 
laboratory ; but many of its principles can be illus- 
trated on simple models and, after twenty years’ 
experience, the author has no hesitation in saying that 
such work is of the greatest value to a student. 

Practical work can, perhaps, only be attempted 
because our engineering course is of four years’ duration. 
The first three engineering years follow the ordinary 
lines, and it is only in the final year course that students 
are fitted to undertake this practical structural work 
which is of the nature of elementary research work. 
Examples of it, not selected in any way, will be laid 
before you, and its nature will then be apparent to you. 
Our final year examination, besides a qualifying 
examination, consists of the working out in detail of two 
theses for which two calendar months are allowed. 
One of these theses is a design subject for which full 
detail caculations, several sheets of finished drawings, 
brief specification and the main quantities are usually 
required. The other thesis is of a practical character 
where some special theory has to be worked out and 
tested by experiment. Books and technical literature 
may be used, but the student must obtain no professional 
help, and the work shown must be his own. Students 
work out independent theses which are almost entirely 
on different subjects. The ‘heses are marked from the 
point of originality, systematic setting down, carefulness 
and accuracy in calculation and experimental work, 
and thoroughness and comprehensiveness of treatment. 
They force students to look up original authorities, 
to find their way about in technical literature, and to 
learn to solve the problems that arise before them. 
The subjects of both the design and practical theses 
are so set that a student cannot find an exact parallel, 
but must think for himself in working them oui. 

A more explicit description in detail of some of the 
work done in this direction will better illustrate the main 
point of this paper. 

The subjects of the theses are set to test, as far as 
possible, the originality of the student and to prevent 
mere copying and imitation of other people’s work. 





Here are some set in recent years: Water hammer and 
surge tanks; effects of combined bending and strut 
action in the members of reinforced concrete frame- 
works ; testing the general theory of flexure, with 
special reference to rolled steel sections; theory of 
and tests on beams curved in plan made of both circular 
and I sections; distribution of pressure with depth 
in compacted earth for vertical loading on the earth 
surface ; reinforced concrete pipes as beams and 
columns, and also subject to lateral crushing and 
internal pressure; making and testing a large-scale 
model of light steel members of a knee-braced roof 
truss and column supports, making allowance for conti- 
nuity of certain members; distribution of pressure 
transmitted by an elastic structure to an elastic 
foundation, and whether compacted earth forms an 
elastic foundation; experiments on submerged broad- 
crested and sharp-edged weirs; tests on and theory of 
fixed arch ribs, allowing for small horizontal, vertical 
and angular movements of the ends; effects of torsion 
on reinforced concrete members ; investigation of the 
forces in the members of a dome framework made of 
light steel members fixed to a base ring ; finding both 
theoretically and practically the forces in the members 
of a spandrel braced arch framework consisting of two 
trusses connected by lateral bracing, both trusses 
having continuous arch ribs; investigation of various 
types and spacing of lateral binding and hooping in 
short and long reinforced concrete struts; testing a 
light steel truss with a redundant member on three 
supports, the central support being liable to settlement ; 
a discussion with practical tests of the design of joints, 
both rectangular and oblique, in reinforced concrete 
members; testing braced struts with modifications 
of the bracing—straight lateral ties, equilateral triangle 
and crossed lateral bracing, &c.; secondary stresses 
is simple framed structures; practical tests on rein- 
forced concrete box culverts with particular reference 
to the design of the corners ; bond stress between con- 
crete and steel and its effect in design ; forces in a series 
of continuous arches pivoted at the supports, but mak- 
ing allowance for slight settlements of the supports ; 
and such subjects as water content, sand blending and 
modulus of elasticity for different concrete mixes 
have also been set. 

It is expected of students that they should make 
allowances for such variations from the ordinarily 
assumed theoretical conditions as continuity of 
members, “ give ”’ in so-called rigid joints and supports, 
lateral buckling in frameworks, eccentricity of forces 
at joints, redundant members, &c. If there is serious 
discrepancy between the theoretical and practical 
results, it is expected that an explanation shall be put 
forward. We have found that it is not difficult to build 
up these model frameworks out of light section flats, 
angles, and Tees. The models should not be too small, 
and they vary in span from about 5 ft. for the arches, 
dome, &c., to about 10 ft. for the light trusses. In 
designing his model, it is impressed on the student that 
exaggerated conditions beyond those that would obtain 
in ordinary practice are desirable so as to facilitate 
measurement. 

For reading the forces in members, direct-reading 
micrometer screw heads, mirror apparatus reading by 
telescopes on attached scales, dial indicators, and 
cathetometers, are used. The mirror apparatus is 
good, and gives small measurements where the frame- 
work is nearly rigid; but when the framework as 
a whole is liable to movement, clamped rods and 
measuring the extension or contraction by means 
of clamped micrometer screw attachments have been 
found the most satisfactory. Such an extensometer as 
Ewing’s has not generally been found suitable, owing to 
its bulk and weight as compared with the light sections 
to which it would have to be attached. Loading is 
either by direct weighing or by the testing machine. 
The model frameworks are made by the students with 
a reasonable degree of accuracy and fit, but it is not 
expected that they shall be perfect, so that they will 
represent the more truly, conditions in actual practice. 
In the last few years, emphasis has been laid on complete 
models of two trusses with lateral bracing, which give 
a better three-dimensional aspect of structures than 
trusses alone can give. 

By this means, a student learns the importance of 
lateral members and the effects of unsymmetrical load- 
ing. Attention has also been focussed on the modifica- 
tions in practice from the assumptions usually made in 
theoretical investigations, such as stiff joints, continuous 
members, eccentric pulls or thrusts at joints, inaccuracy 
of fit, small settlements of the supports, non-rigidity of 
a structure on its foundation, &c. By these means, it 
is hoped that students will be able to gain a correct 
outlook when, later, they have to deal with actual 
problems of engineering practice, and that they will 
not leave the University with the notion that mathe- 
matical reasoning alone offers a complete solution of an 
actual engineering problem. If the work does nothing 
else, it teaches the limitations of the ordinary text-book 
assumptions. 





The design of joints, especially in reinforced concrete, 
has been the subject of several theses because, important 
as it is, its treatment in the text-books is meagre. Ifa 
structure fails, it is almost certain that failure will be at 
the joints except, perhaps, in certain examples of 
reinforced concrete work. Much has been written on 
the general design of the main members, but little 
scientific information is obtainable on the systematic 
design of the joints, which seems to be almost entirely 
based upon empiricism and a certain amount of 
common-sense judgment. In any case experiments, 
on frame models bring home the importance of con- 
sidering the joints. One thesis on the design of joints 
in reinforced concrete, first treated with the distribu- 
tion of stress by the use of polarised light, following 
Professor Coker’s well-known method, in celluloid 
models in which wire was placed to represent the 
reinforcement. Afterwards, similar large-scale joints 
in reinforced concrete were made and tested. The 
comparison of the results was very successful. 

Another thesis subject was the investigation of the 
strength of struts which varied in conditions from 
initially straight through those having slight initial 
curvature to those that were definitely curved before 
the tests. This was intended to give the student some 
indication of the variations in strength that he might 
expect in compression members that were not exactly 
straight before loading. 

As well as the use of light section steel frameworks, 
other theses have followed the method of Professor 
Begg, described in the Proceedings of the American 
Concrete Institute, in which thin cardboard models of 
different structural frameworks are cut out, and the 
theory is tested by measuring with a microscope small 
elastic deformations, the loading effect being given by 
definite bending moments and thrusts applied at the 
supports. This is also a method that we have 
found to be very useful, and close agreement has been 
obtained. 

Another subject that we have made some attempt to 
cover in the theses is that called in the United States 
“soil mechanics.” As you know, it is the mechanics of 
the design of foundations and, as the material is earth 
of variable quality and composition, it is not easy to 
obtain satisfactory results. Several theses have, how- 
ever, been worked out on the distribution of pressure in 
earth and, although, simple clear results have not been 
obtained and are not to be expected, yet they have 
been of great value in showing the students the indefinite- 
ness of all foundation work. We have found Levi 
boxes simple to construct and use. As there must be 
very little movement in the earth, the earth pressure 
on the rubber membrane is balanced by air pressure 
given by means of a bicycle pump and measured by a 
water or mercury gauge. The correct amount of 
balance on the rubber membrane is indicated by 
electric contact through small discs on an electric bell. 
Taking the simple case of a concentrated load on a long 
rod carried on an elastic foundation, which was formed 
by a series of closely-spaced lateral rods simply sup- 
ported, we found that there was very close agreement 
between theory and actual measurement. In using com- 
pacted screened earth, however, the problem was not so 
simple, and the results not so decisive; but the thesis 
served its purpose because it left the student with the 
idea that the problem was not an easy one, and that it 
necessitated further inquiry. 

It may be asked how this work has been led up to. 
In the third and final years of the course, laboratory 
work has always been looked upon as inquiry. Before 
any such work is done, students have to make individual 
estimates of the expected results. After test, they 
have to offer some explanation, which is criticised, of 
any discrepancy between the estimate and the actual 
result. This is also the method adopted in the practical 
examination at the end of the session. In marking 
the laboratory books, stress is laid on the discussion of 
the results, and students are expected to look up the 
work of collateral investigators, as far as possible, 
on the same subject. A mere bare record of the figures 
and of the method of carrying out the experiment is 
deprecated. We do not have printed or cyclostyled 
sheets of instructions or records in which students 
have to set down the figures, as it is expected that the 
experiment shall be written up in the student’s own 
words combined with the evidence of collateral reading. 
Very strong emphasis is laid, in the two final years of 
the course, on evidence showing that original authorities 
have been read and that a student is keeping himself 
abreast of modern work. This not only keeps up his 
interest, makes him think for himself and gives him 
confidence, but trains him to find out information for 
himself and gradually stores his mind with the sources 
from which original data and methods can be obtained. 

Another important factor in the success of the method 
is that this kind of final examination has grown into 
a tradition. Students in the earlier years see the final- 
year men working out their theses and know that 
similar work will be expected of them. Also, especially 
in the final year, the laboratory work leads up to the 
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thesis work. Even in the earlier years, when such 
simple experiments as the measurement of deflections 
are carried out, slopes are also measured, especially at 
fixed ends, and combinations of members are set up 
for test. Supervision is, of course, always somewhat 
| of a strain, and just as a class is learning to do work 
for itself it leaves, and another set of students has to 
be similarly trained ; but this applies to all teaching. 
At first, when students are presented with the subjects 
| of their theses, they are rather appalled, but it is 
|impressed on them that the work is not impossible, 
|and that, the more difficult it seems, the better the 
training received when it has been worked out. 
| Perhaps the work can only be attempted in a small 
|school where each student can receive very special 
| individual attention. We have 170 students in the 
Engineering Faculty at present, and 1 am looking 
forward to about 20 final-year civil engineering students 
|a year. Beyond that we shall probably have to limit 
| our numbers, as we should be training students beyond 
| the capacity of the country to absorb. This being an 
}under-populated land, it may be practically taken 
that all our students will find their spheres of work here. 
There is little necessity for them to go abroad except 
for wider practical experience. From the point of view 
of actual construction we are in a better position to 
train students than Great Britain, where new works of 
| engineering construction are scarce. 
| It may interest you to know that students always 
| receive payment directly they leave the University. 
| During three years of pupilage the general annual scales 
| of salary are 240/., 280/., 3201.; then if put on the 
| staff, 450/., 480/., 510/., 540/., and afterwards promotion 
|is by merit to special grades in the service. Every 
| engineering graduate has been placed, and almost 
| always there has been a shortage. This is especially 
| the case this year, when since last year’s graduates 
| were placed, inquiries have been made for at least 
10 more. The degree standard has been kept high, 
for students know that much is expected of them in 
after life because their conditions of service are good. 
Because of this, it has been impossible for us to keep 
students on for post-graduate work, much as, per- 
sonally, I should desire it. But as their aim is practical 
life, it would not be fair to them to keep them for 
another year which would not count in their service. 
The minimum age at leaving is 21, the average being 
from 22 to 23, and I have never thought it right to 
advise a student to stay on at the University after 
completing his course. 

This can only be a general account without con- 
sidering individual theses in detail. After many years’ 
experience, students recognise that the work is of the 
greatest value to them. It inculcates in them the 
spirit of investigation, and gives them experience in 
doing original work. It puts them into touch with 
authoritative sources, and leads them to take an interest 
in recent work. It is the nearest approach that we 
can get in a University course to training the judgment 
so necessary in practical life. 

In closing this paper I desire to state that my 
colleagues in the Civil Engineering Department have 
been equally responsible with myself for this work. 
They are Mr. G. Stewart, A.M.Inst.C.E., senior lecturer ; 
Mr. J. A. Gilmore, M.A., B.Se., assistant, and Mr. J. 
Tansey, mechanic—to all of whom I express my 
indebtedness. 


] 
| 
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| MACHINERY. 
(Continued from page 155.) 
Gass tube is now produced in very large quantity 
by means of the Danner tube-drawing machine. 


With this machine, glass from a special drawing tank 
| is allowed to flow over a conical-shaped rotating, hollow 
| 
| 
| 





fireclay mandrel, from the end of which it is drawn out. 
The process may be followed from the sketch given 
in Fig. 16 annexed. A small amount of compressed 
| air is admitted through the mandrel to keep the tube 
hollow. A view showing the glass leaving the mandrel 
'in the drawing tank is shown in Fig. 17, and the 
drawing machine proper is shown in Fig. 18. The tube 
|is drawn forward through the sizing die by double- 
| chain tracks. It then passes to the automatic cutting 
and sorting machine, shown on the left, by which it 
is cut into lengths and sorted to different sizes, according 
| to the wall thickness, bore diameter, &c. By cutting 
| off the air supply on the mandrel, solid glass rod or 
| cane may be drawn instead of tube. 

| The main classes of machine for the manufacture of 
| glass hollow-ware having now been dealt with, some- 
| thing may be said of the various machines for producing 
| sheet and plate glass. Plate glass, owing to the large 
| sizes in which it is manufactured, has always been 
| produced by some method employing machinery, 
| however crude. Briefly, the glass is melted in large 
| fireclay pots, which, when the glass is completely 
| melted, are lifted from the furnace by an overhead 
‘crane, and the glass is tipped on to a casting table. 
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A heavy roller then passes over it backwards and 
forwards, and rolls it out into a flat sheet up to an 
inch or more in thickness, according to requirements. 
The process in operation is shown in Fig. 19. A 
continuous process for making sheet glass has recently 
been evolved by Mr. Ford, in his plate-glass works at 
Detroit, to whom the illustrations of the process 
are due. This process greatly resembles the con- 
tinuous process for making sheet glass, which is 
described later. The glass is melted in a large tank 
furnace and flows on to a large roller. From here 
it is drawn through a pair of drawing rollers, then 
passing into a long annealing lehr. When it emerges 
from the lehr it is cut up into lengths and passed along 
a long line of grinding and polishing machines. This 
process is worked in England at the plate-glass works 
of Messrs. Pilkington Brothers, Limited, St. Helens. 
Fig. 20 shows the glass issuing from the lehr after 
annealing, while Fig. 21 shows the sheet passing along 
the continuous line of rollers and grinders. 

The economy of the continuous process of making 
plate glass has been questioned, and the Bicheroux 
process, which has been recently developed, is stated 
to be more economical. The Bicheroux process was 
first developed to make thin plate glass economically, 
thin plate glass previously costing more to make than 
thick plate glass. This is so because plate glass cannot 
be made by the casting method below a certain thick- 
ness, and so to make thinner plate glass requires more 
glass being ground away. The Bicheroux plate-glass 
process is an improved casting process. The following 
description will be of interest.* A horizontal or | 
moderately inclined casting table is located in front of | 
rollers. The table is of such a size that the content of | 
the pot can be poured out thereon without lapping | 
over, and without the inclusion of air, so that it spreads | 
over the surface with an even and unretarded motion | 
similar to that obtained by the usual casting process. | 
The pouring process is illustrated diagrammatically at 
successive stages in Fig. 22. After the end of the | 
pouring, the part consisting of the casting table and | 
the rollers is slowly tipped over, along the axis of the | 
upper roller. In this way the glass is fed to the rollers. | 
The pot is tipped along an axis situated near the upper | 
edge, and not near the bottom, as with the ordinary 
casting process. By the use of two sets of rollers the 
glass can be rolled thinner. 


(To be continued.) 











IRRIGATION IN THE UNION OF 
SOUTH AFRICA.+ | 
By J. C. Hawkins, M.Inst.C.E. 


IRRIGATION is essential for the growth of the higher | 
grade crops, such as lucerne, tobacco, fruit, cotton, | 
&c., throughout the Union, except in a limited area | 
confined to portions of the coastal belt on the West | 
and South, or where mountain ranges influence rainfall | 
conditions to such an extent that crops can be grown | 
without the aid of irrigation. It has been estimated | 
that out of a total area of 472,347 square miles compris- 
ing the Union, about 10,000 square miles are considered | 
to be really high-class cultivable land which would | 
yield profitable crops under irrigation. Irrigation 
schemes which have been undertaken on a co-operative 
basis and financed by Government loans have a 
scheduled irrigable area of approximately 640 square 
miles; on this area water rate is levied. Probably | 
some 350 square miles are irrigated by private schemes. | 
It will therefore be seen that not one-tenth of the high- | 
class irrigable land has been irrigated. | 
» In this vast country with extremes of meteorological | 
variations, water for irrigation is scarce, and even with a 
most efficient system of conservation there would 
probably be insufficient water io irrigate all the land 
available. There is, however, a large field for irrigation | 
enterprise in the conservation of water; yet a great deal 
of the conservation must be by individual effort, and 
as much rainfall as possible must be trapped on the | 
ground on which it falls, or at the nearest available 
point to that of precipitation, thus storing up under- | 
ground supplies which will give some permanence to the 
flow of the rivers. The question of this form of, as one 
might say, ‘secondary’ conservation, however, is 
intimately bound up with the practice of overstocking 
and veld burning which must, sooner or later, be stampec 
out, either by intensive educative means, or by drastic 
legislation. 

A law governing the use of water for irrigation was 
first enacted in 1906, when an Irrigation Act was 
passed in the Cape, to be followed two years later by a 
Transvaal Irrigation Act. Under these acts, irrigation 
and water rights were, in the main, controlled by the 
common law based on the Roman Dutch Law, which 
embodied the doctrine of riparian rights in water. 
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| While in the humid countries where such laws were 
|evolved for the protection of landowners who had 
| developed their water rights for the purposes of industry, 
|in South Africa such vested rights in water have become 
| pernicious. The principle of conservation under these 
| early laws was entirely ignored, whereas in a country 
| of large and semi-arid tracts this should form a funda- 
| mental factor of water law. 

After union, in 1910, it was essential that there 
| should be a consolidating measure for all the Provinces, 
} and in 1912 the Irrigation and Conservation of Waters 
| Act (No. & of 1912) was passed, and this, together with 
| its regulations, governs the use of water to-day in the 
| Union. It is, however, apparent that the fullest use 


| of available water will not be obtained until something 


approaching the nationalisation of all sources of water 
| supply is obtained, probably on lines similar to the 
| Water Law of Italy. 





It is impossible even briefly to remark on all the 
special features of the Act, but perhaps an indication 
of its principal objects will be of interest. They are 
as follows :— 

(a) Preservation to the fullest extent possible of all 
vested rights so far as they are of practical value to 
riparian owners. 

(b) Provision for a rational and practical method 
of effecting an equitable distribution of water flowing 
in defined channels of a permanent character. 

(c) Provision of equitable and practical means for 
the conservation and use of that portion of the flow 
in South African streams which cannot be immediately 
and beneficially used and may run to waste. 

(d) Provision of machinery for bringing these objects 
into effect. 

Draft amendments were discussed at the last Annual 
Conference of the South African Irrigation Congress at 
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the instance of the Minister, and it is highly probable | which sum nearly 4 millions had been spent in the | 
that in the near future amendments to the existing Irri- | Cape. It is of interest to note that the Irrigation | 
gation Law will receive the consideration of Parliament. | Department has carried out very extensive water boring 


A petition to the Minister may be submitted by three 
or more owners, owning not less than one-tenth of the 
area, praying for the formation of an Irrigation District, 
and after enquiry the Minister may recommend that 
the petition be granted providing that the owners of 
not less than two-thirds of the total extent of the 
irrigable area are in favour of the creation of an Irriga- 


| havin 





operations and, since the establishment of a Water 
Boring Department, 11,989 holes have been drilled, 
g a total footage of 1,715,802, with a water 
yield of 186 million gallons per 24 hours. 

Table I, taken from Rainfall Normals, published 
by the Irrigation Department, gives the areas of the 
Union of South Africa enjoying rainfall between certain 





tion District therefor. After the constitution of the | limits. 

district, the owners elect from among themselves| It will be noticed that over 43 per cent. of the 
Tepresentatives to form an Irrigation Board, and they | Union has a rainfall of less than 15 in., and nearly 
may construct works for the irrigation of the area. | 85 per cent. less than 30 in. per annum. Kanthack 
The Government grants loans and provides engineering | has given, in his book Principles of Irrigation Engineer- 
assistance for them, and it is by such boards that|ing, an analysis of extreme percentage variations of 
practically the whole of the irrigation development | rainfall from average for various periods of years, 
of the Union has been carried out. On March 31, 1928, | in South Africa, as a comparison with the investigations 
there were 114 irrigation districts, having 4,818 voters, | and conclusions of Sir Alexander Binnie, who found 
holding 412,000 acres of scheduled land, or about | that irrespective of any rainfall station in regard to 
85 acres per voter. The Government had advanced | latitude and longitude or altitude above sea level, or 
as loans over 5 millions of money for the works, of | the total average annual rainfall (provided it is above 
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20 in.}, the fluctuations to which the annual average 
is subject are practically the same in all cases. He 
found, further, that the percentage of the number of 
years during which the annual rainfall was above the 
TABLE I.—Rainfall Distribution. 

















ee eee | Area of Rainfall below 
sien Area between Limits. | Upper Limit. 
in — 
Inches. | | 
Total | Percentage Total | Percentage 
Sq. Miles. | of Whole. | Sq. Miles. of Total. 
| | 
0-5 32,460 | 6-85 32,460 6-85 
5-10 98,580 20-90 131,040 27-75 
10-15 72,630 15-35 203,670 43-10 
15-20 72,530 | 15-35 276,200 58-45 
| 20-25 67,830 | 14-40 344,030 72-85 
| 25-30 56,400 11-90 400,430 84-75 
| 30-35 31,960 6-80 432,390 91-55 
35-40 18,130 | 3°85 450,520 95-40 
40-45 13,730 2-90 464,250 98-30 
45-50 4,280 0-90 468,530 99-20 
50-60 1,670 0-37 470,200 99-57 
60-75 1,859 0-38 472,059 99-95 
75-100 259 0-04 472,318 99-99 
Over 100 29 0-01 472,347 100-00 





mean was 47-10, and that below the mean 52-90. 
Kanthack’s tables and curves for a number of South 
African stations are of a very different order. He 
found approximately that the smaller the annual mean, 
the greater are the deviations for short periods. The 
tables show that at five stations with 36-year to 48-year 
rain records and from 6-57 in. to 9-91 in. per annum, 
the extreme percentage variations from mean above 
average were from 75-4 to 163-3, and below average 
from 46-7 to 76-7. For stations with rainfall above 
20 in., the variations from mean were 37-2 to 89-1 
above average, and 36-8 and 56-8 below average. It 
will be appreciated that with such divergent conditions 
a very close study of rainfall statistics is absolutely 
essential before embarking on any irrigation construc. 
tion enterprise in South Africa. 
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Reliable rainfall records of the locality of a proposed 
works for at least 30 years are necessary before any 
degree of safety is assured, and even then, unless the 
gauges are well placed in the catchment, the calcula- 
tions for the amount of rainfall available as run-off 
will be most unreliable. Rainfall is measured at 
about 3,500 stations in the Union, all observers sending 
their records to the Meteorological Office of the 
Department of Irrigation, Pretoria. 

The Cape, being the oldest settlement, has the 
longest rainfall records in the Union. The Royal 
Cape Observatory Record started 88 years ago, and 
one was commenced in Natal 58 years ago. The 
Transvaal Records practically commenced 27 years 
ago, and the Free State and Natal somewhat earlier. 

The months of August, September and October are 
the driest months of the year when the percentage 
areas over which the mean rainfall is below 1 in. is 


TABLE I].—Variations in Flow of South African Rivers. 


Maxi- | 


ee tne Maxi- Mini- 
a mum | ced mum mum 
Diver nent, |Lntensity) “pj.. Mean Mean 
| Sq. ’ | of Dis- sharae: Annual Annual 
Miles. | charge, Cuseca Flow, Flow, 
| r ~ | Cusecs. ~- | Cusecs. | Cusecs. 
| 
Transvaal— 
Crocodile 1,117 |117,300 | 4-73 1,003 27 
(Pretoria) | 
Magalios  . 424 | 54,400 | 0-00 222 22 
Vaal.. ..| 3,298 | 50,040 0-00 | 2,889 115 
Komati .-| 2,092 | 120,600 |121-00 3,030 431 
Cape— | | 
Gamka .-| 4,055 | 30,200 | 0-00 97 9-46 
Nels al 72 | 3,500 | 0-00 18-80 9-88 
Kamanessio | 606 100,000 0-00 — 13-01 
| (approx.)! 
Tarka ..| 1,885 | 11,830 | 0-00 | 127-00 31-72 
Orange 
Free State— | | 
Valsch ..| 2,230 | 77,000 | 0-00 506 32 


eneeex.) 
Wilge ..| 5,816 | 100,000 | 
| |(approx.) 


‘00 | 4,794 172 


TABLE III.—Dara or IRRIGATION SCHEMES. 


| 
| satisfactory method has been found for the measure- 
|ment of rolling silt, and when storage dams are 
| designed the silt is a serious consideration. 
| The Lake Mentz and Oliphants River Dams are 
| provided with Stoney sluice gates along a portion of 
| their crests; the former has five gates, each 25 ft. 
| deep and 38 ft. long, so that some of the heavier silt 
| which is in suspension during periods of high flood will 
| pass through when the gates are opened, and when the 
| time arrives that silt has accumulated against the dam 
| to the sill of the gates, it is hoped that further accre- 
| tions will stop, and that the water storage capacity 
| above the sills of gates will be more or less maintained. 
|The silt in most of our rivers causes a very serious 
problem, which has to be carefully investigated for 
each river, allowace being made for its disposal or 
| storage when irrigation projects are under considera- 
| tion. 
| Examples of almost every type of dam structure can 
be found in South Africa, including earth dams with 
masonry and clay core walls, rock till dams (at Prinz 
River, Cape), Amburs-n type of reinforced concrete 
dam, and solid masonry and concrete gravity dams. 
|The outstanding structure in connection with the 
storage of water for irrigation purposes in South 
| Africa is the Hartebeestepoort Dam near to Pretoria. 


| 





— |It is of the constant angle arch type, and its height 


| from river bed level is 161 ft. 

Table III gives the costs, &c., in connection with 
| some of the more important structures taken from the 
| Official Year Book for the Union (No. 9.) 

Most of the co-operative irrigation schemes and 
| practically all privately-owned irrigation schemes 

have no storage, but rely on the permanent and/or 
flood discharge of the rivers. Such schemes have 
diversion weirs built across the rivers, and in the case 
of purely flood water schemes the water is diverted 
in large volumes on to the land, the canals having a 
| very low duty as compared with the canals fed from a 
| storage reservoir. Most of the storage works have 
| been a development after the diversion weir schemes 
| had been in operation for a few years with the use of 

















: . | 
Storage Capacity. _ Actual or | 
7 ” pee Irrigable Estimated me : 
Name of District. ee ee Land, | Gaatiak Type of Dam. 
| Acre-Feet. Mill. Cub. Ft. — | Scheme. 
| | 
Cape— £ 
Brand Vlei, Worcester .. se a — 1,620 = 116,000 Earth. 
Jalitzdorp, Oudtshoorn .. oe ae —_ 205 — 168,053 Concrete (gravity). 
Kamanassie a ne oe os 31,110 1,355 27,000 660,000 99 
dirass Ridge, Cradock .. a i 68,272 | 2,757 20,000 170,000 Earth. 
Lake Mentz, Uitenhage .. oe ini 94,000 | 4,122 38,000 560,000 Concrete (gravity). 
Prinz River, Ladysmith oe or 135 135 | — 22,000 Rock fill. 
Tarka, Cradock .. és ve oy, 58,000 2,500 | 35,000 550,000 Concrete (gravity). 
Van Rynevelds Pass Graaff Reinet Se 64,000 2,800 | 22,000 435,500 os a3 
Transvaal— | 
Bon Accord, Pretoria .. Si - 415 - | — 110,000 Earth. 
Hartebeestepoort, Pretoria AS sod 123,255 5,369 40,000 1,600,000* Concrete (arch). 
Orange Free State— 
Kaffir River, Bloemfontein i Z 7 30,000 1,350 4,800 90,000 — 
i 








* Hartebeestepoort is a Government-controlled scheme, and the cost includes purchase of land. 


31-5, 62-3 and 33-8, respectively. As the above 
are the months of spring, when water is most essential 
for agricultural purposes, the need for the conserva- 
tion of water to supply the deficiency is apparent. 

The Hydrographic Branch of the Irrigation Depart- 
ment has under its control 30 weir gauging stations 
with water level recorders ; 110 gauging stations with- 
out weirs; 25 low-flow gauging stations on perennial 
rivers and springs. In the Report of the Director of 
Irrigation for the year ending March 31, 1928, it is 
shown that the largest river flow was in the Orange 
River at Aliwal North, which had a mean rate of 
discharge during the period of the report of 4,463 
cusecs, while the Vaal River at Riverton (near 
Kimberley) discharged 1,799 cusecs. Below the 
confluence of these two rivers, which retains the name 
Orange River, the mean rate of discharge at the 
Orange River Bridge was 7,912 cusecs. There is one 
remarkable omission in the published Hydrographic 
Records, viz., the record of the flow of the Limpopo 
River, which is the seconc longest river in the Union, 
and has the greatest annual flow. It forms a portion 
of the International boundary between the Union and 
Southern Rhodesia. 

The difference between maximum and minimum 
intensity of flows and also the maximum and minimum 
mean annual flows for a few rivers during the period 
1911-1919 are give in Table II. 

In addition, however, to carrying huge volumes of 
flood water, which would be of immense value to the 
land, most of the rivers carry a high percentage of silt, 
graded in size from the finely-suspended clays to heavy 
boulders. Storage of water, therefore, entails storage 
of silt unless a proposed scheme can afford the cost 
of a barrage type of dam, which would permit the free 
and unobstructed passage of the first waters of the flood 
and also a_big proportion of the rolling silt. No 


flood water only, and as the value of water was learned 
and appreciated the districts became more closely 
settled, until the owners felt themselves in a position 
to pay a rate that would cover the cost of a storage 
scheme. Some of the storage schemes have not so 
far been unqualified successes, but while storage of 
water can be truly given as a reason for partial failure 
in a few cases, probably the prime reason for non-success 
in many cases is that individual owners are holding 
more irrigable ground, with consequent bigger rates, 
than they can handle. Irrigation farming to-day is a 
strictly business proposition, and can only be made 
successful by conducting operations on business lines 
suitable to the particular locality. This is a com- 
paratively new factor in the farmer’s life, and it will take 
some time for him to make the necessary adjustments. 

In common with other countries having arid and 
semi-arid districts, South Africa has to meet the 
problem of brak or alkali, but little alarm need be 
felt as long as sound irrigation principles are followed. 
The application of too much water creating water- 
logging of the soil is a fruitful cause of the concentration 
of harmful salts in the soil. Prolonged storage in reser- 
voirs when evaporation and consequent concentration 
of salts takes place is hardly likely to occur to any 
great extent, but in any case the problem and its causes 
are well known, and it will be mostly due to lack of 
skill if brak persists to any great extent on our irrigated 
lands. 

With its variety of climate and soil, South Africa 
can produce in selected districts practically any crop 
that will pay for growing. The first impetus to irriga- 
tion development was given by the demand for lucerne 
for feeding ostriches, and while it lasted it was 
undoubtedly a business that warranted the construc- 
tion of works carrying what to-day would be impossible 
annual rates per acre. The slump in feathers caused 








great consternation in financial, commercial and farming 
circles, but during the past few years transition in 
farming has taken place, and fruit, tobacco, cotton, &c., 
are being grown. This has all taken time, but it is 
believed that the corner has been turned, and some of the 
huge co-operative schemes in the Cape, given average 
rainfall conditions, will show considerable improvements 
on past records. 

Future development will probably take place on 
some of our perennial rivers. The Orange and the Vaal 
have been talked of a great deal recently, and it is 
understood that a considerable amount of survey work 
has been carried out in connection with schemes on 
these rivers. It is hoped that similar information is 
being collected in connection with our perennial rivers 
farther north. The average observer, however, who 
knows the Northern and Eastern Transvaal with its 
many perennial rivers, considers that the big future 
development will take place there. The opening up 
of this vast area, where such profitable crops as citrus, 
tropical fruits, cotton, &c., can be grown, and where 
there is an abundance of water and ideal sites for 
reservoirs, can only be a matter of time and Government 
interest in the financial side. One large privately- 
owned scheme has been established near to Potgieters- 
rust for some time, and to-day there are 6,000 acres 
growing 600,000 fruit trees. This season’s production 
is nearly 130,000 cases of fruit, and the owners look 
forward to the production of millions of cases annually. 

The possibilities for irrigation in South Africa are 
large, and no doubt the development of tracts of land 
on perennial rivers owned by large and small owners 
will receive the attention of the Minister dealing with 
irrigation development. The granting of subsidies to 
large owners who would be prepared to build works 
and open up these areas to the small man on favourable 
terms appears to be the most promising road to success. 








CATALOGUES. 


Switches.—Messrs. Cantie Switches, Limited, Carlton- 
road, Nottingham, have issued a circular describing 
three types of switches for starting small alternating- 
current motors up to 2 h.p. 


Electric Brakes.—A list of solenoid-operated brakes 
for alternating and direct currents, and suitable for 
lifts, hoists, printing presses, &c., is to hand from 
Messrs. Igranic Electric Company, Limited, 149, Queen 
Victoria-street, London, E.C. 

Microscopes, &:c.—Messrs. C. Baker, 244, High Holborn, 
London, W.C. 1, have sent us copies of leaf catalogues 
dealing with a student’s microscope, a nature-study 
microscope, a magnifier and illuminator for examining 
the eye, and several laboratory clocks. Prices are stated. 


Spring Drive.—We have received @ circular describing 
the spring-tension transmission device or flexible 
coupling for motor-car drives, invented by Mr. E. 
Siegenthaler and made and fitted by Messrs. The Spring 
Transmission Company, Britannia-road, Walham-green, 
London, S8.W.6. 


Road-Traffic Signals.—A circular is to hand from Messrs. 
Switchgear and Cowans, Limited, Old Trafford, Man- 
chester, describing an apparatus by which a vehicle 
coming from a side road would automatically operate a 
signal visible to drivers on the main road. A public 
authority has arranged for trials. 


Electric Tools.—Messrs. The Milwaukee Electric Tool 
Corporation, Milwaukee, Wisconsin, U.S.A., have sent 
us a catalogue of electrically-operated hand machines. 
mainly for drilling, made in four sizes capable of 
drilling from }-in. to §-in. holes. Tools other than 
drills, and a bench post, are also shown. 

Electrical Machines and Apparatus.—Messrs. Veritys. 
Limited, Aston, Birmingham, have sent us catalogues of 
switchgear and Verity-Heemaf high-torque motors, 
together with a list of motors in stock. These catalogues 
are carefully prepared, amply illustrated, and give full 
working particulars and prices as far as possible. 


Worm Gearing.—A pamphlet on worm gear trans- 
mission from Messrs. David Brown and Sons (Hudders- 
field), Limited, Huddersfield, contains a general dis- 
cussion of the subject in sections dealing with action 
of the surfaces, efficiency, load-carrying capacity, involute 
and globoidal forms, materials, &c. There is also a 
section dealing with applications. 


Toothed Gears.—Messrs. Crofts (Engineers), Limited, 
Thornbury, Bradford, have issued two lists of toothed 
gears. The first deals with pinions and wheels for 
transmitting from 1 to 50 h.p. at ratios from 1-67 to 1 to 
7:5 to 1; housed units are also supplied with the same 
and additional ratios. The second list deals with back 
gears for electric motors, with ratios up to 7 to | and 
transmitting from 1 to 50 h.p. These are supplied 
complete with the motor, or as gear units to suit any o! 
the usual makes of motors. 


Motor Rollers.—The manufacture of motor rollers tor 
grass, paths and road work, has been taken up YY 
Messrs. Marshall, Sons and Company, Limited, Gains- 
borough. The type, recently described in ENGINEERING, 
has an engine mounted on the axle inside the roller, 
the drive being by friction wheels. The usual handle 1s 
secured to the axle ends, and by raising the handle to the 
vertical position the friction drive is released. The 
diameters of the two sizes are under 30 in. and the 





weights are 12} ewt. and 20 ewt., respectively. 
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CONCRETE ARCH BRIDGE. 


REINFORCED-concrete arch bridges, largely per- 


FULL-SCALE AND BEGGS DEFOR-| 
METER TESTS ON A REINFORCED- | 


ENGINEERING. 


The North Carolina State Highway Commission, 
recognising that these circumstances presented a 
; unique opportunity to test a modern, full-size, 
'reinforced-concrete arch bridge with moderately 
|long spans, and desiring to make as complete tests 
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| apply a load to the bridge deck, after which measure- 
|ments of deformation were made by observers 
| accommodated in one of the hollow piers or on a 
| scaffolding erected below the arch. Variable loading 
was provided by large tanks, such as are seen in 


haps on account of their satisfactory xsthetic|as the available time and money permitted, re-| Fig. 1, capable of being moved along the bridge 


properties, 


have enjoyed a rapidly-increasing | quested and received the co-operation of the Bureau | deck, into which known weights of water could 


popularity during recent years. The simple form |of Public Roads. An advisory committee, composed | be rapidly pumped. For tests involving stresses of 
of hingeless, reinforced arch rib, although a static-|of representatives from technical and _ scientific | moderate intensities, one tank sufficed, of such a size 
ally indeterminate structure, may be analysed on | societies and colleges, formulated general plans for | that its load could be applied directly over the four 
the basis of elastic theory with some degree of con- | the test, and assisted, during the course of the work, | spandrel columns of a single panel. To avoid tem- 


fidence. In bridge construction of the open-spandrel 
arch type, however, the problem is immensely more 
complicated. Uncertainties regarding the distribu- 
tion of loads among the columns and the extent 
to which the superstructure may be expected to 
modify the deformation of the arch-ribs, lead to the 
employment of large factors of safety and, in all 


in the solution of the problems encountered and in 
|the interpretation of the results. 

| The test bridge consisted of three two-rib open- 
|spandrel arch spans of 146 ft. 3 in. clear span and 
| 28 ft. 3 in. rise, with seven 42-ft. 6-in. deck girder 
| approach spans ateachend. The structural features of 
| the central arch span, selected for the tests, are given 


perature effects, the test readings observed were due 
to increments of water load only, zero readings of 
the instruments being taken with the empty tank 
| in position. 

Three groups of full-scale tests may be distin- 
guished. In series 1, with the bridge superstructure 
intact, a single tank was placed so as to apply its 





probability, detract appreciably from the economy | in Figs. 2, 3 and 4 on page 282. It will be seen that| load at adjacent panel points, and deformations 
of designs. A commendable tendency exists, con- | the spandrel columns were integral with the arch ribs | were observed over the entire rib. In series 2, the 
sequently, for bridge engineers to consider any idea | and connected at their upper ends by cross girders.|same procedure was followed, except that the 


which may result in improved structural economy 
consistent with safety. One such method, involving 
the measurement of deflections in a celluloid bridge 


The separate floor system, provided with expansion 
joints at every third panel point, rested on sliding 
bearing plates on the spandrel structure. The rib 





|curtain wall near the crown was broken out and 
| the deck and railings were cut at each panel point 
| and supported on new, greased bearing plates, so 








model by means of the Beggs deformeter, was 
described in a previous article* as applied to 
the design of a new bridge. But before such a 
method can be confidently and generally accepted 
as an improvement on theoretical analysis, its 
validity requires to be very firmly established. 
Considerable interest, therefore, attaches to some 
recent tests of a modern arch bridge, in conjunction 


with which comparable analyses were made by the | 


Beggs deformeter method. An additional compari- 
son of great value is afforded by the results of 
theoretical computations based on current conven- 
tional design practice. 

The subject of the experiment was the three-span 
concrete-arch bridge illustrated in Fig. 1. This was 


YADKIN RIVER BRIDGE UNDER TEST. 


Fie. 1. 


| reinforcement consisted of six }-in. round bars at 
top and bottom. Samples of steel and concrete 
examined during the course of the tests showed 
sound material in all cases. Through the courtesy 
of the Bureau of Public Roads we are able to give 
below a summary of the tests carried out. 

The specific objects of the experiments may be 
| summarised as follows :— 
1. To compare the measured deformations of a 
| full-size reinforced-concrete arch rib with the 
deformations as determined by the theory of elastic 
structures when the rib carried loads producing 
stresses of moderate intensities, and was as free as 
| possible from the restraining action of the super- 


| 


| structure. 





| as to destroy, as far as practicable, the continuity 
of the floor system and its restraint on the spandrel 
columns. This modification of the deck structure 
is indicated in the right-hand half of Fig. 2. In 
series 3, two tanks were placed in the position to 
| produce the maximum stress in the rib, the pro- 
cedure and condition of the superstructure being 
the same as for series 2. 
In each series, loadings were made successively 
;at each panel from a pier to the crown, the incre- 
ments of water load at each position amounting to 
91,000, 182,000 and 273,000 Ib., one quarter of 
which was adjudged to be applied at adjacent 
columns of the test rib. 

Measurements.—The complete determination of 





built in 1922 by the North Carolina State Highway | 2. To make the same comparisons when the rib | the deformation of the rib involved the following 
Commission, as a Federal aid project, over the | carried loads producing stresses of high intensities. | six measurements :—1l. Deformations of the con- 


Yadkin River, also known as the Pee Dee River, 


| 3. To determine the effect of the superstructure 


| crete on the extrados and intrados at nine sections 


between Albemarle and Mount Gilead. In 1926, the|on rib deformation by comparing deformations | spaced 18 ft. 6 in. apart along the axis of the rib. 


Carolina Power and Light Company began the | 


construction of a dam on a site about 9 miles down- 
stream from the bridge. The water of the river, 
on the closing of the dam, was to be backed up to 
such a height as to submerge the bridge and neces- 


sitate its replacement by a new bridge at a higher | 
Between the time of completion of the | 


elevation. 
new bridge and the closing of the dam—a period of 


several months—the old bridge was to be demolished | 


so as to offer no obstruction to the flow of water 
in the river. 





* ENGINEERING, See vol, cxxvi, page 31 (1928). 


measured when the superstructure was intact with 
the measured and computed deformations of the 
free rib. 

4. To compare the measured deformations of the 
rib, both with and without the restraining action of 
the superstructure, with the deformations as deter- 
mined from an analysis made with an elastic model 
by the Beggs deformeter. 

Procedure and Loading.—With the object of 
minimising the extraneous effects due to temperature 
variations, measurements of deformation were re- 
stricted to the north, or shaded, rib of the test span. 
|The general plan followed during the tests was to 





2. Deformations of the reinforcing steel near the 
| Springing lines and the crown. 3. Rotation of the 
arch axis at nine points spaced 18 ft. 6 in. along 
| the axis of the rib. 4. Deflections of the rib at 
nine columns, no measurements being taken at 
columns adjacent to the piers. 5. The change in 
length of the mid-ordinates of each of the thirty-one 
| consecutive 5-ft. arcs of the rib axis. 6. Rotation 
| and horizontal movements of the piers. The situa- 
|tions of the different measurement points are 
| indicated in Figs. 2 and 3. 

| Instrwments.—Deformations of concrete and steel 
| wene measured at points designated T.C. and T.S., 
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respectively, by means of McCullom-Peters electric 
telemeters. In these instruments, a vile of carbon 
discs is held under pressure between contacts fixed to 
the material the extension of which is to be measured. 
A change in the length of the pile results in a change 
of its electrical resistance, which is determined by a 
Wheatstone bridge method, and provides a measure 
of the extension of the material under test. Factors 
for the temperature correction of these instruments 
and observations of rib temperature were derived 
from distant-reading resistance-coil thermometers, 
whereby the temperature difference between the 
concrete of the arch and the telemeter was observed 
simultaneously with each telemeter reading. 

Rotations of the arch axis were measured by 
clinometers, each comprising a steel bar carrying | 
a sensitive spirit level and provided with pointed 
steel legs, 20 in. apart, one of which was adjustable 
by a micrometer screw. The legs were placed in | 
cups on the upper surfaces of a pair of pins grouted 
into the vertical face of the arch at the situations 
marked CL.PT. in Fig. 2. Differences of micro- 
meter gauge reading, with the bubble central, for | 
the various conditions of loading served to deter- 
mine the corresponding arch rotation. 

Changes of rib curvature were measured by 
radius meters. This instrument consisted of a steel 
tube furnished with pointed steel legs at a gauge 
distance of 5 ft. Plugs, with cups on their upper 
surfaces to receive these legs, were grouted into the 
vertical face of the rib at 5-ft. intervals along the 
rib axis as shown by the blank circles in Fig. 2. | 
At intermediate points, shown by black circles, 
were fixed square plugs surfaced to receive the 
spindle of a micrometer dial fitted to the tube of 
the radius meter centrally between the steel gauge 
points. The difference of dial reading, due to 
variation of the test load oa the bridge, represented 
the change of mid-ordinate of a 5-ft. length along 
the rib axis. Erroneous deflection of the radius | 
meter by manipulation was obviated by enclosing | 
the tube of the meter in a slightly larger tube, to 
which it was fixed only at the gauge points, and 
through holes in which projected the micrometer 
dial and its spindle. 

Vertical deflections of the rib were measured by | 
steel scales between a steel wire and plates furnished | 
with gauge holes fixed to the tops of the spandrel | 
columns. Reference to Fig. 2 will show how the | 
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Fig.35. OUTLINE OF MODEL OF YADKIN RIVER BRIDGE SHOWING 
SECTIONS AT WHICH GAUGES WERE ATTACHED. 
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the spandrel columns, was fixed to the top of the east 
pier and, passing over a pulley at the top of the 
west pier, carried a load of about 100 Ib. for the 
purpose of maintaining a constant sag. 

Finally, two series of pier movements were 
measured. Rotations of the piers were observed 


| by clinometers at the positions 1, 2 and 12, 13 of 
| Fig. 3. The horizontal deflections were derived 


from the displacement of metal gauge plugs in the 
piers relative to reference marks on two horizontal 
wires stretched 5 ft. vertically apart, between the 
far piers of the adjacent spans. 

Of all these instruments, the clinometer, on 
account of its simplicity of construction and im- 
munity from temperature effects, was probably the 
most reliable. Deflections measured with reference 


|to pianoforte wires were also highly satisfactory. 


Less confidence, however, could be placed in the 
telemeter readings, on account of the difficulty, 
under field conditions, of making accurate tempera- 
ture corrections. The radius meters were not subject 
to temperature effects, but, on account of the small 
quantities they were required to measure, afforded 
no very high order of individual accuracy. Despite, 
however, a somewhat wide scattering of the field 


| observations of stress and mid-ordinate changes, the 


mean values of these measurements were sufficiently 
clearly defined to permit of adequate comparison 
with the computed and Beggs Deformeter results. 


Bracs DEFORMETER ANALYSES. 


Not least among the advantages which accrue 
performed with small-scale 








structures is the practical elimination of the effects 
of natural phenomena which are largely uncontrol- 
lable in the field. This feature is well exemplified 
in structural analyses made by the Beggs Defor- 
meter which may be carried out under laboratory 
conditions with precision instruments and adequate 
control of temperature. 

Principle and Operation.—In view of the existing 
descriptions* of the principle and operation of 
Professor Beggs’s apparatus, it will be sufficient 
here to recall briefly that the equipment includes a 
deformeter gauge, provided with plugs of definite 
sizes by which a member of the structural model 
may be deformed, and a micrometer microscope 
by which the consequent deflection of other points 
in the model may be measured. These instruments 
are used in conjunction with a sectional model, 
such as that shown in Fig. 5, constructed of sheet 
celluloid and clamped at appropriate points to a 
horizontal table. The mode of operation may be 
conveniently indicated by reference to Fig. 5. If, 
for example, the thrust be required at a section M 
of the arch rib due to unit load applied vertically 
(i.e., normally to the bridge deck) at column 4, the 
deformeter gauge is clamped to the model rib at M 
and the arch severed by a saw cut normal to the 
arch axis. A point on a small target at 4 is focussed 
by the micrometer microscope. ‘The sides of the 
section at M are now displaced by a known amount 
4 by the successive insertion of two equal pairs 
of gauge plugs differing in diameter by a known 





* loc. cit. 
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Fia. 6. YADKIN BripGE MopDEL UNDER TEST. 


Fig. 8 . TYPICAL BENDING-MOMENT DIAGRAMS FOR UNIT LOADS. 
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deflections at all the points 0 to 6, due to the dis- 
placement of the cut section at M, an influence line 
can be plotted for the thrust at M. 

By the use of appropriate plugs, the sides of the 
section at M can be displaced laterally or through a 
small angle, simulating the effects of shear and bend- 
ing moment, respectively, and influence lines can be 


amount. The accompanying motion 6 of the target 
at 4 in a direction normal to the bridge deck is 
measured by the microscope. Then, by Maxwell’s 
Treciprocal-deflection theorem, the thrust at M due 


to unit load at 4 is equal to It is obvious 


<° 
that if similar measurements are made of the vertical 











TESTS. 


Fig.7.TYPICAL INFLUENCE DIAGRAM. 
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derived from measurements of vertical displace- 
ments of points 0 to 6. In the case of bending 
moment, however, the linear scale of the model 
enters as a factor, and the deflections 5 for a given 
angular rotation at M in the model must be increased 
in the linear scale ratio to obtain the deflection in 
the actual structure corresponding to the same 
rotation. Thus, in a 1/60 scale model, the model 
deflections at the deck must be multiplied by*60 
to give the moment in inch-pounds due to a load 
of 1 lb. 

Celluloid Model_—The Yadkin Bridge model, 
shown in Figs. 5 and 6, was cut to template in two 
identical halves from sheet celluloid 0-08 in. thick. 
A necessary condition for the validity of the defor- 
meter data is that the relative stiffnesses of the 
structural members shall be the same for beth 
model and prototype. The moment of inertia of each 
section of the bridge (inclusive of reinforcement) 
was accordingly computed and the model made to 
a convenient scale (actually 1/60 full size) so that 
the sectional dimensions of its members were pro- 
portional to the cube roots of the moments of 
inertia of the corresponding full-scale members. 
Prior to its being clamped to a table at the piers, 
the model was carefully aligned by the aid of a 
cotton thread. To avoid friction during the defor- 
mation, the unclamped portion of the model was 
supported at numerous points on steel balls rolling 
between brass plates, and the entire structure was 
thus maintained horizontal at a uniform distance 
of 2 in. from the table. Some care was required in 
the selection of gauge plugs in order that the defor- 
mation produced by their insertion should be so 
small as not to force any part of the model out of 
its normal plane. 

Strict accuracy of the deformeter data requites 
the representation, in the model, of the correct 
degree of fixity of the various components of the 
bridge. Reference to Fig. 6 shows how, on this 
account the model included the two-arch spans 
adjacent to that under test. Of the four piers so 
reproduced, the two central ones were clamped at 
the foot only, whilst, to simulate the restraint 
offered by the approach spans of the full-scale 
bridge, the extreme piers were additionally fixed by 
vertical clamps. 

Simulation of Superstructure Intact—A compari- 
son of Figs. 2 and 5 shows how the expansion joints 
in the bridge deck were simulated in the model by 
saw-cuts through the superstructure at five panel 
points. Some uncertainty arose, however, with 
regard to the representation of the indefinite connec- 
tion between the floor and the spandrel column tops 
of the bridge. It will be apparent, from Fig. 4, that 
the deck loads were transmitted to the columns 
through sole plates and masonry plates. Actually, it 
was found that these plates were badly rusted and 
offered almost perfect resistance to shearing dis- 
placement. They were not, however, able to resist 
separation by tension. Deformeter analyses, desig- 
nated A and B respectively, were accordingly made 
under two conditions of the model. In the first, 
represented by Fig. 5, the bridge deck was integral 
with the supporting columns. In the second, the 
connections were modified by severing the tops of 
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the columns from the under-side of the floor, and 
rejoining them by small celluloid links. Measure- 
ments were made in analyses A and B of vertical 
deflections at the targets on the model deck, due to 


extension, shear and moment at points M, N, 0, P, | 


&c., along the whole length of the rib corresponding 
to the positions of the telemeters in the field tests. 
To check the full-scale arch rotation results, defor- 
meter data from each panel were required and gauges 
were subsequently placed at sections N,, P, N,’, P,’, 
shown in Fig. 5. As only six gauges were available 
for thirteen sections, the severed portions of the rib, 
on the removal of the gauges, were re-connected in 
their unstrained positions by small brass clamps. 

Simulation of Superstructure Destroyed.—With the 
object of simulating the conditions of series 2 of 
the full-scale tests, in which the continuity of the 
deck had been destroyed, a third model analysis, OC, 
was made with the floor, spandrel construction and 
curtain wall removed. The conditions of series 2 
and analysis C correspond to the assumptions of 
“free rib” on which the theoretical results were 
based. The targets used for deflection observations 
in analysis C are shown in Fig. 5 on the rib at the 
feet of the spandrel columns. 

Model Experimental Procedure.—The technique of 
the model analyses was such that the deflections at 
six targets at a time were measured with as many 
microscopes for a single setting of a deformeter 
gauge, the readings being taken rapidly to minimise 
temperature change (which was recorded) during 
the operation. The model was quite sensitive to 
temperature variation, and precautions were taken 
to maintain the room in which the analyses were | 
conducted at an even temperature. Even so, a few 
determinations involving changes greater than 
0-1 deg. C. occurred and were disregarded. As a 
general rule, however, the microscope readings were 
large compared with the deformations due to 
temperature change, and the errors in the analyses 
made were adjudged to be very slight, except 
possibly in the case of the model arch rotations, for 
which only small microscope readings were obtained. 

Typical Deformeter Data.—Typical results of the 
deformeter analysis for condition A of the model | 
are reproduced in Fig. 7 in the form of influence 
lines of bending moment, thrust and shear for one 
section Q at the crown of the arch. Similar diagrams 
for the three conditions A, B and C were obtained 
for all thirteen sections M, N, &c., shown in Fig. 5, 
and, from the data so furnished, the intrados and 
extrados stresses of the bridge, due to loads of 
68,250 Ib. on two adjacent spandrel columns, were 
readily predicted. In computing arch rib rotation 
from the model results, however, it was first neces- 
sary to make bending-moment diagrams for the 
entire rib for five positions of load under all three 
conditions of model. One such diagram, for unit 
load, is shown in Fig. 8, where the close agreement 
should be observed between the data from analysis 
C and the “ free rib” computed results. The effect 
of superstructure is clearly indicated by the differ- 
ence between these results and those derived from | densers in the Postboy of 1821, and also to the 
United Kingdom of 1826, the latter ship being 
the finest steamship of her day. In Capt. John 
Ross’s Treatise on Navigation by Steam, published 
in 1828, is a description of Gurney’s tubular con- 
| denser for use in conjunction with Gurney’s water- 
tube boiler, which Ross advocated for naval vessels ; 
and Ross’s steam vessel Victory, of 1829, with which 
he explored the Arctic, was fitted with a surface 
condenser made by John Ericsson. But from 
neither of these more or less experimental instal- 
lations did we get the marine condenser of to-day. 
At that time, with but 5 lb. pressure in the boilers, 
by paying attention to the blowing down, boiler 
surfaces could be kept moderately clear of salt, and 
to most engineers there appeared to be little 
advantage in surface condensation. There were 
others, however, who believed that fresh water 
would be better than salt, that with fresh water 
the boilers would last much longer and that less 
fuel would be used, and among these was Samuel 
| Hall, of Basford, near Nottingham; sometimes 
|eonfused with John Hall, of Dartford. Hall, who 
was born in 1781, had been successful with patents 
|for gassing lace and net, and it was in the early 
| thirties that he turned his attention to marine engi- 
neering. His second venture, however, proved finan- 


analyses A and B. From these diagrams, in con- | 
junction with a further diagram showing the varia- | 
tion of the product EI along the rib, the summation 

g Mde 
ete i 
rotation at the various sections, was possible. The 


. . Mds 
algebraic summation of E ; from end to end of the | 


rib should equal zero. Actually, the sum was out 
of balance by as much as 16 per cent. in analyses 
A and B, involving the distribution of the error 
prior to the computaticn of rotations. For the 
free arch condition of analysis C the balance was 


very close. 
- (To be continued.) 


LABYRINTH GLANDS FOR THE TURBINES OF §,5. ‘‘ BRE- 
MEN.”’’—We have been informed that, after an exhaustive 
series of tests, the metal chosen by Messrs. A. G. Weser, ship- 
builders, Bremen, for the diaphragm packing rings of the 
turbines of the Norddeutscher Lloyd Line 8.8. Bremen, 
was a hard nickel alloy, designated Admiro No. 5, manu- 
factured by Messrs. Allgemeines Deutsches Metallwerk 
G.m.b.H., Berlin-Obersch6neweide. This alloy, which is 
stated to offer a high resistance to the effects of super- 
heated steam, is one of the Admos and Rubel bronze 
series of alloys made by the firm. The agent for these 
alloys in this country is Mr. E, C. Brooks-Vos, Nelson 
House, 2, Moor-street, Birmingham, 


along the arch and the determination of | 


THE INVENTION OF THE MARINE 
SURFACE CONDENSER. 


By Enar.-Capr. Epaar C. Surru, O.B.E., R.N. 


In the absence of any authoritative history of 
marine engineering, information relating to early 
practice has to be sought for far and wide. A century 
ago text-books were practically unknown; marine 
engineers were little given to recording their experi- 
ences ; and though such men as the Maudslays, Penn, 
Field, Miller, Dinnen and Goodrich were members 
of the Institution of Civil Engineers, the proceedings 
of that society are only now and again helpful to the 
student of history. From the first, vessels were 
fitted with condensing engines, and the old side- 
lever engine was but a modification of the iand engine 
of Watt. Boiler pressures were very low and 
jet condensation was the rule. One of the greatest 
improvements ever made in engineering afloat was 
the introduction of surface condensation, to which 
reference is made in a short contribution by Mr. 
H. C. Powel to the Transactions of the Institute of 
Marine Engineers for July, 1929. Mr. Powel refers 
particularly to the rubber ring packing for condenser 
tubes introduced by Spencer, but he also recalls 
the name of Hall as the pioneer of the marine surface 
condenser. Incidentally, he credits the Admiralty 
with the invention of the screw ferrule and cotton 
packing for condenser tubes, apparently unaware 
that we owe that excellent device also to Hall. 

In view of the widespread application of the 
tubular surface condenser, it may not be without 
interest to give a few particulars of the invention 
and introduction, the abandonment and the reintro- 


|duction of this type of condenser and to restate 


the claims of Samuel Hall as a pioneer of this 
important unit in power plants. Surface condens- 
ing, of course, came in originally with the steam 
pumps of Savery and Newcomen, and, according 
to Martin Triewald, it was an accident which led New- 
comen to inject the condensing water into the 


| steam cylinder, instead of allowing it to flow round 


the outside. However this may be, all Newcomen 
engines that we know of were fitted with jet-con- 
densing apparatus. With Watt’s inquiries of the 
seventeen-sixties, the practice of condensing under- 
went a revolution, and his great invention of the 
separate condenser, in combination with an air 
| pump, remains the outstanding landmark in steam- 
engine improvement. What is of interest here is that 
Watt tried both surface and jet condensers, and in the 
Science Museum, South Kensington, may be seen 
his fine model tubular surface condenser with 140 
small tubes soldered into the tube plates. In this 
condenser, Watt passed the cooling water through 
| the tubes. But though Watt tried various forms of 
condensers, it was the jet condenser which became 
the standard fitting, and both ashore and afloat it 
remained so till some 60 or 70 years ago. 

It was the coming of the steamship that brought 
the question of surface condensing to the fore. 





| David Napier is said to have fitted surface con- 








cially disastrous to him, and when he died, Novem- 
ber 21, 1863, in Morgan-street, Tredegar-square, 
Bow, he was in very reduced circumstances. Like 
Fitch, Rumsey, Bell and Symington, all steamboat 
pioneers, he must be regarded as belonging to that 
tragic fraternity of inventors who reap nothing but 
fame from their work. 

Hall’s patent of 1834 is one of the most interesting 
ever taken out in connection with the machinery of 
ships. Not a marine engineer himself, he yet had 
a complete grasp of the problems involved, which 
he solved in so satisfactory a manner that modern 
practice differs little from that he introduced. 
His patent was not so much for a new invention 
as for a new combination of other inventions. 
There was, it is true, novelty in his plan of placing 
his evaporator in the boiler and in his design of 
‘* steam saver,” but he himself said, ‘‘ My invention 
does not consist in the novelty of any one of the 
five apparatus hereinafter mentioned, but in the 
combination of the whole five, or at least three out 
of the five.” Describing the five pieces of apparatus, 
he states them to be (1) a tubular surface condenser, 
(2) a circulating pump, (3) an air pump, (4) an 
evaporator, (5) an automatic silent blow-off. These 
are the parts of his patent in the terms of to-day. 
The evaporator or still was a nest of tubes placed 
in the steam space of the boiler for evaporating salt 
water for make-up feed, and his automatic silent 
blow-off was an ingenious contrivance placed at the 
top of the waste steam pipe to lead the steam escaping 
from the safety-valves back to the condenser. 
Viewed in the light of the practice of those times, 
his plan was far ahead of those of anyone else, and, 
when the plant wasused correctly, it proved eminently 
successful in prolonging the life of boilers, in prevent- 
ing incrustation, and in reducing the coal con- 
sumption. 

One of the first engineers to realise the value of 
Hall’s invention was William Fawcett (1771-1842), 
whose name is perpetuated in the William Faweett, 
built in 1829, which, in 1837, became the first steam 
vessel of the Peninsula and Oriental Steam Naviga- 
tion Company, and in the firm of Fawcett, Preston 
and Company, of Liverpool. In the books of that 
company is an entry, dated 1835, relative to the 
building of the Windermere for James Winder. 
This was the first vessel fitted with Hall’s apparatus. 
The second vessel was, perhaps, the Wilberforce, 
engined by Hall, of Dartford, but towards the end 
of the ’thirties, Hall’s condensers were constructed 
for the Sirius, the first passenger steamer to cross 
the Atlantic; the paddle sloop Megaera, of the 
Royal Navy; the Queen, which took part in the 
operations in China in 1840-41; and the British 
Queen, the fine transatlantic paddle-wheel vessel 
which sailed from Portsmouth on her maiden voyage 
in July, 1839. To this list might be added the 
India, the Hercules, H.M.S. Penelope, and others. 
The machinery of the Sirius was built by Wingate, 
of Glasgow, that of the Megaera by Seaward, of 
Limehouse, and that of the British Queen by Robert 
Napier. It is possible that, given more time, 
Napier might have supplied surface condensers to 
the first Cunard ships, for in March, 1839, he wrote 
to Cunard: ‘“ Hall’s condensers cannot be allowed 
if it was on no other ground but that of time, as 
it would be actually impossible for me to meet your 
time and adopt his plan. Every solid and known 
improvement that I am made acquainted with 
shall be adopted by me, but no patent plans.” 

The cautious note with which Napier’s letter ended 
was, perhaps, under the circumstances, justified. In 
spite of the success of some of the ships with Hall’s 
condensers, scepticism was general, surface condensers 
were not widely adopted at the time and in the 
course of a few years were given up entirely. The 
evidence of their value was, however, undeniable. 
Lambert, who had been chief engineer of the 
Queen in China, spoke of the immense saving of 
labour and.trouble through the use of the condensers ; 
John Peterson, who had been chief engineer of the 
Megaera, then chief engineer of the British Queen, 
and who subsequently lost his life in the ill-fated 
President, referred to the improved vacuum, the 
cleanliness of the boilers, and to “Mr. Hall’s 
beautifui plan of distilling in vacuo” ; while there 
was afterwards an Admiralty report by Captain 
Parry, Peter Ewart, and Thomas Lloyd on 4 
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comparison of the Megaera, with iron boilers and 
surface condensers, and the Volcano, with copper 
boilers and jet condensers, which was all in favour 
of Hall’s condensers. The report, dated 1842, 
said that ‘‘ we should not estimate too highly the 
annual saving of repairs at 150/., which with the 
estimated value in the saving in fuel would amount 
to 6751.” The Admiralty report and the opinions 
of Lambert and Peterson are to be found in 
Hoblyn’s Manual of the Steam Engine, 1842. 

But the trend of opinion did not set in Hall’s 
favour, and nearly twenty years passed before the 
surface condenser came into general use. The 
reasons were not far to seek. By many, the con- 
densers were regarded as costly, as complicated, as 
unnecessary and troublesome. One of the greatest 
troubles arose through the grease. Large quantities 
of tallow were used in the cylinders and even in the 
boilers, and this passed over to the condensers clog- 
ging up the tubes. A further unexpected reason for 
the opposition to their use is given in a book written 
by Lieut. W. Gordon in 1845. After stating the 
advantages, Gordon says, ‘“‘ With these facts before 
him, any engineer who does not adopt these con- 
densers must be wilfully blind. But it is easy to 
assign a reason for the opposition; the trade in 
boilers would be spoiled, as only one-third the 
quantity would be required for marine purposes.” 
The following year, 1846, Sir John Rennie referred 
to Hall’s work, in his Presidential Address to the 
Institution of Civil Engineers, and said that “ the 
weight, cost and the difficulty of keeping the 
apparatus in order has hitherto prevented it from 
being generally used, for although it possesses 
advantages in many respects, still upon the whole, 
they do not balance the disadvantages.” The view 
expressed by Bourne in his Treatise on the Steam 
Engine, of 1846, coincided with Rennie’s, and 
twelve years later, Robert Murray, Engineer 
Surveyor to the Board of Trade, in his Rudimentary 
Treatise on the Steam Engine, said that in Hall’s con- 
densers, tubes were found to get furred up and the 
additional machinery added so much to the expense 
and intricacy that the condensing apparatus was 
found inapplicable in practice. 

This was the position when the problem of surface 
condensing was taken up by J. F. Spencer, on the 
Tyne, and by Edward Humphrys, of Humphrys and 
Tennant, Deptford. To the former we are indebted 
for a paper ‘* On the Mechanical and Economical Ad- 
vantages and Disadvantages of Surface Condensers,” 
presented to the Institution of Engineers and 
Shipbuilders of Scotland and to the latter for a paper 
to the Institution of Mechanical Engineers. Hum- 
phrys’s paper of 1862 was entitled “‘ On Surface Con- 
densation in Marine Engines,” and though he began 
by saying that it was written more with a view of 
drawing attention to the success with which Hall’s 
system was practised a quarter of a century pre- 
viously than of describing any new combination, it 
is a paper of great historical importance. Hum- 
phrys had worked with Hall, of Dartford, with 
Penn, Maudslay and Rennie ; from 1850 to 1852 had 
been chief engineer of Woolwich Dockyard, and 
then with Tennant and Dyke had founded the 
once famous firm. His death in 1867 robbed the 
Thames of one of its most progressive engineers, 
but by that time he had introduced both the com- 
pound engine and the surface condenser into the 
P. & O. Fleet. In his paper he refers to the Mooltan, 
the first of the P. & O. ships with both these 
features. Following Hall’s plan, he placed the 
tubes in the condensers vertical, he circulated the 
water outside the tubes and states that “ before 
determining on adopting exactly “ Hall’s ” mode of 
manufacture for the condensers, the writer examined 
the other plans for surface condensation in most of 
which the joints between the tubes and tube plates 
were made with vulcanised india-rubber, but not 
being able to discover in the new plans any advan- 
tage over “Hall’s” condenser, he adhered to this 
construction in the condensers of the Mooltan.” 
The tubes in the Mooltan’s condensers were of 
Seamless drawn copper, the screwed glands of 
Muntz metal solid rolled tubes and the packing 
was of linen tape. This is indisputable evidence 
that Hall was the original inventor of the screwed 
ferrule for the condenser tube, and if further verifi- 


Burgh’s Modern Marine Engineering, 1872, where 
a sketch of the packing is given with the title 
*“* Messrs. Humphrys’ (Hall’s) Gland Tube Packing.” 
The tube plates of the Mooltan made in 1859 were 
of cast gun metal, but those of the succeeding ships 
Mysore and Rangoon were of rolled copper. Soon 
after the building of these vessels, the Navy adopted 
surface condensers in the Octavia, Arethusa and 
Constance, the Arethusa having condensers with 
water circulating through the tubes as re-intro- 
duced by Spencer. Though the ’sixties saw the 
adoption of surface condensers on a fairly wide scale, 
there was still a good deal of aversion to them, and 
Murray, in a paper presented to the Institution of 
Naval Architects in 1865, spoke of the engineers of 
our modern screw steamers as groaning under the 
endless variety of work now thrown upon them, 
and regretting the good old days when surface con- 
densers, superheaters, hydraulic apparatus, centri- 
fugal pumps, auxiliary boilers and steam winches 
were unknown. The grease problem was a factor 
in the working of surface condensers for many 
years, and the Naval Regulations stated that the 
condenser tubes were to be drawn every six months 
for cleaning. This regulation, like a good many 
others, it may be presumed, was honoured more in 
the breach than in the observance. With the 
gradual rise in steam pressure from 20 Ib. to 
60 lb., and the introduction of compound working, 
fresh water feed became an absolute necessity, and 
it was due to the improvements of the ’sixties that 
marine engineers were forced to adopt the plans 
advocated so long before by Samuel Hall, of Basford. 








REGULATIONS FOR THE USE OF 
ELECTRICITY IN BELGIAN, FRENCH 
AND GERMAN MINES. 


At a time when international co-operation, poli- 
tical, economic and technical, is being advanced as 
a solution of the many problems with which the 
world is faced, it is worth pointing out that, since 
1924, this form of joint effort has existed between 
the United States Bureau of Mines and the Safety 
in Mines Research Board in this country, and that, 
as a result, much useful work has been done. In 
this connection, special attention may be drawn to 
the investigations conducted by Mr. L. C. Isley, 
of the United States Bureau of Mines, into the means 
adopted in various countries for ensuring the safe 
operation of electrical equipment in gassy mines. 
The results of Mr. Ilsley’s investigations in this 
country have already been dealt with in our 
columns,* and we may now summarise the conclu- 
sions reached by him as a consequence of visits 
paid to Belgium, France and Germany. 

It appears from his report that no large amount 
of electrical equipment has yet been installed in 
Belgian mines, though this is a condition that is 
unlikely to continue. Such equipment as is in use, 
however, is subjected to rigid regulations, owing, 
no doubt, to the fact that some of the mines are 
fiery, while in others instantaneous outbursts of 
gas occur. From the point of view of firedamp, the 
mines are classed as non-gassy and gassy, the latter 
being further sub-divided into slightly gassy, gassy, 
and mines subject to instantaneous outbursts. 
Further, in non-gassy mines, seams containing from 
15 to 22 per cent. volatile matter, and where car- 
bonaceous dust is in suspension, are classed as 
slightly gassy, while seams containing more than 
22 per cent. volatile matter are classed as gassy. 
In mines where naked lights are allowed, the use 
of open-type motors and accessories is permitted so 
long as protective covers are used, while in gassy 
and slightly gassy mines, electrical equipment may 
be employed subject to certain conditions. It is 
forbidden in mines subject to instantaneous out- 
bursts of gas. 

Tentative rules for the manufacture and use of 
flame-proof electrical equipment have been drawn 
up. These include a stipulation that all apparatus 
which is intended to be employed where firedamp 
may occur, must be surrounded by an explosion- 
proof enclosure. Three types of such enclosures are 
specified ; hermetically-sealed enclosures, enclosures 
with protected openings, and enclosures with open 








cation is required it is to be found on page 264 of 


* See ENGINEERING, vol. cxxvi, page 688 (1928). 


joints. As regards the first, it is laid down that 
enclosures must be able to withstand internal 
pressures of 112-76 and 85-3 lb. per square inch 
when their volumes are greater and less than 
0-07 cub. ft., respectively. Enclosures with pro- 
tected openings must be capable of withstanding 
the pressure developed by the explosion of a fire- 
damp mixture containing 10 per cent. of methane, 
while the openings in these enclosures must be 
protected by layers of rigid non-oxidisable metal, 
not less than 1-97 in. wide and 0-02 in. thick. 
Each of these layers must be separated by spacers 
running the full width of the layers, so that the 
distance between the latter cannot exceed 0-02 in. 
Enclosures with open joints must be able to with- 
stand a pressure developed as above, and the 
depth of the opening in the joint must not exceed 
0-02 in. It will be seen that these requirements, 
though more specific, do not differ greatly from 
those laid down in the British rules. 

In addition, it is laid down that assembly must be 
effected either by screw joints having at least two 
complete threads, with flat machined surface joints 
at least 0:98 in. wide, the distance between the 
inner edge of the bolt holes and the inside edge of 
the enclosure being at least 0-39 in., or, with flat 
joints fitting into one another, the depth of the 
male portion being at least 0-39 in. and the 
clearance between the machined contact surfaces 
not exceeding 0-01 in. Joints made of rubber, 
asbestos and other similar material are forbidden, 
and bolts, tapped holes, &c., must not pass from 
one side to the other of the walls of the compart- 
ment. Bolts and screws have also to be fitted 
with devices which only allow them to be loosened 
by special wrenches. Spindles, push-buttons, &c., 
must pass through the walls of the enclosure in 
close-fitting bearings not less than 0-98 in. long, 
and grease grooves must not form a path from 
the inside to the outside of the enclosure. The 
motor shaft bushings, when straight, must be at 
least 1-97 in. long, and the clearance between the 
shaft and the bushing must not exceed 0-02 in. 
Approved labyrinth bushings are allowed. Regu- 
lations in consonance with the practice in this 
country are in force for the connection of the 
cables to the apparatus, but it is strange that no 
stipulations are made about earthing, a subject 
upon which British rules are very precise. It is 
laid down that the enclosures of explosion-proof 
apparatus are only to be opened by specially 
authorised persons, and then only when the equip- 
ment is dead. 

Contrasting conditions in Belgium and the United 
States, Mr. Ilsley states that, in the former country, 
nearly all the equipment is of the alternating-current 
type, and that this is probably due to the great 
depth of the mines. For the same reason in most 
Belgian mines it would be difficult to maintain 
a roof which would afford satisfactory protection to 
a trolley-locomotive haulage system, though the 
use of battery locomotives is likely to increase. 
Cheap labour, small cars and constructed roadways 
all tend to retard the introduction of mechanical 
equipment. Nevertheless, the degree of safety 
obtained under the regulations should be high com- 
pared with that in the United States, where each 
of the thirty coal-mining states makes its own rules, 
and where various ideas of safety and strictness of 
enforcement exist. 

In his report on the position in France, Mr. 
Ilsley summarises the regulations covering the use 
of electricity in the mines of that country, which 
were promulgated in 1911. These practically pro- 
hibit the employment of electricity in gassy mines, 
while in non-gassy mines, the equipment is divided 
into two classes according to voltage. The first 
of these covers direct-current apparatus working 
at a pressure not exceeding 600 volts, and alternat- 
ing-current apparatus working at a pressure not 
exceeding 150 volts, while the second comprises in- 
stallations working at higher voltages. In the 
second class, all non current-carrying parts must be 
earthed or effectively insulated. In the latter event, 
the machines must be surrounded by a platform 
which is also insulated and sufficiently wide to 
render it impossible for the machine and any earthed 
body to be touched simultaneously. Switchboards 





carrying apparatus of the second class are also to 
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have insulated platforms in front of them, and, where 
unprotected apparatus is fitted on the backs of 
such boards, there is to be a passage at least 3:28 ft. 
wide and 6-56 ft. high behind it, access to which is 
only obtainable through a locked door. Work 
on lines of the second class is only to be carried 
out when they are completely disconnected, 
and the circuits are only to be closed again by 
direct instructions of the superintendent. The 
same rules apply to telephone, telegraph and 
signal lines, which are carried on the same supports 
as power lines of the second class, Locomotive 
and electric haulage below ground are subject to 
special regulations. 

Attention is called in the report to a paper read 
in 1927 by M. Etienne Audibert, Engineer-in- 
Chief of Mines, and Director of the Testing Station 
of the Central Committee of the Coal Mines of 
France, in which it was stated that, though gas-proof 
electrical equipment was in existence, its safety 
was only relative. The least that could be done, 
therefore, was to surround the introduction of 
equipment into working places where firedamp 
ignition might take place with all possible precau- 
tions On the other hand, compared with compressed 
air, electricity had great advantages in the matter 
of cost, and its introduction into new mines was 
therefore preferable where it was possible. 

Coming to Germany, Mr. Ilsley first called 
attention to the pioneer work of Dr. Beyling, a 
report by whom, first published in 1906, forms the 
basis of the investigations on the use of electric 
motors conducted by the United States Bureau 
of Mines. Many of Dr. Beyling’s conclusions with 
respect to the various types of equipment still hold 
good after 25 years’ experience. An analysis of the 
1926 regulations governing the use of electricity 
in German mines shows that these lay down, 
inter alia, that all parts of machines which give rise 
to sparking must be enclosed in fireproof casings, of 
which three types, sealed compartments, plate- 
protected casings and oil protection, are permitted. 
The rules for the use of the first of these lay down 
that where the air capacity within the machine 
exceeds 1 litre, all parts of the enclosure must be 
designed to withstand a pressure of 120 Ib. per square 
inch above atmospheric pressure. Below that 
capacity, the pressure to be withstood need not 
exceed 45 lb. per square inch. The joints between 
the various parts must be machined. Gaskets must 
be avoided as far as possible, and must not be made 
of perishable materiel, while screws and other 
fastenings must not pass through the walls of the 
covers. When plate protection is used, the plates 
must be at least 1-97 in. wide and 0-02 in. thick, 
and must be separated by suitable spacers, so that 
the intervals do not exceed 0-02 in. Oil protection 
must be so arranged that no sparking can occur above 
the oil level and is not permitted on portable appara- 
tus. Contact plugs must be constructed so that no 
sparking can occur between them and the sockets 
when they are in the operating position. They 
must also be interlocked with a firedamp-proof 
switch, so that the plug can only be inserted or 
withdrawn when the switch is open. Fuse compart- 
ments must be interlocked with the switches, so that 
they are only accessible when the circuit is dead. 
No mention is made of earthing. 

Contrasting the regulations in force in Germany 
and the United States, Mr. Ilsley remarks that there 
is a close agreement between the two. There are, 
however. a few minor differences, such as gaskets 
being allowed, but not encouraged, between the 
joints in Germany while they are permitted in the 
United States, and the requirement in the former 
country that special too's must be provided for | 
renewing the fastenings to all permissible compart- | 
ments. German practice resembles American in 








one respect, in that trolley locomotives are allowed 
underground, The regulations covering their employ- | 
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THE HYDRO - ELECTRIC INSTALLA- 
TION AT HAMMARFORSEN, SWEDEN. 
(Concluded from page 224.) 


As a protection against the severe winter climate 
of this district, the intakes have been provided 
with a wooden superstructure which canbe heated 
by means of warm air from the generators. This 
warm air can also be distributed to the other parts 
of the power house and to the sector gate. It is 
estimated that the amount of heat in the air coming 
from the generators will be sufficient for all heating 
purposes. 

By a Royal Mandate, this plant has been released 
from the ordinary duty of providing fish screens. 
The intake trash racks, which are arranged for heat- 
ing by electricity, are shown in Fig. 5, page 223, ante, 
and in Figs. 42 to 49, annexed. For the purpose of 
heating, the rack bars are insulated from each other 
and from the supporting structure by wood at all 
points of contact. The rack irons are connected, 
two at a time, at the top and at the bottom alter- 
nately, by means of flat iron strips welded to the 
irons, thus forming an electric conductor. To every 
fifth strip at the top of the rack are connected, 


alternately, the first, second and third phase of an | 








Fig.50. TURBINE EFFICIENCY. 
100 


G 
~) 


Efficiency, per Cent 





0 
(1458S) 


Discharge. Cw-Ft.per Second. 


ENGINEERING” 


ones, intended to be operated under balanced con- 
ditions only, are sliding gates. 

The draught tubes can be closed for inspection 
and repair by means of stop logs. The span of the 
draught-tube opening for this purpose is divided 


| into several shorter spans by verticals, consisting of 


heavy H-beams held at the lower end in cast-iron 
lined recesses in the draught-tube floor, and at the 
upper end by supports fixed to the wall above. 
These beams serve as supports and guides for hori- 


ment are, however, severe, and they are little used. | alternating current, the passage of which produces | zontal timber stop-logs. 


It should be added that the work of investigation | 
which we have reviewed in this and our former | 


the required heat in the rack irons. 


There are four intake gates to each unit. As| 


The turbines are of the vertical-shaft, single- 
runner Francis type, with direct connection to the 


article is being carried out under a co-operative | already mentioned, each intake has an intermediate | generator shafts. In order to make the turbine 
agreement between the United States Bureau of | wall dividing the intake into two openings, each| accessible during the greater part of the year 
Mines and the Safety in Mines Research Board of | of which is further divided by a horizontal beam | without emptying the draught tube, a comparatively 


Great Britain. 
not the less because we hope it will lead to further 
improvements in an 
engineering to a no less important industry. 


important ‘ application of | 


ings thus formed is closed by a gate. The upper 
gates, which are designed to operate under water 


The result should prove useful, | into two smaller openings. Each of the four open-| high suction head was used, entailing the adoption 


of a runner of comparatively low specific speed. 
The resulting extra cost of the generator is offset 


pressure, are provided with rollers, whereas the lower | by increased efficiency of the turbine at small loads, 
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or, when this turbine is compared with other 
possible types, such as the Kaplan type, by con- 
siderably simpler design. Under the prevailing 
conditions, the turbine of the adopted type has an 
efficiency equal to that of a Kaplan turbine, except 
at high floods entailing extremely low heads. 

At a head of 64-5 ft. and a flow of 2,500 cusecs., 
each turbine generates 11,375 kw. on the turbine 
shaft, and, at a head of 57-5 ft., each turbine, fully 
opened, is required to deliver at least 10,160 kw. on 
the turbine shaft. 

Cast steel has been used extensively in the con- 
struction of the turbines. The runner, which has a 
maximum diameter of 13-1 ft., a height of 7-4 ft., 
and a weight of about 21 tons, is made of cast steel, 
with cast-in blades of pressed-steel plate. The shifting 
ring, the guide vanes, and their arms are also made 
of cast steel, the vanes and their shafts being cast 
inone. The link connections between the shifting 
ring and the guide vane shafts are provided with 
safety links. The design enables a broken coupling 
to be replaced in a few minutes. The turbine, with 
guide-vane apparatus, cover plate, and servo-motor, 
was shown erected in the maker’s shops in Fig. 40, 
on page 234 ante. 

The turbine shaft, which has a diameter of 
19-7 in., is hollow bored throughout its length. 
The shaft, which is connected to the runner and to 
the generator shaft by means of forged flanges and 
bolts, is guided by a babbit-lined, oil-lubricated, 
steady bearing on the cover plate. The tempera- 
ture of the bearing is shown on a thermometer 
scale in the generator room. The seal between the 
shaft and the cover is of the labyrinth type. 

The weight of the rotating parts of the turbine 
and the generator, and the vertical pressure of the 
water on the turbine, amounting to about 200 tons, 
are transmitted to the upper spider of the generator 
by a thrust bearing. The speed ring is of the column 
type, and consists of 10 cast-steel columns. To 
facilitate the concrete work, these columns were 
arranged separately, without any connection with 
the guide-vane rings. 

The governors are placed on the generator-room 
floor, the fly-balls being belt-driven from the turbine 
shaft. The two servo-motors are placed on the top 
of the upper guide-vane ring. The pressure oil for 
the governor is delivered by a pump, direct-coupled 
to an electric motor. The pumps and tanks of the 
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Fug. 53. WIRING DIAGRAM. 
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two units are interconnected in such a way that 
either pump can serve both governors. The hand 
control, of the hydraulic type, is so designed that 
the change from automatic to hand control, or 








vice versa, can be effected by a single movement, 
without affecting the speed of the turbine. The 
hand control includes a device for locking the shifting 
ring when the vanes are either closed or fully opened. 

After about six months’ service, the turbines 
were tested. The guaranteed efficiency and the 
actual efficiency, as determined by the tests at 
64-5 ft. of head and different discharges, are shown 
in the diagram, Fig. 50. The turbines have a maxi- 
mum efficiency of 93-2 per cent. with a discharge 
of 1,930 cusecs. The discontinuity of the efficiency 
curve at discharges of about 2,000 cub. ft. per 
second is probably due to unstable conditions and 
cavitation in connection with the change from one 








GRANLO SUBSTATION. 


condition of flow into another. At this, point, the 
efficiency curve is believed to have two overlapping 
branches, the upper branch for increasing and the 
lower branch for decreasing load. 

The electrical equipment of the plant at present 
comprises two three-phase generators, two high- 
tension transformers, and the station service trans- 
formers required for auxiliary machinery and light- 
ing. Each generator is rated 12,000 kv.-a. at 6,000 
volts to 6,600 volts and 50 periods, the speed of 
the generator being 93-8 r.p.m. The generator 
field is energised by a 220-volt direct-connected 
exciter, or, in case of emergency, by a motor- 
generator set. The shaft is suspended from a 
thrust bearing, supported by an upper spider 
resting on the stator frame, and guided by a bearing 
in a lower spider. The lower spider also carries the 
hydraulic brakes for stopping the turbine when the 
water is shut off. To safeguard the generator 
against excessive speed, in case the governor should 
not function properly, each generator is equipped 
with an independently operated run-away regulator. 

The cooling air enters the basement through 
openings in the downstream wall. After filtration, 
the air is admitted to the generator, dra wn through 
the generator by the draught exerted by the rotating 
parts, and discharged through a duct surrounding 
the generator. From this duct, the warm air is 
either led out in the open or used in the station 
and in the dam for heating purposes. To ensure 
efficient cooling during hot weather, and during 
periods of maximum load, induced-draught fans 
have also been installed. 

The two high-tension transformers are oil insu- 
lated and water cooled, and have a capacity of 12,000 
kv.-a. per unit. They are designed to step up the 
generator voltage to 77,000 volts (+ 5 per cent.). 
The transformer compartments are separated from 
the generator room by steel doors. 

The power required for auxiliary machinery and 
lighting is obtained by means of two 300 kv.-a., 
380-volt, oil-insulated self-cooled transformers. 
A third similar unit is connected to a small local 
power station, which applies the current required for 
station service at times when the plant is completely 
shut down. 

In the low-tension switch room are installed the 
oil circuit breaker for the station-service trans- 
formers, the selector switch for connecting the 
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breaker to either generator, the anneal 
switches between generators and transformers, and 
the switches for connecting either generator to a 
separate *bus-bar system for testing and adjustment 
purposes. All connections are so arranged that the 
generators cannot be parallel-connected on the low- 
tension side, i.e., each generator and transformer 
form an independent unit. 

In the high-tension switch room there are at present 
installed two groups of three oil circuit breakers 
for the main transformers, a’ bus-bar system mounted 
above the breakers, these being shown in Fig. 51, 
page 287, and an oil-cooled ohmic resistance between 
the neutral and earth. No separating walls or screens 
have been used between the breakers. 

The wiring diagram is shown in Fig. 53. Each 
generator has a three-pole overload relay with the 
current transformers in the stator windings at the 
neutral point. Further, there is a Buchholz relay 
for each transformer, and a relay for operating 
the oil circuit breakers in case of an earth on one 
phase of the line. The current transformer for this 
relay is located on the earthing cable from the 
earth resistance. A potential transformer between 
the neutral point of each generator and earth is 
connected to a signal showing when an earth occurs 
on the low-tension side. 

The switchgear for the exciters and motor-generator 
set is placed in the basement, but the switches 
are electrically operated from the control room. 
The current required for operating the automatic 
breakers is obtained from a storage battery, which 
also takes the lighting load in cases of emergency. 
When the supply of alternating current for lighting 
is cut off, the load is automatically transferred to the 
battery. 

In the basement there are installed the cooling- 
water pumps for the transformers and the pumps 
required for cooling and circulating the oil in the 
generator bearings. Here also is installed an oil- 
purification plant. A pipe system delivers the oil 
from the transformer compartments, breaker rooms, 
and workshop, to the tanks. This pipe system is so 
arranged that the transformer oil can be cleaned 
while the transformer is in service. 

The power produced by the Hammarforsen plant 
is supplied to the towns of Sundsvall and Hernésand, 
the centres of the Swedish wood-pulp and timber 
industries, and surrounding districts. The 77,000- 
volt transmission line conveys the power from the 
power station to a substation at Granlo, near 
Sundsvall, a distance of some 65 miles. The trans- 
mission line consists of three 0-147 square inch 
copper conductors supported by wooden poles 
arranged as H-frames, with cross bars of galvanised 
channel irons. The insulators are of the suspension 
type, with six elements in each insulator chain. At 
the substation, the voltage is stepped down from 
70,000 volts to 44,000 volts and 22,000 volts, at which 
voltages the power is distributed to the consumers. 

At Granlo, there are at present installed three 
7,000-kv.-a. transformers. Of these, one is designed 
to step down the voltage to 44,000 volts, the second 
to 22,000 volts, and the third to either 44,000 volts 
or 22,000 volts. The latter, which is a spare for the 
other two, can be connected on its secondary side 
to either the 44,000 or the 22,000-volt system. 
The transformers are cooled by circulating oil, the 
oil in its turn being cooled in a “Stal” cooling 
plant supplied with water from a pumping station 
at a nearby stream. As a spare, an air-cooling 
plant has also been installed. 

The 77,000-volt switchgear at present comprises 
a *bus-bar system, with which the incoming line is 
connected through disconnecting switches, and three 
oil-circuit breakers, one for each transformer. The 
high-tension side of the Granlo substation, com- 
prising the transformers and the 77;,000-volt switch- 
gear, is arranged as an outdoor station, as shown in 
Fig. 52. Space is provided also for line breakers, 
and for an additional ’bus-bar system. The 44-kv. 
and 22-kv. switchgear, which is housed in a build- 
ing adjoining the outdoor station, consists of two 
*bus-bar systems, one for each voltage, and of nine 
oil circuit breakers serving the transformers, the 
five outgoing lines, and the station service trans- 
formers. There is room in the building for two more 
outgoing lines, and for potential-regulating devices 
which may be required. Of the outgoing lines, three 
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are for 44 kv. and two for 22 kv., the station 
service transformers being connected to the 22-kv. 
system. 

The planning and construction of the Hammar- 
forsen power plant were executed at exceptional 
speed, the plant, so far as all essential parts are 
concerned, being ready after 2} years of work. 
Blasting on the site was commenced on November 
16, 1925, and the first unit was put into operation on 
February 26, 1928. The plant is owned by Messrs. 
The Hammarforsen Power Company (Hammarforsens 
Kraftaktiebolag), to whose managing director, Mr. 





M. Serrander, C.E., the project is largely due. 
The general plans and the design of the civil- 
engineering works and mechanical equipment were 
entrusted to Messrs. Vattenbyggnadsbyran, con- 
sulting engineers, Stockholm, who now work in 
co-operation with Messrs. Rendel, Palmer and Trit- 
ton, of Westminster. The electrical equipment was 





designed, in collaboration with Messrs. Vatten- 
byggnadsbryan, by Messrs. Bergman and Company, 
Stockholm. 

The contract for the structural work, &c., wassecured 
by Messrs. Kreiiger and Tolls Byggnadsaktiebolag, 
Stockholm. The turbines, including governors, oil 





pumps, piping and erection, were supplied by Messrs. 
Nydqvist and Holm Aktiebolag, Trollhaittan, and 
the generators, transformers, switchgear and cranes 
by the Allmainna Svenska Elektriska Aktiebolaget, 
Visteras. The sector gate was made by Messrs. 
Landsverk, Landskrona, the movable supports for 
the needles by Messrs. A. B. Bréderna Hedlund, 
Stockholm, and the intake gates by Messrs. Vagnoch 
Maskinfabriken, Falun. 

We are asked to mention that the aerial photo- 
graph reproduced as Fig. 2 on page 222 ante, bears 
the Swedish Official Censor’s number D. 1315. 








Propuction OF METALLIC CADMIUM IN THE UNITED 
Srares.—According to figures issued recently by the 
United States Department of Commerce, the production 
of metallic cadmium in that, country during 1928 
amounted to 1,875,896 lb., which is an increase of 75 
per cent. over the figure for the previous year. Imports 





during 1928 totalled 233, 101 lb., as against 22,400 Ib. 
in 1927, and nil in 1926. 
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36-IN. REFLECTING TELESCOPE FOR 
EDINBURGH OBSERVATORY. 


THERE is probably no instrument in which the 
skill and experience of both engineers and physicists 
are so effectively combined as the large astrono- 
mical telescope, of either the reflecting or refracting 
type. Such an instrument, weighing several tons, 
must be mounted so that it can be directed with 
the minimum of effort towards any point of the 
celestial hemisphere and, when so directed, it 
must be moved automatically and continuously so 
as to follow the apparent motion of the stars due 
to the rotation of the earth. When, as is now 
usually the case, the instrument is required for 
photographic or spectrographic work, a very high 
order of accuracy is essential in this movement, 
since the star image must remain stationary on the 
photographic plate, or on the slit of the spectro- 
graph, for the whole period of an exposure, which 
may be of several hours’ duration. A shift of the 
image of a star on a plate of ;j5,th of an inch (an 
amount which would not be permissible), would 
be equivalent to an angular error in direction of 
something like one second in the case of a telescope 
wi‘h an object glass, or mirror, of 15-ft. focal length. 
Apart, then, from the optical perfection necessary 
for the production of the actual image, a high degree 
of mechanical skill is required for mounting the 
instrument to meet the conditions briefly outlined 
above, and as engineers are, perhaps, best able to 
appreciate work of this class, the detailed particulars 
of a modern telescope which we are able to give below 
should be of considerable interest to our readers. 

The instrument, which we illustrate on Plates 
XXXV, XXXVI, and XXXVII, of this week’s 
issue of ENGINEERING, above and on the following 
pages, is a reflector of the Cassegrain type, of 
36-in. aperture, designed and constructed by 
Messrs. Sir Howard Grubb, Parsons and Company, 
of Walker-gate, Newcastle-on-Tyne, in accord- 
ance with the specifications drawn up by Professor 
R. A. Sampson, F.R.S., Director of the Royal 
Observatory, Blackford Hill, Edinburgh, where it 








will shortly be set up. At present, the telescope, 
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DETAILS OF 386-IN. REFLECTING TELESCOPE FOR EDINBURGH OBSERVATORY. 


CONSTRUCTED BY MESSRS. 


(| Fig.d. xX. 
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Fig.9. SECTION ON X.Y.Z. 
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which is the largest reflector in this country, forms a 
notable exhibit on the stand of Messrs. C. A. 
Parsons and Company, Limited, in the Engineering 
Building at the North East Coast Exhibition, New- 
castle-on-Tyne, and a brief reference to it was 
given on page 684 of our last volume, in a general 
account of the exhibition. We propose, however, 
to repeat the general particulars given on that 
occasion in order to render our present account of 
the instrument complete. The new instrument, 
which will be mainly employed for spectrographic 
work, although it can also be adapted for other 
uses, will replace an old 15-in. refractor in the 38-ft. 
drum at the Observatory. The old instrument, it 
may be of interest to mention, was constructed in 
1872 by the firm of Sir Howard Grubb, then at 
Rathmines, near Dublin, for the Dunecht Obser- 
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vatory of the late Lord Crawford, and’was pre- 
sented to the Edinburgh Observatory in 1892. It is 
now being reconditioned at the works of the makers 
of the new instrument, and will then be returned 
to Edinburgh for a further period of usefulness. 
As will be seen from the photographs reproduced 
in Figs. 1 and 2, an Plate XX XV, and the sectional 
drawing Fig. 3, on Plate XX XVI, the instrument is 
equatorially mounted, the polar axis being set at an 
angle of 55 deg. 55 min. with the horizontal, which 
is equal to the latitude of Edinburgh. The declina- 
tion axis, using the word “ axis ’’ to cover the parts 
associated with the axis and not in its purely geome- 
trical sense, is carried by a crosshead bolted on to the 
upper end of the polar axis at right angles, and on 
one end of the declination axis the telescope tube 
is mounted, its weight being balanced by an adjust- 





able counterweight at the other end. Both axes 
are fitted with accurately divided circles, so that 
the telescope can be directed to a particular star 
by setting the circles to its known angular co- 
ordinates. The angular co-ordinates of a star, we 
may remind our readers, are usually expressed as 
its right ascension and declination, the former being 
given in hours, minutes and seconds, and the latter 
in degrees. The declination is the angle between 
the star and the celestial equator, while the right 
ascension is the angular distance on the equator 
measured between the point at which the declina- 
tion circle cuts the equator and a certain fixed 
point on the latter known as the First Point of 
Aries. The right ascension is thus set on the polar- 
axis circle and the declination on the declination- 
axis circle, and, when this has been done, the tele- 
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scope is kept directed towards the same star by 
rotating the instrument about the polar axis by 
means of clockwork mechanism at the rate of one 
revolution in a siderial day, which is about 
four minutes shorter than the ordinary day. The 
clock, it may be mentioned, although driven by 
gravity, is electrically wound, and the whole of the 
movements are operated by electric motors. 

The optical system, as already stated, is of the 
Cassegrain type, and its arrangement can be 
followed from Fig. 3, Plate XXXVI. The two mir- 
rors employed are of silvered glass, the main mirror, 
which is 6-in. thick and 37-in. in diameter overall, 
with a clear aperture of 36 in., being mounted at 
the lower end of the telescope tube. This mirror 
is of concave parabolic form, with a focal length of 
15 ft., and has a hole 34 in. in diameter through the 
centre. The other mirror, known as the Casse- 
grain mirror, is mounted in a special fitting at the 
upper end of the tube. It is of convex hyperbolic 
form, 10-in. in diameter, and is designed to give an 
equivalent focal length of 54 ft. in conjunction with 
the main mirror. The path of the light is indicated 
by chain-dotted lines in Fig. 3, from which it will be 
seen that the parallel beam from a star is rendered 
convergent by reflection from the main mirror, and 
is directed on to the Cassegrain mirror, from which 
it is again reflected downwards through the central 
hole in the main mirror, and brought to a focus at a 
point 22-in. behind the front surface of the latter ; 
at this point the slit of the spectrograph is situated. 
One of the advantages of the Cassegrain optical 
system, viz., that it reduces the length and weight 
of the tube required, will be obvious from Fig. 3, 
but it has another important advantage in that the 
errors in the two mirrors tend to correct each other. 

As will be seen on reference to Fig. 3, the whole 
instrument rests on a heavy cast-iron plate bolted 
down to a concrete pier. The main stand is built up 
of three iron castings, of which the lower one is in 
the form of a box, about 4 ft. 9 in. long, 3 ft. wide 
and 2 ft. 6 in. in height. Set screws fitted in the 
lower flange of this casting, and bearing on the base 
plate above referred to, are provided to enable the 
instrument to be adjusted in altitude and azimuth 
when being erected. To the top of this casting are 
bolted two other castings carrying the upper and 
lower bearings of the polar axis, respectively, and 
in it are located the driving clock and the mechanism 
for rotating the polar axis rapidly when setting the 
telescope on to a star, known as the right-ascension 
quick-motion gear. The casting carrying the upper 
bearing of the polar axis houses the gear plate, 
through which the polar axis is rotated by the clock. 
The apertures in these castings, through which the 
internal mechanism can be examined or adjusted, 
are closed by removable plate-glass windows 
mounted in teak frames, as can be seen in Figs. 
1 and 2, on Plate XXXV. 

A drawing of the polar axis, from which the central 
portion has been removed to economise space, is 
reproduced in Fig. 6, on page 288. The axis is 
made in two parts, of which the upper part is of 
cast-iron, in the form of a tapered tube, while the 
lower part is a steel forging connected to the former 
by a flanged and spigotted joint. The whole axis 
is mounted in self-aligning ball bearings, a ball 
thrust bearing being fitted at the lower end to take 
the axial thrust. Great care was exercised during 
manufacture to ensure accurate alignment of the 
axis, the seatings for the ball races and the driving 
circle having been finally trued up, after the two 
parts had been bolted together, in a vertical lathe 
on a dead centre at the bottom and with a steady 
bearing at the top. At the lower end of the axis, 
i.e., on the left of Fig. 6, is fitted the right-ascension 
circle, which is 18 in. in diameter and is graduated 
on silver on the edge. The graduations are read, 
for setting the instrument in right ascension, by 
means of a fixed micrometer microscope, shown in 
Figs. 3 and 6. Immediately above the lower bearing 
a spur wheel of 37:24-in. pitch diameter, having 156 
teeth of }-in. pitch, is keyed on to the axis, and with 
this wheel a pinion, having 16 teeth, engages for the 
quick-motion drive. Close to this spur wheel, and 
shown immediately to the right of it in Fig. 6, is 
fitted the wormwheel by means of which the teles- 
cope is driven from the clock when it is required to 





follow a star. The wheel consists of a cast-iron 


disc with a hollow hub, in which two self-aligning 
ball bearings are fitted so that the wheel can turn 
freely on the axis. To the periphery of the disc, a 
bronze ring is fitted, and on this ring 1,080 teeth 
were cut on a pitch circle 54-137 in. in diameter. 
The operation of cutting the teeth is illustrated in 
Fig. 16, on this page, and their form, together with 
that of the teeth of the worm engaging with them, is 
illustrated on a scale five times the full size in Fig. 17. 
In the cutting operation, the teeth were set off from 
a very accurate master circle, graduated on silver, 
to read directly to 20 min. of arc, mounted above the 
wheel, as shown in Fig. 16. As the angular pitch 
of the teeth was 20 min., each graduation on the 
master circle was brought into coincidence with the 
graticule in a reading microscope for cutting each 
of the teeth, a second microscope on the opposite 
side of the master circle being used as a check. 

As mentioned above, the driving circle is free to 
rotate on the axis, and must therefore be clamped to 
it when required to transmit the drive from the clock. 








cylinders through radial pipe connections, the inner 
end of one of which is shown in the figure. This 
method of clamping, in addition to being reliable 
and convenient, has the advantage that no lateral 
strain is imposed on the axis. 

Frictionally mounted on the hub of the driving 
circle is a siderial circle, 42 in. in diameter, the edge 
of which is graduated in hours, which are sub- 
divided into 5-minute intervals. This circle, which is 
clearly shown in Fig. 5, on Plate XX XVII, can be set 
by hand to read siderial time against fiducial marks, 
and, when so set, rotates with the driving circle, so as 
to give siderial time continuously. Fig. 5 also shows 
the slip rings by which current is supplied to various 
motors, illuminating devices, &c., on the declination 
axis and telescope tube, all of which, as already 
explained, rotate about the polar axis. We noticed, 
when inspecting the instrument at Newcastle, that 
some of these slip rings, and also some of those 
shown on the outer end of the declination axis in 
Fig. 3, Plate XXXVI, were fitted with rings of wire 
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The method of doing this is ingenious and, as far 


as we are aware, is entirely novel in this class of | 


apparatus. The spur wheel for the quick-motion 
gear, which, as already stated, is keyed on to the axis, 
has three small hydraulic cylinders mounted radially 
on lugs near the rim, as shown near the bottom of 
Fig. 6; details of one of the cylinders are given in 
Fig. 12, on page 289. Each of the piston rods, 
which are spherically seated in the pistons, presses 
against a V-block carried by a short lever, as shown 
in Fig. 7, and fitting into a corresponding groove 
in a ring bolted on to the driving circle, as will be 
clear from Fig. 6. It will be obvious that, when 
fluid under pressure is admitted to the cylinders, 
the driving circle will be securely clamped to the 
spur wheel and the drive will then be transmitted 
through the latter to the axis. When the pressure is 
released, however, the V-blocks will be pulled clear 
of the groove by means of the springs acting on the 
levers, as shown in Fig. 7, and the axis can then be 
rotated by the quick-motion gear, or by hand, while 
the driving circle remains stationary. The pressure 
fluid used is a mixture of glycerine and water, and 
the supply is obtained from a small hydraulic 
accumulator, which is automatically kept charged 
by a pump driven by an electric motor of __h.p. ; 
the pump and accumulator can, of course, be placed 


in any convenient position in the observatory. A 


pipe from the accumulator is led to a two-way 
valve, which controls the flow of the fluid to and from 
the clamping cylinders. This valve, details of 
which are illustrated in Figs. 13, 14, and 15, on page 
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of circular section, on which bore a fixed contact in 
the form of a blunt knife-edge. Such contacts, we 
were informed, are very effective for carrying the 
comparatively small currents at low voltages used 
for operating lamps, &c. 

The right-ascension quick-motion gear, which, 
as already stated, is housed in the bottom casting of 
the stand, is illustrated in Figs. 8 and 9, on page 289, 
but its general arrangement is most easily followed by 
examining Fig. 3, on Plate XXXVI. It will be seen 
from the latter, that the pinion which engages with 
the large spur wheel on the polar axis, is mounted on 
the upper end of an inclined shaft running in ball 
bearings. This shaft normally runs at 3 r.p.m., and 
as the gear ratio between the pinion and the spur 


289, is electrically operated by means of solenoids. | wheel on the polar axis is 1 : 9°75, the latter is driven 
It can be seen in position on the top of the base | by the quick-motion gear at the rate of one revolu- 


casting in Fig. 1, on Plate XX XV, and is also shown, 
on a larger scale, in Fig. 5, on Plate XX XVII. As 
clearly shown in the latter illustration, a pipe connec- 
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tion in 3} min. To the lower end of the inclined 
shaft is keyed a mitre wheel, which engages with a 
similar wheel on a horizontal shaft, the outer end of 


tion is taken from the two-way valve to the lower end | which is fitted with a handwheel. This handwheel, 
of the axis, where a rotating joint is fitted ; details of | clearly shown in Fig. 1 on Plate XX XV, enables the 
this joint are illustrated in Fig. 11, from which its | polar axis to be moved by hand when setting the 


design and construction can be followed without 
explanation. The fluid passes up through the centre 
of the axis, which is bored out for the purpose as indi- 
cated by the dotted lines in Fig. 6, and reaches the 





| 


telescope on a star. Near the centre of the hori- 
zontal shaft is mounted a spur wheel, the hub of 
which incorporates a friction brake of the internally- 
expanding type, op2rated by a hand lever which 
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Fig. 1. 


is also linked to the main switch, so that the 
operation of switching off the current automatically 
locks the telescope in right ascension. The spur 
wheel referred to meshes with another, driven by 
a }-h.p. reversible motor through epicyclic reduction 
gearing, having a reduction ratio of 1: 9°03. A 
section of this reduction gear is given in Fig. 10, 
on page 289, and from this it will be seen that one of 
the sun wheels is held stationary by means of a 
magnetic clutch when the gear is in use. Unless 
this clutch is energised, the gear will merely slip, 
and as the clutch is electrically int :rlocked with the 
hydraulic-clamping device used in connection with 
the clock drive, it is impossible for the latter and the 
quick-motion gear to be in engagement at the same 
time. The output wheel of the epicylic gear also 
drives a centrifugal governor through speed- 
increasing spur gearing and a quick-pitch worm, as 
shown in Figs. 8 and 9. The governor, the arrange- 
ment of which is generally similar to that employed 
for regulating the speed of a gramophone motor, 
limits the speed of the polar axis to the above- 
mentioned figure, a disc rotating with the governor 
spindle then coming into contact with the fabric 
lining on a stationary disc and so acting as a 
brake on the system; the position of the stationary 
disc can be adjusted to regulate the speed. It should, 
perhaps, be pointed out that the governor is always 
in operation, whether the epicyclic gear is in engage- 
ment or not, so that there is no possibility of the 
telescope “taking charge” in any circumstances. 


(To be continued.) 








DRILL PRESS DYNAMOMETER. 


ABOVE and on page 294 we illustrate a dyna- 
mometer devised and made by Messrs. Alfred J. 
Amsler and Company, Schaffhausen, Switzerland, for 
measuring the thrust and torque on a drill. The 
complete apparatus consists of an hydraulically 
supported drilling table, and of a set of gauges and 
autographic recorders. The two constitute distinct 
units, and are connected solely by the pipes, through 
which pressure is transferred from the one to the 
other. The ccorder can, therefore, be located at any 
convenient point and at a level handy for observation. 
Both components are shown in position in Fig. 1, 
where it will be seen that the special table is simply 
bolted to the ordinary table of the drilling machine. 
A section through the table is reproduced in Fig.:2, 





page 294, anda plan in Fig. 3, and as there shown, the 
table is circular. It is provided with the usual Tee slots 
to take the bolts holding down the work. In the main 
casting of the frame provision is made for a central 
hydraulic cylinder, to the ram of which the thrust on 
the drill is transferred. This ram, though oil-tight, is 
friction free. It is hollow, and as indicated in Fig. 2, 
the load on the table is transferred to it through the 
agency of a short strut hardened at the ends and 
fitting into hardened steel cups, let into the ram 
and the table, respectively. Tilting of the latter is 
prevented by utilising the external surface of the central 
cylinder as a guide, over which fits a sleeve forming 
part of the table casting. Friction is prevented by 
interposing between the guiding surfaces balls con- 
fined in races of hardened steel. The table can therefore 
move freely either axially or around the central guide. 
Both motions are limited to a very narrow range. 
The rotary motion is resisted by a couple of rams 
moving oil-tight in a pair of horizontal cylinders, of 
which one is shown in section in Fig. 3. 

Tension springs hold these rams up to their work 
and ensure the absence of backlash. The edge of the 
table is graduated over a short arc, and an index is fitted 
as represented to the right of Fig. 2. The apparatus 
is calibrated for the axial thrust by placing known loads 
on the table, and for torque by means of the weights 
shown at aa, Figs. 2 and 3. These are suspended 
from arms attached to the table, as indicated, the rope 
passing over ball-mounted pulleys carried on arms 
screwed into the supporting casting. The flexible 
shaft, represented on the right of Fig. 2 is coupled up 
to the worm which drives the drum of the autographic 
recorder. It is driven by a belt passing over the two 
pulleys shown at the top of Fig. 2. 

Sections through the recording and _ indicating 
gear are reproduced in Figs. 4 and 5. There are, as 
there shown, two rams, working oil-tight in their 
cylinders. Each is normally held up to the limit of 
its travel by the tension springs shown. Pressure-oil 
from the cylinders of the table is admitted above the 
rams, and forces them down proportionately, respec- 
tively, to the thrust and torque applied to the drill. 
Pressure gauges are coupled up as indicated, and are 
graduated to give readings directly in pounds and inch- 
pounds respectively. At the same time, an -.auto- 
graphic record is inscribed on a continuous roll of 
metallic paper, which is fed forward over a drum, 
rotated as already mentioned, through the agency of a 
flexible shaft coupled up to the spindle of the drilling 
machine. The recording styles, though they touch 
the paper very lightly, give a fine and clear record. 
The tension-springs which control the scale of the 
registration, are supplied in sets of six, suitable for 
thrusts ranging up to 2,000 lb. for the weakest springs 





and to 10,000 lb. for the stiffest, while the range of 
torque provided for runs from 0 up to 2,000 in.-lb., 
5,000 in.-Ib. and 10,000 in.-Ilb. A screw pump is located 
in the base of the apparatus, by which leakage can 
be made good and adjustments effected. 

The British agents for the makers are Messrs. T. C. 
Howden and Company, 5 and 7, Fleet Street, 
Birmingham. 





THE OXFORD PROCESS OF BEET 
SUGAR PRODUCTION. 


Bret growing in England on any considerable scale 
has only existed for the last ten years. It has been 
undertaken with the hope of establishing in the country 
a basic and profitable industry in a food product hitherto 
procured abroad, and its success has been considered 
of sufficient importance to warrant a temporary subsidy 
to beet growers. Under present arrangements this 
subsidy will come to an end in 1934, and if sugar beet 
is to be maintained as a permanent crop in the agri- 
culture of the country, the production of sugar from 
it will by then have to be on an economical basis 
without further State assistance. Like most industrial 
activities conducted on a large scale, sugar making 
depends on the engineering industry for its appliances, 
and that industry has therefore a direct concern in the 
success of the present endeavours to improve its 
technique. A report of considerable interest has 
just been issued by the Institute for Research in 
Agricultural Engineering at the University of Oxford, 
in which an account is given of rapid and substantial 
progress made in the course of the last two or three 
years.* 

The improvements in question amount in effect to 
means for preparing the sugar from dried beet instead 
of by the usual direct diffusion process. The proposal 
has the obvious advantage that, if the drying process 
is effective in preserving the beet, the work of extraction 
can be carried on throughout the year instead of having 
to be confined to the three months or so of harvest, 
thus necessitating a much smaller plant. In 1924, the 
year in which the British Government granted a subsidy 
to the sugar-beet industry, a commission of inquiry 
was appointed to investigate an Italian process, with 
the result that, while the principle of drying appeared 
to be found effective as a means of preservation, the 
process as then practised was imperfect, and required 
modification. It happened that the Institute for 
Research in Agricultural Engineering, of the University 
of Oxford, had already done a considerable amount of 
work on the drying of agricultural crops.t Primarily 
these experiments had been directed to the drying of 
hay and cereals in the stack, but when, in 1925, the 
Ministry of Agriculture entrusted to the Institute the 
necessary research for perfecting a process of desiccating 
sugar beet, suitable for commercial application, it was 
seen at once that determinations would have to be made 
of the best thickness of the layer of material under 
treatment. 

Sugar beet contains on an average about 77 
per cent. of water, and this has to be removed 
economically and without loss of sugar by inversion 
or caramelisation. The loss by inversion depends upon 
the duration of the time of drying and the relation 
between the temperature of the drying air and the 
varying moisture contents of the material as it passes 
through the different phases of drying. Caramelisation 
depends solely on the latter factor. In the process 
worked out by the Institute, known as the Oxford 
method, the beet slices or cossettes are treated in a mass 
7 in. to 8 in. deep, spread out on an endless perforated 
steel conveying band. Air of temperature, volume 
and velocity controlled continuously according to the 
moisture contents of the cossettes, is passed through the 
mass, which in this way is dried evenly with a negli- 
gible loss of sugar, a result stated never to have been 
obtained before. The main drying chamber, consisting 
of a steel framework covered with steel plate, is divided 
into three parts of different sizes, to correspond with 
the velocity of the air required at different stages of 
drying. In the two earlier stages the moisture is 
removed rapidly, thus causing considerable changes, 
not only in the moisture of the material, but also in 
its resistance to the passage of the air; accordingly 
each of these stages is subdivided underneath the con- 
veyor band into a number of separate cells formed of 
steel partitions with air locks and controlled by dampers. 
An essential part of the process from the economical point 
of view lies in obtaining the large amount of heat 
required for the drying at the lowest cost, and accord- 
ingly in a complete plant use is made of the exhaust 
steam from the generating plant and of the boiler-flue 





* Report on the Development and Cost of the O.ford 
Process for the Production of Sugar from Sugar Beet, 
Institute for Research in Agricultural Engineering, Uni- 
versity of Oxford: Bulletin No. 4. Oxford: The 
Clarendon Press (Humphrey Milford). [Price 2s. 6d.] 

¢.“The Artificial Drying of Crops in the Stack,” 
ENGINEERING, Vol, cxxii, page 591. 
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gases, to supplement the heat generated specially in a 
drier furnace. A fan is provided for each stage to 
supply the necessary volume of air, and steam air- 
heaters are installed for heating air by exhaust steam. 
The drier furnace is fired with a chain-grate stoker. 

The present report is based on the results of the 
development, made at the Research Station of the 
Institute at Eynsham, near Oxford, by Messrs. Sugar 
Beet and Crop Driers, Limited, who purchased the 
station from the Institute in October, 1926, and by 
November, 1927, erected a small commercial unit 
capable of treating 25,000 tons of fresh beet per annum. 
Detailed calculations of the amount of heat required 
theoretically for the process show a close correspondence 
with the figures actually obtained in practice. It has 
been found, moreover, that in addition to the advantage 
of preserving the beet, and thus enabling the process to 
be worked continuously instead of only during harvest 
time, the sterilisation and transformation of many of the 
organic substances have an important and favourable 
effect on methods of extraction. The extraction process 
follows in general the lines of ordinary practice, but some 
modifications are introduced into the design of the 
extractor battery, to provide, for example, for the 
swelling of the dried contents. In various details, 
moreover, it was found possible to simplify the process 
of extraction as compared with that which is required 
when extracting directly from fresh beet. 

While the present plant is already working on a 
commercial scale, its operation has suggested a number 
of improvements, which are being introduced. As is 
stated, for instance, in a preface by Dr. B. J. Owen, the 
Director of the Institute, it is likely that the drying 
plant, when not engaged on sugar beet, might be used 
for other crops, such as short grasses and potatoes. 
Owing, moreover, to the destruction of the beet flavour 
in the process of drying, the molasses are more valuable 
than those prepared from fresh beet, and by a recent 
development in the process it has been found possible 
to produce a marketable sugar, dispensing with most of 
the operations ordinarily needed in purifying. The report 
gives in minute detail the exact figures for every opera- 
tion, by which factories working diffusion processes 
can check their results with those of the desiccation 
method. It is stated that on reliable data collected 
from home and foreign diffusion factories there is a 
saving of at least 30 per cent. in the manufacturing cost 
by the use of the desiccation process. Dr. Owen 
expresses himself, however, as satisfied that the costs 
shown in this report will be lowered as a result of further 
experience. In particular, importance is attached to the 
possibility of economies that may be made in transport 
by feeding a central extraction plant from two or more 
desiccating plants. The importance of this saving 
arises from the relatively small concentration of the 
acreage under beet in the beet-growing counties, which 
is under 1 per cent. Taking the average yield of 
an acre to be 8 tons of washed beet, a 100,000-tons 
factory would require about 20 square miles of land 
devoted solely to beet, and no important saving could 
probably be made in transport by splitting up the 
drying process between two factories. When, however, 
this area is multiplied by 100, it means a territory of 
about 50 miles in diameter, and the saving to be made 
on, say, half the crop by avoiding the transport of the 
water contained in the beet, as well as the 14 per cent. 
of dirt with which it is first delivered, is considerable. 
It is, moreover, evident that some increased con- 
centration will be probably obtainable by suitably 
selecting the site of the subsidiary drying station. 

According to the view expressed in the report, it 
appears that the improvements already made and in 
prospect should be sufficient to lead to a prosperous 
industry, but do not zo beyond what is necessary for 
that purpose. 


ENGINEERING TRAINING AND 
EDUCATION. 


Lectures for Teachers.—A series of lectures and classes 
intended for persons actually employed in teaching 
within the Administrative County of London, whatever 
the particular institution at which they may be engaged, 
has been arranged by the London County Council. 
The lectures are designed to bring London teachers into 
touch with the latest developments in educational 
methods and to give them opportunities of hearing 
leading authorities in various branches of learning 
and on current questions of importance. The lectures 
cover a wide field, the main sections including art and 
handwork, domestic and health subjects, economics, 
English and foreign languages and literature, geography, 
history, mathematics, and science. In the last section 
may be noted two series of lectures, respectively en- 
titled, ‘‘ Physics and its Recent Developments,” and 
“The Uses of Electricity in the Home.” The hand- 
book for the 1929-1930 session, which gives full par- 
ticulars regarding fees, times and places of attendance, 
and the syllabus of each course, may be obtained on 
application to the Education Officer, The County Hall, 
Westminster Bridge, London, S.E.1. 











TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 

ossessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each 
case. 

Steel Bogie Wagons.—The supply of 150 fifty-ton, 
high-sided, steel bogie wagons (3 ft. 6 in. gauge), with 
wheels and axles complete. The South African Railways 
and Harbours Board, Johannesburg; October 17. (Ref. 
No. A.X. 8455.) : 

Electric Crane.—The supply of one 10-ton electric- 
driven overhead travelling crane. The South African 
Railways and Harbours Board, Johannesburg ; October 
17. (Ref. No. A.X. 8463.) 

High-Tension Transmission Lines and Pumps.—Iin 
our issue of July 5 last, on page 14, we gave particulars 
of a call for tenders by the Municipality of Bulawayo, 
Southern Rhodesia, for high-tension overhead trans- 
mission lines with appurtenant gear and step-down trans- 
formers, also for pumps and motors with starters, pipe 
work, &c. We now learn that the closing date, in each 
case, has been extended from September 13 to October 4. 
(Ref. No. A. 8462.) 

Portal Cranes.—The supply of 32 electric travelling 
cranes, portal type. The Municipality of Antwerp, 
Belgium ; October 10. (Ref. No. A.X. 8447.) 

Platform Wagons.—The supply of three steel platform 
wagons (gauge 1-067 m.) for the transport of rails 12 m. 
in length. The Tendering Department, Treasury of 
Lourengo Marques ; October 26. (Ref. No. A.X. 8470.) 

Sewerage System.—The construction of a sewerage 
system for the town of Beyrout. The Municipality of 
Beyrout, Syria; October 15. (Ref. No. A.X. 8478). 

Motor Coaches.—The supply of three motor charabancs 
suitable for 40 passengers and similar smaller vehicles. 
A firm in Mombasa, British East Africa. (Ref. No. 
A.X. 8476.) 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrppLEsBRovuGH, Wednesday. 

The Cleveland Iron Trade.—Little marketable Cleveland 
pig iron is available for early delivery and customers 
readily pay above the recognised prices for any prompt 
parcels that are offered. A moderate forward business 
is, however, passing, both makers and second hands 
selling ahead of the fixed figures that have ruled for 
some time past. Local and other home consumers 
are placing orders for delivery during periods in the last 
quarter of the year, and while overseas sales continue 
few and small, exporters are taking more interest in 
the market. A little iron from other areas is still being 
used at Teeside foundries, but the local output may shortly 
be sufficient to meet requirements. No. 1 Cleveland 
is 75s.; No. 3 g.m.b., 72s. 6d.; No. 4 foundry, 71s. 6d. ; 
and No. 4 forge, 71s. 

Hematite—The firmer feeling in the East Coast 
hematite department is more than sustained, but while 
this branch of the staple industry is steadily gaining 
strength, upward movement of prices is much too slow 
to meet the views of manufacturers, who complain 
that orders are not obtainable except on terms sub- 
stantially below cost of production. There is a growing 
feeling that furnaces cannot be kept long in blast unless 
prices advance by several shillings per ton, or working 
expenses fall considerably. A fair number of home 
sales have occurred recently, and a steady though not 
large business with the Continent is passing. Quotations 
are at the equivalent of 76s. for ordinary qualities. 

Foreign Ore.—Little or no effort is made to arrange 
new business in foreign ore. Consumers now have good 
supplies and they are heavily bought, but there appears 
to be some danger of deliveries being again curtailed 
by tonnage shortage. 

Blast-Furnace Coke.—Acute scarcity of blast-furnac® 
coke is causing uneasiness. Durham good average 
qualities have advanced to 23s. delivered here, and some 
sellers ask above that figure. 

Tees Iron and Steel Shipments.—Aggregate shipments 
of iron and steel from the Tees last month are officially 
returned at 85,080 tons, composed of 24,548 tons of 
pig iron, 3,003 tons of manufactured iron, and 57,529 tons 
of steel. Pig iron loadings exceeded those of July by 
5,000 tons, and manufactured iron and steel clearances 
were 7,000 tons above those for the previous month. 
Of the pig iron shipped in August, 11,440 tons went to 
coastwise customers, and 13,108 tons went to foreign 
destinations. Of the manufactured iron cleared, 1,325 
tons went coastwise, and 1,678 tons went abroad; and 
of the steel dispatched, 12,145 tons went coastwise, 
and 45,384 tons went overseas. Scotland was once more 
the chief buyer of pig iron, taking 10,655 tons, which 
was more than in any month this year. Italy received 
3,040 tons; Belgium, 2,865 tons; France, 1,622 tons ; 
and Sweden, 1,375 tons. The Cape was the principal 
customer for both manufactured iron and _ steel, 
accepting 1,164 tons of the former, and 11,391 tons of 
the latter. Among other chief importers of steel were : 
India, 7,744 tons; Australia, 3,605 tons; Argentina, 
3,373 tons; Japan, 3,291 tons; Natal, 2,816 tons; 
New Zealand, 1,421 tons; Nigeria, 1,263 tons; and 
the Straits, 1,030 tons. 

Imports of Iron and Steel.—Returns have just been 
issued of imports of iron and steel to the Tees from 
Holland, Belgium, France, Norway, Sweden, Finland, 
India, Germany, and coastwise for the ten months 
ending August 31 last, together with the figures for 
the same months a year ago, and for the corresponding 
pre-war period of 1913-14. Pig iron unshipped to the 
end of last month reached 25,909 tons, as compared 
with 4,928 tons a year ago, and only 312 tons in the 
pre-war period. Crude sheet bars, billets, blooms and 
slabs unloaded in the ten months just ended amounted 
to 89,063 tons, as compared with 145,958 tons a year 
ago, and 35,646 tons in the pre-war period. Plates, 
bars, angles, rails, sheets and joists landed in the past 
ten months are given at 40,860 tons, as compared with 
41,068 tons a year ago, and 19,441 tons in the pre-war 
period. The total imports of iron and steel to the end 
of last month reached 155,832 tons, as compared with 
191,954 tons a year ago, and 53,399 tons in the pre-war 
period. 








Propucer-Gas Prant Exursition, PortruGaLt.—The 
holding of an international competitive exhibition of 
producer-gas plant at Lisbon, Portugal, was proposed 
some time ago. The date, however, has not yet been 
fixed. The Department of Overseas Trade has the 
matter in hand and will be able to give the desired 
information as soon as this is furnished by the Associacao 
Comercial de Lisboa. 





THe KRABERHALL Pin Nut.—The Kraberhall Com- 
pany, Land Tithe Building, Philadelphia, Pa., U.S.A., 
have sent us some particulars of a form of lock nut they 
have recently introduced in the United States and other 
countries. In this, the thread is cut away at the top of 
the nut by a circumferential recess and two tangential 
grooves lead into this recess from opposite faces. After 
the nut has been placed in position, it is locked by driving 
a pin into one of the tangential grooves so that it bends 
round the bolt and is compressed between the thread of 
the latter and the outer wall of the recess. The makers 
claim that the nut will remain tight under the most severe 
vibration, such as is experienced on stone crushers, cranes, 
railway tracks, etc., but can easily be removed when 
required by withdrawing the pin. They also point out 
that the nuts can be made to fit any form or size of bolt, 
and that no special thread is required. No special tools 
are needed for applying, adjusting or removing the nuts, 
which can be used many times. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—While gross output shows that the 
number and tonnage of current orders are more than 
equivalent to the seasonal average, the existence of 
numerous weak spots in the local industrial situation 
gives cause for some anxiety. On the other hand, it is 
appreciated that the reorganisation of the heavy trades 
must prove a long process, and that beneficial effects 
will not accrue rapidly. The rise in fuel and pig iron 
prices has inevitably reacted on steel-making costs, 
but prices have been maintained at an attractive level. 
The latest business is being booked in face of a renewed 
growth in foreign competition following the stabilisation 
of foreign iron and steel prices. Numerous inquiries 
have been received for heavy structural shapes, castings, 
and plates. Though accounting for a_ substantial 
output, basic-steel furnaces in South Yorkshire and 
Lincolnshire would have no difficulty in meeting an 
enlarged demand, though keen satisfaction would be 
felt if the call for acid steel were equally buoyant. There 
are, however, signs of coming development in railway 
requirements both at home and abroad, and acid-steel 
furnaces should immediately benefit from any expansion 
in this direction. A favourable sign is the movement 
towards and the increased popularity of steel sleepers, 
wagons, and coaches. Possible openings in Africa, 
India, and South America are being closely watched. 
Germany is competing keenly for locomotive orders for 
Egypt and India. Motor and aircraft steels are sound 
lines ;_ the range of electrical requirements is constantly 
on the increase ; agricultural and mining engineers 
are largely calling on South Yorkshire steelmakers, 
and machinery and implement suppliers, to meet their 
needs. In high-speed steel manufacture, which is 
faced with growing rivalry from the Continent, the 
full effect of the big rise in tungsten cost is not yet 
apparent. The largest producers have been and still 
are working on stocks bought at a more economic rate, 
and consequently have been able to avoid any adjust- 
ment in selling prices. The tool trades appear to be 
holding their own in the large export markets despite 
lively .competition from America in quality products, 
and keen bidding from Germany in the cheaper grades. 
Sales of quarry tools and implements for mechanics and 
electricians are maintained at a high level. Micrometer 
manufacture, one of the latest local developments, 
is likely to expand. Foreign producers have gained a 
firm hold of overseas markets in these precision imple- 
ments, but it is felt that astute publicity will do much 
to expand Sheffield’s connection. 


South Yorkshire Coal Trade.—More active conditions 
prevail in house coal, and if expectations are realised 
buying will gradually gain in strength. The autumn 
advances are at the anticipated rate, representing an 
average of from ls. to Is. 6d. per ton. Transactions in 
best grades are well maintained, while there has been a 
slight tightening in the market for secondary sorts, 
which have been in surplus supply. With the dis- 
appearance of the holiday influence, business in industrial 
fuel on inland account is expected to develop. Export 
inquiries are more numerous. Continental sales are 
at a high level, and big business is being done with 
South America and Australia. Coking slack and coke 
continue to be strong markets. Quotations: Best hand- 
picked branch, 27s. 6d. to 28s. 6d.; Derbyshire best 
bright house coal, 21s. to 23s. ; best house coal, 20s. 6d. 
to 21s. 6d.; screened house coal, 18s. 6d. to 19s. 6d. ; 
screened house nuts, 16s. 6d. to 17s. 6d. ; Yorkshire hards, 
148, 6d. to 15s. 6d. ; Derbyshire hards, 14s. 6d. to 15s. 6d. ; 
rough slacks, 9s. to 10s. ; nutty slacks, 7s. to 8s. ; smalls, 
3s, to 5s. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Amongst inquiries circulating for 
Welsh coal is one from the Egyptian State Railways for 
165,000 metric tons to be delivered in Alexandria early 
next year. Already this year the Egyptian Railway 
has bought 380,000 tons of Welsh coal, and it is confi- 
dently expected that the present inquiry will lead to 
business for the Welsh commodity. The Bristol Corpora- 
tion Electricity Works also desire prices for 62,000 tons 
of semi-bituminous coal for delivery over the six months 
commencing October. Meanwhile the demand for 
sized and small coal continues as strong as ever, and 
with most collieries already booked up prospective buyers 
experience difficulty in obtaining their requirements. 
Dry nuts realise up to 28s., but beans and peas are 
obtainable at 20s. and 19s. respectively, while best 
steam smalls are round 14s. Demand for large coal, on 
the other hand, is quiet, and this is affecting the other 
classes, for with difficulty in clearing loaded trucks of 
large, collieries cannot obtain sufficient empties to keep 
pits working regularly, and consequently the output of 
small and the make of sized classes are retarded. 

New Cardiff Docks Bridge——A new swing bridge with 
double traffic roads was brought into use at the Cardiff 
docks to-day. The bridge, which is hydraulically 
operated, is placed over the East Dock lock. It consists 
of two main plate girders with the customary cross 
girder and timber flooring, and is of the centre pivot type; 
't was built by the Horseley Bridge and Engineering 
Company, Limited, Tipton. It is 118 ft. long, with two 
roadways, 18 ft. 6 in. wide, and two footpaths, 3 ft. 2 in. 
wide. The span across the lock is 55 ft. 3 in. 

Coal Trade Losses.—The joint audit for the South 
Wales coal trade for the quarter ended July shows that 
a loss of 191,110/., equal to 4-04d. per ton, was sustained, 
compared with a credit balance of 99,063/., or 2-24d. 
per ton, in the previous quarter. The results of the 
past quarter allow for the payment of wages 3-30 per 





cent. above the 1915 standard, but under the existing 
agreement the owners have to pay 28 per cent. above the 
standard. The less favourable position in the past 
quarter was due to an increase of nearly 6d. per ton in 
the cost of production of which 24d. was in respect of 
arrears of subsistence wages under the recent judgment 
of the House of Lords, 24d. in respect to normal wages 
cost, and Id. in costs of production other than wages. 
More persons were employed, and a larger number of 
man-shifts worked, the increase in persons being about 
7,000 and in man-shifts 770,000. Production showed 
an increase over the previous quarter of 700,000, while 
exports were 1,000,000 tons more than in the corre- 
sponding period of last year, amounting to 6,560,000 
tons. Compared with 1913 the shipments were, however, 
less by nearly 4,000,000 tons per annum. 


Dock Charges Reduced.—Traders were disappointed, but 
welcomed the decision of the Minister of Transport to 
reduce the cost of tipping and weighing coal at the 
Great Western Railway docks from 7}d. to 6d. per ton, 
though, for coke, the charge is increased from 7}d. to 74d. 
per ton for twelve months from October 2. Traders 
feel that the charge ought to have been lowered to the 
same rate as that prevailing on the North-East Coast, 
where the rate is 44d. per ton for tipping only, the weigh- 
ing being done by the collieries. Traders contend 
that 4d. per ton would cover the cost of weighing, leaving 
the Welsh rate ld. higher than in the north. The Great 
Western, however, point to the heavy cost of putting in 
the weighing machinery, besides its maintenance and the 
payment to competent weighers. 








NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—The state of affairs in the 
Scottish steel trade shows little change. Plant in opera- 
tion is being kept fully employed at present and any 
increase in demand, if of reasonable tonnage. might 
require more mills being put into service. This con- 
tingency hardly seems probable in the present state 
of trade, although the outlook is considered to be very 
hopeful. A slightly better demand for bridge-building 
and other structural material is anticipated when the 
Government’s new unemployment schemes come into 
operation, but this will not occur for some time as 
little definite has so far been decided. The demand from 
the shipyards continues very satisfactory, but unless 
there is a decided increase in the number of new con- 
tracts the outlook for the winter months is not very 
reassuring. In the black-sheet trade there is a quieter 
tone this week, and while there is still a fair amount of 
business passing, the demand from overseas is still 
negligible. It is generally believed that the usual autumn 
demand cannot be long delayed now. - The following are 
the current market quotations :—Boiler plates, 101. 10s. 
per ton ; ship plates, 8/. 12s. 6d. per ton ; sections, 
81. 2s. 6d. per ton ; black sheets, } in., 8. 15s. per ton; 
and galvanised corrugated sheets (No. 24 gauge), 
137. 12s. 6d. per ton, all delivered at Glasgow stations. 


Malleable Iron Trade.—There is still only a modera e 
amount of work being put through by the malleable- 
iron makers in the West of Scotland and prospects 
are not too bright. Inquiries are fitful and the demand 
is largely of a hand-to-mouth description, with the 
result that few makers can see any distance ahead. 
In the steel bar re-rolling branches the outlook has 
again become dull owing to a weakness having overtaken 
Continental prices. Makers here were beginning to 
look for a better demand on account of the firmer tone of 
bars on the Continent, but now the position is somewhat 
vague. Prices are as follow :—‘‘ Crown”? bars, 101. 5s. 
per ton for home delivery, and 9/. 15s. per ton for export ; 
re-rolled steel bars, 8/. per ton for home delivery and 
71. 15s. per ton for export. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade there is no change to report. The number of 
furnaces in blast continues at twenty-seven and most 
of the output is going into consumption. The steel 
trade is taking up a fairly large proportion of it but 
the demand for foundry grades is still somewhat dull. 
Overseas shipments continue of small dimensions. 
Prices are steady and are quoted as follow :—Hematite, 
80s. per ton, delivered at the steel works; foundry 
iron, No. 1, per ton, and No. 3, 76s. per ton, 
both on trucks at makers’ yards. 


Shipbuilding Contracts.—Messrs. Bow, M’Lachlan 
and Company, Limited, Paisley, have received an 
order from the Anglo-Saxon Petroleum Company, 
Limited, London, for a single-screw, motor-propelled 
oil tanker, for service on the coast of Finland. This 
vessel will be 96 ft. in length, 22 ft. in breadth, 10 ft. 
in depth, and of about 150 tons gross and 250 i-h.p.— 
Messrs. James A. Silver, Limited, Roseneath, have 
received instructions to build a 60-ft., 12-knot, twin- 
screw motor yacht for a Clyde owner. They have also 
booked an order for a twin-screw cruiser yacht for a 
south of England owner.—Messrs. Ferguson Brothers 
(Port-Glasgow), Limited, have booked the contract 
to provide single-screw, triple-expansion reciprocating 
steam engines for the motor vessel Isleford, owned by 
the Admiralty. The Isleford is a cargo vessel of 414 tons, 
built at Ardrossan in 1913, and she has at present 
internal-combustion engines constructed in Sweden. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, August 31, amounted to 512 tons. 
Of this total, 411 tons went overseas and 101 tons coast- 
wise. During the corresponding week of last year 
the figures were 759 tons overseas and 127 tons coastwise, 








making a total shipment of 886 tons. 








Institute oF Mertats.—Autumn Meeting. Diissel- 
dorf, Monday, September 9, to Thursday, September 12. 
Monday, September 9, 5 p.m., Aula of the Lessing Ober- 
realschule, Ellerstrasse, Diisseldorf. Lecture. ‘ Alu- 
minium und seine Legierungen”’ (Aluminium and its 
Alloys), by Dr. A. G. C. Gwyer. Tuesday, September 10, 
9.30 a.m., Hall of the Eisenhiittenhaus, Verein Deutscher 
Eisenhiittenleute, 27 Breitestr, Diisseldorf. ‘‘ Some 
Methods of Research in Physical Metallurgy,” by Dr. 
W. Rosenhain. ‘‘ Methods of Research in Metallo- 
graphy,” by Dr. G. Masing. “‘A Dilatometric Study 
of Some Univariant Two-Phase Reactions,’’ by Professor 
P. Chevenard, Mr. A. M. Portevin, and Dr. X. F. Waché. 
‘‘An Improved Differential Dilatometer,” by Dr. M. 
Haas and Mr. D. Uno. ‘The Open Air Corrosion and 
Surface Patina of Copper,” by Dr. W. H. J. Vernon 
and Mr. L. Whitby. ‘‘ Studies on the Crystallisation of 
Gold from the Liquid State,” by Professor C. O. Bannister. 
“The Creep of 80: 20 Nickel-Chromium Alloy at High 
Temperatures,”” by Mr. A. Glynne Lobley. At 2.30 p.m., 
Visits to various Works. Wednesday, September II. 
9.30a.m. ‘* Reduction of Shrinkage Cavities and Vacuum 
Melting,” by Dr. W. J. P. Rohn. ‘“‘ New Methods for 
Melting Non-Ferrous Metals in the Electric Furnace,” 
by Mr. M. Tama. ‘“ Pinholes in Aluminium Alloy Cast- 
ings,’ by Dr. N. F. Budgen. “Properties of Loco- 
motive Firebox Stays and Plates,’’ by Dr. O. F. Hudson, 
Mr. T. M. Herbert, Dr. F. E. Ball, and Mr. E. H. Bucknall. 
‘“* Effect of Temperature Attained in Overhead Electric 
Transmission Cables,” by Dr. A von Zeerleder and Dr. P. 
Bourgeois. ‘‘The Relative Corrodibilities of Ferrous 
and Non-Ferrous Metals and Alloys. Part II.—The 
Results of Seven Years’ Exposure to Air at Birmingham,” 
by Dr. J. N. Friend.”’ ‘‘ Idiomorphic Crystals of Cuprous 
Oxide in Copper,” by Mr. C. Blazey. At 2.30 p.m., 
Visits to various Works. Thursday, September 12, 8.15 
a.m., Whole-day Excursions and Visits to Works. 

IRON AND STEEL INstiITUTE.—Autumn Meeting. New- 
eastle-upon-Tyne. Tuesday, September 10, ‘to 
Thursday, September 12. Festival Hall, North-East 
Coast Exhibition, Newcastle-upon-Tyne. Tuesday, Sep- 
tember 10, 10.15 a.m. ‘‘ Notes on the Damping-Down 
and Re-Starting of Blast-Furnaces,”’ by Mr. C. 8. Gill. 
‘* Notes on Wire for Mining Ropes,” by Mr. A. T. Adam. 
“Crystallisation and Segregation Phenomena in 1-10 

r cent. Carbon Steel Ingots of Smaller Sizes,” by 

r. A. Hultgren. ‘“ High Elastic-Limit Structural Steels,” 
by Mr. J. A. Jones. Wednesday, September 11, 10 a.m. 
“The Coalescence of Pearlite,’”’ by Mr. J. H. Whiteley. 
“The Solubility of Carbide in Ferrite,” by Dr. H. A. 
Dickie. ‘‘Iron-Silicon-Carbon Alloys. Constitutional 
Diagrams and Magnetic Properties,” by Mr. T. D. Yensen. 
“Tron in Antiquity,” by Dr. T. A. Rickard. ‘“* The 
Hardening of Superhardened Steel by Magnetism. The 
Lattice Resonance Hypothesis,” by Mr. E. G. Herbert. 
“‘ Electrical Conductivity of Magnesite and some other 
Refractory Materials in Relation to the Temperature 
and their other Properties,” by Mr. E. Diepschlag 
and: Mr. F. Wulfestieg. ‘‘The Hardness of Vacuum- 
Annealed Crystals of Iron,” by Dr. H. O'Neill. ‘* The 
Correlation of Fatigue and Overstress,”” by Professor 
J. H. Smith, Mr. C. A. Connor, and Mr. F. H. Armstrong. 








Lerezia Autumn Fatr.—The autumn Fair at Leipzig, 
Germany, was this year held from August 25 to 31 last. 
We understand that some 10,000 firms, representing 
24 different countries, exhibited various classes of manu- 
factured goods and articles, including household hardware, 
glass and china ware, furniture and lighting fittings, 
leather goods, watches and clocks, textiles, building 
materials, machinery, ironware, and cutlery. The office 
of the Fairin this country is at 1, Gower-street, Bedford- 
square, London, W.C.1. 





Tue Ceramic Socrety.—The twenty-first meeting of 
the Refractory Materials Section of the Ceramic Society 
will be held at the Midland Grand Hotel, St. Pancras, 
London, N.W.1, on September 18 and 19 next. The 
mornings will be devoted to the reading and discussion 
of eight papers, namely, ‘Drying Clay Goods,” by 
Mr. G. Lavelle; ‘‘ Hot Patching,” by Mr. H. Pardoe ; 
“ Microstructure of Silica Building Bricks,’”’ by Mr. J. M. 
Coon; ‘Thermal Inefficiency of Rotary Kilns,” by 
Dr. G. Martin; ‘‘ Note on Molybdenum Wire-wound 
Furnaces,” by Dr. C. Sykes; ‘“ Effect of Non-Plastics 
on Shrinkage,”’ by Messrs. 8. R. Hind and F. Wheeler ; 
“Scientific Shovelling,’” by Mr. G. T. Hartley; and 
“Notes on American Trip,” by Mr. F. West. The 
afternoons will be devoted to trips to the Building 
Research Station, Watford, and to the National Physical 
Laboratory, Teddington. The official banquet will be 
held on September 18 at the Hotel Cecil, Strand, 
London, W.C.2, at 7.0 p.m. 





Messrs. VICKERS-ARMSTRONGS AND THE ENGLISH 
Street CorPporaTion.—The armaments, shipbuilding and 
steel interests of Messrs. Vickers, Limited, and of Messrs. 
Sir W. G. Armstrong, Whitworth and Company, Limited, 
were first amalgamated in the company known as Messrs. 
Vickers-Armstrongs, Limited, which took over the 
Vickers’ works at Barrow, Erith, Dartford and Sheffield, 
and the Armstrong, Whitworth works at Openshaw, 
Elswick, and the shipbuilding yard at Newcastle-upon- 
Tyne. The steel interests so taken over were, however, 
subsequently amalgamated with the corresponding steel 
interests of Messrs. Cammell Laird and Company, 
Limited, in the company known as the English Steel 
Corporation, Limited. A brief account of the reorganisa- 
tion outlined above, and of the other interests still retained 
by Messrs. Vickers, is contained in an interesting brochure 
issued recently, and entitled “ Vickers Limited and its 
Interests.”’ Copies may be obtained from Messrs. Vickers, 
Limited, Vickers House, Broadway, London, 8.W.1. 
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THE LATE MR. T. S, F. GIBSON. 


Mr. THOMAS SYDNEY FLETCHER Gipson, who died on 
Wednesday, August 28, after a short illness, had been 
Chief Civil Engineer of the South! Metropolitan Gas 
Company since 1920, and during the war was in charge 
of the munitions plants which were in operation on the 
premises of that undertaking. Mr. Gibson was born on 
March 18, 1870, and was eduxated at the City of London 
School. At the age of sixteen he joined his father, 
Mr. Thomas Gibson, who was practising as a civil 
engineering contractor, as pupil, and for nine years was 
engaged with him in the carrying out of various projects, 
both in the office and in the field. These included 
the fixing of moorings for the Newry Navigation in 
60 ft. of water, the underpinning of the Town Hall at 
Great Yarmouth, the extension of the jetty in that 
town, and the erection of the St. Dominics Street 
Bridge over the river Boyne at Drogheda, and of the 
Carpenters’ Company’s Bridge over the river Lea at 
Stratford, the design for which was accepted by the 
late Sir Alexander Kennedy after open competition. 
He was also engaged on mooring contracts at the 
Barry, Royal Victoria and Albert and other docks. 
His first connection with gas engineering was in the 
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year 1892, when he was responsible for the erection of 
the viaducts to Nos. 13 and 14 retort houses of Beckton 
Gas Works, under Mr. G. C. Trewby. In 1895 Mr. 
Gibson took up a position in the drawing office of the 
Vauxhall works of the South Metropolitan Gas Com- 
pany, where he was engaged in the preparation of plans 
for the modernising of Bankside gasworks. Five years 
later he was appointed works superintendent at the 
Old Kent Road gasworks, where, under the direction 
of Dr. Charles Carpenter, he was responsible for the 
reconstruction of retort houses designed to be operated 
with outside producers, and various other important 
works. At the end of the war, Mr. Gibson was appointed 
Chief Civil Engineer of the company, since when a con- 
siderable amount of reconstruction work has been 
carried out, including the erection, at East Greenwich, 
of a reinforced-conerete approach and viaduct, and a 








wharf wall of special construction with reinforced 
concrete walls and panelling. Among other recent works 
of importance may be noted the building of reinforced- 
concrete coke bunkers, with a capacity of 4,200 tons, 
the conversion of Blackwall Point Dry Dock into a 
reservoir for the supply of water to the works, and 
the reconstruction of a gasholder at East Greenwich 
with a capacity of 8,000,000 cub. ft. Mr. Gibson 
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qualified as an associate member of the Institution 
of Civil Engineers in 1899, becoming a full member 
in 1922. He was also a member of the Institution of 
Gas Engineers, the Society of Chemical Industry, the 
Junior Association of Engineers, and the Southern 
Association of Gas Engineers and Managers. 








Contract.—Messrs. Alloy Welding Processes, Limi- 
ted, Ferry-lane Works, Forest-road, Walthamstow, 
London, E. 17, have again secured the contract from the 
Admiralty for the supply of A.W.P. electrodes for the 
period covering the year ending June 30, 1930. 





GERMAN Exports oF PRINTING PRESSES.—The Depart- 
ment of Overseas Trade has drawn our attention to the 
fact that Germany’s exports of printing presses has 
undergone a considerable rise during the past few years. 
Exports of book-printing machinery and of steam presses 
for photogravures and lithographs, during 1927, showed 
an increase of 20 per cent. over the 1926 figures; the 
exports increased by a further 30 per cent. in 1928 and 
by 36 per cent. during the first five months of the present 
year. At the present rate of increase the exports this 
year should reach a value of 60 million marks, as com- 
pared with 49 millions in 1928, 38 millions in 1927, and 
31 millions in 1926. Meanwhile imports of printing 
presses are decreasing. 
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THE CRITICAL POINT. 


THe recent work of Professor H. L. Callendar 
has not only revolutionised our views as to critical 
phenomena, but has made evident a need for new 
definitions. Is the critical point of water to be 
defined as that at which, according to the older 
but now untenable views, the specific volume of 
the vapour becomes equal to the specific volume 
of the liquid in equilibrium with it, or are we to 
regard as the critical point that, at which the menis- 
cus disappears when air-free water is heated to the 
appropriate temperature in a silica tube? Neither 
alternative is free from difficulty. Professor Callen- 
dar holds that, steam does not exist when the 
temperature is 380-5 deg. C. and the pressure 
3,650 Ib. per square inch. In these conditions, the 
water phase alone persists, and since no vapour can 
exist in the conditions stated, there is a difficulty in 
attributing to it, either a specific volume or a latent 
heat. That water alone is present when the vapour 
and liquid lines of the border curve merge into each 
other, is supported by measurement of the total heat 
of water at this point, and further confirmation of this 
view seems to be afforded by chemical considerations. 
According to Professor H. E. Armstrong, F.R.S., 
chemists would be prepared to admit, in addition 
to H,0, which he calls the hydrone molecule, the 
possible existence of molecules corresponding to 
H,0,, H,O;, or H,O,, but apparently nothing more 
complex than the latter would be acceptable. At 
the merging point of the border curves, the specific 
volume of the fluid has been accurately measured, 
and cannot be reconciled with that of a vapour having 
molecules less complex than H,,0, as a minimum. 


On the old theory of van der Waals, not only did 











the volumes of vapour and liquid become equal at 
the critical point, but the molecular constitution 
was the same for both. The fluid might, it was 
held, be then regarded indifferently either as a gas 
or as a liquid. Both phases were’considered to 
consist of discrete molecules, subject to the general 
laws of the kinetic theory of gases, modified merely 





by the existence of a strong mutual attraction, 
which caused the molecules to pack together more 
closely than they otherwise would do. This 
hypothesis as to the intimate constitution of a liquid 
received a serious blow when it was demonstrated 
by X-ray analysis that, in a crystal of rock salt, 
molecules could hardly be said to exist,‘each atom 
of sodium being surrounded by six atoms of chlorine 
symmetrically disposed, whilst each atom of 
chlorine was similarly surrounded by six atoms of 
sodium. It was therefore impossible to assign 
any one atom of sodium to any one atom of chlorine 
or to regard the complete crystal as built up of 
such pairs. Thus, from the standpoint of physics, 
the whole crystal of salt, however large, constitutes 
but a single molecule. This break with the tradi- 
tional view as to the nature of a crystal, naturally led 
to the question whether there were any good grounds 
for continuing to regard a liquid as a mere aggrega- 
tion of discrete molecules, or whether, from the 


»| physical standpoint, each drop, whether large or 


small, should not be taken as constituting a single 
molecule. We believe that the latter alternative 
has steadily grown in favour during recent years, in 
spite of the fact that the older hypothesis has had 
some success in the discussion of questions relating 
to osmotic pressure. 

If the merging point of the vapour and liquid 
branches of the border curve is to be taken as the 
critical point, it is the steam that disappears here 
rather than its latent heat, and the vapour volume, 
being non-existent, is not equal to the liquid 
volume. There is thus a difficulty in seeing how 
Clapeyron’s equation can be applied in the imme- 
diate neighbourhood of this merging point, and 


" in fact the figures entered for the latent heat and 


for the specific volumes, in the table published 
last May by the Institution of Mechanical Engineers, 
do not satisfy this equation for temperatures much 
above 374 deg. C. This is the temperature at 
which the meniscus vanishes when air-free water 
is heated in a closed tube of silica, and this phenome- 
non is taken by Professor Callendar to mark the 
true critical point, on the basis that the vanishing 
of the meniscus implies ipso facto the simultaneous 
vanishing of the surface tension of the liquid. For 
our own part we have some difficulty in accepting 
this view, great as is the weight which necessarily 
attaches to the opinion of the physicist whose 
researches on the properties of steam must ulti- 
mately be recognised as a scientific classic. It 
seems to us that the formation of a meniscus 
cannot be regarded solely as the property of 
the liquid, but is due to the joint action of the 
liquid and the solid wall of the containing vessel. 
If this be so the surface tension of the water 
need not necessarily vanish simultaneously with 
the meniscus and may persist a little above the tem- 
perature of 374 deg. C. Indeed, Professor Callen- 
dar finds that Clapeyron’s equation still holds 
good a little beyond this limit of temperature, but 
the water and steam then mix in all proportions, 
although there is apparently a difference in the 
appearance of the upper and lower portions of the 
tube, which has made it possible to determine liquid 
volume with precision right up to 380-5 deg. C. 
If the view we have ventured to formulate is soundly 
based, it might well be that if the water were 
heated in a tube of other material than silica, the 
meniscus would disappear at a different temperature. 
Glass, of course, cannot be used, as it is rapidly 
attacked by water at high temperatures. Some 
evidence, unfavourable to our hypothesis, is afforded 
by the behaviour of certain organic liquids, which 
attack neither glass nor silica. With these com- 
pounds, Professor Callendar informs us, he has 
found the meniscus to vanish at the same tempera- 
ture whatever the nature of the tube, but he adds 
that it is difficult to purify these liquids as perfectly 
as water, and that the presence of impurities might 
mask the true character of the phenomena observed. 
There is, in fact, a very marked difference in the 
behaviour near the critical point of these organic 
fluids and of pure water, even when the former bodies 
are nominally pure. With such a fluid heated some 
50 degrees above the critical point and allowed to 
cool fairly rapidly, the whole mass is seen to be 
traversed by strie passing from one end of the 





tube to the other. These afford evidence of the 








vapid fluctuations in the density of the fluid near 
the critical region, which have been discussed 
mathematically by Einstein and Smolchowski. 
As the temperature continues to fall, the turbulence 
becomes very marked. Finally, as the conditions 
appropriate for the formation of a meniscus are 
approached, the whole contents of the tube become 
opaque, and assume the colour characteristic of 
a thick fog. This is due to the separation out 
of droplets of liquid, which scatter all light save 
that of long wave length. This appearance is 
followed immediately by the separation of the 
contents of the tube into liquid and vapour, 
the mutual boundary being a_ clearly-defined 
meniscus. 

With water, on the other hand, which, unlike 
these organic fluids, can be obtained in a state of 
great purity, the phenomena, Professor»Callendar 
informs us, are markedly different. If the silica 
tube be fresh, the meniscus, just before vanishing, 
appears as an exquisitely fine horizontal line, and 
then disappears without the slightest trace of 
turbulence or opalescence. If then, the tube be 
immediately cooled again, the meniscus re-appears 
in the same place and with the same absence of 
any sign of turbulence. If, however, after the 
disappearance of the meniscus, time is given for 
the upper and lower portion of the tube’s contents 
to mix by diffusion, the reappearance of the 
meniscus is preceded by a small local opalescence. 
Using the same tube, but maintaining it for a long 
time at a temperature near the critical, the pheno- 
mena change entirely. The water begins to boil 
before the meniscus disappears, and its level falls 
instead of rising continuously, as it does when the 
experiment is made with uncontaminated water. 
With a really badly corroded tube the whole water 
can be boiled away before the meniscus disappears. 
On then cooling the tube, it fills suddenly with a 
dense cloud followed by a heavy rain. No change 
of weight nor presence of impurity could, however, 
be detected in the water when cold, but a minute 
pinch of crystals was found, which were probably 
dissolved in the water when hot. 

In the apparatus used. by Professor Callendar 
the rate of heating or cooling can be reduced 
to as little as ;45 deg. C. per hour, so that the 
phenomena are under perfect control, and, in 
particular, measurements of the specific volume 
both of the liquid and of the vapour can be made 
with great precision up to a temperature of 374 deg. 
C. Beyond that point measurements of the vapour 
volume have proved impracticable, but the density 
of the liquid has been accurately determined right 
up to 717 deg. F., or say 380-5 deg. C. 

Perhaps the most striking of the facts established 
by these recent researches at South Kensington, has 
been the marked effect of extraordinarily small 
amounts of impurity. This apparent dispropor- 
tion, between cause and effect, becomes more in- 
telligible if it be borne in mind that the surface 
film of a liquid consists of activated molecules, 
which have a much stronger attraction for solutes 
than the main body of the fluid. Some few years 
ago this phenomenon formed, in fact, the basis of 
a highly ingenious attempt to dodge the second 
law of thermodynamics.* 

In virtue of the superior activity of the surface 
film molecules it seems probable that near the 
critical point any trace of air or other impurity 
present in the water will be almost wholly con- 
centrated in the surface film, with consequent 
disruptive effects far greater than could be antici- 
pated, were the contaminations uniformly dispersed 
through the whole body cf the fluid. This effect 
will be enhanced if, as we have suggested, the 
surface tension of the fluid does not necessarily 
vanish when the meniscus vanishes. What would 
happen in such a case is perhaps best realised by 
considering the formation of the meniscus between 
mercury and glass. This meniscus is convex to 
the body of the liquid, because there are repulsive 
forces between the glass and the mercury. The 
surface film of the latter is, however, under tension, 
and this tension must have something to pull on. 
It cannot pull on the glass, since, as noted, the forces 
between the two are repulsive, and the result is 





* Société Francaise de Physique, 1926: Phénoménes, 
semblent a contredire le seconde Principe de la Thermo- 
dynamique, par M. V. Karpen. 
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that the surface film of the liquid must extend 
right down the barometer tube and over the external 
surface of this tube, till it connects up finally with 
the surface film of the mercury in the reservoir. 
Similarly, if surface tension persists after the 
disappearance of the meniscus in the silica tube, 
the surface film of the liquid will immediately 
undergo a great increase of area, and will extend 
down the walls of the tube, and round the bottom 
of it, and will thus embrace the whole volume of 
the liquid, which becomes in effect a gigantic drop. 








ACCIDENTS ON BRITISH RAILWAYS. 


WE were all only too well aware that 1928 proved 
an unfortunate year for the railways of this country, 
in the matter of accidents. The toll, in passengers 
killed and injured, was much heavier than usual, 
and certainly more so than we would like to see. 
On the whole our record is a good one, and it is 
distinctly favourable when the number of passen- 
gers is taken into account, but last vear experienced 
one of the unaccountable runs of ill-luck which have 
established among our proverbs the fact that mis- 
fortunes never come singly. Actually the number of 
accidents inquired into by the inspecting officers 
of the Board of Trade was no more than usual, 
but the casualties were heavier, mainly due, how- 
ever, to the two accidents at Darlington and 
Charfield. No less than 41 of the 48 passenger 
fatalities of the year occurred in these two collisions. 

The record for the year for train accidents is a 
total of 48 passengers killed and 716 injured, 
and 15 employees killed and 108 injured, while 80 
other persons were killed or injured. The whole 
casualty list for the railways is 460 killed and 
24,324 injured, but as we have previously pointed 
out, these figures have relatively little import 
as criteria of railway operation. By far the greater 
number are not concerned with train operation, 
and are of a type which might occur in any industry. 
For instance, no less than 15,384 casualties occurred 
to employees which come under the head of “ non- 
movement accidents,” that is, they were not due to 
the movement of railway vehicles. No less than 
14,858 of these are reported as due to misadventure 
or accident. This class includes injury in the 
handling of goods, falls, injury from attending to 
vehicles at rest, &c.; 377 others were due to want 
of ordinary caution, and 119 to defective apparatus 
or want of safeguards. 

The recently-issued report* for 1928, drawn up by 
Lt.-Col. A. H. L. Mount, Chief Inspecting Officer, 
refers briefly to the main causes to which the 
accidents recorded have been due. The two prin- 
cipal accidents, namely, those at Darlington and 
Charfield, were due to failure on the part of 
drivers’ to obey signals. The three next in import- 
ance were all due to neglect or non-observance of 
rules by signalmen. A sixth was attributable to 
joint disregard of rules on the part of both signalmen 
and enginemen. Drivers were at fault in the case 
of two collisions at London Bridge, in one case this 
being explained by lack of familiarity with a new 
installation, but the other was a case of mistake 
or forgetfulness. Error of judgment regarding 
the application of brakes resulted in two buffer- 
stop collisions. Three cases of derailment involved 
tank engines. Of the principal accidents, two only 
were traceable to failure of engine or rolling-stock, 
and two only to failure of permanent way. 

The year’s record includes three unusual cases. 
One of these was the collapse of the Cofton Tunnel 
while undergoing repairs, not properly a train 
accident ; another was the collision in daylight 
of a train with a motor lorry at an accommodation 
siding; and the third was a case of electrocution 
in connection with cooking apparatus in a dining-car. 
The first and third are of a type not likely to recur, 
while examination of the accidents at level crossings 
shows that these are not seriously on the increase, 
in spite of the fact that traffic has developed 
immensely. There were 26 such accidents in 1928, 
in which casualties were involved, 19 of these 
being at public level crossings with gates and 7 
at crossings without gates. Thirty cases occurred 
at occupation or private level crossings, and 23 at 
footpath crossings. Of the first class of 26, in 





* Cmd. 3379; H.M. Stationery Office. Price 6d. net. 
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16 cases the casualties were“due to lack of caution 
on the part of pedestrians, in 7 to road-vehicle 
drivers, while the other 3 were traceable to 
failure in duty of railway staff. The report states 
that the class of case illustrated by the action of 
the driver of the heavy motor lorry, referred to 
above, suggests that further safeguards to the 
railways may prove advisable in connection with 
occupation level crossings. 

There has been in recent years a steady decline 
in the number of derailments, while with regard to 
failures of equipment, failures of engines (boilers, 
machinery, springs, &c.) also continue to decrease, 
only 18 being recorded for 1928. Failures of tyres 
also show a decrease, while, although the indication 
is not so definite as regards axles, this category 
is smaller than has been usual. A very appreciable 
reduction has come about in recent years in coupling 
failures, which, however, still bulk the largest, 
with 7,760 cases in 1928 ; but as this figure compares 
with over 11,000 in 1923 it may be taken that 
progress is being made in this respect. By far 
the greater number of such failures affect goods 
wagons, and among these the pulling out or 
breaking of draw-bars or hooks accounts for two- 
thirds of the whole. 

That the safety of the railways is still at a high level 
is shown by the fact that the persons killed in train 
accidents amounted to no more than 1 in 34-7 millions 
of passengers, and | in 27-8 millions of employees. 
Among the casualties suffered by the latter class, 
working on the permanent way was responsible 
for more than usual in 1928, but the report shows 
that the increase arose mainly through failure of 
permanent-way men to act upon warning received 
or to comply with regulations. Want of care in 
crossing the line also contributes a considerable 
quota, but shows only a small increase on the 
previous year. On the whole, the situation has 
improved. Coupling accidents are slightly reduced, 
but there are still reports of fatal and other accidents 
in this class, due to misunderstood shunters’ 
signals, &c., this applying to the operation of 
automatic as well as_ link-and-screw couplings. 
One fatality occurred to a coach repairer caught 
between gangways, the man having neglected to 
exhibit the requisite red flag. 

In the case of movement accidents to employees, 
it is said that only 3-84 per cent. arose from 
preventible causes. Recommendations had been 
made and subsequent action had, where possible, 
been taken, with good results. The report shows 
that while the industry, like others, involves 
certain risks, it tends to become safer for the 
employee, in spite of the assertion occasionally 
made to the effect that the companies are making 
such demands upon their servants that unnecessary 
dangers are introduced. 








THE PROGRESS OF CANADIAN 
AVIATION. 


CanapaA has long held an unique position in civil 
aviation. While the leading civil air Powers were 
engaged in fostering air transport by various forms 
of subsidy and official inducement, the Dominion 
was developing the aeroplane along radically differ- 
ent lines. It was the aeroplane’s power of three- 
dimensional movement across surface obstacles, 
and not its speed, that Canada was exploiting, 
and its operators had gained a knowledge of the 
principles and practice of air photography and sur- 
veying, forest and fishing patrol, and similar 
specialised duties, which was unequalled by those of 
any other country. While so much solid work was 
being achieved, however, there was a tendency to 
underestimate the real importance of Canada’s aerial 
achievements. It could point to no stupendous 
figures of flying hours and aircraft mileage 
and the long-distance flights undertaken by its 
pilots, because confined to the Dominion, had no 
international publicity. 

The developments of the past year, however, 
have brought Canada at a leap into the first flight 
of the world’s air powers. From the Report on 
Civil Aviation and Civil Government Air Operations 
for the Year 1928 (Dominion of Canada Department 
of National Defence ; price 25 cents), which has just 
reached this country, can be gleaned several striking 
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statistics illustrating the progress which has been 
made. Aircraft employed in all branches of civil flying 
increased in number from 67 in 1927 to 264 in 1928, 
and flew a total approximate mileage of 2,728,000, 
against 829,000 in the previous year. The freight 
and mail carried increased from 1,113,032 Ib. to 
2,721,313 lb., while passengers increased from 18,932 
to 74,669. 

The chief development which has helped to swell 


the aggregated mileage has been the newly inaugu- 


rated air mail services. In this field, the American 
policy has been followed. The Post Office Depart- 
ment has, for some years, granted permission to 
private companies to carry mails and to sell special 
air mail stamps. It was not, however, till this year, 
when the Department has offered contracts which 
assure the operating companies a steady income, 
that development on a large scale has taken place. 

The air mail services already in existence are of 
two kinds. First, there is the service of remote 
townships seasonably isolated by weather conditions 
and inadequate surface communications. Such 
communities as the Magdalen Islands, Anticosti, 
the settlements along the north shore of the Gulf 
of St. Lawrence, mining camps in northern Quebec, 
Ontario and Manitoba, the Yukon and Mackenzie 
valleys, now enjoy a contact with the main centres 
of the Dominion more intimate than they have 
ever known. 

Such services are not normally operated at fre- 
quent, or even very regular, intervals, partly because 
the amount of traffic would not justify the organisa- 
tion and maintenance of regular airways, but 
chiefly because flying conditions are variable and 
difficult. Infrequent trips are, therefore, made only 
when weather conditions are favourable, but, even 
so, the speed and ease with which flights can be 
made rules ground transport out of competition. 
For instance, the Canadian Transcontinental Air- 
ways, Ltd., holds a contract for a twice-weekly 
trip from Moncton to Magdalen Islands and a twice- 
monthly trip to Anticosti Island, a further weekly 
service from Magdalen to Anticosti Islands being 
projected, but the terms of the contract are not 
rigidly insisted on in so far as the specific days 
on which the flights are made are concerned. 
Again, a round trip is usually made on Wednesdays 
by Western Canada Airways, Limited to serve 
the scattered mining communities around Sioux 
Lookout, Woman Lake, and Red Lake in northern 
Ontario. Before this service was started, the mails 
had to be carried by canoe and dog-team, and the 
degree to which the new form of communication is 
welcomed may be gathered from the fact that, during 
the year, 316,631 Ib. of mail were carried on this 
service. 

Of greater commercial importance are the regular 
air mail and passenger services between areas of 
dense population, and the mileage flown, already 
very considerable, is certain to be largely augmented 
next year, when the services, which were only operated 
experimentally last year, come into regular use. 

A bi-weekly service between Montreal and Toronto 
was inaugurated by Canadian Airways, Limited, in 
May of last year to connect with ingoing and out- 
going trans-Atlantic steamers, the mails being first 
collected from the steamer at Rimouski, and then 
brought by air to Montreal. On October 1, the 
service was made a daily one, and simultaneously 
an important link-up was made with the American 
airway network. Canadian aeroplanes maintain a 
daily service from Montreal to Albany, and American 
machines at the same time operate a service from 
New York to Albany, and thence to Montreal. 
Ottawa and Montreal were linked, on May 5, by a 
weekly service, which, however, operates only 
the summer. 

The Rimouski-Montreal-Ottawa and Montreal- 
Toronto services have amply justified themselves by 
the saving in time they have made _ possible. 
Incoming mails are delivered as much as 48 hours 
earlier, while outgoing mails have been delivered 
in England four days earlier than would have been 
the case had ordinary surface transport been utilised 
for the whole journey. This service, however, can 
only ,be operated during the season when the St. 
Lawrence is navigable, and, in order that the air mail 
contact with the trans-Atlantic steamers may be con- 
tinued throughout the year, air surveys have been 


made on the alternative route from Montreal to 
Halifax, via St. John. The technical problems to be 
solved, however, are formidable. For at least three 
months, Montreal is under snow, while the ground on 
the coast during the same period is often bare. An 
undercarriage combining skis and wheels would 
thus be needed. This is only one of the technical 
points to be dealt with. 

The most ambitious experiment in civil flying 
made during the year was the experimental service 
inaugurated in connection with Winnipeg, Calgary, 
and Edmonton. A shuttle-service plied between 
Winnipeg and Regina to carry the combined mails 
of the Banff-Calgary—Regina and the Edmonton-— 
Saskatoon—Regina feeders. Strong head winds, 
snowstorms and fog, which is an unusual condition 
on the prairies, made operation extremely difficult. 
Nevertheless, the operating company pronounces its 
experiment successful, though it is held to prove 
conclusively that night flying is imperative to make 
the service satisfactory commercially. The Depart- 
ment of National Defence is now formulating plans 
for equipping these routes with beacons and other 
facilities for night-time operation. 

A preliminary survey has also been made by air 
of the country between Ottawa and Winnipeg, with 
the ultimate object of inaugurating a through service 
from the Atlantic to the Pacific, corresponding with 
the American transcontinental airway. Weather and 
topographical conditions will, however, delay such 
a consummation for some time. While the interior 
is usually free from the fog that besets both coastal 
stages, blizzards and snowstorms are common in 
winter. The numerous lakes in eastern Canada 
will be equally good natural aerodromes in winter 
for ski-fitted land machines, or in summer for sea- 
planes, but the transitional period between freezing 
up and thawing out would seem to make flying 
impossible for any kind of aircraft. On the whole, 
the solution seems to demand a chain of aerodromes 
from coast to coast, and this is a necessity less 
difficult than costly, especially in the extensive 
unsettled, timbered and mountainous tracts. 

These experimental flights have demonstrated the 
need for a complete system of wireless advice and 
control as the basis of a Dominion-wide air network. 
A small experimental wireless station was therefore 
established at St. Hubert Aerodrome, near Montreal, 
towards the end of 1928. This station picks up 
weather information broadcast from all Canadian 
and American stations, and transmits its own fore- 
casts for the information of pilots before they take 
off on the Montreal-Toronto and Ottawa—Montreal 
routes. Experimental work is now being under- 
taken for the provision of radio beacons, direction- 
finders, and means for transmitting weather data 
to machines in flight. 

It will be realised that technical research in 
aviation is of, perhaps, greater importance in 
Canada than in other parts of the world, where 
flying conditions are so favourable that economic 
and political obstacles are more formidable than 
the weather. An Aeronautical Engineering Division 
exists, the function of which is to provide a kind 
of inquiry bureau for the operating divisions. Its 
technicians recently visited Europe to study develop- 
ments, particularly those relating to metal con- 
struction, capable of application to Canadian 
problems. Investigations have been made into 
under-carriages combining skis with wheels or floats, 
while the Air Research Committee is bringing to 
completion its studies of the stability of flying boats. 

Canada’s own small aircraft industry is, to a 
greater degree than in any other country, occupied 
with the peculiar problems of domestic flying. 
As a result, it has produced types of aircraft with a 
distinctive performance and appearance. For 
ordinary commercial transport purposes, Canada 
is learning to rely on the United States aircraft 
industry, a tendency to which we drew attention 
in our review of the report for 1927, which has 
become more marked in the intervening period. 
It is true that American conditions correspond so 
nearly to those of the Canadian prairies that 
American designers start with an advantage over 
their British rivals, but operation near the seaboard 
for passenger transportation at least, demands 
machines with a high factor of safety, which British 
manufacturers are very competent to produce. 
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While this progress in air transport has been pro- 
ceeding, the photographic, patrol and survey work, 
recorded in the previous report, has been continued. 
All departments of Government have benefited from 
the work and, in all, 88,000 photographs were ob- 
tained during the year ; 17,500 of these were taken 
obliquely and the remainder vertically. An area 
of 31,400 sq. miles has thus been added to the 
land surveyed by vertical air photographs and 
the Topographical Survey’s collection of air photo- 
graphs has been increased to 254,000. 

Broadly, the lesson of this report is the same 
as that adduced last year. Canada is developing a 
system of aviation which is, perhaps, more significant 
than the spectacular strides being taken by those 
countries where the creation of a reserve of military 
air power is the true, if obscured, objective. The 
British aircraft industry, has a great opportunity 
before it in supplying at least the less specialised type 
of aircraft which Dominion transport conditions 
demand. With one or two notable exceptions, 
the opportunity seems not to be regarded as worth 
taking. American manufacturers, on the other hand. 
are catering for the limited demand to its full extent, 
As yet, the rudimentary Canadian air transport 
system is independent of that created by the 
United States. As development proceeds, however, 
links will become stronger and more numerous, and 
the swiftest form of communication known to 
man will inevitably be added to the influences 
making for the integration of the two great social 
centres of Northern America. 








NOTES. 


Tue Port or Lonpon. 

Ir may not be generally known that one-third of 
the sea-borne commerce of the United Kingdom is 
carried on in the Port of London, which comprises the 
tidal portion of the river Thames below Teddington 
Lock. The value of the total imports and exports, 
excluding coastwise goods, of the United Kingdom 
amounted to 2,039,460,746/. during 1928, and that of 
London’s imports and exports, 692,730,143/. In the 
year under review imports into London declined by 
11-1 per cent. from the previous year’s figures, but, on 
the other hand, exports showed a considerable in- 
crease. According to the 20th annual report of the 
Port of London Authority for the year ending March 
31 last, the total net register tonnage of vessels which 
arrived and departed with cargoes and in ballast 
during the calender year 1928, was 55,423,681, 
compared with 52,576,755 tons in 1927 and 
40,080,282 tons in 1913. As must always be the 
case in a thriving and progressive port, repairs, 
alterations and improvements to the various dock 
and harbour works are carried on unceasingly. 
During 1928, for instance, two communication 
passages 80 ft. wide and a cutting 350 ft. wide have 
been completed and brought into use in the West 
India and Millwall Docks area. In addition, the 
building of a new entrance lock 590 ft. long, 80 ft. 
wide, and 35 ft. deep below T.H.W., approximately 
on the site of the existing South West India Dock 
entrance, and other large works, are being proceeded 
with and are making good progress. Work has been 
commenced upon a new shed and quay equipment 
at the South West India Dock, the estimated cost of 
which improvements is 270,000/. Elevators and 
conveying plant have been installed during the year 
at the East India Dock for dealing with banana traffic 
from Jamaica. Progress has been made with the 
improvements, now nearly completed, at Tilbury 
Docks. The new works involved comprise an entrance 
lock 1,000 ft. long, 110 ft. wide, and 453 ft. below 
T.H.W., situated 1,200 ft. above Tilburyness, and a 
dry dock at the eastern end of the Tilbury Main Dock. 
The latter is 750 ft. long, 110 ft. wide, and 374ft. below 
T.H.W. on sill and blocks. By the end of March last 
the lock walls had been built, the lock gates erected, 
and water admitted to the lock and dock extension ; 
dredging to the required depth then proceeded. 
The construction of the new dry dock had at that 
time been completed, the dam across the entrance 
removed, the caisson placed in position, and the 
installation of the equipment of the dock was being 
proceeded with. The new Western Approach 
Road to the South Quay of the Docks was opened 
to traffic during the year. With regard to dredging 
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operations, 1,940,030 cub. yards of material were 
removed from the channels of the river and 1,063,107 
cub. yards from the docks. The dredging of the 
Surrey Canal throughout its length is progressing. 
The wreck service of the Port of London Authority 
has experienced a busy year, no less than 43 vessels 
having been raised from the river. These comprised 
three steamers totalling 5,497 tons, 38 sailing vessels 
and barges aggregating 2,315 tons, and two smaller 
motor craft. In addition, one dumb hopper-barge of 
202 tons and 9 sailing vessels and barges totalling 
434 tons were raised in the docks. A further grain 
elevator will shortly be added to the Authority’s 
floating equipment. 
THE New Limpopo BRIDGE. 

The opening of the bridge over the Limpopo 
River, which forms the boundary between the 
Union of South Africa and Southern Rhodesia, is 
an important step towards direct rail connection 
between Bulawayo, on the one hand, and Johannes- 
burg and Delagoa Bay on the other, while it will 
immediately benefit the increasing motor traffic 
between these places. At present, the South African 
Railway Administration has extended its system to 
the bridge, and is engaged on the construction of the 
line to a new township, to be called Beitbridge, a 
mile beyond it. When the Rhodesia Railways are 
able to extend their line from its present terminus 
at West Nicholson, some 90 miles north, to Beit- 
bridge, the last link in the connection will be 
completed. The bridge, though 1,560 ft. in length, 
and carrying both a roadway and a railway in its 
width of 32 ft., has not presented any major prob- 
lems of construction, as the river is of the common 
South African type, that is, not navigable, with 
a bed almost dry from May to October. It was 
possible, therefore, to adopt a plain girder form in 
14 spans of 111 ft. each. The steelwork is carried on 
concrete piers, the height of the rails at the lowest 
point of the river bed being 72 ft. At the same time, 
the design has had to provide for the severe condi- 
tions arising in the wet season, when the river may 
suddenly rise to some 4 ft. below the top of the 
piers, and an enormous volume of flood water, 
with its accompanying debris, passes under the 
bridge. The total cost of the new bridge has been 
just over 125,000/. This sum has been provided 
by the Beit Railway Trustees, who administer the 
property left by the late Mr. Alfred Beit for rail- 
way development in Rhodesia and the territories 
adjoining. The centre pier of the bridge bears a 
bronze medallion commemorating Mr. Beit. The 
bridge was designed by Mr. Ralph Freeman, of Sir 
Douglas Fox and Partners, Broadway, 8.W.1, in 
collaboration with Sir John Burnet and Partners, 
1, Montague-place, W.C.1, as architects. The con- 
tractors were Messrs. Dorman, Long and Company, 
Limited, 3, Central Buildings, S.W.1. 


THE BRITISH ASSOCIATION IN 
SOUTH AFRICA. 


(Continued from page 272.) 


SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCES. 

THE meetings of Section A commenced in Cape 
‘Town on Tuesday, July 23, and were continued 
there until Friday, July 26. The members sub- 
sequently travelled to Johannesburg, where the 
meetings were resumed on Wednesday, July 31, and 








concluded on Friday, August 2. The Rt. Hon. | 


Lord Rayleigh, F.R.S., was President of the Section, 
and Dr. H. Spencer Jones, Professor A. Ogg and 
Mr. H. E. Wood were Vice-Presidents. The other 
officers were :—Professor A. M. Tyndall (Recorder) ; 
Mr. W. M. H. Greaves and Professor E. H. Neville 
(Secretaries); and Dr. J. S. van der Lingen and 
Professor H. H. Paine (Local Secretaries). We 
give below brief summaries of papers most likely to 
be of interest to our readers. 


SPECTROSCOPIC PHENOMENA AT Low TEMPERATURES, 


The first paper on the programme was one bearing 
the above title, by Professor J. C. McLennan, F.R.S. 
According to current ideas, an atom or molecule 
consists of positively-charged nuclei surrounded by 
planetary electrons. A monovalent atom has one 
electron circulating outside the inner shells. This 
state of affairs is quite intelligible when the matter 





is in the gaseous state, but it is of interest to 
enquire what happens to the outer electrons when 
the gas becomes liquid or solid. An account was 
given of experiments designed to test this. Xenon 
possesses a resonance line in its spectrum at wave- 
length 1,469 A.U., which is conveniently placed for 
use with the vacuum-fluorite spectrograph. Xenon 
is cooled so as to be liquefied, and the absorption of 
this line is observed as the xenon changes its state. 


If the configuration of the outer electrons is altered | 


by the liquefaction, a change in the absorption of the 
resonance line should occur abruptly. This, how- 
ever, was not observed. 

At very low temperatures (of the order of a few 
degrees absolute) lead becomes superconducting 
abruptly. An attempt was made to see if the emis- 
sion of electrons by the lead when illumined 
with ultra-violet light (photo-electric effect) was 
altered when the lead became superconducting. No 
effect was observed. High-speed electrons ((-rays) 
emitted from a radioactive substance were shot 
through a thin film of metal at different tempera- 
tures, and no difference was observed, whether the 
metal was conducting or superconducting. The 
changes in the wavelengths of radiations scattered 
by liquid hydrogen (Raman effect) show that some 
of the molecules are neither rotating nor vibrating ; 
others not vibrating but rotating with one quantum 
of energy ; others with two quanta. 

In the discussion, Mr. R. H. Fowler suggested that 
no effect would be expected theoretically in the case 
of the B-rays shot through thin metallic films, since 
here high-speed electrons ((-particles) were being 
compared in behaviour with slow-speed (conduc- 
tivity) electrons. 


STANDARD WAVELENGTHS. 


The next paper was by Professor A. Fowler, F.R.S., 
and was entitled ‘Standard Wavelengths in the 
Extreme Ultra-Violet.” 

Measurements of spectra in the extreme ultra 
violet can now be made with very great accuracy, 
but reliable standards are lacking. The paper gave 
an account of experiments undertaken to remedy this 
defect. First, experiments were made with a 
vacuum-grating spectrograph to compare wave- 
lengths by using the method of coincidence of orders. 
Next wavelengths were calculated, using the known 
terms in the spectrum of Sil (the are spectrum of 
silicon). The wavelengths obtained by these two 
methods were then compared. Asa result, standard 
lines of silicon and aluminium are now available in 
this region with an accuracy comparable with that 
usual in the visible region. 


YTTRIUM IN GRANITE. 


Dr. J. S. van der Lingen then read a paper on 
the ‘Spectroscopic Investigation of the Distri- 
bution of Yttrium in Certain Cape Granites.” 
Certain Cape granites were supposed to contain 
zircon, but spectroscopic investigation showed that 
it was yttrium phosphate. Spectroscopic analysis 
of minerals, as at present practised, is based on 
the detection of so-called “‘ ultimate lines,” 7.e., the 
spectrum lines which survive as the material is 
progressively decreased in quantity. The object 
of the paper was to emphasise that these cannot 
always be relied on, since their relative strength, 
and even sometimes their presence, depends upon 
what other substances are present. 


Tue Ortcrin oF ACTINIUM. 


The next paper was by Sir Ernest Rutherford, 
O.M., President of the Royal Society, on “‘ The Origin 
of Actinium.” The amount of actinium present 
in a mineral is proportional to the amount of 
uranium present. It is concluded that actinium 
is produced from uranium in a branch line of 
descent relative to radium, which also descends 
from uranium. Experiments by Aston on broginte 
show that the lead present in it contains an 
isotope 207 in unusual strength, and this is con- 
sidered to be actinium lead. From this it can be 
concluded that actinium is descended from an 
isotope of uranium. 

From the relative strengths of the uranium- 
lead line and the actinium-lead line in the mass- 
spectrogram, the half-value period of the actinium 
isotope of uranium can be calculated as approxi- 
mately 4 x 108 years. From the small percentage 





of actinium lead present in minerals to-day, can be 
calculated how much of the isotope existed at 
the time of formation of the mineral. Assuming, 
at the birth of the earth from the sun, that the 
two uranium isotopes existed in equal quantities, 
we can calculate that this event took place 
3 < 10° years ago in the extreme case. Jeans and 
Eddington make the age of the sun to be about 
4 x 10!2 years. It is clear, therefore, that actinium 
must have been forming in the sun late in its 
history, and that probably its formation, and 
that of uranium, are still going on in the sun. 


TIoNISATION ELECTROMETERS. 


An addition to the programme for the meeting 
on July 23 was a paper by Mr. B. T. G. Schonland 
on “Ionisation Electrometers.” In such experi- 
ments as are involved in work on cosmic rays, 
a quick-acting electrometer is desirable. Accord- 
ingly, a new form of instrument was devised, at 
the suggestion of Mr. C. T. R. Wilson, consisting 
of a light mirror, made by sputtering silver on to 
split mica, hinged to a small electrode by very 
fine gold-leaf hinges. This electrode can be the 
central electrode of an ionisation chamber, if 
required. Three types of instrument were described, 
viz., a mirror electroscope, an interference electro- 
scope, and an electrometer. The mirror electro- 
scope had a capacity of the order of 0-3 cm., and 
was sensitive to 40 mm. scale reading per volt. 
The response was less than ;’5 second. In this 
instrument, the mirror reflects a beam of light on 
to a scale. The interference electroscope was 
similarly arranged, but was modified so as to allow 
of observation of movement of the mirror by 
interference fringes. The mirror is half-silvered, 
and is hinged in front of a glass sheet forming 
part of the suspending electrode. In a representative 
instrument, the capacity was 0-8 cm., and the 
sensitivity 500 divisions per volt. In the electro- 
meter, a mirror, arranged as before, is suspended 
between two vertical plates. This has a larger 
capacity than the foregoing, but has a sensitivity of 
1,200 divisions per volt. It is suitable for use in 
the same cases as a quadrant electrometer might 
be employed. 

PROBLEMS OF CosmicaL Puysics. 

Lord Rayleigh’s presidential address to the 
Section, entitled ‘“‘Some Problems of Cosmical 
Physics, Solved and Unsolved,” was read at the 
meeting on July 24. 

In order to account for the presence in the sun’s 
spectrum of lines unknown in terrestrial sources, 
the words helium, nebulium, geocoronium, and 
coronium were coined. The first of these was later 
found terrestrially. 

The nebular spectrum has been identified with 
lines due to doubly-ionised oxygen, by reason of 
the doublet separation between them according 
with a separation in the doubly-ionised oxygen 
spectrum. The actual positions of the lines have 
now been satisfactorily checked. These lines, if 
they have the attributed origin, however, involve the 
breaking of some of the rules of the quantum 
theory. 

The auroral spectrum contains a very bright 
green line. This has now been initiated terrestrially 
in the spectrum of oxygen, especially in the presence 
of argon or helium. It is attributed to the arc 
spectrum of oxygen. A red line in the auroral 
spectrum has not been satisfactorily disposed of. 
The corona lines also have not been satisfactorily 
accounted for, and their is no room in the periodic 
table for “‘coronium.” It is possible that they are 
band lines. The theoretical aspect of the mode of 
excitation of the auroral spectra is not very satis- 
factory. Direct evidence may be forthcoming 
from experiments on the reflection of short-wave 
wireless waves. 

Other unsolved problems are the dark patches in 
‘the nebule, the generation of atmospheric ozone 
the real nature of the spectral states known as 
‘ metastable,” and the ncn-existence on the earth, 
of elements of higher atomic number than 92. 

ELEcTRON Emission AND QuaANTUM MECHANICS. 

The presidential address was followed by a paper 
by Mr. R. H. Fowler, F.R.S., on “ Thermionic and 
Other Emissions of Electrons in the Light of 
Quantum Mechanics.” 
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The intensity, I, of emission of electrons from 
hot metal at temperature r is given by the formula 
I = AT? e—4/r, where A and b are constants. This 
formula is satisfactorily given by the new quantum 
mechanics. It was also satisfactorily given by the 
old mode of calculation, but the great effect of 
impurity was not satisfactorily accounted for, e.g., 
the effect of a deposit of thorium on tungsten. 

Surface impurity superposes an electrical double 
layer on the surface. On the old theory, no difference 
would result. Using the new quantum-mechanics, a 
difference is at once introduced ; the thickness of 
the surface layer is of the order of the dimensions 
of an atom, and some electrons will get through 
which before would not have been able to do so, 
thus increasing the electron emission. The problem 
becomes the same as that of total internal reflection 
of light against a thin film. Similarly, the depend- 
ence of emission on field in the case of cold metals 
and strong fields can be satisfactorily accounted for. 


X-Ray ANALYSIS OF SULPHATES. 


One of the papers on the programme of the 
meeting on July 25 was by Professor A. Ogg, and 
was entitled “The X-Ray Analysis of Crystalline 
Sulphates.” By X-ray analysis it is shown that the 
unit cell of the sulphates of potassium, rubidium, 
cesium and ammonium contain four molecules, 
and are of symmetry 2. The dimensions of the 
unit cell are obtained in absolute measure, and 
agree with the values calculated from considerations 
of wave-mechanics. The absolute values obtained 
are also in exact agreement with the relative values 
obtained by Tutton crystallographically. 

Tue NEw AcovstIcs. 

At the final meeting in Cape Town, on July 26, 
Professor W. H. Eccles, F.R.S., read a paper on 
“The New Acoustics,” which reviewed the progress 
in acoustical methods in the past ten years. These 
are partly experimental and partly theoretical. 
New methods of investigation have been stimulated 
by the War and by broadcasting. The range of 
frequencies now extends from 10° downwards. 
Powers of as low as 10—1° watt can be amplified 
10" times without distortion. By means of filter 
circuits, ranges of frequencies can be dealt with. 
Great advances have been made in architectural 
acoustics. On the theoretical side, great strides 
have been made by using electrical analogies, ¢.g., 
a horn, say of the exponential type, can be treated 
as a number of step-up transformer circuits in 
series. 

THE Mosiuity or Gaszovs Ions. 

At this meeting a paper on “Some Problems 
Relating to the Mobility of Gaseous Ions ” was read 
by Professor’ A. M. Tyndall. The mobility of 
gaseous ions have been investigated in the past 
under conditions not sufficiently well defined as 
regards the presence of vapours. The effects of the 
presence of different organic vapours of the same 
class have been determined, and an advance can 
be expected in our knowledge of the different 
behaviour of positive and negative ions. The 
mobilities of ions in pure gases were considered, and 
suggestions were made as to future progress. 


(To be continued.) 








THE Patnurt LockING WASHER.—We have recently 
received from Messrs. The Palnut Company, Limited, 
Morley House, 26-30, Holborn Viaduct, London, E.C.1, 
a pamphlet giving particulars of their safety nut-locking 
washers for which many advantages are claimed over 
lock nuts, jam nuts, cotter pins, and other methods of 
preventing nuts from slacking back under severe vibration 
and shock. The washer is made of pressed sheet steel 
in the form of a shallow hexagonal pan, in the raised 
bottom of which is a circular hole with six radial slots 
extending from it; the diameter of the hole is about 
equal to that of the bolt at the bottom of the threads. 
The inner ends of the metal tongues between the slots 
are ‘vee ’’ shaped in section, and are turned up succes- 
sively to varying extents to suit the pitch of the thread, 
so that the washer, when screwed on to the bolt, remains 
square with the axis of the latter. In use, an ordinary 
nut is first screwed on to the’ bolt and tightened up, and the 
Palnut washer is then screwed on by hand until the 
bottom face comes into contact with the top of the nut. 
It is then locked by giving the washer from a quarter to a 
third of a turn with a spanner, which causes the metal 
tongues to grip the bolt firmly at the bottom of the 
thread, The makers state that the thread is not injured 
in any way, and the nut and washer can easily be removed 
at will. The pamphlet gives dimensions and prices 
for washers for use with British Standard Whitworth, 
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NOTES ON NEW BOOKS. 

Ir has always been a favoured gibe by members of 
other branches of the profession that “ hydraulic 
engineers guess at their premises and work them out to 
seven decimal places,” and this insinuation of char- 
latanry has died hard in view of the apparent discrep- 
ancy between fact and theory. There is now, however, 
a steady flow of new thought and fresh experimental 
data which bids fair to remove this stigma, although, 
of recent years, a lamentably small proportion of this 
thought has originated in the homeland of Rayleigh, 
Reynolds, Lamb, and the other founders of the craft. 
We have before us two small volumes by Dr. Felix 
Bundschu (Druckrohrleitungen—2nd Edition—6 marks, 
and Angewandte Hydraulik—6-90 marks, both pub- 
lished by Julius Springer, Berlin), which are steps 
in the right direction. The first deals with the design 
of pipe-lines from the viewpoint of the man who may 
also have to be responsible for other parts of the works 
of which they form a part, giving, in particular, a very 
welcome simplified résumé of Allievi’s classic works on 





pressure surges, followed by an itemised investigation 
of the various losses of head, and concluding the 
technical section by discussing the general manner 
of designing the pipe line ab initio, including the 
terrific formule so popular on the Continent for 
deciding, at one fell swoop, the economic diameter. 
The remainder of the book deals with details, laying, 
testing, metering, &c., in a very clear and simple 
manner, which will make the whole treatment valuable 
both to the student and to the engineer of other experi- 
ence who only rarely finds himself called upon to deal 
with a pipe-line problem. The second book, also 
slightly over-compressed, is a carefully reasoned 
attack upon the derivation of existing formule for 
the calculation of discharges over weirs of all types, 
through orifices, &c., using similar methods and 
arriving at almost identical conclusions with those 
already printed in our columns (see vol. cxxvi, pages 
172 et seg., 1928), but we note that Dr. Bundschu, 
with his noted boldness of intellect, has carried the 
analysis still farther, and proved the reliability of the 
results by direct experiment upon the less complicated 
applications. A most valuable and original contribu- 
tion is his treatment of the discharge through a large 
orifice into a still larger penstock, or canal, in which 
he derives expressions for the free-surface drop imme- 
diately downstream of the orifice, which must be of 
primary importance in determining the discharge. 
Treatments of travelling surges in canals and pipe- 
lines conclude a valuable little practical treatise, 
which has the outstanding merit of such logical develop- 
ment that its various formule will be applied by its 
readers with full confidence that such applications are 
reliable, and easily checked from first principles. The 
work, we feel, will serve as another nail in the coffin 
of empiricism. 





Considerable attention is being devoted at the present 
time to the question of road accidents, and various 
legislative measures have been suggested with a view 
to reducing the admittedly excessive fatality list. In 
general, the proposals put forward are intended to 
codify such matters as hand signalling, warning notices, 
and the rules of the road appertaining to side turnings 
and crossings. There can be little doubt that a general 
observance of uniform rules in such matters would 
decidedly reduce the number of accidents, but it is of 
even more importance that those taking up motoring 
for the first time should learn to drive with their heads 
rather than with their feet. It may be said, without 
fear of contradiction, that if all drivers handled their 
cars intelligently, there would be exceedingly few 
accidents ; but, unfortunately, it is impracticable to 
introduce legislation for the compulsory acquirement 
of road sense. Something may be done, however, by 
encouraging drivers to take a real interest in their 
occupation, and for this purpose, a study of such a book 
as How to Drive a Car (Temple Press, Limited, 5-15, 
Rosebery-avenue, E.C.1, price 2s. 6d. net), is certainly 
to be recommended. Skilled driving consists partly 
in operating the controls of a car in such a way as to 
reduce wear on any part of the mechanism to a mini- 
mum, and partly in the use of observation and imagi- 
nation in such a way that the driver will rarely find 
himself in an unexpected situation. Both these 
aspects of the question are discussed in the book to 
which we have referred, which is now in its eleventh 
edition. In the former category, for example, full 
information is given on such points as gear changing 
and the correct use of the brake, while, in the latter, 
the dangers of ‘‘ cutting in,” and the correct procedure 
to adopt in a wide variety of traffic conditions are dealt 
with at length. The work is well up to date, free- 
wheel mechanisms, for example, being included. In a 
companion volume, the Motor Cycling Manual, pub- 
lished by the same firm at the same price, similar infor- 
mation is given from the point of view of the motor- 
cycle rider. In this case, however, the book includes 





British Standard fine, and British Association threads. 





a large amount of information on the design and con- 





struction of various types of machine. It is’customary 
to ascribe all the sins of commission and omission to 
the motor cyclist on the road, but it is doubtful whether, 
in fact, he is in so much need of instruction as the car 
driver. He is, however, particularly liable to certain 
faults in virtue of his superior manceuvrability, and 
it is therefore as well that he should be led to study the 
niceties of driving as well as to acquire a thorough 
knowledge of the mechanism of his machine. 





In Widerstandsmessungen an Umstrimten Zylindern 
(10 marks. Julius Springer: Berlin), Dr.-Ing. F. 
Eisner deals both by experiment and analysis with the 
resistance offered by cylinders and bridge-piers, &c., 
to fluid flow, giving in each case not only his own 
results but also those of others. The experimental 
results he has plotted on the only logical basis, .e., 
the Reynolds number, and the remarkable closeness 
with which these figures (and it must be appreciated 
that the fluids varied from glycerine to air) lie upon 
a single smooth curve should go far to convince even 
the most sceptical practical man that only thus can 
hydraulics ever become a reliable tool. The values of 


re range from 10-! to 10°, which should cover the 


needs of most technical problems. The analytical 
work traces the development of trains of thought 
rather than results, bearing upon the phenomena in 
both ideal and actual fluids, and collates and compares 
the various theories from Helmholtz’s Discontinuity 
ideas of 1868, through the various analyses of Stokes 
and Lamb, down to the theories of Surface Slip and 
Boundary Turbulence developed and _ still being 
extended by Zeilon, Oseen and Prandtl. It will be 
seen, therefore, that, either in the text or in the 128 
footnotes, everything that has been done on this 
subject is compressed into this small volume, a labour 
of enthusiasm for which our thanks are due to Dr. 
Eisner. He has further increased the value of his 
report by analysing his experimental work and pro- 
pounding further methods of attack, recognising that, 
if these efforts to build up a logical Theory of Hydro- 
dynamics which will fit the facts are to achieve success, 
they must be expressed mathematically in such sim- 
plicity that they are not merely accessible but con- 
vincing to the practising engineer. The book is 
certainly one which no serious student of hydraulics 
should miss. 





Of the many books published annually within the 
purview of electrical engineering, a fair proportion are 
devoted to technology. Of these, either some new 
method of treatment or a fresh adaptation to a 
particular class of reader is generally looked for as a 
justification of the author’s effort. In the United 
States particularly, authors seem to strive after 
originality in some way or another, and some good 

ks have recently emanated from that country, 
together with many indifferent ones. A recent appear- 
ance, Engineering Electricity, by Ralph G. Hudson 
(London : Chapman and Hall, Limited, price 12s. 6d. 
net), is scarcely distinguished enough to belong to 
either of the above-mentioned categories. According 
to the preface, the book was written primarily for 
technical students not specialising in electrical engi- 
neering, and contains an outline of the lectures given 
to junior and senior students at the Massachusetts 
Institute of Technology. These lectures have now 
been discontinued, and, in their place, nine pages of 
the text are assigned each week for home study. The 
book rather gives the impression of being modelled 
on the lines of a correspondence school. Here and 
there, a certain obscurity exists, occasioned perhaps 
by the need for brevity; only direct current, alter- 
nating current and magnetic circuits, and direct- 
current machines are dealt with in detail. Induction 
motors, synchronous converters and the like are 
treated rather meagrely. A large number of terms, 
such as gilberts, maxwells, oersteds and gausses may 
prove confusing to many British readers; also, terms 
such as the “ starting-box ” of a direct-current motor 
may well appear strange. Certain illustrations are 
apt to be misleading, such as Figs. 10 and 24, wherein 
an attempt is made to illustrate the right and left-hand 
rules. Also, in the last 40 pages of the book, occupied 
by small half-tone blocks and engravings of machines 
and apparatus, the student will not find much satis- 
faction. The book finishes well with 100 numerical 
problems with answers. Many of these are excellent, 
but it is evident that the instruction afforded by the 
book will not enable the reader to deal with the more 
advanced problems of electrical engineering. 





In Estimating, a book by T. H. Hargrave (Sir Isaac 
Pitman and Sons, Limited, Parker-street, Kingsway, 
W.C.2, price 7s. 6d. net), is given a general treatise on 
the subject of engineering estimating. The treatment is 
fairly general, commencing with a definition of estimat- 








ing and the qualifications necessary in the estimator, 
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Chapters are devoted to the estimating of material and 
foundry costs, while notes are given on building costs. 
The connection between planning and estimating is 
discussed, as also are wages systems, overhead, and 
delivery charges. A number of specimen detail 
estimates are shown, covering various classes of manu- 
facture; and there is also a chapter on specifications. 
Altogether, the book gives quite a useful résumé of 
what is entailed and what should be known in the 
building up of an estimate. A good deal of tabular 
matter is included, the wisdom of giving some of 
which, without specifying conditions, may be open to 
question. For example, in the basic speeds and feeds 
given for turning, milling, planing, &c., and screw- 
cutting, the practice of 30 years ago is represented, 
rather than that of to-day, while the milling speeds 
given on pages 43 and 48, as representative, do not 
appear to agree; really, it would seem that the 
inclusion of milling on page 43 may be an error, as 
so many factors are possible. Particularly do the 
speeds and depths of cut recommended as the basis for 
estimating for the cutting of screw threads appear to 
be questionable ; the effect of pitch of thread on depth 
of cut, an important factor, is not considered. Such 
weaknesses as these, however, do not condemn the 
book, the object of which, presumably, is to deal with 
estimating, rather than estimates; a distinction with 
a very real difference. Its author is on the right lines 
in stressing the need for tabulated data, without the 
use of which estimating cannot be done consistently. 
To the man who is efficient in a practical sense, but 
whose knowledge of estimating methods is slight, the 
book is well worth perusal. 


LAUNCHES A TRIAL TRIPS. 


‘* VILLANGER.”’—Twin-screw cargo motorship ;_ single- 
acting, four-stroke-cycle Diesel engines, supplied by 
Messrs. J. G. Kincaid and Company, Limited, Greenock. 
Trial trip, August 23. Main dimensions, length, 415 ft., 
and breadth, 54 ft. 6 in. Built by Messrs. Sir W. G. 
Armstrong, Whitworth and Company (Shipbuilders), 
Limited, Newcastle-upon-Tyne. 

“Prince Rupert Crry.’’—Grain-carrying steamer ; 
triple-expansion engines. ‘Trial trip, August 29. Main 
dimensions, 400 ft. by 54 ft. 3 in. by 28 ft. Built by 
Messrs. William Gray and Company, Limited, West 
Hartlepool, for Messrs. Sir William Reardon Smith 
and Sons, Limited, Cardiff. 

‘““Hamuia.’’—Screw  ore-carrying steamer; __ triple- 
expansion engines. Trial trip, August 31. Main dimen- 
sions, 384 ft. by 52 ft. 3 in. by 28 ft. 3 in. Built by Messrs. 
John Readhead and Sons, Limited, West Docks, South 
Shields, for Messrs, F. C. Strick and Company, Limited, 
London. 

“* VIKINGEN.”’—Twin-screw floating whale-oil factory ; 
triple-expansion engines. Trial trip, August 31. Main 
dimensions, 490 ft. by 71 ft. by 34 ft. Built by Messrs. 
Swan, Hunter, and Wigham Richardson, Limited, 
Walisend-on-Tyne, for Messrs. The Viking Whaling 
Company, Limited, London. 

** Baron Potwartu.’’—Screw cargo steamer ;_ triple- 
expansion engines supplied by Messrs. David Rowan 
and Company, Limited, Glasgow. Launch, September 2. 
Main dimensions, 350 ft. by 50 ft. by 25 ft. 9 in. Built 
by Messrs. Napier and Miller, Limited, Old Kilpatrick, 
for Messrs. H. Hogarth and Sons, Glasgow. 

‘“ Sarn't CLarr.”’—Screw cargo steamer ; triple-expan- 
sion engine, working in conjunction with a Bauer-Wach 
low-pressure turbine. Trial trip, recently. Deadweight 
carrying capacity, 6,250 tons. Built by Messrs. Swan, 
Hunter and Wigham Richardson, Limited, Sunderland, 
to the order of La Société Frangaise d’Armement, 
Marseilles, France. 

** Wiiiiam Casu.’’——Single-screw, self-trimming steam 
collier; triple-expansion engine, supplied by the North 
Eastern Marine Engineering Company, Limited, Sunder- 
land. Launch, September 3. Main dimensions, 234 ft. 
by 36 ft. by 16 ft. Built to the order of Messrs. 
Stephenson Clarke and Associated Companies, Limited, 
London, by Messrs. R. and W. Hawthorn, Leslie and 
' Company, Limited, Hebburn-on-Tyne. 

** PUKKASTAN.”’—-Single-screw grain-carrying steamer ; 
triple-expansion engine, supplied by Messrs. John 
Dickinson and Sons, Limited, Sunderland. Launch, 
September 4. Main dimensions, 440 ft. by 57 ft. 6 in. 
by 38 ft. Built by Messrs. Short Brothers, Limited, 
Pallion, Sunderland, to the order of Messrs. Common 
Brothers, for The Hindustan Sveam Shipping Company, 
Limited, Newcastle-on-Tyne, 

Bripce Across Hatirax Harsour, Nova Scorira.— 
Plans and specifications have been submitted to the 
Department of Public Works, Ottawa, for the proposed 
bridge across Halifax Harbour, Nova Scotia, Canada. 
The structure will form a link between Halifax and 
Dartmouth, and the Halifax-Dartmouth Bridge Company 
has been incorporated with a view to carrying out the 
enterprise. It is proposed to build the viaduct across 
the Narrows, where the shores of the harbour proper 
converge to the channel which leads into Bedford 
basin. A clearance of 150 ft. above high water and a 
central span of 960 ft. are provided for. The building 
of the bridge would reduce the distance, by road, between 
the two towns by about 20 miles. 
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ALKALI WORKS IN 1928. 


TuE report* of the Chief Inspectors, Dr. T. Lewis 
Bailey for England and Mr. J. W. Young for Scotland, 
records a further decrease in the number of works 
registered under the Alkaii Act, in England, from 1,311 
in 1927 to 1,096, and from 147 to 142 in Scotland, and 
this in spite of the fact that the Alkali Works Order, 
which came into operation in April, 1928, added 17 
factories to the works to which the Act applies. Up till 
a few years ago, the detailed statistics published in the 
annual report would have shown which classes of works 
have decreased in number. Unfortunately, the Alkali 
reports have shrunk in volume of late, though by no 
means in value, and we can see little more than that 
some sulphuric acid and ammonia works have closed 
down. On the other hand, the numbers of separate 
processes worked, and of the inspections which they 
required, have increased, and this is due partly to the 
Order of 1928 and partly to artificial-silk and other 
works which, although not registerable, create nuisances 
claiming the attention of the inspectors. 

Operations have, on the whole, been conducted in a 
satisfactory manner, and infractions of the regulations 
have been of a minor character. Nevertheless, there 
have been slightly more than the average number of 
complaints. Among the new works, or rather processes, 
which have come under the Alkali Act inspection, the 
142 benzene processes predominate; the numbers of 
the other processes are: nitric acid 9, arsenic 2, bi- 
sulphite 2, tar 2, paraffin oil 6, pyridine 41, bromine 14, 
and hydrofluoric acid 6. In some cases, the enforced 
suppression of nuisances has been distinctly advan- 
tageous financially, though the materials thus recovered 
only represent small percentages. 

Alkali works proper and hydrochloric-acid works 
have not given rise to serious complaints; neither 
have the smelting and calcination of tin concentrates. 
The SO, gas produced can be absorbed by water or 
milk of lime, or by wetted limestone. The last process 
is the most economical, but the sulphur is not recovered 
by any of them. _Zinc-blende calcination still causes 
difficulties, though the treatment of the sulphurous 
gases by the contact process is more satisfactory than 
the older lead-chamber process, and the smelting of 
lead is also apt to give trouble in small works in which 
the installation of sulphuric-acid plant would not be 
remunerative. The 92 sulphuric-acid works (class I, 
lead-chamber process) have not been worked to their 
full capacity, and the water and steam sprays in the 
chambers are being replaced by acid sprays only 
slowly. Contact plants (class II), we understand, are 
by no means the rarity that they were, comparatively, 
a few years ago, but the figures given in the report 
only concern the number of processes, which was 71 
against 74 in 1927. In gas-liquor and ammonium- 
sulphate and muriate works, the oxide heaps for the 
purification of foul gas still require attention, particu- 
larly when there is only one heap, instead of two, with 
a water-sealed change valve. In one works, a serious 
leakage of foul gas was caused by the removal of a 
wooden plug from the main near the purifiers; these 
plugs should be made difficult to displace, in order to 
prevent accidental or careless removal. The number 
of ammonia plants fell from 501 to 470, and that of gas 
liquor plants from 78 to 75, in 1928. Reckoned as 
ammonium sulphate with 25-75 per cent. of NHg, 
the production of ammonia from liquor, however, 
increased from 399, 567 tons to 549,516 tons, 404,450 
tons coming from coke ovens, iron works, producer-gas 
and synthetic processes. Of this, 44,983 tons were 
manufactured as concentrated ammoniacal liquor ; 
these figures concern only England. Owing to the cost 
of transport, the preparation of a higher-strength 
liquor in the gas plant still seems to be more remuner- 
ative than the otherwise preferable liquor concentration 
in central establishments. The problems of effluents 
have now also been taken up by the Institution of Gas 
Engineers, and advice is given by the inspectors as to 
temporary measures. The flow of spent liquor should 
be kept as nearly constant as possible throughout the 
year where the sewage is treated bacterially, and liquor 
and tar should always be separated at once. A fatal 
accident in a Scottish manure works, in which bone ash 
is treated with dilute sulphuric acid, is attributed to 
the presence of some nitrogen peroxide in the acid. 

The number of tar works remains practically station- 
ary. Foul tar gases should only be consumed in 
furnaces which are kept always burning while the 
tar plant is operated, in order to obviate any accumula- 
tion of the gases ;. the manhole covers of tar stills 
should be large enough to enable men to escape quickly 
in an emergency. Two men were killed by a fire in a 
pitch cooler which spread rapidly. The origins of 
such fires are sometimes obscure, but it is clear that 
it is dangerous to throw water into hot tar, and still 
more to introduce water beneath the surface, where it 

* Sixty-fifth Annual Report on Alkali, etc., Works. By 
the Chief Inspector. Proceedings During the Year 1928. 
London: H.M. Stationery Office. Price ls. net. 





may lead to almost explosive vapour evolution. Hot 
tar, at 150 deg. C., may be distilled by air-blowing 
without further external heating. 

With the increasing size of the rotary cement kilns: 
complaints about cement dust have become more 
serious. The manufacturers require to grind the 
materials very finely, and to spray the slurry into the 
kiln, but the dust chambers have then to be con- 
siderably increased in size, and the dust and vapours 
are too hot to make condensation by cooling practicable. 
Electrostatic precipitation of the cement dust is making 
little headway in this country, though it can easily 
remove 95 per cent. of the dust, and has, indeed, 
recovered 99 per cent. of metallic-oxide dust, and 
removed 96 per cent. of the impurities of blast-furnace 
gas. Other very troublesome constituents of factory 
chimney discharges are hydrogen sulphide and organic 
sulphur compounds. The occurrence of hydrogen 
sulphide in carbon-bisulphide works, which are now 
very busy in connection with the artificial-silk industry, 
is ascribed to the hydrocarbons present in the charcoal 
used in the manufacture of the bisulphide. In 
the manufacture of artificial silk itself, hydrogen sul- 
phide has become a nuisance, though it causes little 
difficulty in the laboratory. About 80 per cent. of the 
artificial silk production of this country, it is stated, 
is made by the viscose process. Cotton and wood 
pulp are treated with caustic soda and the alkaline 
cellulose is compressed and disintegrated into so-called 
crumbs, which are dissolved in carbon bisulphide. 
The highly viscous orange-coloured liquid obtained 
(viscose) is aged and then squirted into the slightly 
acid spinning bath. Some hydrogen sulphide and 
unidentified organic-sulphur compounds are evolved, 
and as the machinery cannot all be enclosed, the air 
in the room has to be renewed at least 13 times per 
hour, so that enormous volumes of air have to be 
dealt with. Passing this air through caustic potash or 
oxidising the H,S by means of SO, has not proved 
satisfactory ; neither have attempts to suppress the 
evolution of sulphur compounds by other means at 
certain stages of the manufacture. Moreover, the 
effluents, acidic and alkaline, cannot be mixed without 
further evolution of sulphur compounds of very 
unpleasant odour, and sulphides in solution are also 
objectionable. 

Similar difficulties arise in connection with benzene 
scrubbing by oil in the coal-gas and coke-oven indus- 
tries, now applied in 142 separate processes, and also 
in the recovery of pyridine from tar. Commercial 
pyridine is one of the vilest smelling substances known, 
though the smell may really be due to an impurity, 
and not to pyridine itself ; fortunately, escaping 
pyridine vapours can be absorbed by acids. In the 
cases of bromine and hydrofluoric acid, it is not so 
much a question of smell, though bromine deserves 
its name, as of attack of the respiratory organs. 
Hydrogen sulphide, however, is also a very dangerous 
poison. We should mention, in conclusion, that 
Mr. E. Linder, B.Sc., for 36 years assistant to the 
Chief Inspector in London, who contributes a further 
appendix to his interesting researches on ammoniacal 
and spent liquors to this report, has now retired, and 
has been succeeded by Mr. J. S. Carter. 








Mortor-Car RrsearcH LaBoraTory.—One of the 
interesting items of the equipment of the new laboratories 
of the Graham-Paige Motors Corporation, at Detroit, is a 
large stroboscopic apparatus of French manufacture, 
known as the Stroborama, by which the whole, or any 
part, of a complete motor-car chassis, when in cyclic 
motion, can be made to appear stationary, so that the 
motion can be examined. The moving body is illuminated 
by flashes from a cluster of neon tubes of 1,000 c.p., the 
frequency of the flashes being adjusted to synchronise 
with the motion. Arrangements are also provided for 
testing engines, and other components, at temperatures 
down to 20 deg. below zero F., the room in which such tests 
are carried out being cooled by a refrigerating plant. 
There is also a room in which tests can be made at high 
temperatures up to 140 deg. F. 





British TRADE wiTtH INpD1A.—Mr. T. M. Ainscough, 
C.B.E., H.M. Senior Trade Commissioner for India, 
who is now on leave in the United Kingdom, will be 
on duty in London and available for interviews with 
British firms from September 23 next. Mr. Ainscough 
will also be making a tour of some of the chief industrial 
centres in the United Kingdom in order to consult 
with and advise British firms in connection with their 
trade with India. The Department of Overseas Trade, 
35, Old Queen-street, London, S.W.1, to whom we 
are indebted for the above information, also desires 
us to call attention to the fact that Major R. W. Clarke 
and Mr. W. D. M. Clarke, H.M. Trade Commissioners 
in Bombay and Calcutta, respectively, are particularly 
anxious to meet visiting manufacturers or their repre- 
sentatives from the United Kingdom. With their 
organisation, they are in an excellent position to render 
considerable assistance in all matters connected with 
Anglo-Indian trade. Interested British firms should 
communicate with the Department at the above address, 





quoting Reference No. C. 3106. 
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LABOUR NOTES. 
AvpRESSING the sixty-first annual Trades Union Con- 
gress at Belfast on Monday, Mr. Ben Tillett, M.P., the 
President, said that the tendency towards rationalisa- 
tion and amalgamation was inevitable and could not be 
resisted. It was, therefore, the duty of trade unionists 
to see that the results of the tendency were beneficial 
to the workers. The tendency could be adapted to 
hasten the progressive development in the standard of 
living of the people which it was the aim and object of 
Trade Unionism to achieve. Amalgamation was but 
one process in the plan of rationalisation. Rationalisa- 
tion meant the most complete application of science 
and scientific organisation to industry in plant, processes 
and production. They lived in a scientific age, when 
the fruits of research were being applied more and more 
to the improvement of human life, and the future of 
industry depended upon the progress of research. 
He attached the utmost importance to the immediate 
consideration of the unemployment problem. The 
implementing of the Melchett-T.U.C. report and 
suggestions, adopted jointly last March, would help 
them to tackle the fundamentals of the difficulty. The 
Melchett-T.U.C. report suggested a thorough applica- 
tion of economic research work on State and national 
lines. A State economic council should be formed, 
representing the Government and the two responsible 
bodies of organised labour and capital. 





‘“*T have endeavoured,” Mr. Tillett proceeded, ‘ to 
outline briefly some of the main tendencies which are 
affecting British industry to-day, and which, I am 
certain, will have a progressive influence upon it in 
the future. What we have to ask ourselves is whether 
we are going to assist the development of these ten- 
dencies, and hasten their application, or whether we 
are going to stand idly by. For it is certain that these 
tendencies will operate, whatever Britain or the Labour 
movement in Britain will do or say. They are inter- 
national tendencies ; they are inevitable. For myself 
the answer to the question is simple. It is our duty 
to our movement to develop the application of those 
tendencies and to ensure their development to the best 
advantage of the worker. Labour has a new view- 
point ; it has new responsibilities. These responsibili- 
ties must not become burdens, but a lever to ease the 
burdens of the workers, for whatever may be the state 
of society, there must be close relationship between 
those responsible for the direction of industry and those 
who operate industry. We must not only prepare for 
the inevitable scientific reconstruction of industry ;, we 
must forthwith begin to influence and direct it.” 


A resolution, moved by Mr. T. Trotter, on behalf of 
the Miners’ Federation of Great Britain, and adopted 
by the delegates, invited the Congress to record its 
protest against the many objectionable proposals 
contained in the Unemployment Insurance Act, based 
upon the Blanesburgh Report, and to urge the Govern- 
ment to amend it and extend its scope to include out 
workers and home workers employed by one employer. 
It was proposed that employers who were not dealing 
directly with trade unions for their supplies of labour 
should be compelled to notify vacancies to the employ- 
ment exchanges. ‘‘The Congress also views with 
alarm,” the resolution proceeded, ‘“‘ the number of men 
und women who are permanently unemployed and 
to whom no assistance is at present being rendered 
under the Unemployment Insurance Acts, and presses 
for an amendment of the existing law that shall guaran- 
tee maintenance where work cannot be obtained. It 
further instructs the General Council to approach the 
Government for the purpose of urging that the restric- 
tive conditions imposed relating to the paying of 
State unemployment benefit be so modified or abolished 
in respect of trade unions as to allow the payment of 
State unemployment by any trade desiring to do so.” 





On Tuesday there was an interesting discussion on 
the subject of trade union organisation. It was 
initiated by Mr. A. J. Cook, on behalf of the Miners’ 
Federation, who moved that the General Council should 
be instructed to appoint a committee to deal with the 
question of reorganisation in the principal industries 
on the basis of one union for each industry. Most of 
the difficulties in the workshops and factories did not 
arise, he said, from anti-unionism. The Miners’ 
Federation found that the majority of workers had 
the common sense to know that it was their interest to 
be organised, although thousands for selfish reasons 
would not contribute to the unions. But the question 
which occupied the mind of every intelligent trade 
unionist was what form of organisation was most 
beneficial for the protection of workers in the various 
industries. Experience showed that while trade union 
delegates met and gave expression to theories of 
brotherhood, different unions competed for members 
as if they were enemies. The resolution was not put 
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forward with the intention of interfering with the 
rights of any organisation, but to emphasise that if 
true brotherhood and comradeship were to be achieved, 
it must be done by means of unity against the capi- 
talists, whom they had to fight. While the employers 
were forming themselves into combinations and solidi- 
fying their organisation, the Trades Union Congress in 
1929 had to record the formation of six new unions and 
a reduction of membership by 200,000. They wanted 
fewer unions and more unity. It was of no use to 
declare on political platforms that the trade union 
movement was united when these expressions were 
proved in action to be mere platitudes. The miners 
were facing within the next few months a big struggle, 
which they hoped they would get over without a 
conflict. No other organisation could represent the 
mine workers better than the Miners’ Federation. 





Mr. E. Bevin, speaking for the Transport Workers, 
opposed the resolution. How was it possible, he asked, 
to define an industry? The largest undertakings 
to-day did not represent single, undivided industries. 
Imperial Chemicals, for example, embraced 78 different 
industries in a great combine. ‘The trade union 
movement,” Mr. Bevin continued, “‘ has grown, like 
Topsy, in its own way, and, although it may appear 
illogical to the logical mind, the fact that it is illogical 
does not make it unworkable. If you should have the 
General Council allocating members of one trade union 
to other trade unions you may allocate them all right, 
but they will not go. The English working man will 
organise in the way he wants to organise. Anybody 
at the top who tries to allocate trade union members 
against the will of the affiliated organisations, or against 
the desire of the membership itself, will find that he is 
up against a tremendous difficulty. All that we can 
do to get the comradeship that is wanted is to build up 
a real brotherhood, which involves not only accepting 
comradeship and brotherhood, but also accepting the 
discipline and control which are involved. It is better 
to let the unification develop in its own natural way, 
rather than try to force it.” 





Mr. J. T. Brownlie, President of the Amalgamated 
Engineering Union, said that the scientific organisation 
of trade unions which Mr. Cook proposed would mean 
taking away members from their craft unions. His 
union was prepared to amalgamate with other unions 
on an equitable basis, and where they could not amalga- 
mate they were prepared to enter into an agreement. 
He hoped the Congress would hesitate before they 
agreed to the resolution. The resolution was rejected, 
on a card vote, by 1,923,000 to 1,668,000. 





The decision of the British Government to grant to 
all employees who have completed a full year’s service 
six days’ leave a year, with pay, in addition to five paid 
public holidays, has been warmly welcomed in the 
dockyard towns, where its results will, as a matter of 
course, be most appreciable. The idea of an annual 
holiday, with pay, for all workers was originally put 
forward by the Whitley Councils nearly ten years ago. 





At their recent conference in London, it will be 
recalled, the Executives of the forty or so engineering 
trade unions decided to ask the Engineering and Allied 
Employers’ National Federation for a conference on the 
wages question at the end of September. In their 
reply the employers say :—‘‘ In reply to the proposal 
of your Joint Committee, we are desired to remind you 
of the position which the employers felt themselves 
bound to adopt at the conference in June. That was 
that, having regard to the circumstances with which 
the industry is faced, it would not be in the interest of 
the industry that the definite reply which your Joint 
Committee request should be given without an oppor- 
tunity being afforded jointly of valuing as far as possible 
the additional obligations on the industry which are 
indicated as probable in the near future. The date 
you propose does not afford this opportunity, and the 
employers are unable, therefore, to accept it. The 
employers fully appreciate the necessity for a definite 
reply to the wages application, but they are convinced 
that justice cannot be done to the industry and those 
concerned in it if the reply is given on the basis of 
conjecture.” 





Some time ago, the Miners’ Federation of Great 
Britain wrote to the Mining Association declaring that 
“it was of the utmost importance that the two national 
organisations should have a thorough discussion upon 
the whole mining position at the earliest possible 
opportunity,” and intimating that there was a keen 
desire among the miners to renew contact with the 
colliery owners on a national footing. The Minin 
Association, it is understood, has replied to the effect 
that it has no authority to enter into discussions of the 





character proposed, as during the 1926 dispute the 
district associations withdrew the power formerly 
possessed by it of negotiating on wages and conditions 
of employment with the Miners’ Federation. 





The latest issue of the Monthly Journal of the 
American International Association of Machinists, 
contains the texts of a number of interesting new 
agreements. Under one, arrived at with a St. Louis 
firm of machine and elevator manufacturers, all the 
workers covered by it are to be ‘ members of their 
respective organisations.” The working week is fixed at 
44 hours, namely, 8 a.m. to noon, 12.30 to 4.30 p.m., and 
8 a.m. to noon on Saturday, and work done outside 
these schedules is to be paid for at the rate of time and 
a half for the first four hours and double time thereafter. 
Sunday work, and work done on certain specified public 
holidays, of which there are six each year, is to be paid 
for at the rate of double time. All outside work is to 
be paid at the rate of one dollar 25 cents an hour, and 
travelling time is to be paid “ when sleeper is not 
furnished.”” Wage rates are laid down for two years, 
those for the later period being higher than those for the 
earlier. From July 1, 1930, to June 30, 1931, machin- 
ists are to be paid at the rate of a dollar an hour, 
specialists at the rate of 90 cents an hour, machinists’ 
helpers at the rate of 80 cents an hour, blacksmiths 
at the rate of a dollar an hour, and helpers at the rate of 
80 cents an hour. ‘ At the option of the employer,” 
it is agreed, ‘“‘one apprentice may be employed to 
every ten machinists.” 





At the Shoreditch Conference of the National 
Minority Movement, the resolution on the subject of 
rationalisation was moved by Mr. W. Allan, the 
Secretary of the Scottish Mine Workers’ Union. 
Industrial peace might, he said, be the desire of the 
capitalists and the trade union leaders, but the stark 
facts of the present situation prevented such an Elysian 
state, and the workers were, in practice, blowing the 
whole conception sky high. He drew attention to the 
“‘ arsenal of facts and figures ’’ contained in the memo- 
randum on rationalisation, and compared the effects 
of its introduction in capitalist countries with its effects 
in Soviet Russia. The immediate need was, he 
declared, to put the resolutions of the Movement on the 
subject into practice. 


Mr. Percy Glading, a member of the Amalgamated 
Engineering Union, who seconded the resolution, drew 
attention to the peculiarities of rationalisation, the 
singular features of which, he declared, Mr. Bevin and 
others affected not to see. He described its effects in 
Germany and elsewhere, and asserted that it was 
impossible for it to benefit the workers. The workers’ 
only protection against ‘‘ the starvation and misery of 
rationalisation ” lay in the attainment of the objectives 
of the Minority Movement. Mr. Lewis Jones, a 
member of the South Wales Miners’ Federation, 
described rationalisation as an attempt to make two 
men do four men’s work for one man’s pay. To expect 
the official Trade Union movement to react to rationali- 
sation in any other way than in which it was reacting 
was to cry for the moon. 





Mr. A. Horner, who moved the resolution on the 
tasks of the Movement, said that the chief one was to 
gain the leadership of the workers, organised and 
unorganised. Whether that was done in the old or 
new unions was a matter of tactics, and must depend 
upon time, place and circumstances. To build up 
Movement groups in the factories, on every job, was 
the paramount business of every militant. 





On August 26, 1929, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,155,800. Of these, 800,600 were 
wholly unemployed, 279,700 were temporarily stopped, 
and 75,500 were persons normally in casual employ- 
ment ; 874,900 were men, 38,600 boys, 208,300 women, 
and 34,000 girls. Of 1,162,284 on the registers on 
August 19, 1929, 800,353 were wholly unemployed, 
288,502 were temporarily stopped, and 73,429 were 
persons normally in casual employment; 884,056 
were men, 38,667 boys, 206,048 women, and 33,513 
girls. On August 27, 1928, the number of unemployed 
persons was 1,320,027, of whom 1,027,610 were men, 
42,688 boys, 213,159 women, and 36,570 girls. 








PERSONAL.—Messrs. Galloways, Limited, Knott Mill 
Iron Works, Manchester, have informed us that although 
they have closed down their boiler works at Ardwick, 
extensions have been made to their engine works at 
Knott Mill. Plant has been transferred there, which 


8 | enables them, as formerly, to deal with all boiler repairs 


and with gas, electric and acetylene welding, in addition 
to all the engine work previously undertaken. 
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COAL-MINE VENTILATION. 

In the year ending June 30, 1928, 29 ignitions of 
explosive gas resulted in the death of 341 men in the 
coal mines of the United States. Fourteen of these ex- 
plosions were of electric origin, ten were ascribed to open 
lights, three to explosives, and two to unknown causes. 
In quoting these figures, Messrs. J. J. Forbes and M. J. 
Ankeny* remark that lack of adequate and efficient 
ventilation is the primary cause of gas ignition in 
coal mines. The exact phrasing of this statement 
may be criticised, but the report on the primary impor- 
tance of good ventilation is very interesting. 

In America, the safety rules are a State, and not a 
Federal matter. In most States, the mine foreman 
or manager in charge of the ventilation must hold a 
licence or certificate of his competency. Mines, how- 
ever, are, unfortunately, classed as gassy or non- 
gassy, or as open-light and closed-light mines, by some 
State laws, and so-called non-gassy mines, which do 
not give off more than small quantities of methane, are, 
in a sense, more dangerous than gassy mines, in which 
precautions are taken against the accumulation and 
ignition of gas which are not observed in other 
mines. The Bureau of Mines would have all mines, 
whether gassy or not, supplied with magnetically-locked 
flame safety lamps, properly controlled in sufficient 
number for all inspection purposes. The fans, main- 
taining a pressure difference between intake and return 
ways, should be offset from the air shaft or drift, so as 
not to be damaged by an explosion, and be fitted with 
a visual or audible warning device to give notice of 
failure. When the fan stops accidentally or isshut down, 
all electric power underground should automatically be 
cut off, except that needed for operating devices re- 
quired for escape. The use of surface boosters or auxi- 
liary blowers for ventilation purposes is deprecated. 
In smooth-lined air courses, the air velocity should not 
exceed 1,000 ft. per minute; in splits it should not fall 
below 200 ft. The main intake and return should be in 
separate shafts, and of fireproof construction. Detailed 
instructions are given as to the construction of stoppings 
and doors ; overcasts should be leak-proof and substan- 
tial, and not flimsy in the mistaken idea that they 
might help to check an explosion by being blown out. 
More than 14 per cent. of methane in an unsealed place 
is to be considered hazardous, while more than 24 per 
cent. is to be regarded as dangerous. 

Tests conducted in 16 mines of Illinois showed that 
only 18-6 per cent. of the entering air reached the 
last cross-cuts nearest the face, owing to leakage at 
doors, stoppings and overcasts and through crevices 
in pillars and roofs. ‘The circulation of air through a 
mine, it is pointed out, is always costly, and properly- 
constructed stoppings soon pay for themselves in the 
saving of power. Deflectors of wood or canvas may be 
required to divert the air into rooms, and these deflec- 
tors should be protected against all fire risks. This also 
applies to canvas checks or doors erected in the entry 
where gas accumulation might occur; but the use of 
portable fans for this purpose is again conssidered 
dangerous and inadvisable, except where indispensable, 
as in tunnelling work. None of the methods in use for 
ventilating worked-out sections is considered to be 
reasonably effective and free from danger. All entries, 
rooms, and sections that cannot well be ventilated or 
regularly inspected should be sealed by fireproof stop- 
pings. Any accumulated gas should be removed as soon 
as possible, and no person should be admitted before 
this has been done, except the men engaged in the 
work; all power circuits should be cut off in the 
affected portion. 

Improper installation and use of electric equipment 
in other than pure intake air are held to be respon- 
sible for the 14 explosions and 282 of the lives lost, 
mentioned above. Pure intake air is defined as air 
that has not passed through or by any active workings, 
or through or by any inactive workings unless 
effectively sealed; and as air free from poisonous gas 
and containing at least 20 per cent. of oxygen (dry 
basis) and not over 0-05 per cent. of inflammable gas. 
In particular, trolley wires and trolley locomotives, 
uninsulated feed lines and tke nipping of machines by 
sliding contacts should only be permitted in pure intake 
air, and junction boxes be provided at proper intervals. 
Otherwise haulage should be carried out by means of 
storage batteries or by animals. 

Inspections, the authors state, should be made 
while the men are at work, at intervals of two hours 
or less. There has been, it is feared, too much laxity 
in the supervision of the night shifts and in the change- 
over periods. The flame safety lamp was a useful 
companion to the foreman, fireman and shot firer, for 
detecting the presence of gas or the deficiency of oxy- 
gen. Its use, however, required great caution. When 
an explosion in California, resulting in the deaths of 


* Some Phases of Coal-Mine Ventilation. By J. J. 
Forbes and M, J. Ankeny. U.S. Bureau of Mines, Infor. 
mation Circular No. 6126. 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Norz.—In the diagrams, the figures plotted for tin and eopper are the official closing cash quotations of 


the London Metal Exchange for “fine foreign 


” and “‘ standard’? metal respectively. The prices shown for 


lead are for English metal, whilst those for spelter are-for virgin metal. Middlesbrough priees are plotted 
for steel plates and rails, and.also for hematite and Cleveland pig-iron. The prices given in the case of steel 
plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 








prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
other oases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 











121 men, in 1917 was investigated, the key-locked 
lamp, the only one used in that mine, was found 
taken apart near the body of the safety inspector, 
and 22 matches were discovered in his pocket; evi- 
dently the lamp had gone out, and he had opened and 
tried to relight it with a match. Methane is apt to 
accumulate in any coal mine, and the proportion 
should occasionally, if not daily, be determined by 
analysis.. Before starting on his inspection, the 
foreman, fireman, &c., should take a water-gauge 
reading at the fan. Too low a gauge would indicate 
a short circuit somewhere, due to an open door or 
the destruction of a stopping, or an overcast, by a fall. 
Too high a reading would suggest the obstruction of 
an airway by a large fall, but these indications are not 
always reliable. 








PROGRESS OF THE MuRRAY RIVER BRIDGE, AUSTRALIA. 
—tThe construction of the new bridge over the Murray 
River, mention of which has been made in 
ENGINEERING, is reported to be well in hand, and it is 
hoped that it will be completed in less than a year. The 
cost of the bridge, which is to provide a new route between 
Albury, N.S.W., and Bethanga, is estimated to be about 
154,000. The first span is now in position, in addition 
to the nine concrete piers, the highest of which rises 
more than 150 ft. 


BritisH TRADE wiTtH CanapAa.—The Department 
of Overseas Trade informs us that Mr. A. E. Pollard, 
H.M. Trade Commissioner at Vancouver, is now in this 
country on an official visit. Mr. Pollard will be in atten- 
dance at the offices of the Department in London during 
the period September 16 to 27, when he will be prepared 
to interview representatives of firms interested in the 
export of British goods to Canada. He will subsequently 
visit a number of commercial centres in the provinces. 
Applications for interviews in London should be made 
to the Comptroller-General, Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, quoting 
Reference 13812/1/29. 





British STANDARD SPECIFICATION FOR HAarD-DRAWN 
Wrre.—A standard specification, No. 165—1929, has 
been published by the British Engineering Standards 
Association, to cover hard-drawn steel wire for concrete 
reinforcement. The tensile strength must be between 
37 and 42 tons per sq. in., with a minimum elongation of 
7} percent. on the standard test piece. Provision is made 
for testing wire of other than round section, and, in 
addition, a cold bend test is specified. Heat-treated wire 
is not covered by this specification, but will be dealt 
with in the new issue of the B.S. Specification No. 15 for 
structural steel for bridges and general building con- 
struction, which is e ted to be completed shortly. 
Copies of! Specification No. 165—1929 may be obtained 
from the B.E.S.A. Publications Department, 28, Victoria- 





street, London, S.W.1, price 2s. 2d., post free. 
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ROAD TRANSPORT IN SOUTH 
AFRICA.* 
By J. D. Wurre. 


Sours Africa is essentially a country of long distances 
between producing and export centres, and the develop- 
ment of mineral areas, agricultural and wool districts, 
has hitherto only been made possible by the provision 
of railways. The area of country served by the South 
African Government Railways and road services is 
795,000 square miles. The mileage of railways and 
road services operated by the Administration at 
March 31, 1929, was as follows :— 





Railway. Road Services. 
Open ... 12,648 ,314 
Authorised 641 1,899 
13,289 11,213 


The policy adopted of developing South Africa by 
means of railway construction has been steadily followed 
by successive Governments, and that their actions in 
this direction have been amply justified is indicated 
by the volume of produce now exported to countries 
overseas. It is not many years ago that the bulk of 
foodstuffs for consumption in South Africa was mainly 
imported from overseas, and the almost complete 
reversal of that position has only 


by the railway facilities provided by the South African | 


Government. 
Like many other countries, however, South Africa 


has realised that there is a limit to railway construc- | 
tion, especially in areas where the prospects of mineral | 
or agricultural development are limited, but where | 


considerable progress could be made in other direc- 
tions, such as. wool and fruit production, dairy and 
poultry farming, &c. For many years experiments in 
various directions have been made with a view to 


adopting measures to develop isolated areas by means | 


other than the construction of branch lines. Indeed, 
as far back as 1906 this problem was being seriously 
considered by the railway authorities, as the following 
excerpt from a Railway Annual Report of 1904 will 


been made possible | 


| the community, the Administration experimented with 
six-wheeled vehicles, at that time a new and unique 
innovation in road transport. The results were so 
| successful that it was decided to adopt a liberal policy 
|in the provision of road motor services to meet the 
|requirements of those districts not served by other 
means of transport. The services were originally 
intended for the conveyance of light traffic, such as 
cream, eggs, poultry, &c., but with their extension 
| the demand for increased facilities, so that heavier 
| traffic could be transported, became more pronounced. 
The carrying capacity of the vehicles provided in 
| the first instance was confined to the conveyance of a 
| few passengers and 25 cwt. to 40 cwt. goods traffic, and, 
}as a result of further experiments made with the six- 
| wheel 2}-ton vehicles, the Administration arranged 
|for the purchase of a number of six-wheeled lorries 
| capable of conveying a net load of 5 tons over ordinary 
| veldt roads under normal conditions. As a result of 
|this improvement, the Administration, during the 
| past two years, has been able to cope with a larger 
| volume of bulk traffic, such as export fruit, wool, 
| maize, &c. 
To illustrate the rapidity with which the services 
| have grown, the following figures are quoted :— 


| Route Mileage. 

















1924, March 31 226 
1925, a 1,551 
1926, a 4,282 
1927, a 7,349 
1928, =e 9,314 
Traffic Conveyed. 
Vehicles 
—-- Passengers.| Goods. | Cream. in 
Service. 
No. Tons. | Gallons. No. 
1924-25 190,084 7,547 _ 19 
1925-26 297,407 9,997 94,735 44 
| 1926-27 493,924 | 24,891 | 196,531 131 
1927-28 we ae 947,573 62,799 | 390,591 221 
| 10 months ending Jan- 
uary, 1929 .. .-| 1,091,595 | 91,752 | 387,300 362 








show :—‘‘ Experience goes to prove that the provision | 
of road motor services for the conveyance of passengers : 
and general goods in rural districts where there is no| Conveyance of Heavy Traffic.—The cost of operating 
direct rail connection creates and fosters traffic, which | the 5-ton, six-wheeled, internal-combustion-engined 
may finally develop to such an extent as to justify the | vehicles over indifferent. roads is naturally somewhat 
construction of a light railway.” high, but, notwithstanding this, it has been possible 
Unfortunately, at this period the development of | 0 cope with traffic in large quantities, such as export 
the internal-combustion engine was still in its infancy, | fruit, wool, &c. The Administration has been experi- 
and fuel costs were heavy, while there were very few | ™enting with lorries capable of hauling trailers, and 
roads in existence over which motor vehicles could be | tests will shortly be made with the latest type of 





operated economically. However, the possibilities of 
road motor transport were kept continually in view. 

The first road transport service operated by the 
South African Railway Administration was inaugurated 
in 1912, between Bot River (a station situated 68 miles 
from Cape Town) and Hermanus, then a small and 
obscure seaside resort. As a direct result of this 
innovation, Hermanus has advanced to the position 


of being one of the most popular watering places on | 


the Cape coast. Subsequent progress in road motor 
transport was, for various reasons, somewhat slow, 
whilst the commencement of the war practically stopped 
further development for several years. The rapid 
improvement in the type of motor vehicles manufac- 
tured in various parts of the world, however, was not 


lost sight of, and with the conclusion of the war | 


machinery was again set in motion with the object of 
ascertaining to what extent improved types of road 
vehicles could be utilised for the benefit of the farmer 
situated long distances from railway centres. 

One, if not the chief, obstacle to progress in this 
direction was the bad condition of the roads, many of 
which consisted of mere tracks made by ox wagons 
over the veldt and through the bush. The task of 
improving roads at first seemed to be insurmountable, 
and the experiments made with four-wheeled vehicles 
during all seasons of the year indicated that it would 
be well-nigh impossible to maintain a regular all-the- 
year-round service with this type of vehicle. At 
this period insistent demands were being made from | 
practically all quarters for the provision of railway 
extensions. The settlers located in isolated areas | 
were clamouring for some means of regular transport 
which would enable them to develop their holdings to | 
the utmost extent, but it was not until 1925 that the | 
Administration was able to see a way out of the roads | 
difficulty, and to provide facilities whereby the require- 
ments of the farmers could be met. 

As already stated, the four-wheeled internal-combus- | 
tion-engined vehicle, whilst admirably suited for our 
roads during the dry weather, experienced considerable | 
difficulty in negotiating such roads during the rainy 
season. This necessitated frequent dislocation in the 
working of the few services then in operation, and as 


| the roads. 


|In_ this 


|showed that, whilst with powerful steam or petrol 


| tions were eased, to operate these services with solo 


|on the motor chassis vary according to the require- 


| of body is one which combines facilities for the con- 


| six-wheeled steam road lorries with the object of 
| finally deciding upon a unit which can be utilised for 
the conveyance of the main produce of the country, 
viz., maize, from districts not served by railways. 

The determining factor in regard to the type of 
vehicle which can be utilised for the conveyance of 
heavy traffic throughout the year is the condition of 
In many of the areas from which requests 
have been received for road transport facilities, the 
roads are heavily graded and acutely curved, making 
the haulage of trailers a difficult proposition. 

To illustrate the position in this respect, mention 
may be made of one area in which the cultivation of 
citrus fruit on a large scale has been established. 
instance the Administration’s road motor 
services are solely utilised for the transport of traffic. 
The orchards are situated 20 miles from the station, 
and for eight miles the roads are constructed along 
the side of a mountain and rise no less than 2,000 ft. 
in this distance. Naturally, numerous sharp curves 
and severe gradients have to be negotiated. Our 
first experiment with trailer working in this area 


tractors the road conditions did not offer insurmountable 
obstacles, the passage of these long road trains on 
the narrow roads caused considerable disturbance 
to other traffic, and it was decided, until road condi- 


machines conveying a net load of 5 tons. 

The fruit traffic is only available during a period of 
five months of each year, and in that period, during 
last season, 5,484 tons of traffic were conveyed by 
road in both directions. It is anticipated that, with 
the latest improvements in steam and petrol traction 
vehicles, the time is not far distant when the Adminis- 
tration will be able to cope with bulk traffic in much 
larger quantities than has hitherto been the case, at a 
tariff which will be economical both to the Administra- 
tion and the producer. 

Types of Bodies.—The types of bodies constructed 


ments of the particular district. It has been found, 
however, that the most suitable and economical type 


veyance of passengers as well as goods. The front 





regularity i i ial in the interests of | z : ’ 
6 cone ae He en ee Se |portion of the body is set aside for the exclusive 


| conveyance of Europeans, and, separated by a wooden 
partition immediately in the rear of the European 


! 





* Paper read before Section G of the British Association 
at Capetown, South Africa, on July 25, 1929. Abridged. 





compartment, provision is made for coloured passengers, 
the rear portion of the vehicle being constructed similar 
to the open goods type and utilised for goods traffic. 
Another type of body, known as the ‘“‘ dual purpose,”’ 
is entirely covered, separate provision being made for 
European and coloured passengers in the front, while 
the rear portion is available for goods or cream traffic. 
In order that a full load of cream traffic can be obtained, 
a double deck is provided in the rear goods portion. 
Where cream traffic is not heavy this serves the 
purpose of keeping cream cans separate from goods, 
thus minimising the risk of contamination. Where 
traffic is consistently heavy, bodies constructed solely 
for the conveyance of goods are provided. Special 
passenger tourist bodies are utilised in districts where 
justified by the volume of traffic. 

Organisation.—Before a service is established careful 
investigations are made by responsible officers regarding 
traffic potentialities and the condition of the roads 
over which the vehicles will be required to operate. 
Statistics are compiled showing the probable traffic 
and revenue, cost of operating, &c., and these, together 
with reports, are submitted to the Railway Board, 
which decides whether or not a service should be 
introduced. If and when a service is authorised, the 
route mileage is carefully ascertained and stopping 
places are established at frequent intervals. As a rule 
the distance between stopping places is five miles, 
but where traffic justifies the provision of such facilities 
at less intervals this is arranged. Although the 
stopping places are fixed and rates and fares are based 
upon the mileage thereof, the lorries stop at any point 
between such stopping places to pick up and set down 
passengers or goods traffic. The type of vehicle for 
the service is carefully selected and garage facilities 
for such provided either at the station or the terminal 
point, which may be situated anything from 50 to 
150 miles from the station. 

As arule the Administration endeavours to provide 
facilities which will admit of the country community 
travelling to the nearest town and returning the same 
day, but this arrangement is not always practicable. 
Rates and fares are based on a uniform standard, 
except in special instances where the volume and nature 
of the traffic justifies a departure from uniformity. The 
following are details of the fares and rates in operation ; 
it will be seen that traffic is classified in three cate- 
gories :— 

Passenger Fares. 


























3d. per mile ... Ist class. 
Ha an Sed ss 
Cream. 
Miles. 
P 91_< a1_k =1_or | 96 and 
1-20 | 21-30 | 31-50 | 51-70 | 71-95 over. 
Were Sas re ee | | 
Per gallon .| 3d. | 4d. | 5d. | 6d. | 7d. | 8d. 


| 





Empty cream cans are returned free of charge. 
Goods Traffic. 











Per 100 Ib. | Rate 1. Rate 2. | Rate 3 
Miles. d. d. | d. 
50 28 22 19 
100 39 31 26 
150 50 40 34 
200 66 53 45 
250 65 | 55 


81 
| 4 
Special rates are quoted for traffic in full lorry loads in both 





directions. 


The administration of the road motor services in 


the Union and South West Africa is centred in the 
General Manager’s Office, Johannesburg, but the organis- 
ation generally is on lines similar to that which obtains 
in regard to the operating of the railways, each system 
manager having direct control of, and being responsible 
for, the services operating on his system. 
accounts of expenditure and revenue are maintained 
for each service, and detailed monthly statements are 
submitted showing profit and loss. 


Separate 


Typical Road Motor Services Operated by the South 


African Railways.—The lengthiest service in the Union 
is that from Kimberley to Winton, a distance of 220 
miles. 
a distance of 198 miles. 
this service the farmers were more or less dependent 
for their income upon the annual wool cheque, and, 
even in this respect, difficulties were experienced owing 
to the long distance which the wool had to be conveyed 
by laborious animal road transport. 
duction of the road motor service the farmers have been 
able to augment their income by monthly cream cheques 
which would have been impossible had it not been for 
the facilities so provided. 


The nearest station from Winton is Douglas, 
Prior to the introduction of 


Since the intro- 


A net-work of services operate in the Vryburg area, 
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the total route mileage being 282. An examination of 
the railway map of South Africa discloses that the whole 
of railway development, with very few exceptions, is 
to the east of the Capetown-Rhodesian main line. 
In other words, construction has followed the direction 
taken by the early pioneers in the settlement of South 
Africa, climatic conditions (rainfall, &c., being greater 
in the eastern portion than in the western) largely 
accounting for this. The inauguration of road motor 
services in the western portion of the country, especi- 
ally in the Vryburg district, has quite revolutionised the 
position, the average quantity of cream conveyed by 
the Administration’s road vehicles being in the neigh- 
bourhood of 10,000 gallons per month. Cream pro- 
duction has increased during the last three years by 
fully 100 per cent., and what this has meant to those who 
have pioneered in these hitherto isolated districts can 
only be judged by a visit to the area itself. 

Another service operated by the Administration 
traverses typical bushveld country from Potgietersrust 
to the Crocodile River, a distance of 160 miles. This 
area is well suited for cattle, but prior to the provision 
of the Administration’s road motor services it was 
almost entirely without transport facilities of any 
description. 

An important service is now being operated from 
Bremersdorp, situated in Central Swaziland. From 
this town the services radiate to Breyten Station in 
the Eastern Transvaal, a distance of 112 miles; to 
the border of Swaziland and Natal in the southern 
portion of Swaziland, also a distance of 112 miles, and 
from Bremersdorp to Stegi, a settlement situated on 
the Lebombo Hills, 18 miles from the border of Portu- 
guese East Africa. Prior to the introduction of these 
services, not only Swaziland, but also a large portion 
of the Union in the Eastern Transvaal was almost 
entirely without any means of regular transport. 

Road Conditions.—The road conditions in South 
Africa are, in the majority of instances, severe. Only 
a few properly constructed macadamised roads exist 
at the present time, and these are located close to the 
large centres of population. In the country districts 
the earth road is the only one available, and as many 
of these roads were not surveyed, it follows that 
gradients are often severe and sharp curves abound. 


The road surface is frequently rough and stony, and | 


after heavy seasonal rains numerous ditches and pot- 
holes occur. The Railway Administration does not 
contribute towards road maintenance, and has no 
power to say what roads sould be constructed. It has, 
however, to be recognised that to insist upon properly 
constructed and graded roads would mean that motor 
transport services could only be provided in a very few 
areas, and, as the development of the country was at 
stake, as already stated, the Administration has im- 
ported special type vehicles to meet the conditions. In 
consequence of this policy the road conditions must be 
exceedingly bad before the operation of a service is 
made prohibitive, but it must be admitted that the 
somewhat primitive roads tend towards high costs of 
operation, especially in regard to maintenance and 
upkeep of vehicles. Increased development will, how- 
ever, bring about road improvements as a natural con- 
sequence, and there are already signs that this is 
recognised by the road authorities, who see that it is to 
the interests of all concerned to establish roads suitable 
for the operation of road motor services. Co-operation 
between the Railway Administration and the road auth- 
orities should do much to improve upon present-day 
conditions and minimise the difficulties of operation 
now experienced. 


of road services over branch lines is, of course, a con- 
siderable advantage. If the development of a district 
requires a change of route, this can be arranged with- 
out difficulty in the case of a road service, but where 
branch lines are concerned such changes of route are 
costly, and very rarely attempted once the line has 
been constructed. 

In countries where the conditions are similar to 
South Africa this is a very important point, and the 
necessity for trying out a district by road services, 
prior to the construction of a branch line, is obvious. 
Again, the frequency of services on the average branch 
line is naturally limited by the traffic available. 
Many of the road motor services give a service six 
days weekly, but in the majority of cases lorries are 
run five days per week. In dairy districts where the 
farmer is dependent, to a large extent, upon his 
monthly cheque for cream, butter, &c., the moré 
frequent service provided by road transport is highly 
appreciated because it enables him to extend production 
at comparatively little extra cost, and his cream is, 
as a rule, graded higher than it would be with a less 
frequent service. 

It has been found in other countries, and to a lesser 
extent in South Africa, that the limitations of services 
on a branch line are adding to the problems with which 
railway administrations are being faced, in respect to 
competition, and, in this direction, the road motor 
services operated by the Administration are more than 
holding their own. 

Numerous instances could be quoted where road 
motor services have been established with great success 
in areas where railway construction had been suggested. 
In one area the railway route mileage would have been 
approximately 140 miles owing to the configuration 
| of the country. The volume of traffic offering, except 
at certain seasons of the year, would not have justified 
|more than a bi-weekly service. Instead of providing 
|a railway, a road motor service was introduced by a 
|more direct route, there being a saving of approxi- 
|mately 50 route miles. The service, which has been 
established for nearly three years, provides passenger 
and goods facilities daily. The requirements of the 
district have been met and the capital expenditure 
involved in the provision of vehicles, buildings, &c., 
is 87 per cent. less than the cost of constructing the 
railway. 

Experience has shown conclusively that road ser- 
vices are the more economical when the following 
conditions obtain :—({a) The development of a district 
until such time as the traffic is beyond the capacity 
of road vehicles. (5) In areas where traffic is seasonal, 
and the road conditions are such as to ensure satisfac- 
tory operation by road. (c) In areas where production 
is consistent, but light, such as dairy products, &c. 

Advantages of Road Motor Services——The chief 
advantage of the road motor services operated by the 
Administration is that they bring the town and export 
markets within easy reach of thousands of small pro- 
| ducers hitherto dependent, in many instances, upon 
|} seasonal crops, which, owing to climatic and other 
| conditions, are not even regular. Passengers and goods 
| traffic can be booked through from any point on the 
| railway to any point on the road motor services and 
| vice versa. It is quite a common practice to-day for 
| traffic to be booked through by rail and road for 
| distances over 2,000 miles. 
| In many districts, perishables such as fruit, fish, 

meat, &c., are being received by means of the road 
| motor services, whereas in the past such were unob- 
| tainable. Ice is even being despatched now from large 
| towns to farms fully 150 miles distant. Post boxes 








Comparison between Provision of Branch Railways | are provided on ’buses to facilitate the postage of mail 
and Road Motor Services.—It is sometimes contended | matter in country districts. 


that, as the efficiency of road vehicles increases, railways | Intensive settlement and rapid development of 
will take a minor position in the transport of traffic. | country areas have been increased, and farmers 


Wherever there is a lirge volume of bulk traffic to be | 
conveyed for long distances the railways will remain 
supreme, but the Administration, as a result of its 
experience during the last three years, is now able to 
state that there are many areas where branch railways, 
if provided, would never pay and yet, unless regular 
transport of some description is introduced, would | 
suffer from lack of development. Again, it has been 
found that when requests ar: made for railways, the 
provision of a road service in the first instance furnishes | 
the administration with a very good indication of what | 
development is likely to take place and the volume | 
of traftic which would be available for a railway, and | 
this policy is to-day being adopted throughout South | 
Africa, 

It is somewhat difficult to compare operating costs | 





have been given confidence in incurring expenditure 
with the object of further developing and improving 
their resources, knowing that the Government service 
is regular, economical, and will not be discontinued 
without valid reasons. The facilities have given new 
life to the inhabitants of many areas, and are relieving 
the monotony and loneliness of the life of those situated 
so many miles from centres of civilisation ; they are, 
in fact, making payable farming possible in parts of the 
land up to now practically isolated. 








PanaMA CANAL TRAFFIC.—The number of commercia' 
vessels which passed through the Panama Canal durin 
the fiscal year ending June 30 last, totalled 6,413. While 
this shows a decline of 43 from the previous year’s total, 
the tolls collected, namely, 27,127,377 dollars, surpassed 





of branch lines and road motor services, as so much | those of the previous twelve months by nearly 183,000 
depends upon local conditions. The cost of construct- | dollars, and were the highest on record. The tonnage 
ing a branch line may be anything from 2,000/. to| of the vessels passing through, and the weight of cargo 
8,000/. per mile, and thus a line 40 miles long may | carried, during the 1929 fiscal year, were also greater 
cost from 80,0001. to 320,000/., and charges on | than had been the case in any previous year. The 


: ‘ ot 1. | registered gross tonnage of the shipping in the year under 
interest alone will amount to from 4,0001. to 14,0001. per review was 37,464,792, and the cargo carried 30,663,006 


a) ; Py j >} rse ary a . e 
annum. Capital pe nditure is, of course, very greatly ttons. The corresponding figures for the previous year 
reduced by the provision of road services in preference | were 37,202,874 tons of shipping and 29,630,709 tons of 
to branch lines, and the flexibility and convenience | cargo. 





MODERN GLASS-FORMING 
MACHINERY. 
(Concluded from page 278.) 


Prior to the Fourcault process for drawing sheet 
glass, window glass was all hand made, and the 
Fourcault drawing process was the first commercially 
successful process in the sheet glass industry. Although 
called a drawing process, the operation is really a 
flowing process, and may be followed from Fig. 23. 
The glass flows from the main melting furnace into 
the drawing chamber. In this chamber there is a 
slotted fireclay block termed a débiteuse. This block 
is provided with a vertical slot along its longitu- 
dinal axis. The top of the block is hollowed, so that 
the top of the slot is some distance below the top of 
the block. This construction is shown in Fig. 24. 
This débiteuse is made of a considerable length, up to 
14 ft. or more, so that sheets up to 14 ft. wide may 
be drawn. This débiteuse floats on the glass, and 
to commence the drawing it is pushed down by iron 
rods, and held in the depressed position. In this 
position, the top of the block is still above the glass 
level in the drawing chamber. Under the pressure of 
the surrounding glass in the drawing chamber, glass 
flows through the top of the slot, this top now being 
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below the glass level. A metal bait is then lowered 
and fastens on to the glass issuing through the top 
of the slot. The glass flows through the slot con- 
tinucusly, and the bait is raised, a sheet of uniform 
thickness being produced. Above the drawing 
chamber are arranged a large number of drawing 
rollers, placed in pairs vertically, one pair above 
another. When the bait has drawn a_ piece of 
sheet long enough to be gripped by the rollers, it is 
detached and taken away. The rollers are continuously 
rotated, and thus the sheet is gradually and continu- 
ously drawn upwards. A continuous length of sheet 
is thus produced, and the drawing once commenced 
may continue without a break for very long periods, 
even days and weeks. After the sheet has emerged 
from the train of rollers, it is cut into lengths, and is 
then ready for dispatch. In Fig. 25, the sheet of glass 
may be seen emerging from above the top of the train 
of drawing rollers. The process was first worked out 
by Fourcault in Belgium, and is in operation in a 
number of factories in that country, as well as France, 
Germany, Japan, and America. As many as 14 draw- 


& | ing machines are worked on one furnace. The Four- 


cault machinery is constructed by the Société Anonyme 
des Ateliers de Construction and Fonderies de Jeumont 
(Nord.), Jeumont, France. 

The second drawing process to be considered is 
the Colburn process, first developed by Colburn, in 
the United States, whose patent rights were ac- 
quired by the Libbey Owens Sheet Glass Company, 
in that country. This process also depends on 
the action of drawing sheet, and may be followed 
by reference to Fig. 26, which shows the com- 





plete drawing apparatus. The glass flows from the 
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melting furnace into a forehearth, and from there it is | been described are quite continuous in operation, once 


drawn upwards between two rollers. It is then bent 
over a larger bending roller, so that its travel is subse- 
quently horizontal. The actual drawing of the sheet is 
performed by the large drawing bands, which may clearly 
be seen. From these bands, the sheet passes through a 
long annealing lehr, 300 ft. or more in length, and after 
emerging from this, it is cut up into lengths for dispatch. 
The thickness of the sheet, as also in the Fourcault 
peaeane, depends on the speed of drawing and the glass 
temperature. This process is being worked in a number 
of factories in America, Belgium, Germany, Japan, &c. 
It should be mentioned that these two processes are 
capable of produci ‘ing thin up to fairly thick sheets, 
and the product is even seriously competing in the 
plate glass field. The two processes which have just 


the drawing has been started, and the work need 
only be stopped when the furnace is let out for repairs. 
Thus, drawing may continue over a considerable 
| number of months. As an example, it is estimated 
| that a performance of a Libbey Owens drawing machine 
produced a sheet, which had it not been cut, would 
have been 56 miles in length. 

The cylinder drawing process, which may now be 
considered, is an intermittent one. This process of 
making window glass, when carried out by hand, 
consists in blowing a glass cylinder, about 6 in. in 
diameter and 18 in. to 5 ft. long, and then slitting this 
down the middle and flattening it into a plane sheet 











in a special furnace or oven. The cylinder method of 
forming by machinery is conducted on a much larger 





scale, and makes a cylinder 30 ft. to 40 ft. in length 
and about 1 ft. in diameter. There are two main 
processes in use, the Frink and the Lubbers. The 
Lubbers cylinder drawing process for window glass is 
in extensive use in America, and at the works of Messrs. 
Pilkington Brothers, Limited, St. Helens, Lancs. In 
this process, the glass is ladled from the furnace into a 
drawing pot. An electrically-heated metal bait, which 
is the exact diameter of the cylinder designed, is 
lowered to make contact with the glass, which then 
adheres. The bait is slowly raised, and whilst it is 
being raised, compressed air is carefully admitted. 
This serves to keep the cylinder being drawn, open 
to the required diameter. The thickness of the 
cylinder walls and so of the finished sheet is controlled 
by the speed of the drawing, and by the temperature of 
the glass. The bait is attached to a long rod, which 
runs up a vertical guide, termed a telescope, projecting 
through the factory roof. When the cylinder has 
been drawn to the required length, the speed of drawing 
is increased rapidly, and the cylinder is cracked off 
near the drawing pot. The cylinder is then placed in 
the horizontal position and is next cut into sections, 
each section being slit up, and flattened in the oven. The 
pot is used for one drawing only; after the drawing, 
it is inverted and drained of any residual glass, and 
is then heated up again, and filled with glass, ready 
for another drawing. 








ALCOHOL MIXTURES AS MOTOR 
FUELS IN SOUTH AFRICA.* 


By Cot. J. G. Ros and Proressor Duncan McMILian. 


THE use of alcohol as a liquid fuel has occurred 
at intervals coinciding with petrol shortages or abnormal 
rises in petrol prices. Thus, perhaps, it has been a not 
unimportant factor in keeping petrol prices within 
certain limits. Although, at the present time, no 
such economic crisis exists, it may be opportune 
to record local experiences with alcohol fuels now that 
the British Association is visiting a land which one 
day may play an appreciable part in the production of 
this class of power spirit. By far the most important 
part of the alcohol fuel problem is the production of 
alcohol in very large quantities at economic prices. 
The most: popular source of industrial alcohol to-day 
is molasses, which has been proved to be a most 
satisfactory raw material. With molasses at 2d. 
a gallon, it is possible to produce, at 9d. per gallon, 
alcohol containing 96-97 per cent. alcohol in plants of 
comparatively small capacity. At the plant of the 
Natal Cane By-Products Company at Merebank, near 
Durban, Natal, a very satisfactory and economical 
motor fuel having alcohol and ether, both produced 
from molasses, as its chief constituents, is manufac- 
tured. It is, however, easily possible to show that the 
quantity of sugar consumed by a community is insuffi- 
cient to provide the molasses necessary to produce the 
liquid fuel and industrial alcohol it requires. Molasses, 
can never be the chief, or even the dominant, factor in 
the production of industrial and power alcohol on a 
scale necessary to replace liquid hydrocarbon fuels in 
all their present uses. 

Of all the many sources of alcohol at present known, 
starch alone seems capable of economic exploitation. 
No doubt other sources will, from time to time, become 
available. The production of synthetic alcohol, for 
instance, is well within the bounds of probability, but if 
alcohol were required to-day in extremely large quan- 
tities, it is to starch-producing plants that we should 
have to turn for our supplies. It has often been argued 
that such substances are too valuable as foods to be 
used for the production of a liquid fuel. The answer 
to that is that some of these substances, such as the 
mealie, are often used as animal foods in so uneconomical 
a way as to waste most of the starch they contain. 
They are fed chiefly for the nitrogenous materials they 
contain, and the starch is largely “roughage ”’ and waste. 
If mealies are fermented for the production of alcohol, 
they yield a by-product the value of which as a cattle 
and pig food is practically equal in value to the original 
mealie. There is thus not only no loss of valuable 
food, but a by-product is produced which, properly 
handled is of sufficient value to make the mealie at 
least as economical a source of alcohol as molasses, 
which produces no by-products of importance. 

The organisation of such an industry is, however, by 
no means easy. It demands thorough knowledge 
and control, in one organisation, of three very different 
industries, viz., the production of mealies or other 
suitable raw materials, their fermentation and distilla- 
tion into alcohol and valuable by-products, and the utili- 
sation of those by-products in a cattle industry, dairying 
or pig breeding. These three industries require men 
having very different qualifications to run them, and 
their incorporation under one competent control, so 
as to avoid the one profiteering at the expense of the 





* Paper read before Section G of the British Associa- 
tion at Cape Town, South Africa, on July 23, 1929. 








306 


ENGINEERING. 


[SEPT. 6, 1929. 








other, is a task of such difficulty and cost that it is not 
likely to be undertaken, except under conditions more 
favourable or more urgent than those obtaining to-day. 
There can, however, be little doubt that, once such 
an industry is established, and the initial difficulties are 
overcome, it will be an extremely useful source of cheap 
fuel and food. 

Another source of alcohol available in South Africa 
is the sweet potato, the use of which, for this purpose, 
has received attention from many investigators. It 
would appear to be inferior to the mealie, because of the 
greater cost of production and the restricted areas 
in which it can be grown. Mealies can be grown readily 
over so wide an area that they appear to offer prospects, 
as a raw material for alcohol, more attractive than any 
other substance known at present. 

Given the alcohol, the next problem is its conversion 
into a liquid fuel suitable to replace the liquid hydro- 
carbons in general use to-day. If engines could be 
rapidly and easily adapted to deal with alcohol instead 
of petrol, this problem would present few difficulties. 
To adapt alcohol for use in the ordinary petrol engine 
as this exists to-day, however, is a matter of some 
difficulty. The physical characteristics of alcohol are 
so very different from those of petrol that it cannot be 
used in an engine designed for petrol without being 
mixed with other substances, in order to bring its 
characteristics more nearly in line with those of petrol. 

Firstly, it has to be made more volatile and of lower 
specific gravity, in order that it may enable the engine 
to start up readily and run smoothly under all conditions. 
Next, as the compression of engines cannot be altered, 
it has to be given more heat units, in order to produce 
a reasonable amount of power. Lastly, as alcohol 
has a very detrimental effect upon the oil film on the 
walls of the cylinders, this objectionable characteristic 
has to be changed, and the “dryness” of the fuel 
overcome. A fuel such as that turned out in Natal is, 
therefore, a very complex substance, requiring consi- 
derable skill, knowledge and experience to produce it 
successfully. It is not possible, within the limits of 
this paper, to fully describe the methods by which 
all these difficulties have been overcome. It must 
suffice to say that they have been satisfactorily met, 
and that an efficient alcohol-base fuel is being produced 
to meet most ordinary requirements. It cannot be 
said that this is absolutely equal to petrol in every 
respect, but it can be stated with truth that it is so 
nearly akin to petrol that its lower cost makes it 
very attractive to many users of petrol, especially for 
heavy vehicles. 

Before closing this short statement on alcohol fuel 
sources, it may be of interest to touch on experiments 
made by the writers with an alcohol fuel consisting of 
alcohol in which acetylene was dissolved, the acetylene 
being fixed by the addition of acetone to the alcohol. 
This fuel was used by them for close on two years, and 
gave very satisfactory results when fresh. The 
difficulty, not yet overcome, was to prevent the fuel 
going “stale” in the tank of the car, owing to violent 
agitation and bad roads shaking the gas our of it. So 
successful was this method of preparing alcohol as a 
fuel, however, that experiments were made with the 
higher alcohols in order to test whether a non-potable 
alcohol, having a calorific value approximating to that 
of petrol, could be rendered available as a petrol 
substitute. The alcohol tried was amyl alcohol, or 
fusel oil, this aleohol being available in small quantities 
as a by-product of the brandy industry of the Western 
Cape. The experiments proved remarkably successful, 
a car supplied with this fuel pulling as smoothly and 
readily, and with appreciably greater power, than when 
running on petrol. This investigation was not con- 
tinued, because the production of amyl! alcohol on a 
commercial scale did not appear to be reasonably 
possible. The value of a potable alcohol fuel of con- 
siderable power is, however, great enough to commend 
it to any experimenter having facilities for such work. 

In conclusion, it may be hoped that Excise restrictions 
for the purpose of safeguarding the large revenue accru- 
ing from a nation’s weakness, and which constitute 
so serious an obstacle in the path of all investigators 
working on alcohol fuels, may, in the future be gradu- 
ally relaxed, so that alcohol may the more easily 
take its destined place in everyday life as a convenient 
source of heat, light and pow?r. 

At the final meeting of the Industrial Alcohol 
Committee, 1922 (South Africa), it was unanimously 
agreed that it was absolutely essential that the Govern- 
ment should encourage, in every possible way, research 
in respect to power alcohol and its use in South Africa, 
and that some means should be adopted for the gather- 
ing together of all data on this form of fuel, both with 
regard to raw materials and its production therefrom, 
and also with regard to the behaviour of such fuels 
in motor-car engines. It was hoped that the Govern- 
ment would equip a special laboratory for such work in 
the Government chemical laboratories at Cape Town, 
the University of Cape Town being asked to assist 
by carrying out road and engine tests on the various 
alcohol fuels developed. 





Unfortunately, the sweeping reductions which took 
place in the price of petrol very soon afterwards pushed 
the question of alcohol fuels into the background. 
Reductions in petrol prices have gone on ever since ; 
until, at the present time, the ruling price is actually 
equal to the price charged before the war. Under such 
conditions, there has seemed to be little use in striving 
to get the authorities to provide money and equipment 
for the development of alcohol fuels from home- 
grown raw materials, when there was no hope of provid- 
ing an alcohol fuel that could be produced at a figure 
which would compete with the price of petrol. It 
should be noted, however, that, in spite of the present 
low petrol prices, an alcohol fuel is being produced, as 
already stated, which successfully competes with 
petrol in the district in which it is manufactured. 
Railage charges and the necessity for an expensive 
distribution system preclude the possibility of similarly 
successful competition away from that centre. 

In the meantime, a certain amount of work has 
been done privately and in the mechanical] laboratories 
of the University of Cape Town, the Research Grant 
Board having provided a small sum of money to cover 
part of the out-of-pocket expenses incurred. The 
object of the tests has not been to carry out scientific 
work on alcohol fuels. The Empire Motor Fuels 
Committee tests were so thorough and complete, that 
there would have been little object in repeating these, 
even if the money and the personnel had been available. 
It was thought, however, that it might be of some 
value if tests were carried out which would throw 
some light on the possibilities and the conditions of 
the use of such fuels in ordinary everyday work with 
motor-cars and motor-lorries. From time to time, as 
new fuels have been produced in South Africa, or new 
brands of the already established fuel have been put 
on the market, samples of these have been obtained and 
tests carried out. Mixtures with petrol and lubricating 
oil also have been tested. These tests were divided 
into two parts :—(a) Road tests with a car specially 
fitted up for the purpose, and (b) tests on the bench to 
determine the horse-power developed, consumption, 
behaviour, and approximate values for thermal 
efficiency. Some work on the effect of heat supply 
to the carburettor was also carried out. Distillation 
tests also were made, and evaporation tests carried 
out to determine how the fuel deteriorated when left in 
open containers and exposed to the air. 

The apparatus used in the road tests included a 
graduated-bottle arrangement attached to the dash- 
board of the car.. This was particularly valuable, 
because it enabled intermediate observations to be 
made from time to time, which, when plotted, gave a 
check on the final figures. It also enabled the behaviour 
of mixed fuels to be studied. Being able to see the fuel 
under test was of particular value when lubricating oil 
was added to the fuel. The bottle held about 1} 
gallons, and had two graduated vertical scales placed 
at opposite ends of a cross-sectional diameter. In 
this way, readings could be taken without the car 
having to be levelled up. The graduations were in 
hundredths of a gallon, and, as these were fairly open 
a further figure could be estimated. As the fuel pipe 
fed the carburettor direct, complications due to the 
use of a vacuum tank were eliminated. 

Three variations of test were adopted on the road :— 
(a) Tests on a hill near Cape Town, which has an 
average gradient of about 1 in 18 for over 14 miles. 
This hill was used for carburettor adjustments and 
rough preliminary tests for power, &c. (b) Circular 
tests of about 30 miles from Cape Town to Hout Bay 
and back, over give-and-take roads, including two long 
hills, one of which was just within the top-gear per- 
formance of the car, the other calling for a lower gear 
for perhaps half a mile. (c) Long tests into the 
country, of 100 miles and over, on fairly good gravel 
roads. These were also selected, so that there was 
always a certain amount of hill-climbing to be done. 
In all, over 4,000 miles were covered on these tests. 
From time to time, the running of the car was checked 
on a standard brand of petrol, the jets and the float 
levels being altered as necessary. 

Although something like a dozen different alcohol 
mixtures were tested, the greater proportion of the 
work carried out was on four fuels. These were : 
(1) An early brand of ‘“ Natalite,” which consisted 
of 60 per cent. of 95 per cent. alcohol, and 40 per cent. 
ether ; (2) A fuel mixed for the purpose of experiment, 
consisting of 84 per cent. of 95 per cent. alcohol, 12} | 
per cent. petrol, 3 per cent. ether, and 3} per cent. of | 
lubricating oil ; (3) A later brand of ‘“ Natalite,” | 
consisting of 55 per cent. alcohol, 36 per cent. ether, | 
8-8 per cent. paraffin, and 0-2 per cent. lubricating | 
oil; and (4) another experimental fuel consisting of | 
33 per cent. alcohol, 19 per cent. ether, 41 per cent. | 
second-grade petrol, and 7 per cent. benzol. Shell | 
petrol was used for purposes of comparison. The table | 
in the next column gives some approximate figures with 
regard to these fuels. ; 

Shorter tests were also carried out on the following 
fuels :—(5) “ Energel,”’ consisting of 90 per cent. ' 








alcohol and 10 per cent. benzol, 5 per cent. of the 
mixture being passed over red-hot alumina, and the 
gas bubbled through the fuel. An alcohol-benzol 
mixture is at present being sold in Natal, the benzol 
being obtained from coal distillation for ammonia and 
other by-products. Only a smali amount of this fuel 
is available. (6) A ‘“‘ Natalite” fuel made near Cape 
Town from surplus wine. This consisted of alcohol 
and ether, together with 20 per cent. petrol. (7) 
“ Acetol,” an alcohol fuel consisting of alcohol and 
acetone, in which was dissolved as great a quantity of 
acetylene gas as it would contain. It should be 
mentioned that all these alcohol mixtures were 
denatured, usually with pyridine bases. Fuel (5) did 
not actually come on the market, though a number 
of tests were made. Fuel (6) was quite a good fuel, so 
far as power and economical running were concerned, 
but it proved to be somewhat destructive of engine 
parts, because of the acids it contained. Valves were 
badly pitted after quite a short time. In addition, 
the highest price that could be paid for the wine, in 
order to leave any profit on the fuel, was under 1l. 
per leaguer (that is, 127 gallons), or under 2d. per 
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ae | Specific ‘alarifie | Heat Units 
Fuel. | Gravity. sc og | per Gallon. 
; B.Th.U. | B.Th.U. 
Shell petrol .. --|  0°735 18,900 139,000 
Natalite (1)... --| 0-782 12,800 100,000 
Experimental fuel (2) | 0-795 12,500 99,300 
Natalite (3)... ..| 0°783 12,980 | 101,800 
Experimental fuel (4) | 0-792 15,390 122,000 





gallon. Although not a commercial success, the work 
done by the company which put this fuel on the market 
was of value, because it conclusively proved that wine 
could never be used commercially as a source of alcohol 
to be used as fuel. Fuel (7) Acetol, was tested on the 
road. As a fuel, it was fairly successful, and gave 
reasonable results, but, from time to time, the car- 
burettor-and fuel pipes had to be cleaned out, as, no 
matter how carefully the fuel was filtered, a precipitate 
generally settled out. This choked the jets and made 
starting difficult. When the fuel stood for any length 
of time, and also as a result of vibration, the acetylene 
gas freed itself to a great extent, and insufficient was 
left in the fuel to give reasonably easy starting without 
heat. 

Some years ago, a company was formed to produce 
a fuel from the prickly pear plant. This fuel gained 
a certain amount of publicity in England, a text-book 
on internal-combustion engines stating that it would 
probably be a fuel of importance in the future. Owing 
to the difficulties and discomforts of collection, the 
short period of ripening, and the impossibility of 
storage, however, the fruit, although it has a high 
alcohol content, will never be suitable as a source of 
alcohol fuel. The remainder of the plant has too low 
an alcohol content to be of any value. 

In order to decide on the suitability of the various 
fuels tested, information was sought on the points 
mentioned below. The conclusions reached, in each 
case, were compared with similar information with 
regard to petrol. In the road tests the points were :— 
(1) Ease of starting. (2) Sweetness of running of the 
engine. (3) Tendency to knock. (4) Miles per gallon. 
(5) Overheating of the engine. (6) Freedom from 
trouble in fuel system and in carburettor. (7) Effect 
on the condition of the engine, special attention being 
paid to carbon deposit and acid effects. (8) Mixing 
properties. 

On the test bed, the following information was 
sought :—(1) Consumption per brake horse-power. 
(2) Thermal efficiencies at various speeds and loads. 
(3) The effect of supplying heat to the carburettor. 
(4) General running of the engine, including observa- 
tions on smoothness of running, knocking, and cooling 
water. (5) Tests for evaporation when exposed to the 
atmosphere. The above points may now be dealt 
with in the order given. 

1. Ease of Starting.—All the fuels tested, with the 
exception of (2), gave easy starting. In fact, starting 
was, in general, easier with the alcohol mixtures 
tested than with petrol, fuel (2) excepted. It should 
be noted, however, that if a drum of alcohol fuel was 
left open for some time before being used, starting 
became much more difficult. It may be inferred 
from this that a considerable quantity of ether in an 
alcohol fuel is necessary if reasonably easy starting is 
to be assured. Fuel (2) had only 3 per cent. ether, and, 
as stated, difficulty was experienced in starting with 
it. Similarly, when a fuel is left open for too long to 
the atmosphere the ether evaporates, giving a similar 
effect. With reasonable care in handling and in 
storing, this did not happen to any greater extent than 
is the case with petrol, in which the lighter fractions 
also evaporate when the fuel is exposed to the atmo- 
sphere. 

2. Running.—When the lubricating oil in a motor-car 
engine is in thorough and efficient circulation, the 
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general running is better with alcohol mixtures than | The lubricating oil was the chief difficulty in this 
with petrol, though, should any working part be | respect, for the reason that it took a little time to 
starved of oil, harshness sets in. This harshness of | spread through the rest of the fuel. To allow for this, 
running is so marked when starting up, that the| the draw-off pipe for the fuel should not be at the 
engine will not carry anything like its full load for | lowest point in the fuel tank but about half an inch 
some time. Apart from this, more flexible running is| above it. This prevents unassimilated lubricating 
obtained with alcohol mixtures than with petrol. | oil from running into the carburettor and choking it 
This is probably to some extent due to the water in| or upsetting the mixture at starting. There is room 
the fuel giving flatter and less peaky indicator dia- | for further work to be done in relation to the mixing 
grams. properties of the various elementary fuels with each 
3. Knocking.—There is much less tendency to | other and with the lubricating oil in the mixture. 
knock, which is quite a valuable factor when the engine | 'est-Bed Work.—Most of the above observations 
is worn. The running of an engine in an old car which | were confirmed by the test-bed work. At the lower 
performs badly on petrol is much improved when! powers and speeds, alcohol mixtures gave higher 
alcohol mixtures are used. Carbon deposit is also of | thermal efficiencies than petrol, though the latter 
minor importance in the latter case. gave better efficiencies at the higher powers and 
4. Consumption.—This is a factor of supreme import- | speeds. The effect of supplying heat to the carburettor 








ance in any fuel which has to compete with such fuels as 
petrol. No alcohol mixture yet tested on the road | 
has given mileages per gallon equal to those obtained | 
from petrol. It may be that with special engines | 
arranged for the highest compression, alcohol fuels | 
might give mileages equivalent ‘to those obtained 
from petrol. The present tests, however, are only 
concerned with the use of alcohol mixtures in petrol | 
engines as these are designed at the present time. It | 
would be wrong to expect from alcohol mixtures 
mileages comparable with those obtained from petrol, 
when the heat contents of the respective ‘fuels are 
remembered. With the exception of fuel (4), all 
the mixtures tested had calorific values per gallon 
which, on the average, were only about 70 per cent. 
those of petrol. In every test, however, alcohol 
mixture mileages were over .80 per cent. of those 
obtained from petrol, the average being in the neigh- 
bourhood of 84 or 85 per cent. This point has been 
noted by both authors working independently and 
using three or four different cars, and it is confirmed 
by tests on the bench. The latter showed that, at | 
the slower speeds of revolution, up to about 1,200 r.p.m., 
the brake-thermal efficiencies were higher with alcohol 
mixtures than with petrol. These fall off at higher 
speeds, and there petrol takes command. This 
higher normal efficiency of alcohol fuels at low powers 
and speeds probably explains why they give mileages 
per gallon superior to petrol when the heat value of 
the fuel is taken into account. During more than 
90 per cent. of the time a motor-car is running on the 
road, the engine is developing less than half its | 
power. 

5. Running Temperatures.—These were always less 
on alcohol fuels and alcohol mixtures than on petrol. 
When long stiff climbs had to be undertaken, calling 
for second- and first-gear work, the cooling water 
very often boiled when petrol was used. With alcohol 
fuels the water did not reach boiling point. It should 
be mentioned that a radiator thermometer was fitted, 
having a dial on the dashboard. 

6. Effect on Carburettor and Pipes.—When using 
alcohol fuels, considerable trouble was experienced 
with the choking of filters and jets. The alcohol seemed 
to have a scouring action on the pipes, picking up 
any scale and dirt and carrying these forward to the 
carburettor. After running for some time on alcohol, 
this feature became less troublesome, but at the best 
there were always more trouble and stoppages than | 
with petrol. For some time, the Government insisted 
on the colouring of alcohol fuels. In spite of the care 
taken to use harmless dyes, a jelly-like substance, 
sufficient to give carburettor trouble, always formed in 
the apparatus. Removal of the necessity for this 
colouring matter solved the problem. Alcohol also 
destroys the varnish used for proofing cork floats, and 
these must be painted over with a suitable protecting 
material. 

7. Engine Conditions.—One alcohol mixture, in which 
the alcohol and ether used were prepared from surplus 
wine, had a distinctly bad effect on valves and valve | 
stems. There is no doubt that this was due to the | 
formation of acid which had not been neutralised. | 
In no other case was such harmful effect observed 
on the engine parts. 
as far as acid formation is concerned, an examination 
of the engine always showed that the moving parts | 

















were much drier and freer from lubricant than when | og 


was a notable feature of the tests of alcohol mixtures. | 


After allowing for the heat supplied, thermal efficiencies 
showed increases of from 5 to 12 per cent. as a result 
of heating the carburettor. Similar heating in the 
case of petrol only increased efficiencies by 5 per cent. 
at the most. This shows that, for alcohol mixtures, 
some permanent form of carburettor-heating is 
essential if the highest economies are desired. This 
may decrease the volumetric efficiency, and hence the 
power at high speeds. 

No attempt has been made to determine the best 


| formula for an alcohol mixture suitable for the petrol 


engine. This problem would be a gigantic one, and 
many further factors would have to be considered. 
As a general statement, it may be said that alcohol 
mixtures for use in petrol engines should have the 
following attributes :—(a) They should have a con- 
siderable ether fraction in their composition ; probably 
not less than 25 to 30 per cent. (6b) A proportion of 
petrol or benzol or a similar fuel should be used, 
probably about 10 to 20 per cent. (c) A small per- 
centage of lubricating oil should always be incorporated, 
under | per cent. (d) The remainder could be alcohol. 
(e) No colouring matter should be used. (f) De- 
naturing fractions have to be added. (g) The cost 
of the fuel to the consumer should be at least 20 per 
cent. below the ruling price of petrol. In order to 
get the best results, quite apart, of course, from the 
question of a considerable increase in compression, 
the power unit should be arranged so that :—(a) The 
carburettor and induction pipe are heated. (b) The 
radiator can be partially put out of action, say by 


| shutters or a thermostat, until the cooling water heats 


up at starting. (c) Specially large and efficient filters 
are included in the fuel line. (d) Fuel tanks can be 
cleaned out easily. The fuel should be drawn from a 
point above the lowest level in the tank. 

It might perhaps be mentioned, in conclusion, that, 
with petrol at its present low price, the tendency is to 
use more and more of this in the alcohol mixtures sold 
in South Africa. A new brand of fuel consisting of 
30 per cent. of 95 per cent. alcohol, 20 per cent. of 
ether, and 50 per cent. of petrol has recently been put on 
the market. This fuel is reputed to give mileages per 
gallon very little short of those obtained from petrol, 
and has the added advantage, over straight petrol, of 
being quite a good anti-knock fuel. Should a cheap 
process be discovered for the production of absolute 
alcohol, there are likely to be still further changes in the 
formula used for alcohol fuel mixtures. Absolute 
alcohol mixes perfectly with petrol, so that, in the 
future, the use of ether as a mixing agent may become 
unnecessary. The addition of ether to a fuel adds 
materially to its cost, and there is also a certain amount 
of danger owing to its low flash point. It is, however, a 
valuable constituent in cold weather, as it helps very 
materially to overcome starting difficulties. 








Coat Deposits IN MANcHURIA.—A large deposit of 


coal has been discovered in the north-eastern portion of 


Kirin Province, Manchuria. According to a report 


contained in a recent issue of The Chinese Economic 
| Bulletin, the coal-bearing area has an extent of 19 square 
i. : miles and contains some 30,000,000 tons of coal. 
Even with safe fuels, however, | company is being formed to develop the coal field. 


A 
Tue First VoyaGEe oF 8.8. “ BERWINDLEA.’’—The 
rgo steamer Berwindlea is one of the earliest, if not 


. . | . . . 
petrol was used. This is one of the defects of all | the earliest ship to be built in Great Britain especially 
alcohol fuels, but it can be successfully overcome by | for propulsion by means of pulverised fuel. The pul- 


the admixture of a small percentage of a light lubricating | verising equipment was supplied by Messrs. Clarke, 
If, in addition, the mixture is|Chapman and Company, Limited, Gateshead-on-Tyne, 
|and comprises two Resolutor pulverisers, Woodeson’s 


. . aaah js 3) b ars I ing- i istri ion. 
lubrication difficulties overcome, but the harshness | P&t* nt burners and ring-main distributio 


Alcohol | ¢ 
8 g | Marseilles 
8. Mixing Properties—At an early stage in the| reported to 
| August 22, after a very successful first voyage, during 
which the fuel equipment worked quite satisfactorily. 
The 
The 
Messrs. 
Scotstoun, Glasgow, and the propelling machinery was 
supplied by Messrs. David Rowan and Company, Limited, 
Glasgow. 


oil with the fuel. 
blended with a proportion of petrol, not only are 


of running when starting up, is got rid of. 
mixtures give little carbon deposit. 


tests it was noted that some mixtures did not combine | 
well, and separated out when the car remained station- | 
ary. This action was plainly visible in the glass | 
bottle fuel container on the dashboard, as described. 
At first, some concern was felt, but it was noticed 
that when the car was restarted the road vibration 
Soon caused the various elements again to combine. 


The trial 
rips, which were entirely satisfactory, took place on the 
‘lyde on August 1 and 2, and the vessel proceeded to 
with full cargo on August 14. She is 
have arrived at her destination on 


Berwindlea was built to the order of Messrs. 
Berwindmoor Steamship Company, Limited, by 
Blythswood Shipbuilding Company, Limited, 








CATALOGUES. 
Factory Clocks,—Messrs. Gent and Company, Limited, 
Leicester, have issued a further catalogue of ‘“‘ Time- 


Discipline ’’ apparatus including impulse dials and means 
for maintaining one time at all points in a works. 


Electrical Apparatus.—Messrs. Ferranti, Limited, 
Hollinwood, Lancs., have issued new and revised cata- 
logues of a valve tester, a multi-range test set, and electric 
radiators for domestic use. In all cases prices are stated. 


Milling Cutters.—Messrs. Grimsley and Company, 
Southampton-street, Leicester, have sent us a catalogue 
of milling cutters with inserted blades, and a priced list 
of over forty sizes ranging from 3 in. to 8 in. in diameter 
and of various widths. 

Gland Packing.—Messrs. Kerr Stuart and Company, 
Limited, Stoke-on-Trent, have sent us a copy of a 
| circular dealing with their metallic packing for steam 
glands. It is formed in rings of U-section, with the open 
side towards the rod. 

Firebrick Cement.—Messrs. J. H. Sankey and Son, 
Limited, Essex Wharf, Canning Town, London, E.16, 
have sent us a priced list of their Pyruma plastic 
fire cement for laying, jointing and repairing furnaces. 
It is made in coarse and fine grades. 

Aluminium.—Five new booklets issued by Messrs. The 
British Aluminium Company, Limited, Adelaide House, 
King William-street, London, E.C.4, deal with the pro- 
duction and general applications of the metal and with 
its application to marine fittings and machinery. 


Boilers.—Messrs. John Thompson Water-Tube Boilers, 
Limited, Imperial House, Kingsway, London, W.C.2, have 
issued a folder illustrating the construction of five types 
of water-tube boilers and giving general views of a 
number of installations of boilers supplied to power 
stations. 

Automatic Vending Machines.—Messrs. British Auto- 
matic Vendors Limited, 60, Holborn-viaduct, London, 
E.C.1, have issued catalogues of their machines, showing 
a number of types capable of handling articles of various 
sizes and of supplying a number of different articles from 
the same casing. 

Lifting Jacks.—Messrs. Tangyes, Limited, Birmingham, 
have issued a booklet catalogue illustrating and briefly 
describing a large variety of forms of hydraulic lifting 
jacks, and including a few pulling jacks. The booklet 
shows that many new or special requirement can be pro- 
vided for in these appliances. ; 

Electric Heaters.—Messrs. Geo. Bray and Company 
Limited, Leeds, have issued several catalogues of their 
Chromalox electric-heater elements. These are made 
for warming, heating, and melting operations, and in a 
great variety of forms adapted to special purposes. 
Prices, dimensions and capacities are stated. 

Electrical Machinery.—We have received a copy of the 
magazine issued by Messrs. Westinghouse Electric Inter- 
national Company, 150, Broadway, New York, U.S.A., 
containing descriptions of plant and machinery made by 
this firm for electric welding, heating bath-type furnaces, 
pumping, black-diamond mining in Brazil, &c. 

Accumulators.—A catalogue of traction cells for 
trucks, road vehicles and locomotives, has been issued 
by Messrs..The D.P. Battery Company, Limited, Bake- 
well, Derbyshire. There are some twelve lists of types 
with over 20 items in each—a variety demanded largely 
by variations in the space allotted to the batteries. 


Oil Separator.—Messrs. White Oil Separators, Limited, 
Hebburn-on-Tyne, have issued a revised edition of their 
catalogue of oil separators designed to meet the require- 
ments of the Oil in Navigable Waters Act. The separators 
are made in twelve sizes, to deal with 10 to 100 tons of 
water per hour. Analysis of the effluent shows that 
it is almost entirely free from oil. 


Electric Lighting Accessories.—We have received from 
Messrs. The General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, a leaf catalogue of 
a new moulded junction box for surface-wiring systems 
suitable for tropical situations, a description of a 
lighting equipment for a large laundry, and a number of 
illustrations of street-lighting equipment. 


Dust Removal.—A detailed description of their appara- 
tus for collecting dust and chips from woodworking 
factories has been issued by Messrs. Thomas Robinson 
and Son, Limited, Rochdale. The waste material is 
drawn from each machine, and from any sweepings 
receptacle, by induced draught and delivered into a 
collector vessel in which it is trapped, so that the material 
does not pass through the fan. 

Coke Ovens.—A circular describing the new Otto 
regenerative coke oven is to hand from Messrs. Silica 
Coke Oven and Machinery, Limited, Aldwych House, 
Aldwych, London, W.C.2. The oven units carbonise 
18} tons of coal in 12 hours. It is claimed that the 
treatment is highly uniform, and the oven structure 
very durable. The list of orders executed and in hand 
shows a total of 1,611 ovens, supplied mainly to Germany, 
with 66 to England, 170 to Russia, and 170 to Poland. 


Electric Motors.—The applications of electric motors 
is the chief subject dealt with in the April and June 
issues of the Review issued by Messrs. Brown- 
Boveri and Company, Limited, Switzerland. The 
motors are shown incorporated in the frames of centri- 
fugal dryers, as attachments to washing machines, 
printing machines, spinning frames, &c., and employed 
for driving line shafts. Circulars dealing with scavenging 
and supercharging blowers for motor ships, and small 
lighting sets, are also to hand. Messrs. British Brown- 
Boveri Limited, Trafalgar House, Waterloo-place, 
London, 8.W.1, supply these publications. 
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| 
THREE-CYLINDER DOXFORD| 
OPPOSED-PISTON AIRLESS-INJEC- | 
TION MARINE OIL ENGINE. | 


Amongst the machinery displayed at the North East | 
Soast Exhibition, were some examples which merited | 
fuller description than was possible in the general | 
account of the exhibits given on pages 679 to 694 in the 
issue of ENGINEERING.for May 31, last. One of these 
examples is a new form of the well-known opposed- 
piston, airless-injection, two-stroke cycle marine oil | 
engine constructed by Messrs. William Doxford & Sons, | 
Limited, Sunderland. It is described below, with the | 
aid of Figs. 1 to 3, on this and the opposite pages, and | 
it may here be remarked, with regard to Fig. 1, that the | 
somewhat elaborate stairways and gratings seen in it are 
of a temporary nature, having been erected on the stand | 
at the exhibition to permit access by the general public | 
to the engine. While the main lines of the engine recog- | 
nisablyem body the principal features of the older Doxford | 
design, there are several important departures from the 
earlier types which arrest the attention at once. The 
engine has three cylinders only, and therefore presents a 
very compact appearance in a broadside view. This com- 
pactness is real and not merely apparent, and is largely 
due to the disappearance from amongst the cylinders 
of the familiar scavenging pump, this accessory being 
bracketed out, in the present instance, from the back 
of the engine, and being actuated by a lever. Again, 
the vertical shaft, operating the camshafts through 
bevel gearing, has given place to a train of spur wheels | 
housed in a casing at the after end of the engine. 
| 





The normal rating, at 180 r.p.m., is 1,000 brake horse- 
power, but more precise figures are available from a re- 
port of some bench tests, referred to below, carried out by | 
Professor C. J. Hawkes just before the engine was dis- | 
patched to the exhibition. The three power cylinders are | 
each of 400-mm. (15°75 in.) bore, but, as is now customary | 
in Messrs. Doxford’s balanced type, the stroke of the | 
upper piston is shorter than that of the lower’one, the 
respective figures being 540 mm. (21-6 in.) and 760 mm. 
(29-92 in.). This difference in the length of stroke is 
correlated to the difference in weight of the moving | 
parts attached to the respective pistons and, with | 
four cylinders, results in an engine which is claimed to 
be perfectly balanced. A discussion of the principles | 
involved and diagrams of the balancing forces will be 
found in an article describing the Doxford engines of the | 
M.S. Bermuda in ENGINEBRING, vol. cxxiv, page 805 
(1927). In this new design, however, while complete 
primary vertical balance may be obtained, it is not 
possible to provide for the collective balancing of the | 
secondary couples, as there are only three cylinders. 
At the same time, the stiff form of construction, 
together with its comparatively short length fore and | 
aft, proved on the test bed that steady running at a | 
speed of 250 r.p.m. is readily maintained. | 

Scavenging the cylinders is carried out by the stan- | 
dard Doxford method of introducing the. scavenging | 
air through ports which are uncovered by the lower | 
piston when at the bottom of its stroke. The converse | 
movement of the upper piston uncovers a row of ports | 
at the top of the cylinder, through which ports the | 
gases are swept out of the cylinder. The scavenge | 
pump discharges into a chamber forming part of the 
cylinder girder on top of the columns. The lower 
cylinder liner passes through this chamber, as will 
be clear from Fig. 3. The scavenge pump is driven | 
from the lower crosshead of the middle cylinder by the | 
double levers shown. It is 1,120 mm. (44-1 in.) in 
diameter by 350-mm. (13-78 in.) stroke. The pump 
rod is continued through the screen casing below the 
pump, and terminates in a crosshead fitted with the 
piston rods of four small pumps. Two of these supply 
the cooling circulation of the pistons and liners, which, 
incidentally, is of a somewhat unusual character, the | 
upper pistons being cooled by distilled water obtained | 
from the jacket supply, while the lower ones are cooled | 
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collar Michell thrust block is carried on the bedplate | 


extension supporting the fuel pumps, and a flywheel, 
5 ft. 3 in. in diameter and weighing three tons, is fitted 
at the thrust-shaft coupling, close to which the forward 
plummer block is arranged. 

The third gearwheel of the train is an idler, and 
drives the centre one of a horizontal row of three, the 
two outer ones,of which are keyed to the camshafts 
seen below the opposed horizontal fuel valves on the 
centre of the cylinders in Fig. 3. Airless injection is 
employed. The compression ratio provided is higher 
than that formerly employed in Doxford engines, in 
order to enable the engine to be started up readily from 
the cold condition without preliminary warming of the 
jackets. The compression pressure, when the engine is 
running at 150 r.p.m., is 435 lb. per square inch. It 
may be mentioned here that this feature has been 
adopted to meet the running conditions of these small 
engines at sea, and it by no means follows that the 
practice of pre-heating the jackets and pistons of the 
larger engines has been abandoned. 

The manceuvring gear is of new design. It is seen, 
in Fig. 1, at the front of the engine, near the after 


and also the provision for running at speeds up to.250 
r.p.m. The design may be modified, if required, for small 
vessels, by reducing the overall height. The trials, 
|earried out under the supervision of Professor C. J. 
Hawkes, of Armstrong College, were made under two sets 
of conditions. In Series A, the engine was tested as if 
employed on land, and in Series B, as running under 
marine conditions. In the first case, the power and 
fuel consumption were measured when the engine was 
running at various powers at constant speed under the 
control of a Hartung governor driven by a pair of bevel 
wheels from one of the upper wheels of the camshaft 
gear train. The governor regulated the lifts of the 
fuel valves, and the suction valves of the fuel pumps. 
In the second case, measurements were made with the 
engine running at various torques and speeds, the 
torques being assumed to vary as the square of the 
engine revolutions. The governor was removed during 
this series of trials. 

The brake horse-power developed by the engine was 
absorbed by a Heenan and Froude dynamometer. The 
‘fuel oil passing to the engine was weighed ; it was 
heated before the trials commenced and was passed 





by lubricating oil. The rocking pipes through which | cylinder. It consists of four interlocked levers, one | through a Sharples centrifugal superheater. The fuel 
this oil is conveyed to the pistons can be made out in | at the after end of the casing, two grouped together | tanks were kept heated by gas jets. Anglo-Persian fuel 
Fig. 3. The outlet is through telescopic tubes, which | with handles projecting from the casing, and the fourth | oil was used, of a gross calorific value of 19,130 B.Th.U. 
discharge into the crankcase by way of a sight and | outside the casing on its forward end. This latter is | per lb. for Series A trials, and of 19,330 B.Th.U. per lb. 
thermometer box. The oil pump also provides the | the reversing lever. Of the other three, the forward | for those of Series B. The leakages of fuel oil from the 
forced lubrication for the yrincipal bearings. The two | one is for starting the engine by admitting air to a piston | fuel pumps and the fuel valves during the total period 
remaining pumps circulate sea water through the | which moves the starting-valve rollers into contact | of each series of trials were only 12 ounces for Series A, 


fresh-water and lubricating-oil coolers, respectively, 
the object being to make the engine self-contained and | 
independent of auxiliaries at sea. Mechanically- | 
operated sight-feed lubricators are fitted for the internal | 
lubrication of the power and scavenge cylinders. 

The arrangement of the crankshaft and main bearings | 
will be clear from Fig. 2, the only comment necessary 
being that spherical seatings are fitted, in accordance 
with the usual Doxford practice, to both the crank-pins 
and main bearings. The crankshaft coupling carries 
the lowest of the train of spur wheels previously referred 
to. These wheels have single-helical teeth, and the | 
second of the train is mounted on a small crankshaft | 
which drives the three fuel pumps at approximately | 
two-thirds the speed of the main crankshaft. A single- | 


ahead and astern manceuvring lever. This lever has 


| a limited travel sufficient for running slow, and is inter- | as possible, the mean of the five trials being 185-5 r.p.m. 


locked with the starting-valve lever. As soon as the 
engine begins to fire, the starting-valve l>ver is returned 
to its original position and the interlock is freed. The 
manceuvring lever is then moved to vary the speed, 
as required. The after lever of the four controls the 


| fuel pumps. 


The engine, when the exhibition is closed, will, we 


| understand, be fitted to a ship, but the design is not 


intended specifically for marine propulsion, one of the 
purposes for which it may profitably be used being for 
driving electric generators; hence the reason for making 
the trials upon it in the manner now to be described, 


| with their cams. The next lever, counting aft, is the | and 16 ounces for Series B. Each series consisted of 


| five trials. In Series A, the speed was kept as constant 
|The load was varied from full to quarter-load. In 
| Series B, the speed was varied in steps from 148-5 r.p.m. 
| to 79 r.p.m., corresponding to full and quarter-torque, 
respectively. 
| The leading figures for the full-power trials only are 
| given for both series in the appended table, which has 
| been abstracted from Professor Hawkes’ report. In all 
| cases where individual figures for each cylinder might 
| have been expected we have given the mean of the three 
| cylinders as a general indication. With regard to the 
| quarter-power trials in each case, it may be useful to 


| state that the fuel consumption per brake horse-power 
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‘* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned, the Specification is not 
illustrated. 

here % tions are ted from abroad, the Names, £c., 
of the communicators are given in italics. 

— of ae may be obtained at the Patent Office Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform ay of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, _ after the abstract, unless the 
Patent has been sealed, when the word ‘‘ Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 








MACHINE AND OTHER TOOLS SHAFTING, &c 


311,057. Barlow and Chidlaw, Limited, Salford, 
and A. S. Rowley, Salford. Lathes. (3 Figs.) 
March 29, 1928.—-The invention relates to apparatus to 
be attached to a lathe for grinding threads of screws or 
worms or teeth of helical or spiral gears, of the type in 
which an abrasive grinding wheel or disc, with a suitably- 
shaped profile and mounted on a rotary spindle, is sup- 
ported in a slide at a suitable angle to the work, and 
rotated by bevel pinions. According to the invention, 
the attachment comprises an adjustable swivelling arm 
or bracket carrying a rotary grinding wheel or tool at 
its free end, mounted about the centre of the cross slide 
of a lathe to swivel thereon, and a bevel pinion upon a 
rotary shaft concentric with the swivelling bracket to 





/ 
A 
4 


drive the grinding wheel. An adjustable swivelling arm 
A, capable of rotating about a horizontal axis, is mounted 
upon a slide B. The arm extends forward from the cross 
slide, and carries in bearings the spindle d of a grind- 
ing wheel D, the axis of which is at right angles to 
that about which the arm A swivels. A bevel pinion E 
is mounted on the spindle d. A rotary shaft F, keyed to 
the shaft g of a motor G, is centred in the cross slide B 
on the axial line about which the arm A swivels and to it 
a bevel wheel E! is keyed, gearing with and driving the 
bevel wheel E. The arm A and the grinding wheel D 
may be moved around the rotary shaft F to tilt the 
axis of the spindle d and grinding tool to correspond 
with the angle of the worm or teeth to be ground, and, 
when set, is clamped or fixed in position by bolts or 
screws.—(Sealed.) 


MINING, METALLURGY AND METAL 
WORKING. 


311,487. W. J. Jenkins and Company, Limited, 
Retford, and R. M. Goodman. Westminster, 
London. Conveying and Quenching of Coke. 
(5 Figs.) February 28, 1928.—According to the inven- 
tion, the coke discharged from the retorts is conveyed 
down a travelling inclined or anti-breakage shoot into 
a fixed channel or trough extending in a direction 
parallel with the face of vhe retort bench, and a stream of 
water flowing along the channel is caused to quench and 
carry away the coke to plant which separates the coke 





Fig.l 














from the water and transfers it to a place where it is 
intended to grade, store or load the former. The 
water sluice trough a is moulded in the concrete floor 
of the retort house adjacent to the ends of the retorts 
and in a convenient position for receiving the coke 
from a travelling shoot. The water sluice trough a is 


covered by hinged doors hk, and is connected with a 





settling tank 7, from which water for quenching and 
conveying the coke discharged into the trough is pumped 
by a pump j, and flows along the trough conveying the 
coke with it to the discharge end of the trough. At the 
discharge end of the trough a, a perforated tray conveyor 
k, receives and separates the coke and water, the water 
flowing into a compartmented settling tank 7. From | 
this it may flow through a second settling tank /* and 
sumps m, m back to the tank 7, which has inlet and 
overflow pipes connected with it.—(Accepted May 23, | 
1929.) | 


RAILWAYS AND TRAMWAYS. 


309,011. The Cosolidated Brake and Engineering | 
Company, Limited, Slough, and J. Mayne, Buenos | 
Aires, Argentine. Vacuum Brake Cylinders. | 
(4 Figs.) January 2, 1928.—The invention relates to | 
vacuum brake cylinders of railway vehicles. The inven- | 
tion provides improved means whereby the sleeve protect- | 
ing the piston rod is held in position in a manner that | 
permits of ready removal in order that the piston rod | 
and gland box are readily accessible. According to the | 


. . . . | 
invention, the means of securing the sleeve comprise a | 


split ring 2 of metal, secured to the upper end of the pro- | 
| 
| 
| 
| 








tecting sleeve 1, and adapted to engage an annular groove 
formed in the piston rod gland box 4. The ring has its 
ends 3 bent outwards and so arranged as to constitute 
finger pieces that can be gripped in order to effect the 
expansion of the ring necessary when engaging and 
disengaging the end of the sleeve 1 from the annular 
groove. The lower end of the protecting sleeve 1 is 
anchored to the piston rod 5, by the split pin that extends 
through the piston rod near the lower end thereof above 
the cotter 10 on which bears the lever of the brake 
mechanism.—(Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


309,060. Thomas Hall and Son, Limited, Rother- 
ham, and C. E. Garrod, Rotherham. Glands or 
Seals. (1 Fig.) December 3, 1927.—The invention 
relates to glands or seals comprising two oppositely- 
disposed spring-pressed valves h working in separate 
chambers ¢ and d, around a rotary shaft a. One valve func- 








| 
| 


tions according to the direction of the pressure of the | 
fluid to prevent the passage of the fluid, the sides of a| 
wall f, dividing the chambers c, d, constituting the valve | 
seatings. It is characterised by the feature that the | 
valves h have annular faces?, working against the seatings 
and cup-like bodies housing packing j, through the 
medium of which the valves are held against their seats 
by coil springs m, the rotary shaft extending through | 
each chamber.—(Sealed.) 


309,062. The British Soot Blower Company, 
Limited, Preston, and A. U. Merrylees, Preston. 
Removing Soot from Boiler Tubes. (4 Figs.) January 
3, 1928.—The invention relates to apparatus for removing 
soot from boiler tubes by the discharge of steam from 
nozzles of blower pipes, and of the known type in 
which the rotation of the blower into the operative 
and inoperative positions, respectively, automatically 
admits the steam to or cuts it off from the blower. 
According to the invention, an extension on the 
blower is fitted so as to rotate in a valve box connected 


| 
| 








with the steam supply, and in its inoperative position 
closes the valve box against the entrance of the steam, 
but in its operative position steam enters the valve box 
and passes through suitable ports into the exterior of the 
blower extension. A is the extension of the blower 
provided with ports a for the admission of steam. B is 
the valve box, the inner projection of which forms a 
stuffing box b with a packing gland C. The outerend of 








the valve box is closed by a removable cover D. Steam 
enters the valve box by a port F, and is admitted into 
the extension A by ports a in the position shown of the 
blower, which is also that in which steam is ejected from 
the nozzles (not shown) of the blower for the purpose of 
cleaning the boiler tubes, or the like. When the blower 
is rotated through 180 deg., the port F is closed by a 
concentric segmental enlargement a! of the extension A, 
fitting tightly in the steam space F between the external 
periphery of the extension and the internal periphery of 
the valve box B.—(Sealed.) 


311,101. James Howden and Company, Limited, 
Glasgow, and J. Hume, Westminster, London. 
Oil-Burning Furnaces. (3 Figs.) May 11, 1928.— 
The invention relates to means for regulating the supply 
of air to oil-burning furnaces of the type having a hollow 
furnace front provided at each side with valves which 
control the supply of air for combustion in the furnace. 
According to the invention, the actuating handles 5, 6, of 








the valves can be worked individually and co-operate 
with toothed segments 9, 10, formed on or fitted to the 
furnace front concentric with the axes of the valves and 
engageable by detents fitted to the handles, thereby 
ensuring precise adjustment of the valves in a manner to 
effect equal admission of air at both sides of the furnace.— 
(Sealed.) 


312,711. David Auld and Son, Limited, Glasgow, 
and J. Graham, Glasgow. Valves. (2 Figs.) 
March 9, 1928.—The invention has reference to pressure- 
reducing valves, stop valves, regulating valves and other 
valves. a is the valve casing,.and b the valve proper. 
On the inlet side of the valve, the casing has an annular 
flat face e formed with an annular recess f. Inserted 
within the valve casing a, is a hollow-flanged member. 
which constitutes the valve seating c, and is provided at 
its outer end with an externa] flange d! which fits within 





the recess f. The cylindrical wall of the member c is 
provided with two circular holes f1, f1 located in vertical 
alignment and bevelled at their upper edges to form two 
valve seats. Secured to the face e of the valve casing, so 
as to secure the flange of the valve seating tightly in 
position, is the flanged end h, of a short connection or 
cylindrical member forming the inlet or outlet branch 
of the valve casing, the tee-flange at the other end of 
said member being adapted to be connected to a similar 
flange of a steam pipe, boiler or the like. The flange h. 
the flange d1 of the valve seating, and the valve casing. 
are all recessed to form a single annular channel for the 
reception of a packing ring t.—( Accepted June 12, 1929.) 
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FULL-SCALE AND BEGGS DEFOR- 
METER TESTS ON A REINFORCED- 
CONCRETE ARCH BRIDGE. 

(Concluded from page 284.) 
CoMPARISON OF RESULTS. 
Stresses with Superstructure Intact.—In Fig. 9 


are compared, for one position of load, the intrados 
and extrados stresses, (a) as measured on the full 


Fig.9.STRESSES IN ARCH RIB UNDER !-TANK 
LOADING WITH DECK INTACT (SERIES.1.) 
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Location of Telemeter Points along Rib Axis. 


Fig.iZ. ROTATIONS OF ARCH RIB UNDER 1-TANK 
LOADING FROM MODEL ANALYSIS COM- 

PARED WITH MEASURED ROTATIONS 

(SERIES |) i 
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Rotation -Inches Per Inch (Thousandths of an Inch) 


(8.1) Location of Clinometer Points along Rib Axis. 
scale with the deck intact; (b) as derived from 
deformeter analyses A and B ; and (c) as computed 
for the free rib. 

Similar diagrams, of which Fig. 9 is typical, were 
derived for the five successive positions of loading 
from the pier to the crown of the arch. The lines 
connecting plotted points are not intended to indi- 
cate variations of stress between sections of the 
arch, but merely to serve as a guide for the eye. 
It will be observed that the agreement with the 
measured stresses is better for the model analyses 
than for the theoretical results. The model data 


exhibit a general correspondence with the field 
measurements, those of analysis B being uniformly 
in closer agreement than those of analysis A. This 
agreement is, however, somewhat fortuitous, on 
account of the approximate design of the celluloid 
links simulating the indefinite connection between 
the floor system and the spandrel structure. The 
stresses of analysis A, in practically every case, and 
particularly for maximum stresses, are lower than 





either those of B, or the measured ones, which is to 


Fig.10. STRESSES IN ARCH RIB UNDER 1-TANK 
. TOADING WITH DECK CUT (SERIES 2). 
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iq.t8 DEFLECTIONS OF ARCH RIB UNDER 
TANK LOADING WITH DECK CUT(SERIES 2) 
COMPARED WITH THEORETICAL DEFLECTIONS. 
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be expected on account of the stiffer condition of 
the model. 

As regards the theoretical values, the comparison 
furnished by the diagrams reveals very strikingly 
the reduction in rib stresses due to the stiffening 
effect of the superstructure and curtain wall, and 
suggests the possibility of appreciable economy in 
arch rib design. 

Stresses with Superstructure Destroyed.—Fig. 10 is 
a similar typical stress diagram for series 2 tests, 
|in which the theoretical stresses for the free rib 
| are compared with those measured on the bridge 
| and model with the superstructure destroyed. The 
| agreement between the measured and computed 
| results, which is much closer than in the tests of 
| series 1, was found to improve as the load was 
| moved towards the crown and the deflection was 
| increased. It is of interest to observe, also, that 





| the agreement between measured and computed 
| results is improved by basing the latter on the 





assumption that the concrete takes tension. On 
the whole, the measured stresses are less than those 
calculated, and the data from model analysis C, 
which agree very closely with theoretical values, are 
well on the safe side. These curves provide evidence 
in favour of the applicability of the elastic theory 
to the design of free arch ribs. 

Maximum Stress with Superstructure Destroyed.— 
Fig. 11 shows the stresses for series 3, in which two 
tank loads were placed so as to produce maximum 


STRESSES IN ARCH RIB UNDER 2-TANK 


Fig.11. 
F LOADING WITH DECK CUT (SERIES 3) 
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stress at the springing line. The agreement between 
measured and theoretical stresses is again close, and 
is improved by the assumption that the concrete 
takes tension. 

The comparison of the field results for tests with 
and without the superstructure restraint may be 
summarised by the statement that the maximum 
stresses for series 1 are almost invariably less than 
those for series 2, the difference increasing as the 
load recedes from the springing line and being 
greatest when the load is near the crown. 

Arch Rotation.—Moment diagrams for each con- 
dition of loading and each. condition of rib restraint 
were made from the influence lines derived from 
the model analyses. Arch rotations were calcu- 
lated from these moment diagrams, the rotation 
due to rib shortening caused by thrust being 
neglected. The curves of Fig. 12, representing a 
single position of load, have been selected as typical 
both of the rotations due to all positions of loading 





and of the comparison between rotations derived 
by measurement, computation, and model ana- 
lysis, respectively. The measured rotations of series 
2 tests were in good agreement with computation, 
and have been omitted from the diagram to avoid 
confusion. 

The comparison afforded by the curves of Fig. 12 
is particularly significant, since it was considered 
by the field workers that the measurements of 
rotation furnished, perhaps, the most satisfactory 
full-scale data obtained. The instrumental work 
was subject to few inaccuracies, and the measure- 
ments themselves, representing a summation of 
deformation, were consequently less sensitive than 





stresses to sudden local changes of moment. 
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As regards the full-scale tests, which comprised ;can be represented with sufficient accuracy, but 
three values of load at each position of loading, /in the simulation of indefinite connections, such 
it was found that the measured rotations were very | as the expansion joints and bearing-plate deck 
fairly proportional to the magnitude of the load. | contacts of the Yadkin Bridge, modification of rigid 
The increase of rotation due to the removal of the | connections in the model is little better than an 
superstructure is very remarkable—a feature which estimate. Such considerations suggest that, where 
appears also from the model analyses (curves A,| the Beggs method is contemplated in design with 
B, and C) in Fig. 12. As regards the comparison | the object of taking full advantage of the stiffening 





between model and full-scale results under series 1 | effect of the superstructure, the design should be 
conditions, individual values are apparently in poor | such as to exclude indefinite connections between 
agreement, although the discrepancies are appre- | members. 
ciably less for analysis B than for analysis A. It 
should be realised, however, that it is the slopes 
of these curves which are important, since the 1,500 LB. gear gga PLANT 
slope is everywhere proportional to the bending M. 
moment divided by the moment of inertia of the By Dr. Ine. F. Marauerre. 
section. At any abscissa where the slopes are (Concluded from page 255.) 
the same, therefore, the bending moments are the Pai dedisal the teehee ee a 
same, and, from this point of view, model analysis willines ad er As h ee a 
B corvesponds Seisty well to thie Labign with super- stated when discussing he ies eee, the 
ene SIRS, ‘ ._, '|feed-water is first raised to a pressure of "20 atmo- 
Deflections.—The measured deflections at points | . heres (300 Ib. per square inch) and then passed 
along the span for any one position of loading were | through the feed-heater, so that it reaches the main 
found to be approximately proportional to the| numps at a temperature of about 200 deg. C. (392 
magnitude of the load under all three conditions of | gag. F.). 
test. A typical diagram for series 2 tests is repro-| ‘This hich temperature in re ger ee ee 
duced in Fig. 13, and shows good agreement between difficulties, especially with regard to the gland pack- 
the ——— en eee ea ing, since leakage of water means a loss of steam. 
maximum valu . : : 
excess of the former. With the bridge deck intact, At ane time the samployanent of socipenonting 
however, the measured deflections were only about pre eeera 
30 per cent. of those shown in Fig. 13, with the : iz 
ith that the maximum computed deflections for Fig. 15. | 
the ‘free rib’ were between two and three times 
those measured. For series 3 tests, involving arch 
stresses of high intensity, the measured maximum 
deflections were greater than the theoretical by 
20 per cent. or 30 per cent., but the agreement was, 
on the whole, good. 





























CoNCLUSIONS. 
M- 


Conclusions Regarding Full-Scale Tests.—It must 
be realised that the field tests described were 
concerned only with deformations produced by loads 
applied for short periods, and that conclusions drawn 
from the results are not necessarily true of dead- 
load deformations due to continuous application R 
over long periods of time, during which the elastic 
properties of the structural materials may be 
affected. With this proviso, the following conclu- 
sions as to the action of a reinforced-concrete arch 
appear to be justifiable :— 

1, The action of an arch rib, when free from | pumps was considered, but the idea was given up 
the restraining effect of the superstructure and|owing to the large amount of space required 
supported by practically immovable piers, conforms | and the high price, though an efficiency of about 
closely to the action as determined by the generally | 30 per cent. would have been obtainable. On the 
accepted theory of elastic structures, even at high | other hand, the efficiency of centrifugal pumps of 
unit stresses over short lengths of rib. the size at present installed, i.e, with a maxi- 

2. The observed compressive stress in the concrete | mum working capacity of 90 cub. m. (20,000 gallons) 
checks the computed stress more closely when it is | per hour, does not exceed 55 per cent., at the average 
assumed that the concrete takes tension. load though the maximum is, of course, higher. 

3. The observed tension in the steel is, in general, | Pumps, which are to be installed later, will have 
less than that computed on the assumption that an output of double the above figure and a working 
the concrete takes no tension. efficiency exceeding 60 per cent., so that the differ- 

4, The superstructure in an open-spandrel arch | ence between them and reciprocating pumps will 
reduces the deformation of the rib by an amount} not be so great. ‘Two of the pumps installed were 
depending on the degrze of continuity of the floor| manufactured by Messrs. Klein, Schanzlin and 
system, the degree of fixity at the tops of the/ Becker, of Frankenthal, and are driven by Escher 
spandrel columns, and the stiffness of the columns. | Wyss steam turbines. In addition, two pumps, 

5. For the test arch, rib deformations due to | manufactured by Gebr. Sulzer, of Ludwigshafen, are 
temperature appear to be independent of the! provided. These are driven by electric motors made 
superstructure. by Messrs. Brown, Boveri and Company, of Mann- 

Conclusions Regarding Model Analyses.—Certain | heim, the speed of control being on the Scherbius 
general conclusions drawn from the results of the | system. All the pumps are, therefore, of the variable- 
deformeter analyses may be summarised as follows:— | speed type. This has proved economical, even in the 

1. The behaviour of « hingeless arch rib, | case of the three-phase motor drive, in spite of the 
unrestrained by superstruccure, as calculated by | high cost of the controlling equipment, owing to the 
elastic theory, is in close agreement with that} relatively large power requirements. The main 
determined by Beggs Deformeter analysis. determining factor, however, was that as the 

2. The model analysis shows that the presence of | pressure, which in a centrifugal pump depends on 
the superstructure acts to reduce rib stresses. | the quantity of water delivered, varied so consider- 

3. Accuracy of model analyses calls for uniformity | ably at this high head, the excess pressure available 
of temperature during Deformeter measurements. | at the feed-water valve inlet would also vary widely 

4. The accuracy of the Deformeter analysis is|so that it was doubtful whether sufficiently good 
somewhat reduced by increased structural com- | regulation could be obtained with constant speed 
plexity of the model. | sets. Speed control is effected by an automatic 

One final point—the representation of structural | differential pressure regulator. 
details in the model—calls for brief comment.| The Sulzer pump, like those supplied by Messrs. 
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Features which are integral parts of the structure Klein, Schanzlin and Becker, is of the single-flow 
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type, the axial thrust being taken up in the usual 
way by thrust discs. 

The casing of the pump is of cast steel, while the 
impeller is of Monel metal. The glands are water- 
sealed, the supply being drawn direct from the 
intermediate feed pumps at a pressure of 20 atm. 
(300 Ib. per sq. in), before it enters the feed heater. 
It is therefore at a somewhat higher pressure than 
that of the water at the pump inlet, while its tem- 
perature is 80 deg. O. (176 deg. F.). This water 
seal is effective in ensuring that no leakage occurs 
of the feed, which has already been heated to 
200 deg. C. (392 deg. F.). The glands on this pump 
are cooled internally by water flowing through the 
hollow shaft. Each pump is driven through 1:3 
gearing, by a motor running at a speed of 1,500 r.p.m. 

The Klein, Schanzlin and Becker pump is illus- 
trated in Fig. 16, opposite. It also runs at a speed 
of 4,500 r.p.m., and is driven direct by a steam 
turbine. The body sections and end casings of the 
pump consist of forged steel rings, which are held 
together by long through bolts, the joints being 
ground. The impeller is of nickel bronze, whose 
properties are very good at the working temperature 
of 200 deg. C. (392 deg. F.). The arrangement of 
the thrust bearing, giand and water seal will be 
clear from Fig. 16. All the pumps are connected 
to duplicate forged-steel distributors, from which 
the pipes run in duplicate direct to the boilers. 

It should also be noted that the re-heater conden- 
sate, the temperature of which is 300 deg. C. 
(572 deg. F.) is passed to the sixth or seventh stage 
of the feed pumps, that is to a point where it is 
certain that the pressure exceeds the saturation 
pressure of the water. A special safety device is 
fitted to ensure that, in case of a failure, the 100 atm. 
(1,500 lb. per sq. in.) pressure is not transmitted 
to the 20 atm. (300 Ib. per sq. in.) side of the pump, 
should the latter be stopped. 

The re-heater is illustrated in Fig. 17. It was 
manufactured by Messrs. Szamatolski, of Berlin, and 
there are six compartments for each turbine, which 
are arranged in pairs in parallel, the three groups 
thus formed being connected in series. The 20-atm. 
(300 lb. per sq. in.) steam flows through the heater 
casings of this system, and the 100-atm. steam 
(1,500 Ib. per sq. in.) through the interior coils. The 
first two sections, where the steam temperature is 
lower, are heated by a small quantity of bye-passed 
live steam, and the third by the whole of the live 
steam supplied to the turbine. The condensate 
is drawn off through the steam trap, illustrated in 
Fig. 12, page 253 ante. The re-heater was easily 
installed below the turbine. As the space under 
the super-pressure turbines was unoccupied, this 
arrangement led to no additional building costs, and 
hardly any expense on account of piping, or steam 
or pressure losses. At full load, 65 metric tons of 
steam are re-heated some 80 deg. to 90 deg. C. 
(144-6 to 162 deg. F.), for which purpose a heating 
surface of 160 sq. m. (1,722 sq. ft.), measured on 
the 20-atm. (300 Ib. per sq. in.) side of the coils, 
is necessary. 

The two super-pressure turbines were manu- 
factured by Messrs. Brown, Boveri and Company, 
of Mannheim, and are designed for an admission 
pressure of 95 atm. (1,425 Ib. per sq. in.), and an 
exhaust pressure of 19 atm. (285 lb. per sq. in.), 
the maximum admission temperature being 450 
deg. C. (842 deg. F.), and the normal 425 deg. C. 
(797 deg. F.). A view of one of these machines is 
given in Fig. 19, page 314. One of the two turbines is 
connected direct to a second cylinder, from which 
the steam required for heating the feed water is 
drawn, while the other consists only of a high- 
pressure cylinder. The machines run at a speed 
of 3,000 r.p.m., and are coupled direct to the 
generators. 

The employment of gearing, the adoption of 
which would have enabled the thermodynamic 
efficiency of relatively small machines to have been 
raised by about 2 per cent., was considered, but the 
gain did not appear to justify the extra complication 
for an output of 5,000 kw. and a speed ratio of 
5,000/3,000 r.p.m. Future turbines will. however. 
be designed to take 120 tons (264,000 Ib.) of 
steam per hour, and their thermodynamic efficiency, 
calculated from admission valve conditions, will be 
78 per cent., or perhaps more, as compared with 
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Fie. 17. Group or REHEATER UNITs. 


the present 68 per cent. under the most favourable 
conditions. This development was, of course, 
taken into consideration when the high pressure 
was decided upon, and is a confirmation of the 
opinion that high-pressure steam should only be 
used on large installations. 

Fig. 20, page 314, is a section through one of the 
high-pressure turbines, the joints of which are 
made with bolts screwed over a considerable length. 
The casing consists of steel castings in order to 
allow for the temperature differences which 
occur when warming up. The strength of the steel 
castings, which was determined under a range of 
temperatures, and at 400 deg. C., as follows :— 

Tensile strength at 20 deg. C. (68 deg. F.), 
44 kg. per sq. mm. (27-94 tons per sq. in.); at 


400 deg. C. (752 deg. F.), 43 kg. per sq. mm. (27-3 | 


tons per sq. in.). 
Yield point at 20 deg. (68 deg. F.), 29 kg. per 
sq. mm. (17-78 tons per sq. in.); at 400 deg. C. 
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(752 deg. F.), 18 kg. per sq. mm. (11-43 tons per 
sq. in.). 

The casing is carried directly on the bearing 
pedestals by means of brackets in such a way as to 
avoid strains, special care being taken to eliminate 
strains due to the high temperatures. The only part 
of the casing, which is exposed to a pressure of 100 
atm. (1,500 Ib. per sq. in.), is the annular channel 
leading to the two-stage impulse wheel, the working 
pressure in the reaction portion, which is connected 
to this impulse wheel, being only 55 atm. (825 Ib. 
| per sq. in.) at full load. Labyrinth stuffing boxes 
|are used, designed to stand against a pressure of 
| about 19 atm. (285 lb. per sq. in.). There is at the 
|centre of the packing a drain to one of the lower 
stages of the feed-water heating system, while the 
dummy steam is passed on to the exhaust port and 





| thus does further work in the system. 
| Special attention was paid to the possible uneven 
‘or this reason 


| heating and distortion of the shaft. 











FEED-WATER STORAGE TANK. 


a drum forged from the solid was not used ; instead, 
one built up in sections, fitted to the shaft by a 
system of steel rings of U section,* was adopted. 
This ensures that as far as possible no warping of 
the shaft takes place owing to the uneven heating, 
which may occur when the machine is at rest. 
The blades throughout are of chrome-nickel steel. 
No special arrangements have been provided 
for cooling the bearings and shaft in the neigh- 
bourhood of the high-pressure inlet, in spite of the 
high steam temperature, the heat being conducted 
solely away by the oil, the supply of which is more 
than usually generous. 

The four admission valves are arranged on 
both sides of the turbine, so that their lay-out 
is symmetrical. Duplicate governing is in- 
stalled. Excessive speed is provided against by 
an emergency governor, while the regulation proper 
is effected by an Askania by-pass governor, which 


~_ * See ENGINEERING, vol. cxxvii, page 5 (1929). 
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is operated from the standard Brown, Boveri 
oil-pressure system. 

Any steam-raising plant, in which regenerative 
feed heating is used, is relatively complicated, 
owing to the numerous connections, which are 
necessary between the boiler and turbine rooms. 
This complication is increased in a_ two-stage 
installation, owing to the close interdependence of 
the various parts of the equipment on each other. 
Automatic governing devices and an elaborate 





system of instruments for controlling the heat flow | 


have, therefore, been provided for the whole plant, | 


the contract for which was let to the Askaniawerk, 
of Berlin. The master-control devices, which form 
part of the regulating equipment, as well as the 








various instruments necessary for operating the 
plant and controlling its thermal efficiency, are 
concentrated in a_ so-called heat-control room. 
For reasons of space the various devices installed 
for measuring the steam and water flow and tem- 
peratures, the gas temperatures, the carbon 
dioxide, &c., cannot be described. Neither can 
the very extensive system of alarms which has been 
installed. Some details, however, of the master- 
control apparatus, and the illuminated diagram, 
which enables the position of the various valves, &c., 
to be seen at a glance, may be given. The automatic- 
control equipment is primarily designed to ensure 
that the combustion, or amount of power generated, 
automatically corresponds with the amount of 











5,000-Kw. Hign-PressurE TuRBO GENERATOR, 





the power demand on the entire plant. Auxiliary 
devices are provided for controlling the water level 
in, and the temperature of, the boilers, the feed- 
water pressure, &c. 

The principle on which load regulation is 
effected is as follows :—The main load is taken by 
the normal pressure turbines, which are equipped 
with standard governors. If the load varies§the 
amount of steam admitted to these turbines will be 
altered.. The pressure in the 20-atm. (300 lb. per 
sq. in.) range therefore tends to change, and this 
variation is used to provide a working impulse 
for controlling the whole installation. Care is 
taken that as far as possible the high-pressure 
plant, which is the more economical, carries the 
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basic load. Any change of load is, therefore, 
primarily taken up by the 20-atm. (300 lb. per 
sq. in.) installation, the control being so arranged 
that, in the first place, the firing of the boilers 
working at this pressure is altered, in accordance 
with the load requirements. If, for instance, in the 
case of an increase of load this is insufficient to 
counteract a tendency for the pressure on the 
300-lb. per sq. in. plant to fall, the high-pressure 
boiler regulator comes into operation, so that more 
fuel is supplied to the 100-atm. (1,500 Ib. per sq. in.) 
boilers, their air supply being also automatically 
increased in the correct proportion. This causes 
the pressure of the 100-atm. (1,500 Ib. per sq. in.) 
boilers to rise, and at the same time opening the 
high-pressure turbine admission valves. Any further 
rise in pressure is thus prevented, while additional 
steam becomes available, first for the high-pressure, 
and then for the normal-pressure, turbines, the 
result being that the pressure in the 20-atm. (300 lb. 
per sq. in.) range again increases and balance is re- 
established. It is, of course, assumed that the 
high-pressure turbines and the standard pressure 
machines are connected to the same ’bus-bars. 

The feed-water storage tank is automatically 
associated with the control arrangements, and 
works as noted in connection with the description 
of the key, Fig. 2, page 226 ante, by diverting 
steam from regenerative feed heating to a con- 
densing system. The automatic regulation of this 
receiver depends upon the rate of increase or de- 
crease in the 20-atm. (300 lb. per sq. in.) pressure, 
and it ceases to function as soon as equilibrium is 
re-established between the steam production and 
the demand. Its temporary employment in this 
way helps to overcome the lag which is inseparable 
from all systems of firing. In addition, by adjusting 
the control device by hand, this feed tank can 
either be filled or emptied when the load is steady. 
An illustration of this receiver, which is placed 
in the open air and takes up very little space, 
especially considering the important increase in the 
boiler output, which it renders possible, is given in 
Fig. 18. 

The whole of the control operations are effected 
by Askania regulators, the master-portion of which 
is shown diagrammatically in Fig. 15, page 312. 
This is operated from the 20-atmospheres (300 Ib. 
per square inch) pressure steam range in the 
following way :—A freely working piston L exposed 
to the full pressure in the steam main, is coupled 
up to the counterweight G by the horizontal lever 
shown, and by a secondary arm to the swinging 
link O, the opposite end of which is fixed to and 
moves with the centre of the flexible diaphragm M. 
The space behind this diaphragm is in communica- 
tion with an air main, so that the position of the 
link O depends in part on the steam pressure and 
in part on the air pressure. At one point of its 
length this link O is coupled to the jet tube §, 
which therefore follows every motion of O, tilting, 
as it does so, about the adjustable fulcrum shown. 
Through this tube, which is of very fine bore, 
a steady flow of air is maintained by the blower P. 
The air discharged from the jet tube enters the 
open end of the pipe C, which communicates with 
the space behind the diaphragm M. If the jet 
pipe be tilted the pressure behind this diaphragm 
changes. Hence the position of the jet tube 
depends upon the balance between the steam 
and the air pressure, whilst the latter is in its 
turn dependent on the position of the jet tube, 
being a maximum with the jet central. Owing to 
the constant leak off from the opening opposite 
the jet no overtaking gear is required, the jet 
tube always coming to rest in a position in which 
there is equilibrium between the forces due to the 
air and steam pressures, respectively. Any 
variation in steam pressures thus results in a 
corresponding alteration in the air pressure, and 
this alteration is transmitted through the pipe C 
and acts as a master operating impulse for the 
individual control devices. The position of balance 
between air pressure and the difference in the 
steam pressure, i.e., the load, can be adjusted by 
moving the lever R in a longitudinal direction. In 
the same way as the master steam impulse is first 
converted into air impulse, which is transmitted to 
the individual boiler regulators, a similar ejector 
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causes the air impulse to be converted into an 
oil-pressure impulse, which, by means of a servo- 
motor, adjusts the fuel supply. In its turn, any 
variation in the fuel supply alters the air supply. 
In addition, the pulverised-fuel fired boilers are 
fitted with an air-adjusting device, the operation 
of which depends on the CO, content of the flue 
gases. The very elaborate details of these Askania 
regulators have already been described elsewhere. 

In conclusion, mention may be made of the 
illuminated diagram, on which all the important 
steam and water connections are clearly repre- 
sented, the individual connections being indicated 
by different coloured bakelite strips. These strips 
are transparent, and are illuminated from the back. 
When the corresponding connection is under 
pressure the light behind the strip is automatically 
switched on by the closing of contacts on the 
valves involved. This arrangement gives a com- 
plete representation of the actual position of the 
various connections in the installation. In spite 
of the fact that its cost is fairly high, the cost is 
well repaid, owing to the increase in operating re- 
liability which is thereby afforded. This diagram 
was installed by Messrs. Siemens and Halske A.-G., 
of Berlin. 

The installation, as a whole, has not been long 
enough in operation for it to be possible to say 
anything definite about operating experiences and 
economic results. The difficulties, which have 
occurred, were nearly all such as are unavoidable 
on starting up any installation, including those 
working at normal pressure. In addition, difficul- 
ties with the feed water were experienced, owing 
to leaky condensers, the presence of oxygen and 
for other reasons, the causes of which are being 
examined in the laboratory. At present they seem 
largely to have been overcome, and are mostly of 
a type which would also have occurred at lower 
pressures. It can be stated that up till the present 
no d fficulties of a special or fundamental kind, which 
can be traced to the high pressures, have arisen. 
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Vol. I, General Principles; Vol. 
By FRepD CLE- 
Ernest Benn, 


Blast-Furnace Practice. 
II, Design of Plant and Equipment. 
MENTS, M.Inst.C.E., ete. London: 
Limited. [Price 63s. net per volume. ] 

THE iron and steel industry has, for a number of 

years, been deeply indebted to Mr. Clements, the 

general manager of the Parkgate Iron and Steel 

Company, Limited, Rotherham, for his valuable 

communications to the Iron and Steel Institute 

dealing with current practice in iron and _ steel 
making. In these, he gave not only the results of 
his own experience and the deductions drawn there- 
from, but secured the co-operation of many other 
works in Great Britain, with the result that his 
papers were well entitled ‘‘ British Practice.” One 
of the outstanding features of these was the manner 
in which, by the use of elaborate, but carefully- 
planned, schedules, the details both of equipment 
and practice were compared and contrasted. 

Those who have had the pleasure and benefit of 
studying these papers will recognise the same 
masterly conception and execution in the present 


work. It forms the natural development of his 
paper on “ British Blast Furnace Practice,” read in 
1920. Now, however, the word ‘“ British” dis- 


appears from the title, and the alteration is fully 
justified since the field covered is world-wide. The 
practice in the various districts of Great Britain is 
dealt with ; also that on the Continent of Europe, in 
India, Japan, Australia, Canada and the United 
States of America. Comparative schedules have been 
freely used and the scope of them considerably ex- 
tended, so that the reader is able to grasp with 
great facility the essential points of agreement and 
difference, and to appreciate the factors which con- 
tribute to these. One small criticism may be made, 
although this is largely a matter of individual 
opinion. The form in which the schedules are repro- 
duced is more suitable for use on a drawing-board 
than at a desk, and many readers would, no doubt, 
find them more convenient had they been printed 
on a somewhat smaller scale, as with similar schedules 
in the Journal of the Iron and Steel Institute. 
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In a book of this type, which is bound to be re- 
garded for many years as one of standard reference, 
it is rather a pity that dates of installation and of 
reports of results, etc., are not given more frequently, 
although the general historical evolution is treated 
quite adequately. While it is true that the parti- 
cular equipment and practice adopted depend to a 
large extent on local conditions, so many develop- 
ments have taken place recently that, even in 
modern installations, the difference of a few years 
might have resulted in important modifications. 

The first volume deals with general principles, and 
the source, preparation and handling of raw 
materials. The chapters dealing with the geological 
character and distribution of iron ore deposits, 
economic consideration of them (which includes sampl- 
ing methods in Great Britain and the United States), 
and the practice and plant used in mining, appear 
somewhat outside the bounds of blast-furnace prac- 
tice, but indicate the broad view which Mr. Clements 
has taken of his subject. The chapter on the metal- 
lurgical properties of pig-iron contains a useful 
summary of the work done on the effect of various 
constituents, with equilibrium diagrams and photo- 
micrographs. Other chapters deal with the chemical, 
thermal and physical principles involved in the 
production of iron, and warrant careful study. It is 
pointed out that “every blast-furnace presents an 
individual problem,” and that, while they are con- 
sidered separately, “‘it cannot be too strongly 
emphasised that the forces co-operate as a unity.” 
The examination of the information available has 
been carried out very thoroughly, pointing to the 
possibilities of future progress. 

The preparation of ores for smelting—of import- 
ance both as making economically available certain 
ores and as affecting furnace design and operation— 
forms the subject of a well-illustrated chapter, 
followed by one on fluxes and iron-bearing auxi- 
liaries to the burden. In a chapter on the production 
of coke, the mixing, blending, etc., of coal, and 
typical coke ovens and plants, are described. Here, 
as in other chapters, it may be felt that a short 
bibliography would have been of advantage. <A 
chapter on the air blast discusses, among other 
items, the effects of pressure, oxygen enrichment, 
and moisture. The final chapter deals with the 
transport of the raw materials, with notes on the 
design of large ore bridges, transfer trucks and works 
locomotives, including descriptions and illustrations 
of electric locomotives. 

Volume II is devoted to the design of plant and 
equipment, the first chapter dealing with the choice 
of site, etc. Naturally, in covering such a wide 
ground, the same subject comes up for consideration 
under different headings, a certain amount of repeti- 
tion being inevitable. This, however, as in the case 
of ores mentioned in this chapter, is by way of 
summary, reference being made to the more detailed 
treatments given in other chapters. It is worth 
noting that the various factors cannot be dealt with 
in a cursory manner, since development of equip- 
ment or technique may completely change the whole 
outlook. A striking example of this is afforded by 
the Mesabi ores in the United States, the first at- 
tempts to use which were associated with so much 
trouble, but which now are the basis of the rapid re- 
duction and high outputs which are characteristic of 
American practice. The next chapter deals with the 
general layout of the plant and the arrangement of 
individual furnaces, well-illustrated descriptions being 
given of typical plants. Particulars are given of the 
quantities of the different materials to be handled, 
with descriptions of the methods adopted, including 
transport facilities. 

The design of stack, bosh and hearth are the 
subject matter of the third chapter, again with clear 
illustrations and descriptions of details from practice. 
In the introductory portion, diagrams are given of 
the alterations in furnace lines in America, Cleveland, 
the Midlands, and Germany, and the factors affecting 
these are discussed, although, curiously, no reference 
is made to the temperature of the blast or the nature 
of the coke, except as regards strength. These, and 
other points, are dealt with elsewhere, but in view 
of the importance of the design of the furnace, a 
fuller treatment might have been given dealing 
specifically with the effect of alterations in the 











burden, fuel, rate of working, etc., from this point of 
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view. As pointed out. recently by M. Derclaye, in 
the Revue de Métallurgie, improved production is not 
the result of one alteration only. What, in itself, 
might be expected to prove of benefit, may result in 
failure if the other conditions which apply be not 
suitably adjusted. 

The refractory materials for linings and stoves, etc., 
are next dealt with, particulars being given of the 
outputs obtained with different furnaces, with the 
blowing-out lines showing where weakness developed. 
The distribution of solid materials and the methods 
and equipment used in charging and hoisting are 
then described in considerable detail, followed by a 
similar discussion of the crude gas systems. Chapter 
VIII opens with a discussion of the relative merits 
of gas and steam engines and steam turbines for the 

‘ provision of the air blast, followed by a description 

of the blowers supplied by various makers. The 
development of the hot-blast stoves, with details 
of modern construction and equipment, and the 
handling of the iron and slag, including pig-casting 
machines, are next dealt with. The importance of 
auxiliary services is well known to all engaged in 
manufacture, and details are given regarding the 
water requirements and methods of providing for 
them, electrical equipment, furnace foundations and 
furnace indicating gear. 

The final chapter is devoted to a discussion of 
various instruments and the underlying principles 
of their construction, with descriptions of typical 
examples of the products of leading makers. The 
importance of having recorders conveniently located 
where the whole sequence of events can be readily 
observed by the management—thus permitting 
prompt attention to be given to any point where and 
when it becomes necessary—is rightly emphasised, 
but, since the correct functioning of any part of the 
plant depends on the man actually in charge of it, 
the following sentence might well have been printed 
in heavy type: ‘“ One of the functions of a pyro- 
meter is to remind the operator that the process he 
is controlling is one depending for its success upon 
accurate temperature regulation.” This, although 
specifically referring to pyrometers, is generally 
applicable, and presupposes that the management, 
by careful study of the factors concerned, have to a 
large extent eliminated uncertainty and provided 
those definite instructions without which the best 
equipment and most efficient maintenance are of 
little value. 

Mr. Clements and his collaborators, whose assist- 
ance is generously acknowledged, have provided in 
the volumes under review a most useful guide to the 
selection of the plant to suit different conditions. 
The concluding volume will deal with the actual 
operation of the blast-furnace, and the utilisation 
of the subsidiary products. 

Practical Railway Painting and Lacquering. By H. 
HENGEVELD, C. P. Disney, and W. J. MISKELLA. 
New York : Simmons-Boardman Publishing Company. 
[Price 3-50 dols.] 

Tue authors of this work, Messrs. Hengeveld, 
Disney and Miskella, are, respectively, the master 
painter of a great American railroad, a bridge builder 
of the Canadian National Railways, and the Director 
of the Finishing Research Laboratories, Inc., Chicago, 
while the work itself is the fourth of a series of 
volumes intended to cover the whole art of 
“finishing” from automobile lacquering, furniture 
polishing and electroplating to porcelain enamel- 
ling. Like most other industrial processes, painting 
and lacquering form the subject of many investi- 
gations; standard specifications are becoming 
common, while in all branches of the industry the 
machine is rapidly displacing the hand. In its 
240 pages, this book contains many valuable facts 
and hints regarding the manufacture, composition, 
properties, comparative costs, and tests of paints 
and lacquers, and also numerous illustrations of the 
modern painter’s plant, appliances and tools, but 
so completely has the spraying gun revolutionised 
the craft of painting, that nothing at all is said about 
the painter’s brush. 

About half the book is devoted to general informa- 
tion on spraying equipments, sandpapers and 
abrasives, sand-blast equipment, portable cleaning 

apparatus, modern testing methods, and scaffolding. 
Following these sections come others dealing with 


the painting and lacquering of locomotives, the | 
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painting of signal equipment, the painting of bridges, 
buildings and water-service equipment and the 
lacquering of electric railway cars. To master 
painters and railway engineers, the book should 
prove suggestive and stimulating. 

Of conservatism in method the book shows 
no trace. We are reminded of Lord Askwith’s 
remark to the Oil and Colour Chemists’ Association 
that “there is over 30,000,000,000 dols. yearly 
loss in the world from rust”? ; we are initiated into 
the process of manufacturing clear lacquer and 
lacquer enamels; we are given such practical 
details as that ‘‘ chewing gum has caused many a 
car painter to worry, but carbon tetrachloride is a 
solvent of it and will simplify its removal from car 
seats and the like”; while after being given some 
tables showing the comparative costs of painting 
by spray gun and by brush the moral is driven home 
by the story contained in the last two paragraphs 
of the book. ‘“‘I won’t use the spray gun,” said a 
brush painter to the superintendent of a small 
Canadian Interurban railroad, as he walked out of 
the shop... .” “I will,” said the long-whiskered 
blacksmith. ‘I can do my regular work and all the 
painting, too, but I can’t letter very well. Give me 
afew pointers on this and I will hold down both 
jobs.” This was done, and, by the introduction of 
that particular spraying outfit, the cost of labour for 
maintenance was reduced 334 per cent. 

In the United States there are approximately 
70,000 locomotives, 56,000 passenger cars and 
3,000,000 freight cars, all of which from time to time 
pass through the painters’ hands. The painter is 
also concerned in the upkeep of the tens of thousands 
of buildings and bridges, and the authors illustrate 
bridge painting by reference to the famous Quebec 
Bridge, of which we are told that it is the largest 
cantilever bridge in the world; that it cost 
15,000,000 dols.; that it will permit a Sante Fe 
locomotive of the 4-10-0 type, weighing 655,040 Ib., 
to pass over it with an ample factor of safety, and 
that it contains 66,480 tons of steel. The painting 
can only be carried out in the summer; it requires 
7,500 gallons of paint to cover the bridge in one 
coat and it takes three years for a crew of 35 men, 
working from June 1 to September 15, to apply this 
one coat of paint. The bridge is subjected to a very 
wide range of temperature of which the minimum 
falls to 31 degrees below zero; the surrounding 
atmosphere is often very moist and foggy, and dew 
sometimes keeps the surfaces wet as late as 11 a.m. 
“The cost of painting in 1927 was 7-14 dols. per 
gallon of paint used. This included material, 
labour and equipment maintenance. During that 
year the spray method was introduced after about 
25 per cent. of the work had been done by the brush 
method. In 1928, where all the work was done by 
the spray method, this cost. was reduced to 5-06 
dols. per gallon, and a further reduction is antici- 
pated for next year.” The Quebec Bridge is 
painted green so as to harmonise with the sur- 
rounding scenery, the pigment of the paint being 
made up of basic lead sulphate 54 per cent. by 
weight, zinc oxide 20 per cent., chromium oxide 
3 per cent., basic lead chromate 2 per cent., lamp 
black 5 per cent., French ochre 3 per cent., asbestine 
or other inert approved material, 15 per cent., while 
the total calcium carbonate and calcium sulphate 
must not exceed 2 per cent. 





Principles of Scientific Purchasing. By Norman F. 
Harriman. London: McGraw-Hill Publishing Co., 
Ltd. [Price 15s, net.] 

THE conception of the function of purchasing which 

passed muster a generation ago, and is still accepted 

in some concerns to-day, was little if any higher 
than that of buying in the lowest market, almost. 
any subterfuge or trick being looked upon as 
justified by the game. Sharp practice was common 
on the side of salesmen as well as of buyers, and 
often buying was as much a battle of wits as of 
knowledge of the goods required or of business. 
The methods adopted, and still used, were often 
of the Dutch auction type, actual and oftentimes 
fictitious offers being quoted to competing salesmen 
as the conditions they had to beat to get the 
business. When dealing with some buyers, salesmen 
quote prices in excess of those which they are able 











firmly to quote and then allow themselves to be | 





beaten down to an amount equal to or, as is 
sometimes the case, above that price. Again, 
“economies ” are made by purchasing goods of 
a lower quality than previously obtained, quite 
independently of requirements or of actual value. 
Thus many materials are bought by weight when 
the use is by area, length, or number, or, as with 
coal, calorific value, in which case weight alone is 
altogether an insufficient basis. More particularly 
is this so with manufactured articles when loading, 
which can be actually injurious, can be so readily 
practised. On the otherhand, some buyers connected. 
with wealthy companies will refuse goods solely 
because they are not high in price, quality being 
held to be good only when prices are high. 

All this goes to indicate either ignorance of the 
value of goods or of ordinary business methods, 
and there is undoubted scope for the scientific 
treatment of purchasing as has been the case with 
other aspects of industrial and commercial life. 
In Principles of Scientific Purchasing some useful 
advice is given on this subject. 

The book, which comes to us from America, is 
opened with a brief history of merchandising, in 
which the steps from the age of barter are described. 
One of the first points made about the function 
of purchasing, as now exercised, is the need for 
general knowledge on the part of the purchasing 
agent or, as he is better known in this country, 
the buyer. ‘‘ Knowing what he wants, the buyer 
must know what the market affords and how it is 
offered. He must know what he can get, where 
he can get it, and how much it will cost. The 
buyer must know the general conditions of 
the market in which he is to make his purchase. 
He must be a close student of current prices and 
of the daily news that has a bearing on them. 
He must be able to anticipate any tendency 
towards an advance or a decline either in the general 
market or in the particular commodity that interests 
him.” 

The importance of this can hardly be over- 
estimated. The disastrous results of early post-war 
buying is, perhaps, one of the most telling examples 
that can be cited. The purchasing records of many 
firms for cotton and cotton goods during the last 
few years would show interesting results. Many 
a buyer, particularly when, as is the custom in 
some industries, buying is done by departmental 
representatives instead of being centralised, has 
been concerning himself with saving farthings on 
yards and pounds when the value of the total 
annual purchases is less than three figures and, 
by neglecting the trend of prices, has lost the 
opportunity of saving hundreds, possibly thousands, 
of pounds on goods where price fluctuations are 
violent. ; 

From another angle, the function of buying is 
worthy of consideration. Buying can be done 
economically and yet be deplorably inefficient. 
Two examples might illustrate this. A buyer 
bought kraft, ordering 5 tons to 10 tons at one 
time, delivery being taken in 1-ton to 2-ton lots, 
as required. He bought economically to the 
specification given him. Enquiry, however, showed 
that a large proportion of the material bought in 
the heaviest substance, was cut into two and used 
for a purpose for which a paper of one-half the 
substance would have been ample. The use of 
this specification was clearly wrong. In another 
case, the buyer bought too thin a paper and two 
sheets were used instead of one. The author 
deals with this aspect of the question and says 
that “the work of the purchasing agent must 
begin before the requisition is received, and should 
continue after the goods have been bought, 
delivered, inspected, and put into service.” 

The useful and important point is made that 
price is not all-important. A number of reasons 
are given in support of this view, but one aspect 
of the question, which might have been _more 
emphasised, is that price means nothing by itself ; 
quality, interpreted widely, is an essential part of 
the price. Thus coal is bought by the ton ; coal, 
however, is but the commercial term for a material 
which is bought for its calorific value; therefore, 
potential heat is what is purchased, and this 








should be the basis of the price, not cost per ton. 
This means some standard or specification, and 
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to this the author devotes a chapter, with which 
is closely linked another on “ the control of quality 
of purchases.” 

How much to buy is another important question. 
Should it be hand-to-mouth, monthly, or forward ; 
each an important financial consideration quite 
apart from the question of supply. This and many 
other questions are given treatment in this very 


useful book, while at the end are several appendices | 


in which are described the purchasing arrangements 
of some of the larger American corporations. 
Under “fundamental principles of purchasing ” 
there is a reference to the ethics of buying. The 
old conception that buyer and salesman must each 
try to “‘do the other” is gone, or going, and the 
author truly remarks that ‘“ mutuality between 
buyer and vendor is the basis of a good purchasing 
policy.” Buying and selling can be carried on 
to the mutual advantage of the firms of both 
buyer and seller without cigars, drinks or dinners, 
Buyer and salesman can become real friends if the 
business is carried on as business should be, and as 
indicated in Principles of Scientific Purchasing. 





Pipe and Tube Bending and Jointing. By STantey P. 
Marks. London: Sir Isaac Pitman & Sons, Limited. 
[Price 6s. net.] 

THE very considerable use made of pipes and tubes 
for many purposes renders a book dealing in a 
comprehensive manner with the manipulation of 
them of distinct value to a wide circle. Naturally, 
the apprentice plumber, pipe-fitter, etc., gains a 
considerable amount of knowledge and skill from 
his association with men engaged in practical work, 
but, unfortunately, many of these men, themselves 
skilful, are not good instructors, and points of vital 
importance may be overlooked, possibly with serious 
results when the young tradesman is left to his own 
devices. In addition to those who are normally 
associated with these articles, there are others— 
mechanics, cycle makers, etc.—who have to work 
with them on occasion, often with little previous 
guidance. Finally, there are the engineers’ 
designers who may specify unsuitable types of 
construction, and supervisors who, through lack of 
knowledge and experience, may omit to check 
sufficiently the work which passes through their 
hands. 

The book now under review should prove of assist- 
ance to all these. The descriptions and illustrations 
of the methods of handling the different materials 
and sizes are so clear and full that an amateur 
should have no difficulty in following them and 
producing quite a serviceable job, while the frequent 
warnings and particulars of precautions to be taken 
under various circumstances make a useful book of 
reference to those who may not require the more 
detailed instructions. The claim in the preface 
that “the assimilation of its contents should help 
to greater dexterity, and thus prevent undue waste 
of time and material” can be thoroughly endorsed. 

Mr. Marks deals with pipes and tubes of lead, 
copper, brass, cupro-nickel, nickel, aluminium, zinc, 
tin, iron, steel and ebonite, discussing in an adequate 
manner the various methods of bending, with the 
materials used for loading and the factors governing 
the selection of a particular method for specific 
conditions, the limitations being clearly indicated. 
The necessity for annealing, with the means of 
carrying it out, and the final finishing to secure a 
good appearance, are also dealt with. The question 
of jointing is not treated quite so fully, the infor- 
mation on this being more readily obtainable, 
but this portion of the book is none the less dis- 
tinctly useful and may be regarded as sufficient for 
the purpose. A number of useful tables are in- 
cluded, and an appendix gives specimen clauses for 
the framing of specifications. 








Poustic Works ConcREss.—The winter session of the 
3ritish Waterworks Association will be held in connection 
with the Public Works Congress and Exhibition on 
November 21, next, at the Agricultural Hall, Islington, 
London, N.1. The following papers will be submitted :— 
‘Water Supply as a Factor in Town and Regional 
Planning,” by Mr. G. L. Pepler; ‘‘ The Preservation o 
Rivers and Streams from the Standpoint of Water Supply : 
Some Observations on River Pollution,” by Dr. J. B. 
Firth; and “The Purity of Drinking Waters from a 
Biological Aspect,’’ by Dr. W. Rushton. 
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| THE WESTINGHOUSE ROTOR- 
| BALANCING MACHINE. 


WE illustrate on pages 318, 319 and 30f a rotor- 
balancing machine designed and constructed by Messrs. 
The Westinghouse Electricand Manufacturing Company, 
of Pittsburg, Pa., U.S.A. It has the advantage that 
the tedious and more or less tentative process of 
pencil marking the rotor under test is rendered un- 
necessary, and the operation thus makes no demand for 
any special skill or judgment on the part of the atten- 
dant. The first of these new balancing machines 
was constructed in 1920, and was intended to take rotors 
weighing up to about 16 tons. This proved so conven- 
ient, after certain initial troubles had been surmounted, 
that it was decided to build the still larger machine 
described below. Of this a duplicate was subsequently 
made for the electrical works of the company. 

A general view of earlier machines is reproduced in 
Fig. 11, on page 324, whilst the new machine is shown in 
Fig. 12. This is capable of balancing a rotor up to 
30 ft. long between centres and as much as 165 ft. in 
| diameter, with a total weight of 134 tons. 

In principle the machine is not new. The rotor to 

| be tested is carried on two bearings, which are mounted 
|so that they can, under the restraint of controlling 
springs, oscillate a little in the horizontal plane. By 
locking one bearing in the central position and by 
adjusting the springs controlling the other so that the 
| natural periodicity of the oscillating system is equal to 
the intended speed of rotation, resonance is established 
between the spring system and any forces due to 
defective balance of the rotor. 

The two bearings of the machine are mounted on 
pedestals which can be traversed by power along a 
massive bed-plate, so as to accommodate rotors of 
different lengths. The drive is provided by an electric 
motor, which is coupled to the rotor under treatment 
by means of a magnetic clutch. Means are provided 
for measuring the magnitude of the oscillation set up by 
a small weight secured, in turn, to a number of different 
positions on the rotor. The weight is then changed in 
magnitude and the measurements repeated. The 
readings thus taken are plotted as curves, and from these 
the position and magnitude of the permanent balancing 
weight are deduced. Special provision is made for 
ensuring effective lubrication. 

Drawings of one of the pedestals for the large machine 
are reproduced in Figs. 1, 2 and 3, on page 318, whilst a 
plan view is shown in Fig. 4, page 319, and a photograph 
showing the pads on which the journal is mounted in 
Fig. 10, a view which is somewhat marred by the plank 
across its centre. 

Referring to Fig. 2, it will be seen that the two 
Kingsbury bearing pads e or e! on which the journal 
rests are carried on plungers or rams fitted into a 
heavy casting which constitutes a sort of inverted 
pendulum, being suspended at its foot from the flexible 
plate a, lateral play being prevented here by the rod b. 
At the upper end, the position of the bearing is controlled 
by the helical springs shown, and by the stop screws cc. 
These have hardened and ground ends, and serve, when 
desired, to lock the bearing in its central position. 
The stop screws are coupled together by a cross shaft 
and the gears shown at h, Figs. 2 and 3, and are thus 
advanced or withdrawn simultaneously. When they 
are run back the bearing is free to oscillate horizontally 
ery ay fro by bending the flexible plate a and the stay 
rod 6. 

Provision is made for different sizes of bearing pad 
to suit jougnals ranging from 9 in. up to 24 in. in dia- 
meter. For the smaller sizes, a special cap is fitted over 
the head of the ram, as illustrated in Fig. 5, page 319. 
These pads are lined with white metal and are mounted 
on their supports in such a way as to secure self-align- 
ment, since the pad can rotate bodily round the end of 
the supporting ram to which it is secured, and can also 
rock slightly on its central support. The direct load 
is taken by hardened-steel blocks of which the one let 
into the pad casting has a spherical face, its “‘ opposite 
number,” carried by the end of the supporting ram, 
being flat. The position of these’ rams in the main 
casting is adjustable by the screw shown. 

Bearing pressures on the pads may be as high as 
1,000 lb. per square inch, but in service are generally of 
the order of 750 lb. per square inch. Once running 
conditions are established, ordinary lubrication is quite 
capable of maintaining the oil film. In starting up, 
however, oil pressure is admitted at the four corners of 
each pad in such a way as to lift the rotor equally, 
thus establishing an oil film before the rotor moves. The 
oil required to this end is supplied through the pipes gg. 
The oil pump is capable of generating a pressure of 
750 lb. per square inch, but this high pressure is only 
used for the purpose stated. The journal being self- 
lubricating under running conditions, only normal oil 
pressures are then required in the supply pipes. The 
main oil pump is electrically driven, but a steam-driven 
pump comes automatically into action if the oil 
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oil which escapes from the pads is drained away through 
the central port 7, Figs. 1 and 2, and flows from the 
spout j into a pocket formed in the pedestal framing, as 
shown at k, Fig. 1. From this it passes to the return 
main. Both the supply and return oil mains are clearly 
visible in the foreground of Fig. 11, page 324, and have, 
as there shown, flexible connections to the pedestals, 
and thus interfere in no way with the traverse of the 
latter along the main bed-plate. 

The helical springs which control the oscillations of 
the bearing are adjustable. The friction damper 
shown at / on the right of Fig. 2, is used to control the 
amplitude of the oscillations should these prove 
excessive. It consists of a horizontal plate coupled to 
the pendulum casting and held down by the adjustable 
spring shown. 

The amplitude of the vibrations is measured by an 
ordinary machinist’s dial indicator reading in thou- 
sandths of an inch. It is attached to the top of 
main pedestal casting. A bar from the inverted pendu- 
lum presses against the plunger of this indicator. 

The drive to the rotor under test is transmitted from 
the motor by the light shaft, shown in Fig. 9. This 
is provided with ball thrust bearings at each end, and, 
besides transmitting the drive, locates the rotor axially. 
Speeds are measured by an electric tachometer. A 
simple form of magnetic clutch makes it a very easy 
matter to couple and uncouple the rotor under test. 

It has been found necessary to check the truth of the 
journals of the rotor before transferring it to the 
balancing machine, since, in several cases, an apparent 
lack of balance was ultimately traced down to eccen- 
tricity of the journals. This has led to the rule that 
no rotor journal must deviate from a true cylinder by 
more than 0-005 in. 

In using the machine, no attempt is made to run the 
rotor at its normal working speed, but the balance 
is effected at speeds ranging from 100 to 300 r.p.m. 
The range of springs provided for controlling the 
oscillations of the bearings is sufficient to ensure 
synchronism between these limits. In choosing the 
springs, use is made of the following formula :— 


N = 188 af & , where N denotes the speed of revo- 
WwW 


lution desired, W the total weight carried by the flexible 
plate supporting the bearing, and S the sum of the 
stiffnesses of the springs, as measured by the load 
in thousands of pounds required to compress each 
by lin. This is known for the range of springs pro- 
vided, and, by trial and error, a set is selected which 
will give a convenient value of N. 

A “ balancing ring ’’ is machined at each end of the 
rotor, and can be distinguished in Fig. 11. In it a 
series of tapped holes are provided, into which is 
screwed, in turn, the weight used for varying the 
balance, and thus provide the data from which the posi- 
tion and value of the final balancing weights are 
deduced. 

In making a test, the bearing at one end is clamped 
fast in its central position, whilst the other is left 
free to oscillate horizontally under the control of its 
springs. The rotor is then run up to a speed above that 
of resonance, and is then uncoupled from the driving 
motor and allowed to coast. As the speed of synchron- 
ism is approached, the amplitude of oscillation increases, 
and its maximum is noted. The rotor is then brought to 
rest by re-coupling it to the motor, the field of which is 
reversed. A series of runs of this kind is made after 
screwing into the balancing ring weights different in 
location or amount. 

The observations thus taken are, as already explained, 
plotted as two curves, one of which shows the effect 
of varying the position of the weight and the other 
the effect of varying its amount. With these diagrams, 
it is easy to estimate what is required to secure a 
satisfactory balance. This is held to be secured when 
the maximum oscillation recorded at resonance does 
not exceed 0-01 in. 

The method of making the final adjustment will be 
clear on reference to Figs. 6, 7 and 8. Here the 
rotor is represented diagrammatically by Fig. 7, whilst 
Figs. 6 and 8 represent the two balancing rings. The 
bearing carrying the end A of the rotor having been 
locked in the central position, the end B is balanced, as 
described, for example, by the weight indicated at L, 
Fig. 8. With this weight in place, the end B is locked, 
and the end A is then balanced by the weight K, 
Fig. 6. This weight will affect the balance already 
obtained at B, and to correct it the two weights X and 
Y are added, which lie in the same diametral plane as 
K and, in fact, X is in the same position, whilst Y 
is diametrically opposite, as indicated in Fig. 8. The 
required values of X and Y are found from the simul- 
taneous equations :— 


aX — bY = — aK 
dX —cY = 0 
where the coefficients have the values indicated in 


Fig. 7. 
In practice, this final balance is secured not by 
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DYNAMIC-BALANCING MACHINE FOR TURBINE ROTORS. 


CONSTRUCTED BY MESSRS. THE WESTINGHOUSE ELECTRIC AND MANUFACTURING COMPANY, ENGINEERS, PITTSBURGH, PA., U.S.A. 


Fig.4. 



































Fig. 5. SECTION X.X. 
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corresponding figure for 3 oz. was 0-024 in. Cases | speeds fails to run satisfactorily at high speeds, owing 
may arise in which a rotor which is balanced at low} to bending moments due to centrifugal forces, as, for 











example, when a static unbalance”due to inequality 
of weights near the middle of the rotor is balanced by 
weights added at the ends. The centrifugal forces 
due to such a system tend to bend the rotor. In 
order to ensure against this, the components of all 
the Westinghouse Company’s rotors are, as far as 
practicable, balanced before assembly. 

Some additional causes of a want of balance in 
running conditions are as follows :— 

(1) Loose objects in rotor. 

(2) Seasoning or ageing of the spindle parts, resulting 
in a slight permanent change of shape. 

(3) Loosening of press fits, either because of their 
having been primarily inadequate or as the result of a 
temperature difference between respective elements. 

(4) Misalignment of generator and turbine rotors, 
due to sinking of foundations or to temperature or 
vacuum effects on exhaust chamber, or caused by the 
twisting moments on the turbine foundation or cylinder 
structures because of the power transmitted. 

(5) Coupling driving faces not bearing equally with 
the coupling parts central, producing a couple which 
will cause the coupling parts to run eccentric. 

(6) A machine having been put in operation with 
the spindle not evenly heated. It has generally been 
found that, in such cases, the spindle will not straighten 
itself without the speed being brought down and the 
spindle evenly heated at a slow speed. 

(7) Synchronism, or near-synchronism, between the 
revolutions per minute and the natural frequency of 
one or other of the parts of the unit or its foundation, 
either in vertical or horizontal planes. 
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LABOUR NOTES. 


In the course of an interesting review of the year 
jointly contributed to the 38th annual report of the 
Electrical Trades Union, Mr. J. W. Bull, the President, 
and Mr. J. Rowan, the General Secretary, say :— 
* Could we segregate the electrical from the mechanical 
manufacture ; the electrical installation of ships from 
the other trades in the shipyard; could we anywhere 
separate the electrician, or armature winder, or opera- 
tive in the generation and distribution of electricity, 
we could make much more rapid headway. Unfortu- 
nately, we are bound to act, whether we like it or not, 
with the majority of either non-unionists or members 
of other trade unions who prevent us from making the 
progress we desire; with more assistance from the 
people just mentioned we could, and would, achieve 
better results. In the engineering section we could 
do nothing during the year under review but mark 
time, owing to the fact that so many sections not elec- 
trical were in a bad way. So far as shipbuilding 
was concerned the position can be dismissed in a few 
words. It was not until well on in the year that 
there was much sign of increased employment and little 
headway was made,” 





Of the section of the organisation with members 
employed on installation work, and covered by agree- 
ments with the National Federated Electrical Associa- 
tion, the writers have a much more pleasant statement 
to make. “In the first place,” they say, ‘‘ we are not 
troubled by having to consult other trade unions. It 
is also fortunate that no question of foreign competition 
comes into this section, and just as fortunate still 
that in the main the employers’ side consists of fairly 
level-headed men. Although the employers’ side of 
the Council felt reductions were advisable, we were 
able, without any friction of any kind, to maintain 
our position through the whole of the year and also 
well into this year.” 





In the section of the industry concerned with the 
generation and distribution of electricity, the most 
important work done consisted of efforts, it is stated, 
to dissect the various Electricity Supply Acts. ‘It 
was found,” the writers say, ‘‘ that some areas had 
made provision for the superfluous labour that had 
to be displaced to receive compensation. In other 
cases no such machinery was provided. Taking all 
these difficulties into consideration, it is pleasant to 
be able to report that our efforts have been so successful 
that in future in all cases of displacement of labour 
due to the redundancy of the present generating 
stations and the building of super-stations to replace 
the present obsolete stations a clause is, or will be, 
inserted in each of the covering Acts which will have 
the effect of placing the worker, either manual or 
operative, on the same plane as the official. This 
is something that has never previously been accom- 
plished, and of which any and every one who has 
worked for such a successful result must be proud.”’ 





At Wednesday’s sitting of the Trades Union Congress 
in Belfast, a discussion took place on a resolution to 
refer back the part of the General Council’s report 
describing the steps taken by the Council to investigate 
“the proceedings and methods of disruptive elements 
within the trade union movement, whether such 
elements manifest themselves among the unions or 
within the General Council itself.”” Last year’s congress, 
it will be recalled, instructed the General Council to 
carry out such an investigation. A delegate, in sup- 
porting the resolution to refer the matter back to the 
General Council, said that in their report, the General 
Council were placing too much of the blame for the 
disruption of trade unionism upon the shoulders of 
the Communist Party and the Minority Movement. 
The General Council must accept their share of the 
blame, and their share, he believed, was a very big 
one. Large numbers of workers had left the trade 
union movement because of timid leadership and the 
way in which the General Council had acted during 
the last few years. There was the “‘ wicked collapse 
of the general strike’? and the policy of so-called 
collaboration with employers for the rationalisation of 
industry—industrial peace, as they called it. While em- 
ployers had been victimising militant members of the 
trade union movement, the General Council had been 
expelling those members from the trade unions. He 
was not a member of the Communist Party, and he 
did not agree with their policy, but it was not the 
Communist Party who were responsible for the Spencer 
union. It was the betrayal of the workers’ cause by 
the General Council in 1926, which was responsible for 
the breakaway. The trade union movement ought to 
pursue a bolder and more militant policy, and ought 
not to collaborate with employers. 





Mr. Citrine, who replied for the General Council, 
said that the patience, which had been shown by the 


the Communist Party, was known throughout the 
world. No other trade union movement in the world 
had displayed anything like the same patience, or the 
same reluctance to take conclusive measures as the 
British trade union movement. On the Continent and 
in America, they gazed with astonishment at the 
credulity of British trade unionists. The instruction 
to the General Council to inquire into disruptive ten- 
dencies was passed only after several years of organised, 
subsidised, and systematic vilification and propaganda 
had been carried on against British trade unionism. 
Those people, who had been represented as the innocent 
victims of trade union bureaucracy, had been in most 
cases the most vindictive and unscrupulous in attack- 
ing other people’s reputations on personal or any other 
grounds. The disruption within the trade union 
movement had been a constant experience, long before 
the events of 1926. If there was one class of people 
who knew the word expulsion, particularly expulsion 
without trial, it was the people who were complaining 
of expulsion from the trade union movement, and 
only a tiny fraction of the movement had adopted the 
policy of expulsion. The motion to refer back the 
section of the report was decisively rejected. 





On the following day, Mr. A. G. Tomkins, of the 
National Amalgamated Furnishing Trades Association, 
moved :—“ That this Congress receives the report of 
the Mond-Turner conferences as information, but 
declares its opposition to the false cry of industrial 
peace and to the policy of collaboration with the 
enemies of labour, who are vigorously and ruthlessly 
attacking the standard of living of the working class 
at the very time they are conferring with the General 
Council, and instructs the Council to put an end to 
such conferences forthwith, as they are a serious menace 
to the interests of the working-class movement.” 





Mr. J. T. Brownlie, President of the Amalgamated 
Engineering Union, who seconded the resolution, said 
that the present social and industrial system was 
rapidly coming to an end, and a new social order was 
about to be ushered in. Lord Melchett was a repre- 
sentative of the present social, economic, and industrial 
system, who recognised that great changes were 
taking place. As an intelligent man and a class- 
conscious capitalist, he desired to use all the possible 
forces for the continuance of a state of society which 
was beneficial to himself and his compeers. He had 
nothing to say against the General Council, but the 
continuance of these conferences with employers 
was likely to hamper and obstruct the development of 
the trade union movement. The Mond-Turner con- 
ferences had served their aim, and they had to come 
to an end because ‘‘ the bottom was knocked out of the 
pan.” 





Mr. E. Bevin, replying on behalf of the General 
Council, said that denunciation was easy, but doing a 
job was difficult. A stage had been reached when the 
Congress must not only have ideals but must have prac- 
tical ideas. The philosophy of Mr. Brownlie was that 
contact between trade unionism and the employers 
must cease at the wages point, and that the remainder 
must be the subject of political effort for change in the 
industrial system itself. ‘‘ We take the view,” he 
continued, ‘‘ that if trade unionism stops in its work at 
the mere discussion of wages and nothing else in relation 
to the organisation of the industrial system, then we are 
not performing the function that the needs of the time 
call upon us to perform.” The function of the Parlia- 
mentary Labour Party was, Mr. Bevin declared, to 
translate into law what was accomplished on the indus- 
trial field. Parliament did not lead but followed the 
industrial system. Rationalisation, he added, was 
going on in spite of them, and the question was whether 
Trade Unionism was to be inside guiding it and taking 
its place in it. The resolution was rejected. 





A resolution was carried calling for legislation 
limiting hours of work to not more than 48 hours a 
week, and applying this to all employed persons, includ- 
ing distributive and agricultural workers. A private 
Bill to establish a 48-hour week in the distributive 
trades had been introduced in Parliament, and the 
Labour Party was requested to press forward the 
measure. 





In another resolution, which was adopted, the time 
was declared to be opportune to press for payment for 
holidays for all workers, and the whole Labour move- 
ment, political and industrial, was called upon, 
nationally and locally, to use its utmost power to 
ensure the practical application of the resolution at the 
earliest possible date. According to the resolution, 





trade union movement to the disruptive activities of 





whether the worker was on piece or time, and that their 
duration should be two weeks, in addition to all 
statutory and customary holidays. 





The following resolution was adopted unanimously :—- 
“That this Congress, knowing from experience that 
the emancipation of the workers can only be brought 
ebout by industrial and political action, instructs the 
General Council to take the appropriate steps to secure 
the immediate removal of the restrictions imposed 
upon the trade union movement by the Trade Disputes 
and Trade Unions Act, 1927.” 





On Friday, Mr. C. Dukes, M.P., moved the following 
resolution :—‘‘ That this Congress, while approving 
all measures for the more scientific organisation of 
industry, directs the attention of the working classes 
to the danger imminent in rationalisation unless 
Labour is fully organised. The closing down of 
obsolete plant and the substitution of labour-saving 
appliances, associated with the centralising of capital 
control, is creating monopolies which give the employer 
a unique advantage over Labour. Associated with 
these monopolies there are gradually being developed 
all kinds of welfare and workshop committees, which are 
being used to subvert trade union method and practice 
for dealing with the grievances of workmen. This 
machinery is being used to supersede the unions, and 
gradually mistrust and apprehension are developed in 
the minds of the men, which are destructive to the spirit 
of unity. The workers have to choose between 
loyalty to each other and temporary financial advant- 
ages, which are optional at the will of the employers, 
and which split up the real earnings of the workers. 
This Congress, therefore, urges upon the workers the 
need for complete and independent organisation, 
whereby the bargaining power of the unions can be 
used to exact the maximum economic wage, leaving 
the workman free and untrammelled by supplementary 
payments, which negative his right to act collectively 
in defence of his standard of living.” 





Mr. W. T. Brown, of the Insurance Workers’ Federa- 
tion, moved an amendment to the effect that workpeople 
should be retained in employment in a rationalised 
industry until other suitable employment was avail- 
able for the surplus labour. The resolution, with the 
amendment added, was passed unanimously. 





On September 2, 1929, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,152,300. Of these 806,400 were 
wholly unemployed, 271,200 were temporarily stopped, 
and 74,700 were persons normally in casual employ- 
ment ; 873,800 were men, 37,500 boys, 207,400 women, 
and 33,600 girls. Of 1,155,803 on the registers on 
August 26, 1929, 800,536 were wholly unemployed, 
279,702 were temporarily stopped, and 75,565 were 
persons normally in casual employment; 874,920 
were men, 38,583 boys, 208,297 women, and 34,003 
girls. The number of unemployed persons on the 
registers on September 3, 1928, was 1,324,675, of whom 
1,019,349 were men, 42,767 boys, 224,794 women, and 
37,765 girls. 


The Ministry of Labour estimates that on August 26, 
1929, there were approximately 10,164,700 insured 
persons, aged 16 to 64, in employment in Great Britain. 
This was, it is stated, 13,200 less than a month before, 
but 254,500 more than a year before. 








During August, 1929, the average numbers of persons 
on the registers of Employment Exchanges in Great 
Britain were 798,408 wholly unemployed, 289,649 
temporarily stopped, and 73,994 normally in casual 
employment, making a total of 1,162,051, of whom 
827,631 were men aged 21 years and over, 58,734 
men aged 18 to 20, 38,366 boys aged 14 to 17, 173,364 
women aged 21 and over, 30,693 women aged 18 to 
20, and 33,263 girls aged 14 to 17. 





At a meeting of the Unemployment Grants Committee 
in London on Monday, Lord St. Davids in the chair, a 
number of schemes of work submitted by local autho- 
rities and other statutory bodies, for the relief of unem- 
ployment, were approved for Government grant. The 
estimated cost of the schemes so approved was 212,0001. 
to provide employment for approximately 1,150 men. 
Schemes before the Committee for approval which are 
now the subject of enquiry number 288 and are esti- 
mated to cost 7,150,0001. The next meeting of the 
Committee has been fixed for September 23. Full 
particulars of the grants which the Committee 1s 
empowered to approve, and forms of application, &c., 
can be obtained from the Secretary to the Unemploy- 
ment Grants Committee, Sanctuary Buildings, 16, Great 





the holidays should be paid on the basis of earnings, 





Smith-street, Westminster, London, 8.W.1. 
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SYNCHRONISING APPARATUS FOR 
TELEVISION RECEIVERS. 


Amone the many problems to be solved in the 
development of television systems, by no means the 
least has been that of producing accurate synchronism 
between the transmitting and receiving apparatus. 
Synchronous motors have been successfully employed 
for the purpose, but these have the drawback that a 
separate channel of communication must generally be 
provided for the alternating current. When, however, 
the transmitter and receiver can both be connected to 
the same alternating-current network, synchronisation 
can be effected without the use of a separate channel. 
Independent oscillating systems, such as oscillating 
crystals, tuning forks, &c., have also been used, but 
the cost and complexity of apparatus of this character 
render its employment impracticable in television 
receivers intended to be operated by the general public. 

The above-mentioned difficulties appear to have 
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Fig. 2. 


been overcome in a simple and effective manner by 
Mr. J. L. Baird, of Messrs. Baird International Tele- 
vision, Limited, whose latest apparatus we have 
recently had an opportunity of seeing in operation in 
the offices of the company at 133, Long-acre, W.C.2. 
On this occasion, moving portraits and speech from 
a talking film were transmitted from one room to 
another, and a demonstration was also given of true 
television in combination with the transmission of 
speech and music. In the latter demonstration, the 
face of the person speaking or singing in another room 
was seen in the form of a picture measuring about 
3 in. by 5 in. with sufficiently good definition to render 
it easily recognisable. 

In the Baird system of television, a beam of light 
produced by a projecting lantern is passed through a 
rapidly rotating disc, in which are formed a series of 
30 holes arranged in a spiral, on to the object to be 
transmitted, so that the latter is traversed by spots 
of light in a series of narrow adjoining strips. The 
object is completely covered by the spots of light 
about 16 times per second, and the light which falls 
on it is reflected back on to a group of light-sensitive 
cells, The current fluctuations produced in the latter 
by the variations in the light intensity are made to 
modulate a wireless carrier wave, and, in the receiving 
apparatus, are employed, after suitable amplification, to 
vary the brightness cf a neon lamp, the glowing cathode 





of which is in the form of a rectangle measuring 1} in. 
by 23 in. In front of this lamp is mounted a disc 
having holes in it arranged in a similar manner to 
those in the disc of the transmitter, and if the disc 
in the receiver is rotated in exact synchronism with 
that of the transmitter, an image of the illuminated 
object at the transmitting end will be seen by a person 
looking through the receiver disc. Actually, a large 
lens is mounted in front of the latter, so that the image 
is magnified to the size previously mentioned. 

For synchronising in the Baird apparatus, use is 
made of the current forming the picture elements. 
In a receiver for domestic use, the perforated disc is 
driven by a small motor, on the shaft of which is 
mounted an iron disc with narrow teeth projecting 
from its periphery. Close to the edge of this disc, and 
diametrically opposite each other, are two electro- 
magnets through which the current that forms the 
picture elements by varying the brightness of the 
neon lamp is passed. The connections are shown in 
the accompanying diagram, Fig. 1, and the actual 
arrangement of the toothed disc and electromagnets is 
illustrated by the photograph reproduced in Fig. 2. 
If the synchronism is perfect, the teeth will pass the 
magnets during the extremely brief dark interval 
between one picture element and the next, when no 
current will be passing through the magnet coils, and 
the magnets will then have no effect. If, on the other 
hand, the perforated disc is being driven too slowly, 
the magnets will be energised by the picture-element 
current before the teeth reach them, and the effect 
of the magnets will be to pull the toothed disc, and 
consequently the perforated disc, round faster. In a 
similar manner, the disc will be retarded if the speed 
is too great. 

The device appears to function well in practice, the 
motor being arranged to run normally at approximately 
the correct speed, and being adjusted into synchronism 
by a rheostat, after which exact synchronisation was 
automatically maintained throughout each demon- 
stration. This method of synchronisation, we under- 
stand, has now been in use for about a year, although 
the arrangements employed have not hitherto been 
made public. The matter is of interest at the present 
time, since negotiations have now been completed 
between the Baird Company and the British Broad- 
casting Corporation for television broadcasts to be 
made for experimental purposes, on five days a week, 
each transmission to be of half an hour’s duration. 
We are informed that television receivers manu- 
factured by the Fernseh A.G., which is the Baird 
organisation in Germany, are about to be put upon 
the market in that country, and that similar apparatus 
will be made available in this country as soon as a 
television broadcast service is in regular operation. 








BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosion Acts, 
1882 and 1890, inquiries have been conducted by 
Board of Trade officials into a number of explosions. 
Reports of the investigations have been published 
recently, and of some of these we give brief summaries 
below. 

Erplosions of Cast-Iron Economisers.—Green’s cast- 
iron economisers used in conjunction with Lancashire 
and other boilers are so well known that the Report 
Nos. 2,973 and 3003 deserve special attention. The 
former report refers to an explosion which occurred 
on September 6, 1928, at the Haughton-road Brick- 
works of Messrs. R. Blackett and Son, Darlington. 
The economiser was about thirteen years old; it was 
insured and periodically inspected but not tested by 
water pressure. The accident was due to the wasting 
of the tubes, which were originally 4,% in. calculated 
diameter and #3 in. thick. In 1927, the least dia- 
meter of any of the accessible tubes was stated to be 
47, in., but an examination after the explosion 
showed that the external corrosion had been so severe 
that the thickness of the metal in one instance varies 
from % in. to # in. At the time of the explosion the 
pressure was probably about 120 lb. per square inch. 
The effect of the explosion was to destroy the econo- 
miser, demolish the flue, and wreck the building in 
which the economiser was housed. The second explo- 
sion occurred on March 6, 1929, at the Wrigley Head 
Mill, Failsworth, near Manchester, of Messrs. S. 
Johnson and Company, Limited. The economiser in 
this case was twenty-five years old, but some tubes had 
been renewed in February, 1926. Here again the 
economiser was wrecked and the pieces of metal and 
brickwork thrown in all directions. The Board of 
Trade Inspector reported that “ the explosion was due 
to the hot flue gases being allowed to pass through the 
economiser while no circulation of water in the tubes 
was taking place, and that the tubes, being in a deterio- 
rated condition and subject to severe temperature 
stresses, were unable to withstand the pressure gene- 
rated, which may have been less than the working 
pressure.”” Though the external appearance of the 








tubes was good, the fractured appearance showed 
that many of them had been affected by graphitic 
deterioration internally. In some cases the 
thickness of good cast-iron on one side of the tube 
was found to be less than } in.” The Engineer 
Surveyor-in-Chief in his review.of the report remarks, 
“The application of periodic hydraulic tests to twice 
the working pressure should form a part of the routine 
inspection of economisers of this type.” 

Bursting of a Tube in a Babcock and Wilcor Boiler.— 
At the bacon factory of Messrs. Marsh and Baxter, 
Limited, Hall-street, Brierley Hill, Staffs, on September 
19, 1928, a tube in a Babcock and Wilcox boiler burst. 
The boiler was new in 1926, and in October, 1927, and 
again in February, 1928, all the tubes in the bottom 
row were renewed. The tube which burst was in the 
second row. Feed water for the boiler was obtained 
from a well, but owing to its hardness, a water-softening 
plant had been installed. Inquiry showed, however, 
that this plant was not of sufficient capacity, and that 
the water in the boiler gauge glasses was often cloudy 
or milky in appearance, showing that the work of the 
reagents was being completed in the boiler with the 
formation of sludge. From the evidence it was con- 
cluded that the tube failed through overheating and 
that this overheating was brought about by the 
deposit from the feed water. Since the explosion a 
larger water-softening plant has been installed. 

Failure of a Tube in a Stirling Boiler.—At the West 
Works of the Salt Union, Limited, Winsford, Cheshire, 
five Stirling boilers supply steam to the electric 
generating plant, the exhaust steam from which is 
passed to the vacuum evaporating pans at about 5-lb. 
pressure. The boilers are fed with water distilled from 
the brine, from which the salt is produced, and they 
are cleaned and inspected regularly. The working 
pressure is 200 lb. per squareinch. At 4.10 p.m., on 
October 9, 1928, a tube in one of these boilers burst, 
opening out for a length of over 13 in. The tube was 
seven years old. Though examination showed that 
the boilers were generally clean, the inspecting officer 
found that the cause of failure was due to overheating, 
and the overheating may have been due to the retarda- 
tion of the circulation in the tube by a flake of scale 
becoming detached and sinking in the tube till it 
lodged in the lower bend. When the explosion took 
place, very little steam was being taken from the 
boiler. With a view to obviating similar failures in 
the future, the owners decided to reduce the working 
life of the tubes. 

Fracture of a Cast-lron Tee-Piece in 8.8.“ Macharda.” 
—The S.S. Macharda is a vessel of 6,209 tons register, 
belonging to Messrs. T. and J. Brocklebank, Limited. 
She has four cylindrical boilers, working at 220 lb. 
per square inch. The auxiliary steam pipes are of 
steel throughout, the gencral lay out was well designed 
to allow for expansion and shock, and the pipes were 
supported by clips to the side bunkers. Over one 
boiler, however, were two isolating valves, a right- 
angled vertical bend, and a cast-iron tee-piece connecting 
the system to the boiler stop valve. When the ship was 
on voyage from Gibraltar to Boston, U.S.A., on 
December 9, 1928, this cast-iron tee-piece fractured, 
and two Lascar stokehold hands unfortunately lost 
their lives through scalding. Examination made 
immediately after the accident showed that the material 
was sound, but that the break was open about § inch. 
At the time of the accident, the ship was experiencing 
bad weather, and it was thought that the shock of 
a heavy sea striking the ship was transmitted to the 
tee-piece which failed. In his observations on the 
report, the Engineer Surveyor-in-Chief said that it 
was evident the constructors fully appreciated the need 
for providing ample flexibility, ‘‘ and it must be assumed 
that it was by oversight so short and rigid a connection 
was made between the tee-piece which fractured, and 
the straightest part of the steam pipe range.” After 
the accident, a gun-metal tee-piece was fitted. 

Explosions of Heating Apparatus.—Reports Nos. 
2989, 2993, 2994, 2997, 2998, 3001, 3004, all refer to 
explosions of heating apparatus which occurred 
between February 11 and February 17, 1929, during 
the severe frost. Report No. 2997 deals with the 
bursting of a heating boiler at Hungerford Gas Works, 
but the others with accidents in institutions. The 
various plants were of different types, by different 
makers, but in all cases the relief arrangements were 
such that when the water in the pipes froze they 
became inoperative. In his observations on Report 
No. 2998, the Engineer Surveyor-in-Chief said, “ It 
has been frequently pointed out in these reports dealing 
with similar cases, that the only safe method is to 
arrange some form of relief near to the boiler, prefer- 
ably directly on the boiler itself.” In none of the 
cases was anyone injured, but during the frost, there 
were many accidents to kitchen boilers where injuries 
were sustained, and the remarks of the Engineer 
Surveyor-in-Chief should be borne in mind by every 
engineer or plumber who fits up heating apparatus, 
Explosions through frost should never occur. 
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200-TON HYDRAULIC COMPRESSION- 
TESTING MACHINE. 
By Professor F. C. TURNER. 

THE machine described in this article was designed 
by the author to meet the need of the Materials Testing 
Laboratory of the University of Sheffield for a large 
capacity machine for compression tests on concrete, 
brick and stone, wood props, and beam tests. 

In this type of tester, where a fluid (oil) pressure 
acting on a piston both loads the test piece and also 
takes up the resulting strain, two alternatives are 
possible. On one hand, packing may be fitted to the 
piston to reduce the oil leakage, when a lever or weigh- 
bar must be used to measure the load; on the other, 
the piston may be a floating one, with no packing 
which would cause friction, and the load measured 
by the hydraulic pressure applied. The inclusion of 
a weighbar, whilst enabling the load to be measured to 
a great degree of accuracy, increases the cost and 
overall size of the machine considerably, and the 
inertia of the lever precludes rapid loading. In 
tests on, for example, concrete, extreme accuracy is 
hardly necessary, so that an arbitrary figure of 0-25 per 
cent. was fixed as the allowable error in load measure- 
ment. A free-moving piston was therefore chosen, 
and the machine was further designed to give another 
method of measuring the load apart from the oil 
pressure as a check. The design was influenced by 
one other factor. It was desirable that most of the 
machining—especially all the fine work—should be 
done in the university shops, so that the maximum 
cylinder overall diameter was limited by the lathe 
swing available. 

The machine, shown in Figs. 1, 2 and 3, and 7 and 8, 
on this and the opposite pages, consists of a base D 
carrying the cylinder C, piston P, and two tension rods 
R,R connected with a crosshead H and adjusting screw 
8. The cast-steel base and crosshead were supplied 
machined, together with the rods and unmachined 
cylinder casting by Messrs. Davy Brothers, Limited, 
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The cylinder is located in the baseplate by a spigot 
and has a bore of 16 in. The piston, which is 15 in. 
long, has a boss at the bottom to clear the oil pipes, and 
has a free lift of 2-5 in. up to the cover plate. For 
normal working, a subsidiary piston U fits in a recess 
in the main piston and carries the compression ball 
and plate. In concrete and stone tests, a large amount 
of dirt and grit is unavoidable, so that.a cover plate with 
a centre lip is used, and the subsidiary piston has a 
lip overhanging this. As a further precaution, a 
felt retaining washer is fitted to the cover. This washer 
is not subject to any pressure and does not bind on 
the piston, and as the cover plate is not fixed to the 
cylinder, no appreciable friction can be caused thereby. 
The degree of fit between the piston and the cylinder 
is all important. Whilst friction must be avoided, 
the clearance must be kept very small to reduce the 
oil leakage to reasonable proportions, even under a 
pressure of 2,400 lb. per square inch. 
The relationship between piston clearance and oil 





Sheffield. The piston and cover plate T are of hard cast 
iron, and mild-steel forgings were used for the other parts. 





flow has been the subject of a considerable amount of 
experiment with plain and grooved pistons. The 
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curves in Fig. 4 show the leakage obtaining in two 
cases, both with plain pistons. Curve A shows the 
relation between the oil pressure and flow for a nominal 
radial clearance of not more than 0-0005 in. To 
obtain this fit, the cylinder was bored to a very fine 
machine finish with a double-ended boring bar of 
correct length, and the piston, after fine machining, 
fitted to it. High spots on the cylinder were removed 
by hand scraping ; no lapping with abrasive was 
attempted. When finished, the piston under its 
own weight, which is equivalent to a pressure of 
4 lb. per square inch, took several hours to slide into 
the closed cylinder (see curve A at this pressure), 
although it would rebound if pressed down on the 
imprisoned air. Special care was taken when measuring 
the diameters to ensure that both the piston and 
cylinder were at the same temperature, as a difference 
of 5 deg. C. throughout the mass would give a difference 
in radial clearance of 0-0005 in. 

It will be noticed that the leakage is not propor- 
tional to the applied pressure. For a path of constant 
clearance, the leakage would be proportional to the 
pressure difference and to (approximately) the fourth 
power of the clearance. The increase of slope of 
this curve with rising pressure is caused by the variations 
in clearance due to the elastic deformation of the 
cylinder and piston. Consider one pressure for 
example: At a pressure of 2,000 lb. per square inch, 
the stress in the cylinder face would be 


2,000 x (12? + 8?) 

2,240 x (12% — 8%) 

and the corresponding increase in radiu 

8 X 2-32 

13,000 

The decrease in radius of t 

would be, assuming a Poisson 

8 x 2,000 x 0:75 
16,000,000 


Thus, whereas the “nominal” clearance is 5 ten- 
thousandths, the actual clearance at the bottom of the 


= 2-32 ton 
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piston at this pressure is 26 ten-thousandths of an 
inch. 

The actual variation in clearance over the length of 
the piston would be very difficult to determine. Thus, 
if the pressure dropped uniformly along the oil film, 
the expansion of the cylinder would decrease uniformly 
to zero at the top of the piston, and the deformation 
of the piston would change from a contraction through 
zero (where the lateral expansion due to the constant 
vertical load balanced the contraction due to the 
reduced lateral oil pressure) to a slight expansion at 
the top. Hence, the clearance will decrease from the 
bottom to the top, and the velocity of oil flow will 
increase. It follows that the pressure gradient will 
not be constant, but will be greater towards the top 
of the piston. This will tend to give a rather more 
constant clearance along the leakage path for a given 
applied pressure. It can be seen, therefore, that not 
only does the “mean” clearance vary, but also the 
shape of the longitudinal section of the leakage path 
varies with the pressure of oil applied to the machine. 
The amount of variation will be a function of the 
neminal or no-load clearance. In curve A, Fig. 4, 
the effect of the elastic variation is comparatively 
very large. 

Curve B shows the leakage, to a ten times larger scale, 
for a nominal clearance of 0-003 in. Here the effect 
of the stressing of the metal is not so great, and the 
curve approaches a straight line. The greatly increased 
leakage due to the change in nominal clearance will be 
noted. 

The effect on leakage of grooving the piston was 
examined, Ten square grooves, # in. by j# in. at 1 
inch pitch, were turned on a piston having 0-003 in. 
clearance. The leakage was, within experimental 
limits, the same as for the plain piston. 

The effect of piston rings with large piston clearance 
was also studied. Two rings, $4 in. broad by in. 
‘hick, were turned to fit the cylinder. These were 
cut in two places on a diameter and fitted with the lap 
joint shown in Fig. 5. The brass saddles were fitted 


to each ring before the ring was cut, so that the diameter 
f the ring was unchanged, and no springing was 
required. These rings gave approximately the same 
leakages as Curve A, but tests showed definitely the 
presence of friction. 

Under load, strain of the machine frame occurs. 


To 


MACHINE WITH CONCRETE SPECIMEN IN PLACE. 
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give an alternate method of measuring the load, the 
two rods RR were designed to be highly stressed 
(14-5 tons per square inch at full load) and to give 
a large extension which could be accurately measured. 
These were, therefore, made of nickel-chrome steel 
having a yield point not less than 40 tons per square 
inch, and having a parallel ‘‘ gauge’ length of 60 in. 
The small diameter of these rods gives the machine a 
rather top-heavy appearance. An extensometer EE, 
Fig. 2, also shown in Fig. 8, is fitted to each rod and 
arranged to indicate four times the mean extension of the 
rod. ‘The Ames dials are calibrated to0-001 in., or alter- 
natively to 0-0001 in. This corresponds to a strain 
of am xX gy or at and gives a very good 
method of ascertaining the actual load on the specimen. 
In a test, the average for the two rods is taken, to com- 
pensate for any non-axial loading. 

In calibrating the machine, three methods were 
adopted. Standard two-needle gauges were checked, 
and the product of their readings and the area of the 
piston gave one value for the load, assuming no piston 
friction. Test specimens were fitted with various 
extensometers and loaded in other, lever-type, testing 
machines up to 50 tons, and then transferred to this 
machine for comparison. Finally, a test piece obtained 
from one end of a rod before erection was tested in 
a new 10-ton lever testing machine with Messrs. 
Cambridge Instrument Company’s extensometer, and 
the modulus of elasticity of the rods thereby determined. 
Hence, the actual extensions of the rods can be con- 
verted into loads. The three methods repeatedly gave 
coincident values (within experimental limits) well 
within the permissible error previously mentioned. 
Some of the calibration curves are shown in Fig. 6. 

To test the effect of non-axial loading, a specimen 
was placed so that one rod R gave an extension 20 per 
cent. greater than the other rod. The mean extension, 
however, plotted against the oil pressure coincided 
with other tests where the rods were equally stressed. 

In loading specimens such as concrete with, perhaps, 
non-parallel faces, a spherical seating is. necessary. 
Such a seating must have its centre at the centre of the 
compressing face. In the author’s experience these 
ball seatings work well at low loads, but at higher loads 
the oil is squeezed out of the seat and metal-to-metal 
contact obtains. To prevent this, a screw hand pump 





MacHINE ARRANGED FOR CALIBRATION TEST. 


Q, Figs. 1 and 3, is fitted to the subsidiary piston to 
supply oil under pressure at any desired point of the 
test. 

The screw S permits adjustment for length of 
specimen up to 26 in. For beam and girder tests, a 
shorter subsidiary piston, without a ball seat, is used. 
This shorter piston gives a clear height of 37 in. between 
the loading faces. 

The oil is supplied from a motor-driven pump and 
accumulator through a finely adjustable needle valve to 
the base of the cylinder. A separate pipe runs to two 
gauges, one used for loads up to 75 tons (gauge “ A,” 
Fig. 6), and the other, with a coarser scale, up to the limit 
of the machine, which is about 208 tons. A second valve 
permits the release of the pressure and the return of the 
oil to the sump. The control platform can be seen to 
the right in Figs. 7 and 8. Leakage oil passes back to the 
sump through the pipe system W, Fig. 2. In order 
to prevent loss of oil should the admission valve be 
left open inadvertently, arrangements have been made 
to couple the loose cover plate with the release valve, 
so that if this plate lifts, the release valve is automatic- 
ally opened. 

A difficulty was experienced at first when opening 
the release valve under pressure. The sudden rush of 
oil into the return pipe flooded back up the leakage pipe 
owing to the length and bends of the pipe to the sump. 
This was overcome by fitting a reservoir W, Fig. 2, 
followed by a non-return valve, inclined as shown, in 
the leakage pipe. This valve normally hangs open, 
but with a reverse flow closes automatically. The 
testing machine arranged for a calibration test with a 
Lea extensometer is shown in Fig. 8, and with a concrete 
specimen 15 in. long by 6 in. diameter in Fig. 7. 

The author wishes to acknowledge his indebtedness 
to Prof. F. C. Lea, D.Sc., for his valued assistance and 
continued interest in this machine. He also appre- 
ciates the high quality of workmanship put into the 
machine. 








Propuction oF ZINC IN THE EASTERN UNITED 
Starrs.—The output from the zine mines in the Eastern 
States of the United States of America increased from 
118,170 tons in 1927, to 144,045 tons in 1928. Most of 
this metal is derived from zine ores containing little or 
no lead. The main producing districts are in New 








Jersey, New York State, Virginia, and Tennessee. 
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ILLUMINATED FOUNTAINS AT 
THE BARCELONA EXHIBITION. 


As an addition to the general account of the Bar- 
celona Exhibition, which appeared on page 162, ante, 
something may be said on the subject of the illumina- 
tion arrangements. Much consideration has been 
given to the lighting of the grounds, and, in particular, 
to the arrangement and details of the illuminated 


fountains which form a striking feature of the general | 


lay-out. The main design centres round a large central 
fountain situated in the avenue which leads from the 
main entrance to the national pavilion, other subsidiary 
fountains contributing to the general effect. The foun- 
tains are operated by an extensive hydraulic and elec- 
trical installation, much of it arranged underground. 
The main pumping plant consists of four Rateau turbo- 
pumps, each with a capacity of 110 gallons per second 
against a head of 90 ft., and driven by 265-h.p. motors. 
The four pumps can be arranged in pairs, in series or 
parallel, to give 90 ft. or 180 ft. head. Electro-thermal 
relays are incorporated with each motor, and, in case of 
overloading, operate the servo-motor gear on the main 
valves, causing them to close slowly and reduce the 
load. The valves are operated by hydraulic pistons 
controlled by electrical gear, and the pumps can be 
thrown from series to parallel in a few seconds without 
shock. The arrangements allow of the production of 
various types of jet in the fountains by means of alter- 
native nozzles ; a solid column of water may be thrown 
or an effect of heavy rain produced by many smaller 
jets, while, alternatively, by means of induced air in 
the water stream, a striking foaming emulsion is 
formed. The direction of the jets can be altered by 
means of motor-driven rockers. 

The main jets are arranged in four concentric circles, 
each circle being provided with a series of pentagonal 
drums revolving on horizontal axes. The four circles 
of jets have, respectively, ten, twenty, thirty, and forty 
drums. The faces of the drums are formed with five 
glass panels, coloured white, green, violet, red and yellow. 
Each drum, which is 1-6 m. in diameter, contains 
eight 3,000 candle-power gas-filled lamps, the light 
from which is thrown upwards on to the fountains, 
changes of colour being obtained by the rotation of 
the drums. In addition to the five main colours, 
colour combinations are obtained in intermediate 
positions of the drums. The whole of the illuminating 
and jet-operating arrangements are arranged in 
chambers below the main fountain ponds and are 
screened from view from above by overlapping plates 
of sea-green glass which are, of course, arranged not to 
interfere with the illumination of the fountains. 

As about 1,200 kw. of power is used for illuminating 
the main fountain, which has to be dissipated in the 
form of heat, a bank of electrically-driven fans is 
fitted, each capable of supplying 15 cub. m. of air 
per second against a pressure of 145 mm. of water. 
To operate the fountains, fans, revolving drums, jet 
rockers, &c., an equipment of 183 three-phase electric 
motors is used. These are all fitted with small circuit- 
breakers. The whole of the gear is controlled from a 
central switching point. The colour combinations 
were worked out in advance, and the colour variations 
of the fountains are arranged to blend with the multi- 
colour illumination of the main avenue and with the 
colour effects which are produced around the friezes 
of the adjacent buildings. There are four large cas- 
cades, the water of which is illuminated by concealed 
lamps arranged to spread the light over the falling 
water. The largest cascade is supplied with 3 cub. m. 
of water per second, and takes 990 h.p. for pumping and 
113 kw. for illumination. In all, 1,822 h.p. is used for 
water supply to the cascades. The whole of the main 
display lighting of the fountains and cascades can be 
controlled automatically from a revolving contact 
drum, 16 ft. long, which operates the motors controlling 
the coloured-glass drums and the jets through a series of 
relays. 

In addition to the main fountain and cascades, there 
are seven large fountains in the central section of the 
exhibition, taking 1,100 h.p. for pumping and 820 
kw. for illumination. There are also 12 minor foun- 
tains without special illumination, the total motor 
equipment for fountains and cascades amounts to 
4,500 h.p. with 2,320 kw. for illumination. An 
important feature of the general illumination of the 
grounds is a series of pillars with colour-changing 
arrangements, the lamps and screens being grouped 
so as to produce the effect of vertical columns of shadow- 
less light uniform in strength. Searchlights are arranged 
to play at night behind the National Building, giving 


the effect of a fan of rays, the building being, at the same | 


time, illuminated by floodlights. The lighting and | 
power supply to the exhibition is obtained, at 6,100 | 
volts, from two companies, so that complete alternative | 
supplies are available. Distribution is by means of | 
ring mains controlled at various points from kiosks 
which are connected to the main switching station 
by telephone. For the coloured screens, special glass, | 
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| with a low coefficient of expansion, was obtained. The 
whole of the electrical arrangements for the exhibition 
were worked out by a council headed by Sefior De 
Lasarte Karr, Professor of Technology in Barcelona 
University. 
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TENDERS. 

We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 


on application to the Department at the above address, 
the reference number given being quoted in each case. 


Steel Pipes.—The supply of 6,580 metres of double- 
wrapped steel pipes with valves and specials, 28 hydrants, 
11 column hydrants, and 4 fountains. The Egyptian 
Ministry of the Interior, Cairo; October 15. (Ref. No. 
A.X. 8490.) 


Railway Junction.—The construction of a railway 
junction and signalling station at'Tornakalns, near Riga, 
The Administration of the State Railways, Latvia ; 
September 24. (Ref. No. A. 8500.) 

Steel Bogie Wagons.—On page 292 of our issue of last 
week, we announced the call for tenders, on the part 
of the South African Railways and Harbours Board, 
for the supply of 150 fifty-ton steel bogie wagons. We 
now learn that the closing date has been extended from 
October 17 to November 7. (Ref. No. A. 8495.) 


Rail Coaches.—The supply of six rail coaches driven 
by petrol engines of about 60 h.p., for the Girardot 
Railway. The Colombian Government, October 11. 
(Ref. No. A.X. 8511.) 

Tin Containers.—H.B.M. Consul, St. Louis, Miss., 
U.S.A., reports that a firm is anxious to get into touch 
with British manufacturers of hermetically-sealed tobacco 
tins. (Ref. No. B.X. 5661.) 

Railway Material.—The date for tenders for railway 
material called for by the Board of the Port and Railways 
of Lourengo Marques, referred to on page 582 of our last 
volume, has been postponed until December 27. (Ref. No. 
A, 8502.) 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Conditions in the Cleveland 
pig-iron trade show little change. There are virtually no 
stocks, and merchants’ holdings are not large. Ironmasters 
report that their output is well taken up, and prompt 
parcels are still difficult to purchase. With the statistical 
situation strong, masters are able to resist customers’ 
efforts to secure price concessions, and the fixed prices 
that have ruled for some months past are well upheld. 
Home consumers are buying ahead, and some of the 
contracts recently arranged are for delivery up till the 
end of the year. Beyond that period there is disinclina- 
tion to operate. Exporters remain unwilling to pay the 
prices named, and sales for shipment to foreign destina- 
tions are few and small, but inquiries from abroad are 
slightly better. No. 1 Cleveland is 75s.; No. 3 g.m.b., 
72s. 6d.; No. 4 foundry, 71s. 6d.; and No. 4 forge, 71s. 


Hematite.—Prices obtainable for East Coast hematite 
are still substantially below the cost of production, and 
makers are inclined to hold off the market until 
quotations advance nearer to the economic level. Order 
books of manufacturers are fairly good, and merchants 
holdings are not heavy. The latter, in view of the expected 
rise in prices, are less keen than of late to sell at 
current figures. Terms of contract are still matters for 
individual bargaining, and consequently vary. Ordinary 
qualities may be put at 76s. to 76s. 6d. 

Foreign Ore.—Little effort is made to put through 
new business in foreign ore. Merchants are not in 
a position to offer parcels of moment, except for delivery 
well ahead, and consumers are heavily bought over 
the next twelve months. Nominally market rates 
remain on the basis of best rubio at 24s. 9d., c.i.f. Tees. 


Blast-Furnace Coke.—Scarcity of blast-furnace coke 
is causing some uneasiness. Good medium kinds readily 
realise 23s., delivered to works in this area. 


Manufactured Iron and Steel.—The aggregate output of 
manufactured iron and steel is large, and requirements 
promise to necessitate increased production. All quota- 
tions are steady and firm, though in one or two branches 
Continental competition is becoming more_ keen. 
Common iron bars are 101. 15s.; best bars, 111. 5s. ; 
double best bars, 11l. 15s.; treble best bars, 12J. 5s. ; 
iron rivets, 111. 10s.; packing (parallel), 8/.; packing 
(tapered), 101.; steel billets (soft), 61. 17s. 6d.; steel 








billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 2s. 6d.; steel rivets, 11/1. 5s.; steel ship plates, 
8l. 12s. 6d.; steel angles, 8. 2s. 6d.; steel joists, 


81. 2s. 6d. ; heavy sections of steel rails, 87. 10s. ; black 
sheets, 101. 7s. 6d.; and galvanised corrugated sheets, 
131. 10s. 





PeRsONAL.—Messrs. Sleeper and Hartley, Inc., of 
Worcester, Mass., U.S.A., have entered into an exclusive 
agreement with the Strand Enamel Company, of Winsted, 
Connecticut, to manufacture and sell the wire-enamelling 
machines previously marketed by Mr. R. E. Strand. All 
inquiries for this equipment should henceforth be 
addressed to Messrs. Sleeper and Hartley.—Major Richard 
Miles has been appointed manager of the Ironworks 
Department of Messrs. Newton, Chambers and Company, 
Limited, Thorncliffe Ironworks and Collieries, near Shef- 
field, in succession to his father, the late Mr. T. Vv. Miles. 
—Col. R. E. B. Crompton, C.B., R.E., 48, Kensington- 
Court, W.8, informs us that he has entered into partner- 
ship with Dr. Alfred Ekstrom, M.I.E.E., who has special- 
ised in electrical-engineering developments in agriculture, 
in Sweden. The firm will be known as Messrs. Crompton 





London: His Majesty’s Stationery Office. [Price 
15s. net.] . 


and Ekstrom. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—Though the heavy-steel trades show 
little variation as compared with a week ago, the necessity 
for securing adequate supplies of raw and semi-finished 
materials, against running contracts for finished products 
and prospective orders, is commanding more attention. 
It is realised that any movement in pig-iron is likely 
to be in an upward direction, having regard particularly 
to the coke position. Prices are firmly held, but the 
margin of profit would quickly be absorbed by a further 
rise in production costs. Facing renewed competition 
from the Continent, steelmakers are anxious to retain 
attractive quotations as long as is economically possible. 
Local rates are as follow: Siemens acid-steel billets, 
9l. 10s. ; hard basic-steel billets, 7/. 12s. 6d. to 91. 12s. 6d. ; 
soft basic-steel billets, 77. ; West Coast hematites, 88s. 6d. ; 
East Coast hematites, 87s. 6d.; Lincolnshire No. 3, 
foundry iron, 74s. 6d.; Lincolnshire forge iron, 70s. 6d. ; 
Derbyshire No. 3 foundry iron, 71s.; Derbyshire forge 
iron, 67s.; bars, 111. 10s.; and sheets, 127. Scrap is a 
fairly active market. Basic steel qualities command 
round about 69s. per ton. Steel-making alloys continue 
to command high prices. Tungsten powder is quoted 
at 3s. 6d. per lb., and ferro-tungsten at 3s. 3d. per lb. 
Efforts to replace armaments work are meeting with 
moderate success, though it is proving a difficult task 
to attract a tonnage equivalent to that for which special- 
ised plants were erected. Considerable economies are 
being effected by rationalisation schemes. The resultant 
dislocation in labour introduces distressing effects. The 
managerial side, as well as that composed of craftsmen, is 
suffering. Some scores of men who occupied responsible 
positions have been released. In the present state of 
the labour market and the heavy steel and engineering 
trades their outlook is black. Good business continues 
to be done in higher-grade steels. Competition is being 
met with from Germany, France, Belgium, and America, 
but British quality frequently proves a determining 
factor. More orders for plates, bars, and sections have 
been received from the general engineering trades. 
Textile and mining requirements are unsatisfactory. A 
lot of work is in progress for the electrical and auto- 
mobile trades. If the deferred schemes which Sheffield, 
among other corporations, has submitted to the Govern- 
ment for the relief of unemployment receive the necessary 
financial aid, there will be enlarged calls on road-making 
tools and implements, and structural work for bridges. 
Metal is more and more replacing wood for stores exten- 
sions and the remodelling of shops. Stainless steel and 
products therefrom are busy lines. Gardening tools and 
implements show a seasonal decline. 


South- Yorkshire Coal Trade.—Mining conditions locally 
have eased on account of the Doncaster Races, and there 
is a corresponding diminution in mineral traffic on the 
railways. The house-coal trade has received a setback, 
but this was expected owing to the newly-advanced rates. 
The market is also adversely affected by the continuance 
of hot weather. A resumption of buying should 
not be long deferred, though substantial progress with 
winter stocking arrangements was made at the cheaper 
rates. Business in industrial fuel is steadily maintained 
on both home and export account. Consumption of 
washed qualities is a strong feature. Furnace and 
foundry coke are firm, and there is an improvement in 
the demand for gas coke. Quotations: Best hand- 
picked branch, 25s. 6d. to 28s. 6d.; Derbyshire best 
bright house coal, 21s. to 23s. ; best house coal, 20s. 6d. 
to 21s. 6d. ; screened house coal, 18s. 6d. to 20s.; screened 
house nuts, 16s. 6d. to 18s. 6d. ; Yorkshire hards, 14s. 6d. 
to 15s. 6d. ; Derbyshire hards, 14s. 6d. to 15s. 6d. ; rough 
slacks, 9s. to 10s. ; nutty slacks, 7s. to 8s.; and smalls, 
38. to 5s. 








THE PHILADELPHIA COMMERCIAL MusEuM.—The 
Commercial Museum at Philadelphia was founded by 
Dr. W. P. Wilson in 1894. Besides being an educational 
institution, it aims at promoting the foreign trade of the 
United States, and more particularly that of Philadelphia 
and Pennsylvania. In addition to the museum proper, 
the buildings include a foreign-trade bureau and a library. 
A number of periodicals are published in English and 
Spanish. Of these, some are designed to attract foreign 
buyers of United States goods, and others to inform 
home manufacturers of opportunities abroad. The 
report for 1928 of the Director of the Museum states that 
attendances at the Institution are increasing steadily, 
and that the activities and scope of usefulness of the 
museum are broadening year by year. 





THE Propuction oF HELIUM IN THE UNITED 
SratrEs.—We gave, in an article which appeared on 
page 251 of our issue of August 30 last, an account of the 
progress of helium extraction in the United States, and a 
description was given of the new extraction plant erected 
by the Bureau of Mines at Amarillo, Texas. The Bureau 
has now furnished us with some additional particulars 
regarding this installation. It appears that the first 
consignment of the gas was despatched on May 6 last, 
since when production has been steadily increasing. 
The total production of the gas during July was 648,850 
cub. ft., of an average purity of approximately 97 per 
cent. Only a single extraction unit of the plant is 
actually in operation; when the second unit is com- 
pleted, in the near future, the normal capacity of the 
plant, it is stated, will be far in excess of present Govern- 
ment requirements. With practically the same overhead 
charges, production can then be increased to any desired 
amount up to 20,000,000 cub. ft. per annum. The cost 
of the helium will then depend upon the number of orders 
received. 





NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—No change of any note can be 
reported this week‘in the state of the Scottish steel trade. 
Employment is fairly steady, and order books are 
tolerably satisfactory, but much of the work on hand 
and being booked is really for near-date requirements, 
and tonnages are not as heavy as they might be. Con- 
sumers seem disinclined to fix much ahead, and under 
present conditions of trade generally they are not 
desirous of carrying heavy stocks. Shipbuilders are 
still sending in quite good orders for plates and sections, 
but, as orders for new tonnage are somewhai scarce, the 
prospects of more business from that source are not too 
bright for the winter. Inquiries from structural engineers 
and locomotive builders are much better. In the black- 
sheet trade there is a fair amount of business in light and 
galvanised sorts, but the real autumn demand is poor 
so far. The heavier grades are still.dull and featureless. 
Prices are steady and are as follow :—Boiler plates, 
107. 10s. per ton; ship plates, 8/. 12s. 6d. per ton; 
sections, 8/. 2s. 6d. per ton; black sheets, }in., 8/. 158, 
per ton ; and galvanised corrugated sheets (No. 24 gauge), 
132. 12s. 6d. per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—There has been no improve- 
ment in the West of Scotland malleable-iron trade over 
the week, and the outlook is still rather clouded. The 
demand overall is of a very limited nature, and inquiries 
are not very encouraging. The re-rollers of steel bars 
are also quiet, and export orders are being very keenly 
competed for; another factor is the lower prices 
again being quoted by Continental makers. Prices are 
unchanged at 10/. 5s. per ton for Crown bars for 
home delivery and 9/. 15s. per ton for export; and 
81. per ton for re-rolled steel bars for home delivery and 
71, 15s. per ton for export. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron trade 
there has been little expansion of business. The demand 
from steel makers continues fairly good, but foundry 
iron moves slowly. Prices are being well maintained, 
and the following are the current market quotations :— 
Hematite, 80s. per ton delivered at the steel works ; 
foundry iron, No. 1, 78s. 6d. per ton, and No. 3, 76s, 
per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, September 7, amounted to 662 tons. Of that 
total, 626 tons went overseas, and 36 tons coastwise. 
During the corresponding week of last year, the ship- 
ments overseas amounted to 446 tons, and those coast- 
wise to 47 tons, making a total of 493 tons. 


Locomotive Contract.—The North British Locomotive 
Company, Limited, Springburn, Glasgow, have booked 
an order for six Class 10 locomotives for the Rhodesian 
Railways. An order for six tank locomotives for the 
San Paulo Railway, Brazil, has also been booked by 
the same firm, who have now a good deal of work on 
hand. 


Contract for Motor Cars.—The Albion Motor Car 
Company, Scotstoun, Glasgow, has just booked an order 
for 190 six-wheeled rigid-type motor cars for the Govern- 
ment of India. Over 200,000/. is involved in the order, 
which is said to be one of the largest ever placed for 
motor-transport vehicles. These cars, which are specially 
designed to operate across country, are constructed so 
that the driver is seated by the side of instead of behind 
the engine, thus giving increased body space without 
lengthening the vehicle. About a month ago, the firm 
booked another large contract for a number of new six- 
wheeled motor vehicles for the War Office. 

Scottish Shipbuilding.—The shipbuilding industry in 
Scotland continues to move along on even lines, but 
orders for new tonnage are very scarce. Shipowners are 
not placing many orders in anticipation of improving 
freights, and most of the recent contracts have been for 
vessels to meet present needs, Last month the number 
of new vessels ordered was 18, but a few of these were for 
small craft. The vessels launched during August were as 
follows :— 








Vessels. Tons. 

The Clyde “a ce oe 18 48,814 
The Forth vee aaa <se 4 310 
The Tay ... vse aa ES 1 7,830 
The Dee and Moray Firth _... 5 780 
Total ... He uae 28 ‘ 57,734 


The output is an average figure, and, for the Clyde, 
the total for the eight months is now 150 vessels of 
372,753 tons, which is the fourth highest figurefor the 
same period since the war years, 


Shipbuilding Contracts.—Messrs. John Lewis and Sons, 
Limited, Aberdeen, have received orders for four new 
vessels. ‘T'wo of these are for experimental boats fitted 
as combined) trawlers, drifters, and seine netters for the 
Russian Soviet Government at Vladivostock. The other 
two are for trawlers for the Crater Steam Fishing Company, 
North Shields, Messrs. Lewis recently booked orders 
for two trawlers for Mr. H. A. Holmes, Aberdeen, and 
an order for a twin-screw steamer for Messrs. Howard 
and Smith, Australia. 








ScHoLarsHIp IN ARCHITECTURE.—The Board of 
Architectural Education of the Royal Institute of British 
Architects announces that the R.I.B.A. fourth and fifth- 
year maintenance scholarship has been awarded to Mr. 
G. G. Laidler. The scholarship is of the value of 1001. 
per annum, and is tenable by a student who has already 
— satisfactorily a three-years’ course in a recog- 
nised school. 





NOTICES OF MEETINGS. 





INSTITUTION OF NAvAL ARCHITECTS.—Summer Meet- 
ing, Rome. Tuesday, September 17, to Saturday, 
September 28. Tuesday, September 17, 10 a.m., Hall 
of the Capitolium Palace, Rome. ‘“ Atlantic Liners,”’ by 
General E. de Vito. ‘Ship Design and Arr ments 
from the Passengers’ Point of View,” by Mr. A. T. Wall. 
‘* Breadth, Draught, and Initial Stability of Ships,”’ by 
Professor M. Gleijeses. Wednesday, September 18, 
10 a.m., ‘* The Relation between Armament and Protec- 
tion in the 10,000-ton Cruisers and the Ersatz-Preussen,”’ 
by Professor W. Hovgaard. ‘The Separation of Dis- 
solved Air Caused by Propeller Action,” by Colonel Ing. 
G. Rabbeno. ‘Oil Films and Bearings,” by Mr. H 
Brillié and Dr. A. M. Robb. At 8.45 p.m. Institution 
Dinner, Grand Hotel, Via delle Terme. Thursday, 
September 19, to Saturday, September 28, excursions 
and visits to various works. 


Ceramic Socrety.—Autumn Meeting. Wednesday, 
September 18, and Thursday, September 19. Midland 
Grand Hotel, St. Pancras, N.W.1. Joint meeting of 
the Building Materials Section and Refractory Materials 
Section. Wednesday, September 18, 10 a.m., “ Drying 
Clay Goods,” by Mr. G. Lavelle. ‘‘Some Different 
Methods of Fixing Roofing Tiles and their Influence on 
Tile Lamination,” by Mr. L. G. Tomlinson. ‘“‘ Mech- 
anical Stoking of Kilns,” by Mr. J. Procter. “A 
Contribution to the Study of Florescence : The Evapora- 
tion of Water from Brick,” by Mr. L. F. Cooling. At 
7.30 p.m., Banquet at Hotel Cecil, Strand, W.C.2. 
Thursday, September 19, 10 a.m., “The Value of a 
Laboratory to a Clayworks Manager,’ by Mr. E, Simpson. 
‘* Oil Fuel and the Brick Industry,” by Mr. I. Lubbock. 
“Facing Bricks, Road Paving Bricks, and Roof Tiles, 
as Manufactured in the State of Ohio, U.S.A.,” by Mr. 
G. A. Hodson. ‘‘ Notes on American Trip,” by Mr. F. 
West. 


INSTITUTION OF MUNICIPAL AND CouNTY ENGINEERS : 
North-Western District.—Friday, September 20, 11 a.m., 
Hulme Hall, Port Sunlight. ‘‘ Development and Works 
in the Bebington and Bromborough District,” by Mr. P. 
Parr, 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—Lack of demand for large coal is 
causing difficulties to the collieries and also to exporters. 
While colliery owners find it impossible to secure a rapid 
clearance of trucks loaded with large coal, shippers 
cannot secure sufficient sized products and smalls to 
meet their requirements. Colliery owners, in consequence 
of a shortage of empty wagons, cannot keep pits working 
regularly, with the result that the make of sized varieties 
and the output of smalls is curtailed. For both these 
classes there is a pressing demand, and prices rule at 
anything from ls. to 4s. per ton above the minimum 
schedule, while for large, supplies are freely available on 
the basis of the schedule. In fact, in many cases, sales- 
men refuse to sell smalls except in conjunction with 
large. Dry nuts command up to 28s., with salesmen 
indicating 30s., while bituminous nuts are about 22s. 
Washed duffs are very strong and scarce with dry 
varieties commanding up to 16s. and bituminous 17s. 
Best bunker smalls realise 14s. to 14s. 3d., but, if bought 
in conjunction with large, can be obtained at 6d. to 9d. 
less, while cargo smalls range from 13s. to 13s. 6d. Ship- 
ments of coal in the past week fell by 47,000 tons to 
471,000 tons, of which France took 139,000 tons and 
Italy 72,000 tons. The Argentine also absorbed 43,000 
tons and whaling steamers 28,000 tons. 


South American Freights.—South American freights 
have advanced to the highest levels touched for three 
years and cause anxiety to shippers who, months ago, 
took up business on the basis of 13s. for the River Plate. 
During the past week as much as 18s. 6d. was conceded 
for the River Plate, compared with a maximum of 15s, 3d. 
in 1928, 15s. 6d. in 1927, and 21s, in 1926. Rio de Janeiro 
freights have been as high as 17s., against a top level 
of 14s. in 1928 and 1927, and of 20s. in 1926. The reason 
for the advance is to be found in the collapse of the home- 
ward market causing many vessels to sail from South 
America in ballast instead of loaded with grain cargoes 
at remunerative freights. Consequently, shipowners 
refused to send their vessels to South America with coal, 
except at rates which would leave them a chance of 
securing homeward freights which would enable them 
to pay expenses for a round voyage. Something like 
25s. to 30s. is required for a round trip to South America 
and back, so that a freight of 18s. 6d. out would allow a 
low figure to be accepted homeward. Of course, by the 
time vessels now chartered reach the Plate and are dis- 
charged, the position is quite likely to be appreciably 
different. 


Iron and Steel.—Exports of iron and steel goods last 
week amounted to 15,229 tons, or about double the 
quantity dealt with in the preceding week. Shipments 
of tinplates and terneplates were raised from 4,381 tons 
to 7,644 tons, of blackplates and sheets from 325 tons 
to 1,116 tons, of galvanised sheets from 459 tons to 
988 tons, and of other iron and steel goods from 1,955 
tons to 5,481 tons. 














Conrract.—Messrs. Peter Brotherhood, Limited, 
Peterborough, have recently supplied a six-cylinder 
Brotherhood-Ricardo high-speed Diesel engine to the 
Bussey Coal Distillation Company, at Glenboig. 
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DYNAMIC-BALANCING MACHINE FOR TURBINE ROTORS. 
CONSTRUCTED BY MESSRS. THE WESTINGHOUSE ELECTRIC AND MANUFACTURING COMPANY, ENGINEERS, PITTSBURGH, PA., U.S.A. 
(For Description, see Page 317.) 




















Fig. 12. 134-Ton Macaine with Rotor oF TURBO-GENERATOR:! UNDER TEST. 
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So far as exhibitions are concerned, marine 
engineers and shipbuilders are handicapped by 
the majority of their products being too large to be 
shown in any building, however commodious. 
This, no doubt, explains the fact that many of 
the most important firms in these two allied indus- 
tries are either not represented at all at the biennial 
Shipping, Engineering and Machinery Exhibition 
at Olympia, or confine their exhibits to a few models 
and photographs. This is of very little inrportance 
to those engaged in these industries, as shipowners, 
for example, have other means of determining where 
their requirements can be met, but it possibly gives 





have some relation to marine engineering or ship- 
building, although the connection is rather remote 
in the case of some of the automatic machine tools. 
The majority of the general exhibits is composed 
of marine auxiliaries and accessories, and includes 
deck machinery, such as winches and windlasses, 
in addition to a wide range of engine-room plant. 
Apart from specialised apparatus, such as that 
required for pulverised-fuel firing, no very striking 
development has taken place in the last few years 
in auxiliary units, although the employment of 
electrically-operated winches, steering gear, and 
other deck machinery has increased to a very 





alive to this fact, and it is a satisfaction to be able 
to record, in addition, that the nation is in the fore- 
front as regards developments in pulverised-fuel 
burning. 

Turning now to the actual exhibits at the exhibi- 
tion at Olympia, which opened yesterday and closes 
on the 28th inst., we may commence our description 
by a reference to some of the marine motors. 
For reasons which are not altogether easy to 
follow, motor yachting has greatly increased in 
popularity in the last year or two, and the special 
section of the exhibition devoted to small craft 
and their power units has, in consequence, been 
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a somewhat false impression to the casual visitor. 
Although we are essentially a maritime nation, the 
man-in-the-street, if one may judge by the value of 
the information supplied by the popular Press, is 
singularly ignorant of shipping matters, and it is to 
be regretted that very little opportunity can be given 
to him through the medium of the exhibition to 
visualise recent developments in marine practice. 
In this respect, the Shipping Exhibition, of necessity, 
forms a somewhat unfortunate contrast to, say, the 
Motor Show, as, in the latter, the visitor has an oppor- 
tunity of studying the latest practice at first hand. 
Much more knowledge than that possessed by the 
average individual, however, would be required to 
deduce from the exhibits at Olympia the import- 
ant developments in marine practice that have 
taken place in the use of high steam pressures, 
pulverised fuel, and electric transmission. Much 
of this information could actually be deduced by a 
careful study of boiler fittings and other accessories 
exhibited, but only by a competent engineer. 
Fortunately, the same difficulties do not exist 
in regard to subsidary developments,. such as im- 
proved signalling and navigational appliances, or 
to motor craft, and, in these categories, the casual 
visitor is afforded ample opportunity for self-educa- 
tion. 

In spite of the very wide title of the exhibition, 





it will be found that practically all the exhibits 
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140-B.H.P. Stx-CyLInpER Petron MARINE ENGINE; Messrs. Joun I. 


marked extent. This, no doubt, is due to the 
electrically-operated unit providing the obvious 
solution to the problem of driving auxiliary plant 
on Diesel-engined vessels, 

Before commencing our description of the exhibits, 
it will not be out of place to refer briefly to the 
present position of the shipbuilding and allied 
industries. In commenting upon the last exhibition, 
held in 1925, we deplored the then position in these 
industries, and we hardly think that we shall be 
accused of undue optimism if we state that a 
distinct improvement has taken place since that 
date, although the outlook at the present time 
is far from bright. The tonnage launched in 1928 
exceeded. that launched in the previous year by 
over 200,000, and was the highest recorded since 
1921. Judging by present activities, it appears 
probable that the level of work in the shipyards 
in the current year will be about the same as that 
for 1928. As regards marine engineering, which 
includes the manufacture of engines for export as 
well as for the home market, the steady increase 
in Diesel-engined vessels has not been altogether 
to our advantage. For reasons which hardly 
require restatement at the present time, we occupy 
only a secondary position as regards the actual 
design of these engines, and no effort should be 
spared to improve our status in this respect. It is 
now evident, however, that our builders are fully 








Fie. 2. 


THORNYCROFT AND CoMPANY, LIMITED. 


considerably extended. In the past, we have 
commented on the fact that the design of marine 
motors compared somewhat unfavourably with 
that of engines of similar power for road-transport 
purposes. This is still true as regards the products 
of some of the small firms engaged in the marine 
industry, but no longer holds in the case of the larger 
manufacturers. An examination of the exhibits 
at Olympia will, in fact, show that features are intro- 
duced into marine engines which might with advan- 
tage be incorporated in those intended for road use. 

The engine illustrated in Figs. 1 to 5, pages 327 
and 328, which is being exhibited by Messrs. John I. 
Thornycroft and Company, Limited, Thornycroft 
House, Smith-square, S.W.1, is designed for use 
in modern express cruisers, and similar craft. 
The engine develops 140 brake horse-power when 
running at about 1,800 r.p.m., ‘and is intended to 
use petrol or similar light fuels. It is not designed 
to run on paraffin. Special attention has been given 
in the design to the questions of economical 
operation and light weight, without sacrificing 
the strength and rigidity essential in marine work. 
The fuel consumption is guaranteed not to exceed 
0-65 1b. per brake horse-power hour on full load, 
equivalent to approximately 12 gallons of fuel per 
hour at 140 brake horse-power. The average fuel 
consumption under normal running conditions is 
said to be well below this figure. 
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Fig. 3. 


(1614.A) 





The engine is a six-cylinder model 
with the cylinders cast in two groups 
of three. Each block is fitted with 
a detachable head, the circulating- 
water connections being incorporated = 
in the castings, and the water jackets 
being brought well down the cylinder 
walls as shown in Figs. 3 and 4. 
Large doors are provided for cleaning 





the water jackets. The cylinder bore 
is 43 in., the surface being brought to 
an accurate finish by grinding. The 
piston stroke is 6} in. The pistons me be. 
are of aluminium alloy and are fitted 


with three rings at the top. The i 





gudgeon pins are hollow, and are of d 
the floating type. The connecting th. 
rods are nickel-chrome steel stamp- |_| 
ings, and are fitted with phosphor- 

bronze bushes at the smallends. The 

big-end bearing is a bronze shell 








lined with white metal. The crank- Fi Trap. 


shaft is of large diameter, and is 
mounted in seven long bearings, also 
having bronze shells lined with white | 
metal. The total length of the bear- 
ings is approximately equal to one- 
third the length of the shaft, which 
is a nickel-chrome steel forging, | 
finished by grinding, and accurately ( \| 
balanced. The crankcase is made Wy 


from aluminium alloy, the upper (1619.8) 


half having stiffening webs rigidly 
supporting the main bearings. The 
bottom half is extended to form 
the lower part of the reverse-gear 
casing, so that the engine and re- Fics. 
verse gear form a single unit, with 

the flywheel totally enclosec. 

The valves, which are of 2 per cent. nickel steel, 
are superimposed, as shown in Figs. 3 and 4. The 
inlet valves are mounted in the detachable heads, 
and are operated from the camshaft through the 
medium of push rods and rockers, as shown in 
Fig. 3. It will be clear from the figures that the 
mechanism is totally enclosed. The exhaust 
valves are operated in the usual way, through 
adjustable tappets. The camshaft is of case- 
hardening steel, and is finished by grinding. The 
cams are solid with the shaft, which is carried in 
five long white-metalled bearings, and is driven 
by wide spiral gears from the forward end of the 
crankshaft. Particular attention has been given 





to making the valve gear as silent as possible. 


Exhoust Outlet. 
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The pump for the circulating water is of the gear 
type, and is mounted low down at the forward end 
of the engine, as shown in Figs. 2 and 5. The 
water impellers are not used for driving, separate 
gears being provided for this purpose. The pump 
is driven from the crankshaft at approximately 
half engine speed. The circulating-water inlet 
is provided with a strainer, which can be with- 
drawn for cleaning without stopping the engine. 
The lubrication system is on the dry-sump principle, 
a separate water-cooled oil pipe, with service tank, 
being supplied. The pump is of the duplex type, and 
is mounted low down on the crankcase, as shown 
in Fig. 5. It is driven from the camshaft by skew 
gearing. One of the pump units draws oil from the 





service tank and delivers it to the main bearings, 
the big-end bearings, and the reverse gear. A gauge 
indicates the oil pressure, which is kept constant 
by an automatic relief valve. Excess oil passing 
this valve is used to lubricate the timing-gear 
wheels. The second pump unit draws the oil 
draining from the big-end bearings and cylinders 
into the crankcase, through a fine mesh strainer, 
and returns it to the service tank via an Auto-Klean 
strainer and a water-cooled oil pipe. Ignition is 
by a magneto fitted with an impulse starter, and 
by duplicate coil and battery. Two carburetters 
are fitted and a positively-lubricated mechanical 
air pump, is fitted to supply the pressure necessary 
to raise the fuel to the carburetters when gravity 


= + 


Jo mm ay 
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feed is not employed. The engine is fitted with 
a C.A.V. electric starter, spigoted into the crank- 
case in a protected position. Governor and hand 
control gear are provided on the throttle. 

Turning now to the reverse gear, shown in 
section in Fig. 3, it will be seen that the clutch is 
of the multi-dise type. The plates are alternately of 
steel and bronze, and the method of operation will 
be clear from the figure. The reverse gear is of the 
usual epicyclic type, and is mounted on the flywheel. 
It is brought into operation by the action of an 
external contracting band, visible outside the outer 
clutch member, the contraction being effected 
by moving the clutch lever into the astern position. 
It will be noticed that the outer clutch member is 
mounted on a sleeve on the propeller shaft, the 
inner end of the sleeve being in the form of a sun 
wheel. The second sun wheel, shown to the left of 
this in the figure, is mounted on the propeller shaft, 
hence, when the clutch member is held, the planet 
wheels will revolve round the fixed sun wheel and 
will thus drive the propeller shaft. It may be 
mentioned that all parts of the reverse gear are 
mounted on either ball or roller bearings, the thrust 
being taken by a double roller bearing. A gland 
is fitted on the shaft, at the after end, to prevent oil 
leakage from the reverse-gear casing. The approxi- 
mate net weight of the engine, complete with 
reverse gear, stern gear, and standard tanks and 
piping, is 21 cwt. 

In addition to the engine described, Messrs. 
Thornycroft are exhibiting other models, ranging 
from a small unit of 7} brake horse-power to a 
12-cylinder engine of 375 brake horse-power. They 
are also showing three motor boats: one a 40 ft. 
cabin cruiser equipped with two 9 brake horse-power 
engines, the second, a “Sea Hawk” speed boat 
equipped with a 140 brake horse-power engine 
of the type described above, and the third, a 320 
ft. river launch, equipped with a 10/16 brake hors::- 
power petrol engine. 

In view of the world-wide reputation enjoyed by 
Messrs. Morris Motors (1926), Limited, for private 
cars and commercial vehicles, the marine mot r 
shown by the firm’s engine branch, of Gosford Street, 
Coventry, and illustrated in Figs. 7 to 9, Plate 
XXXVIII, will undoubtedly attract considerable 
interest. The engine, which is known as ‘“ The 
Navigator,” is a four-cylinder model with a cylinder 
bore of 75 mm. and a piston stroke of 102 mm., and 
is rated at 12-24 h.p. The speed range is from 
300 r.p.m. to 2,000 r.p.m. While it differs vety 
appreciably from the Morris car engine, some of 
the parts are common to both models, so that 
users of the marine motors can obtain certain 
spares from any Morris car agent. These parts 
are such as commonly require replacement after an 
extended period of service. . 

As will be clear from Figs. 7 and 8, the cylinder 
block is a one-piece casting with a detachable head, 
the form of combustion chamber being as shown 
in the latter figure. The upper half of the crank- 
case is in one piece with the cylinders, and the 
water jacket is carried down to the full depth 
of the cylinders, as shown in Fig. 8. The cylinder 
bores are rolled. The lower half of the crankcase 
is made from die-cast aluminium-silicon alloy, 
treated to prevent corrosion. The crankshaft is 
carried in three bearings, and is a single-piece drop 
forging. The bearings are of white metal in bronze 
shells, shims being provided for taking up wear. 
The flywheel is a steel forging, machined all over, 
and bolted to a flange on the crankshaft. The 
connecting rods are steel drop forgings of the usual 
section, and the pistons are die-cast aluminium- 
alloy castings. They are ground to an accurate and 
fine finish, and are fitted with two rings. All the 
moving parts are carefully balanced to within 
4drams. The gudgeon pins are of case-hardened steel, 
ground and lapped, and are clamped in the small 
end of the rod. The valves are of the side-by-side 
type, and are operated by mushroom-headed tappets 
bearing directly on the camshaft, as shown in Figs. 
7 and 8. The inlet valves are made from nickel 
steel, and the exhaust valve from silicon-chrome 
steel. The foot of the stem is hardened. The 
guides, of cast-iron, are replaceable. The camshaft 
is driven through helical toothed gearing at the 
forward end of the engine. 





The cooling water is circulated by a gear pump 
driven from the camshaft. The water first passes 
through a jacket on the exhaust pipe, and is then 
directed by a pipe into the base of the cylinder 
jackets, leaving at the top. The pump for the lubric- 
ating oil is of the plunger type, and is driven from 
the camshaft as shown in Fig. 8. The main bearings 
and reverse spigot bearing are pressure fed, the big- 
end bearings and pistons being splash-lubricated. 
The ignition and carburation details hardly call for 
special comment, although it may be stated that the 
magneto is of the waterproof type, and the sparking 
plugs have waterproof protectors. The engine is 
fitted with power starting, a hand-starting gear 
being provided in addition to ease the engine after 
standing. The power starter is of the dynamotor 
type, and is used in conjunction with a 63 ampere- 
hour capacity battery, which.also serves for lighting 
purposes. Both hand and power starters are coupled 
to the crankshaft by chains. 

The reversing gear, which is shown in section in 
Fig. 7, is of the planetary type, the forward drive 


Fig. 6. 
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Fie. 6. Torque AnD Horsz-PowrrR D1aGRAM FOR 
Six CyLINDER Marine EnGine; Mezssrs. Morris 
Motors (1926), Limrrep. 


being through a multi-plate clutch with alternate 
steel and bronze plates. The gear is operated by 
a single lever for ahead and reverse running, the 
epicyclic gear being brought into action, after the 
clutch has been released, by a contracting band. 
All the gears and shafts are case-hardened and 
ground, and the whole reversing unit runs in oil 
supplied from the engine. Convenient means are 
provided for adjusting the clutch. The propeller 
thrust is taken by a large ball bearing at the after 
end of the reversing-gear casing. A reducing gear 
can be supplied, as a separate unit, to bolt on to the 
casing. This is secured by eight bolts, and can be 
mounted in any one of eight positions. The case is 
of cast-iron, heavily ribbed, and is fitted with ball 
bearings throughout. The unit requires separate 
lubrication, and weighs 40 Ib. 

Tn addition to the engine described, Messrs. 
Morris are also showing a six-cylinder model, of 
which full details are not available at the time of 
going to press. We are, however, able to produce 
the torque and power curves in Fig. 6, above, and 
it will be seen that the engine develops 52 brake 
horse-power at 3,500 r.p.m., and that the maximum 
torque, of 103 Ib.-ft., occurs at about 1,000 r.p.m. 

We have described a number of the marine engines 
manufactured by Messrs. Norris, Henty and Gard- 
ners, Limited, Barton Hall Engine Works, Patri- 
croft, Manchester, from time to time in our columns, 
and it may be recalled that they are of the two-cycle 
airless-injection type, and vary in power from 
19 to 300 brake horse-power. One of the latest 
of these engines, which we have not previously 
described, is being shown at the Exhibition, and is 
illustrated in Fig. 10, Plate XXXVIIL This engine 





is a four-cylinder model developing 200 brake horse- 


power at 290 r.p.m., and, in addition to being suitable 
for marine propulsion, can be used as a direct- 
coupled unit for electric-generating sets and other 
marine auxiliaries. We described a smaller engine 
of the same type on page 192 of our issue for 
February 15 last, but this engine, which was shown 
at the British Industries Fair, was adapted for 
stationary work. The general design of the two 
engines is, however, practically identical, and we 
may therefore confine our attention to the reversing 
gear, which was not fitted to the smaller model. The 
camshaft is driven from the crankshaft through an 
intermediate vertical shaft, helical gears being 
employed for both the vertical shaft and camshaft 
drives. The upper helical gear on the vertical shaft 
is carried by splines which enable the gear to be 
moved up and down the shaft by means of a worm 
gear. The latter is operated by the hand wheel 
which can be seen in the illustration in the front of 
the column at the right-hand end of the engine. As 
the teeth are helical, any movement of the gear along 
its shaft causes the camshaft to rotate relatively to 
the vertical shaft, and therefore relatively to the 
crankshaft. In addition to the 200 horse-power 
engine, Messrs. Norris, Henty and Gardner’s are show- 
ing a 96 brake horse-power engine of the same type, 
a four-cylinder 38 brake horse-power engine coupled 
to a two-stage air compressor, and two cold-starting 
horizontal engines. They are also showing small 
lighting and compressor sets. 

The engine which we illustrate in Figs. 11 to 14, 
Plate XX XIX, is being shown by Messrs. The 
Atlantic Engine Company (1920), Limited, Atlantic 
Works, Wishaw, Scotland. It is of the heavy-duty 
type, intended for commercial marine work, and 
is accordingly very substantially built. As will 
be clear from the figures, it is a four-cylinder model 
with separate cylinders, and incorporates’ a reversing 
gear. The cylinder bore is 6} in., and the piston 
stroke is 8in. The engine develops 50 brake horse- 
power at 600 r.p.m., and 70 brake horse-power at 
850 r.p.m. Both halves of the crankcase are of 
cast iron, and large inspection doors are provided on 
the upper half opposite each crank pin, as shown 
in Figs. 13 and 14. The cylinder bores are ground 
and cast-iron pistons, also ground, are fitted. 
As shown in Fig. 12, the crankshaft is carried in 
five bearings. It is made from high-tensile steel, 
and is of large diameter to eliminate whip and 
torsional vibration. The main bearings are white- 
metalled. The connecting rods are drop forgings 
of high-tensile steel, the small ends being clamped 
to the gudgeon pins, which work in phosphor- 
bronze flanged bushes fitted in the pistons. The 
big ends are provided with removable bushes lined 
with white-metal. The gudgeon pins are hollow, 
and are case hardened and ground. The valves 
are arranged side by side, and are operated from a 
single-piece camshaft, driven by spur gearing at the 
forward end of the engine. 

The lubricating oil is circulated by a gear pump, 
which draws the oil through a strainer from a 
sump in the bottom of the crankcase. The sump 
is of sufficient capacity to give an oil supply for 
several hours running. The oil is forced to the 
main and big-end bearings, the latter being fed 
through holes drilled in the crankshaft, as shown in 
Fig. 12. A gauge is fitted on the oil-discharge 
system. The water circulation through the cylinder 
jackets is effected by a plunger pump. This pump, 
which can be seen behind the reversing gear-box in 
Fig. 14, and is shown in section in Fig. 11, is driven 
by an eccentric mounted on a shaft in the reversing 
gear-box. It will be noticed, in the section of 
this box given in Fig. 12, that the right-hand female 
clutch member, mounted on the end of the crank- 
shaft, is provided with teeth on its periphery. These 
teeth engage with a spur wheel on the gear-box 
layshaft, and from this shaft a drive is taken to the 
left-hand female clutch member by roller chain. It 
will be clear that, by engaging the male member 
which is in the form of two cones back to back, 
with one or other of the female members, forward 
or reverse drive is obtained. The gear-box lay- 
shaft carries a pulley for the dynamo drive at the 
after end, and also serves to drive the water-cir- 
culating pump, as already explained. The reversing 
gear is controlled by a rack and pinion in conjunction 
with a quadrant, an arrangement that :ends itself 





readily to deck control. The engine is suitable for 
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fitted. Ignition is by magneto, fitted with an im-| TH ENGINEERING AND MACHINERY EXHIBITION. 


pulse starter. The silencer is of the water injection 
type. 

The requirements for a generating set for field | 
wireless purposes are decidedly stringent. Apart | 
from light weight, the set must be constructed so | 
that it can be carried in any position without | 
spilling oil or petrol, and as it may be required | 
for use in hot climates, it must be capable of 
running for long periods without overheating in 
a relatively high atmospheric temperature. In 
addition, close governing is essential, and the set | 
must, of course, be of robust construction. A set | 
of this type, in which all the requirements mentioned | 
appear to be fulfilled, is shown by Messrs. Stuart | 
Turner, Limited, Henley-on-Thames. It has been 
specially built for the War Office, being standardised 
throughout the Army Signal Service, and is also 
used by the Air Ministry and aircraft manufacturers. 
It has recently been installed in one float of an} 
air cruiser, the battery being carried in the other | 
float. The set, which is illustrated in Figs. 15 and | 
16, Plate XX XIX, weighs only 106 Ib. complete, | 
the length being 2 ft. 7 in., the width 1 ft. 6 in., | 
and the height 1 ft. 3 in. It can be run for eight | 
hours without overheating in temperatures up to | 
140 deg. F., the maximum speed variation being | 
less than 3 per cent. 

The engine is an air-cooled horizontally-opposed 
twin, running at 1,760 r.p.m. The cylinders are 
of cast iron, with a bore of 47 mm., the piston 
stroke being also 47 mm. The cylinders have 
detachable heads, and side-by-side valves are fitted. 
The cooling fan is incorporated in the flywheel, 
the air being directed on to the cylinders by 
aluminium cowling. The crankshaft runs on ball 
bearings, and is machined from the solid. The 
connecting rods have roller bearings for the big 
ends, while the gudgeon-pin bushes are of bronze. 
The pistons are of cast iron with floating gudgeon 
pins. The camshaft runs on ball bearings, and is 
driven from the crankshaft through spur gearing. 
The magneto is driven from the camshaft, the 
driving shaft being on ball bearings and coupled 
to the magneto with a leather disc. The governor 
and oil pump are operated by a separate shaft, 
driven from the crankshaft by skew gearing. The 
oil pump is of the plunger type, and delivers the 
oil to the crankcase through an adjustable sight 
feed. As the amount of oil required by the engine 
is much smaller than the pump can deliver with 
reliability, a by-pass is provided to the governor 
casing, from which the excess oil is returned to 
the sump. The silencer is common to both cylinders, 
and is fitted with a coupling for the attachment of 
a flexible pipe to convey the exhaust gas well 
clear of the set. Starting is effected by a handle 
operating an epicyclic gear, with dogs engaging the 
end of the crankshaft. The epicyclic gear enables 
the crankshaft to be turned at three times the 
speed of the handle. The dynamo is a compound- 
wound machine with a ball-bearing armature. The 
minimum and maximum voltages are 25 and 110 
respectively, and the machine will give an output 
up to 400 watts. It is driven through a flexible 
coupling, and weighs only 42 Ib. As will be clear 
from the illustrations, the set is protected by a 
framing made from steel tubing. The complete 
unit is mounted on a bedplate of silicon-aluminium 
alloy, having a tensile strength of 14 tons per 
square inch. The bedplate is fitted with rings for 
carrying the set on a pack saddle. 

In addition to the exhibit described, Messrs. 
Stuart Turner are show.ng a number of lighting 
plants suitable for yachts or small country houses. 
Of these, the $-kw. plant may be taken as typical. 
This set is of sufficient size for a large sailing 
yacht, or for house lighting up to 25 lights. The 
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Fie. 17. Srnece-CyLinpER Two-StroKkE Petro, ENGINE; Messrs. Stuart TURNER, LIMITED. 


on the two-stroke cycle, and runs at 1,000 r.p.m. 
It will run for from 6 to 7 hours on a gallon of 
petrol or benzol. A detachable head is fitted, 
and the cylinder bore is ground. The piston is 
of cast iron with two rings. The connecting rod 
is a steel drop forging, with bronze-bearing small 
end and roller bearing big end. The crankshaft is 
built up in two parts, as shown in the figure, and 
runs on ball bearings. Balance weights are pro- 
vided, and the crank pin is pressed into the webs 
and locked with nuts. The crankcase is of cast 
iron, and is made in one piece with the governor 
case. The governor is mounted directly on the 
crankshaft, as shown, and beyond it is a sprocket 
for the magneto drive. The flywheel is a steel 
stamping. Special attention has been given to 
silencing. A large expansion chamber is bolted 
direct to the exhaust port, and from this, the 
gases are led by a pipe to a separate cast-iron 
silencer. A cover on the expansion chamber 
gives access to the exhaust port for decarbonisation. 
The engine is started up by using the dynamo as a 
motor. 

The firm of Messrs. W. H. Dorman and Company, 
Limited, of Stafford, is well-known to automobile | 
engineers as makers of high-class engines, particu- | 
larly for commercial-vehicle work. The entry 
of this firm into the marine-motor market is there- 
fore of some importance to the builders of small | 
craft, and the engines which they are exhibiting | 
at Olympia will undoubtedly attract considerable 
attention. The models shown are a six-cylinder | 











figures are obtained with the engine running on 
petrol, scmewhat lower values being given on 
paraffin, for which suitable vaporising arrange- 
ments can be supplied. 

As will be clear from the figures, the cylinders 
are in the form of a monobloc casting with detach- 
able head. The combustion space is of the form 
usually employed on modern engines, and large 
water spaces are provided, particularly round the 
valve pockets. As shown in Figs. 18 and 19, sharp 
bends are avoided in the gas passages. The car- 
burettor is mounted on the starboard side of the 
cylinder block, and the gases are conveyed to the 
inlet valves by a passage cast in the block to ensure 
adequate heating of the mixture. The crankcase is 
of cast iron, and is made in two pieces with a longi- 
tudinal joint on the crankshaft axis. Both halves 
of the case are adequately ribbed. The crankshaft 
bearings are mounted in the lower half of the casing, 
and are of gun metal, lined with white metal. Large 
inspection doors are provided in the upper half 
of the crankcase, through which the connecting rods 
and pistons can be withdrawn. The pistons are of 
cast iron, fitted with two rings, and are matched in 
sets for individual engines. The gudgeon pins are 
hollow, and are of the floating type, bronze pads 
being provided at the ends to protect the cylinder 
walls. The connecting rods are high-tensile steel 
forgings of the usual section, the small ends being 
bushed with phosphor bronze, and the large ends being 
fitted with a white metal bearing run direct into the 
rod. The crankshaft is a high-tensile steel forging, 


engine is a single-cylinder water-cooled model direct- | 100 b.h.p. engine, and two four-cylinder engines | and is carried in three bearings, as shown in Fig. 15. 
coupled to the dynamo, the two units being | developing 40 b.h.p. and 28 b.h.p. respectively. We|The flywheel is bolted to a flange formed on the 
mounted on a common base. The set is used in| have selected the smaller of the four-cylinder models | shaft at the after end, and a double ball thrust 
conjunction with a battery, and is normally supplied | for illustration in Figs. 18 to 20, page 331. The | bearing is provided at the forward end. The cam- 


for a voltage of 25. 


pump, with a capacity of 300 gallons per hour, | the cylinder bore, the respective bores being 80 mm. | ground after hardening. 


For marine use, an auxiliary | chief difference between this and the larger model is | shaft is a one-piece forging, the cam faces being 


The shaft is driven from 


can be fitted. This may be used as a bilge pump | and 85 mm. The stroke in both engines is 130 mm., | the forward end of the crankshaft through a silent 


or for deck washing. An engine of the same type is 


riving volumetric capacities of 2,613 c¢.c. and 
£ & 


helical gear drive, and is supported in three long 


illustrated in Fig. 17 on this page. The cylinder bore | 2,950 ¢.c. The engine illustrated develops 20 b.h.p. | bearings. The end thrust is taken on a hardened 


is 2 in., and the piston stroke 2} in. It operates 


at 1,000 r.p.m., and 28 b.h.p. at 1,600 r.p.m. These 


steel washer, and the shaft is extended through the 
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Fie, 21. 
Figs. 21 anp 22, 10-20-H.P. Four-CytinpER MARINE ENGINE; Messrs. THE Parsons O11 ENGINE CoMPANY, LIMITED. 


the handle can be fitted at either end. The shaft 
drives on to the starter dog shaft by a chain at the 
forward end of the engine. An electric starter may 
be fitted if required. It will be noticed from the 
three figures given that the engine is fitted with a 
dashboard at the after end, serving to carry the oil 
pressure gauge, the magneto and carburetter control 
levers, and the earthing switch. In conclusion, we 
may say that the engine described is a standard 
unit. while the model with a larger bore, which runs 
at a somewhat higher speed, is designed for fast 
boats. It is made somewhat lighter on this account. 

The Parsons Oil Engine Company, Limited, Town 
Quay Works, Southampton, are showing a repre- 
sentative selection of marine engines, including the 
model illustrated in Figs. 21 to 25, above, and on 
Plate XL. This is an entirely new engine in which 
weight has been kept down as much as _ possible 
without sacrifice of strength. The engine is a four- 
cylinder unit with a cylinder bore of 2} in. and a 
piston stroke of 4 in. 
horse-power, the lower figure corresponding to a 
speed of approximately 1,000 r.p.m., and the higher 
to a speed of 1,800 r.p.m. The power curve is prac- 
tically linear between these two points, but drops off 
slightly above 2,000 r.p.m., the actual output at 
2,500 r.p.m. being 26-5 brake horse-power. As 
shown in the figures, the engine is equipped with 
a reverse-gear box and marine starting gear, but 
it can be supplied without the gear-box, and with 
an ordinary starting handle, for such stationary 
purposes as a dynamo drive. 

As will be clear from Figs. 23, 24 and 25, the cylinder 
block is cast integral with the upper half of the crank- 
case. A detachable head is fitted, and it will be 
noticed from Figs. 23 to 25 that very ample water 
spaces are provided. The valve seats and guides 
are formed in the cylinder block. The lower half 
of the crank-case, on which the supporting lugs are 
formed, is suitably ribbed, the central cross rib 
being carried through to form a support for the 
centre main bearing. The crankshaft is a solid 
forging, and is carried in three bearings, as shown in 
Fig. 23. The after end is provided with a flange, to 
which the flywheel is spigoted and bolted. The 
main bearings are of die-cast white metal and the 
flywheel is of cast iron. The connecting rods are 


drop forgings of I-section, the big-ends being white- | 


metalled and provided with adjusting caps. The 
small end is split and is fitted with a grub screw for 
gripping the gudgeon-pin, the latter being free in 
the piston bosses. The pistons are of cast iron 
with flat tops, and are provided with three rings at 
the top. Both the pistons and connecting rods are 
carefully balanced to ensure smooth running. The 
gudgeon-pin is made from mild steel, case-hardened 
and ground, 


It is rated at 10-20 brake | 


| The valves are arranged side by side, and are 
jinterchangeable. They are provided with the 
usual adjustable tappets which bear on a single- 
piece camshaft, driven by spur gearing from the 
crankshaft at the end remote from the flywheel. 
The cams are hardened and ground on the working 
surfaces, and the tappets are of mild steel, also 
hardened and ground. The timing wheels are of 
steel and composition, and the camshaft wheel is 
bolted to a flange on the shaft in preference to being 
keyed, as shown in Fig. 23. The inlet and exhaust 
passages are formed in the cylinder casting, and a 
| point showing advanced design is that the two mani- 
| folds are in one piece which may be readily removed 
|for cleaning the passages. The arrangement will 
| be clear from Figs. 24 and 25. Both the lubricating 
| oil and water pumps are of the plunger type, driven 
| by an eccentric enclosed in the crank-case, as shown 
jin Fig. 24. The water pump is made from non- 
|ferrous materials throughout. A governor of the 
centrifugal type is mounted on the end of the 
|camshaft, as shown in Fig. 23. It is fitted with an 
external spring, visible in Fig. 22, and is connected 
|to the throttle by the lever and rod which can be 
|seen in Fig. 21. An independent hand control is 
fitted to the throttle, as shown in the same figure. 
| The magneto is mounted in an accessible position on 
| the starboard side of the engine, and is driven from 
| the gear train in the usual way. The arrangement of 
the hand-starting gear is clearly shown in Fig. 23, 
| but it may be mentioned that an electric starter 
|can be provided if required. The exhaust connec- 
tions are made with flanged joints, the water con- 
‘nections with brass flanged joints in preference to 
unions, and the fuel pipe joints are made without 
|solder. The reversing gear is shown in Fig. 23, 
and is of the usual Parsons type, with, however, a 
multi-plate clutch for the direct drive. 

In addition to the engine described above, Messrs. 
Parsons show the eight-cylinder model which we 
| described on page 412 of vol. cxxi, and the 85-100 
horse-power generating set, described on page 668 





|of the previous volume. A further exhibit is a new | 


type of engine, which ‘s built in sizes of 4, 6 and 8 
cylinders, providing outputs from 35 brake horse- 
power to 100 brake horse-power on paraffin, or 
50 brake horse-power to 200 brake horse-power 
on petrol. This series provides a speed range of 
1,000-2,000 r.p.m. This engine represents the 
latest development of the firm’s products, all working 
parts being entirely enclosed and yet provided with 
full accessibility. The crankshaft is of very large 
diameter and is fully supported on both sides of 
every throw; the cylinders are in pairs with 
detachable heads ; all the pumps are of the plunger 
type, positively operated. All the working parts 
are of the simplest possible form, and an extremely 


Fig. 22. 


clean design is secured throughout. The standard 
engine is fitted with electric starting, has a power- 
operated bilge pump, and is in excess of Lloyd’s 
requirements in every respect. 

In connection with the last British Industries 
Fair we described a 25 brake horse-power single- 
cylinder airless-injection engine introduced by 
Messrs. Petters, Limited, Westland Works, Yeovil. 
We stated at the time that all the models manu- 
factured, which ranged from 25 to 160 brake 
horse-power, were of the stationary type, but 
that no doubt marine models would be marketed 
in due course. The firm are exhibiting one of 
the latter at Olympia, and we illustrate this engine 
in Figs. 26 to 33, Plate 41, and Fig. 34, page 333. 
It will be seen that it is a twin-cylinder model with 
reverse gear. The engine shown develops 50 brake 
horse-power, but we understand that the range has 
been extended to include models up to 260 brake 
horse-power. 

It is unnecessary to deal with the general arrange- 
ment of the engine and system of fuel injection 
in any detail, as these are generally similar to 
that of the single-cylinder engine already referred to, 
and described on page 223 of our issue of 
February 22 last. It may be recalled, however, 
\that the lower half of the crankcase is formed 
|in the bedplate casting, the upper part being 
separate castings integral with the cylinders. The 
capacity of the crankcase is kept as small as possible 
in order to secure good volumetric efficiency. The 
cylinders are cast in one piece with the cylinder 
liners. The interior of the cylinders after being 
bored are finished to dead size on a honing machine, 
which leaves them absolutely cylindrical and avoids 
wear. This point is of particular importance in 
an engine of this type, using port scavenging and 
‘exhaust. The combustion chamber is machined 
‘all over, with a view to attaining high efficiency. 
| The fuel pump and fuel-pump operating mechanism 
|are arranged at the forward end of the engine, the 
| fuel pump gear running in an oiltight casing. 

In our previous description, the lubrication 
|arrangements were only briefly referred to, and 
| we may therefore now say that forced Jubrication 
|is provided to all main bearings by means of 
| calibrater mechanical lubricator, shown in Fig. 26, 
driven from the crankshaft by means of a small 
‘eccentric. Oil is returned from the main bearing 
| wells to the lubricator by means of a positive plunger 
pump running immersed in oil, and also driven by 
means of an eccentric from the crankshaft. (il 
is fed to the cylinder liner by means of four feeds 
lat 90 deg. apart, and two additional feeds supply 
| oil to the gudgeon pin through feeds in the cylinder 
walls. The crankpin is lubricated by means 0! 
oil fed from a centrifugal oiling ring attached to 
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| 
the crankweb. The oil which collects in the sump|hour. A similar pump is utilised for the bilge 
of the crankcase is drained into an oil pot through | water, and is driven from a second crank on the 
which it can be blown out by crankcase compression |layshaft through the medium of a clutch. This 
pressure, a suitable valve being supplied for this | pump is mounted at the forward end of the engine, 
purpose. | as shown in Figs. 26 and 28, the latter figure 
Turning now to the reverse gear, it will be seen | clearly showing the connecting rod and crosshead. 
from Figs. 26 and 27 that this is carried on the; In addition to the airless-injection engine 
main bed plate, the controls being taken to the | described, Messrs. Petters are showing examples of 
forward end of the engine, where they are grouped | their well-known type “S” engines, together with 


conveniently with the engine controls. The gear 
is shown in detail in Fig. 29, from which it will be 
seen that it is of the epicyclic type. The controls 
are operated by the handwheel seen in Fig. 26, 
through bevel wheels and shafting terminating in 
the screw and nut which throw over the reversing 
lever. It will be seen in Fig. 29 that the lower end 
of the lever carries a sleeve, which slides along the 
shaft. This sleeve is coupled to a toggle device 
connection to the clutch dises G. When the lever is 
in the forward direction the clutch discs G and the 
cone I are jambed so that the whole gear is locked 
solid and the drive effectively transmitted. Move- 


air compressor sets, generator sets, and pumps, 
driven either by hot-bulb or petrol engines. 

In connection with the last exhibition, held in 
1927, we described a 7-h.p. to 12 h.p. four-cylinder 
marine engine exhibited by Messrs. Ailsa Craig 
Motor Company, Limited, of Strand-on-the-Green, 
| Chiswick, W.4. This engine, which was described 
on page 315 of vol. cxxiv, is again being shown, 
| together with the 16 h.p. “ Kid’ model described 
on page 324 of the previous volume. Some other 
engines are also being exhibited, ranging from 
a 4-h.p. horizontal twin model to a 100-h.p. 
|engine specially designed for high-speed launches. 








ment of the lever in the aft direction withdraws the The latter engine, which we illustrate in Figs. 35 
toggle and releases the clutch and cone, so that the | and 36, page 334, is an entirely new model. The 
gear runs neutral. Further movement in the same cylinder bore is 44 in. and the piston stroke is 
direction causes, through the horizontal link coupled | 6} in., the speed range being from 1,200 r.p.m. 
to the reversing lever, the contraction of the brake lto 2,000 r.p.m. The higher speed corresponds 
band surrounding the outer casing of the gear, which | to an output of 100 h.p., and the lower to an 
is thus held stationary. The drive is then trans- joutput of 60 h.p. Externally, this engine 
mitted through the engine shaft and flywheel A| resembles the well-known 40 h.p. to 60 h.p. and 
to the cone I, to which is attached a ring B, having | 60 h.p. to 90 h.p. models made by the firm, and, 
internal teeth. This ring meshes with four double | in common with this series, is fitted with overhead 
pinions C, spaced at 90 degrees round the shaft and | valves. It has, however, a different lubricating 
carried on the pins D. The after sections of the | system, the dry-sump principle being employed, 








pinions C mesh with four other pinions E, carried 
in the same housings. These pinions E, in turn 
mesh with an internally-toothed ring F attached to 
the main disc of G. Lateral movement of G is 
provided for by splines on the sleeve H, which is 
keyed to the shaft and forms the final transmission. 
The ratio of the speed in reverse to the forward drive 
is 85 per cent. 


The water-circulating pump, which is shown in | 


detail in Figs. 30 to 33, is driven from a layshaft 
coupled to the crankshaft by a train of spur gears. 
Its position on the engine is shown in Fig. 27. The 
pump is operated by a small crank on the layshaft, 
the big end of the connecting rod being fitted with 
ball bearings. As will be clear from the sections 
siven, the pump is of the double-acting type and 
is fitted with Kinghorn disc valves. A guide is 
provided for the piston-rod crosshead, as shown in 
ig. 30. The pump is made from gunmetal, and 
has a capacity of approximately 1,000 gallons per 


|and the water pump, instead of being driven at 
‘camshaft speed, is operated through a 4 to 1 
reduction gear. This pump can be seen aft of 
the cylinders in Fig. 36, and is shown in section 
in Fig. 35. As will be clear from the latter figure, 
|it is driven through a spur reduction gear from the 
|camshaft. In addition to being circulated through 
the water jackets, the water is pumped through 
an oil cooler. The latter is shown above the fly- 
wheel casing in Fig. 35, the pipe coil through which 
| the water is passed being shown in section. It is 
unnecessary to describe the engine in any great 
| detail, as the construction of the smaller models, 
which it resembles, has already been dealt with in 
our columns. The crankshaft, for example, is 
mounted on three ball bearings as in the engine 
described on page 324 of vol. cxxiii. The shaft is 
in one piece, the central bearing being of sufficient 
size to slip over the shaft, and being mounted on a 
split collar. The arrangement of the valve gear, 





the position of the sparking plugs, and other details 

are generally similar to those of the 40 h.p. to 

60 h.p. Ailsa Craig engine. The reversing gear is 

shown in section in Fig. 35. It differs from that 
fitted to the smaller engines in that, in the latter, 
the reverse gear train is housed in the flywheel, 
| but in the 100-h.p. model, the flywheel is mounted 
| at the forward end of the crankshaft. A heavy 
|flange is therefore employed to carry the gear 
wheels in place of the flywheel. The gear is of the 
epicyclic type, and all parts are mounted on ball 
bearings, with the exception of the planet wheels. 
A large thrust bearing is incorporated in the gear 
| to take up the thrust in both ahead and astern 
running. Other special features of the engine are 
that a special hot-spot manifold is fitted to enable 
low-grade petrol to be used, and that a supply of 
hot air is available for the carburettor by means of 
|a branch pipe on one of ‘the crankcase covers, as 
|shown in Fig. 36. The engine is fitted with an 
electric starter and a gear-driven dynamo; the 
fuel consumption is from 6 gallons to 10 gallons 
per hour. 

It may be recalled that at the previous Shipping 
Exhibition at Olympia, Messrs. J. W. Brooke 
and Company, Limited, Adrian Works, Lowestoft, 
exhibited a standard 18-ft. runabout. This vessel 
introduced a new feature in motor-boat design, in 
that the controls were similar to those on a motor 
car. We understand that this boat has enjoyed a wide 
popularity, and that the system of control, in parti- 
cular, has been so much appreciated that Messrs. 
Brooke have applied it to some of their other models. 
The firm are showing four boats at the present 
exhibition, a 16-ft. runabout fitted with a 10-15 h.p. 
engine, a 20-ft. runabout fitted with a 10 h.p. 
engine, an 18-ft. runabout of the type shown at the 
previous exhibition, and a 24-ft. “Seacar” fitted 
with a 100 h.p. engine. The last exhibit was 
described on page 771 of our issue for June 14 last. 
The 18-ft. runabout shown is practically a new 
model, as it has recently been redesigned, and, as 
we have previously only dealt with this boat very 
briefly, we illustrate it in Figs. 37 to 41, page 335. 

The boat has a beam of 4 ft. 9in. and a draught 
of 1 ft. 4 in., and, as will be clear from Fig. 37, 
has a straight stem and a transom stern. As shown 
in the sections, the hull is of the V-bottom type. 
The planking is of Honduras mahogany for the 
home market, and of teak in boats intended for 
export; it is copper fastened on steamed American- 
elm timbers and mahogany frames. The stem is 
cut from a natural grown oak crook, and the keel is 
of selected pine. Honduras mahogany is used 
for the covering boards, transom and deck planking, 
the latter being supported by oak deck beams. It 
will be noticed from Fig. 38, that the engine bearers 
run the full length of the hull. 
model, shown at Olympia, the chine has been 
lifted forward to give increased flare, with a view 
to giving a drier boat. Tongued and grooved deck 
planks have been adopted in place of the earlier flush- 
nailed type, and a metal beading is now run outside 
the covering board to give better protection to 
the boat when lying alongside a pier or jetty. 
The engine, which is fitted with self-contained 
reversing gear, is direct-coupled to a manganese- 
bronze propeller shaft. The latter is carried in 
an extended skegg and palm, as shown in Fig. 37. 
The engine is installed in a compartment, fitted with 
flush hatches, between the two cockpits, as shown 
in the same figure. This arrangement has been 
found preferable to a forward deck installation 
from the point of view of silence. The fuel tank 
is of ten-gallons capacity, and is located under the 
forward deck. The controls are similar to those 
employed on the 24-ft. boat already described. 

In addition to the boats, Messrs. J. W. Brooke 
and Company, Limited, are showing a number of 
engines, but these differ only in minor details from 
those described on page 815 of vol. cxviii, page 728 
of vol. cxx, and page 392 of vol. cxxiv of 
ENGINEERING. 

Although air filters on road-vehicle engines are 
still regarded, in some quarters, as quite unnecessary, 
some tests carried out as long ago as 1924 by the 
United States War Department suggest that this 
view is decidedly erroneous. In these tests, two 


In the latest 








new petrol engines were subjected to identical 
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running conditions for 240 hours, one being fitted 
with an air filter and the other being without this 
accessory. It was found that there was nine times 
the amount of wear on the cylinders of the engine 


without a filter, and that the carbon deposit was | 


five times as heavy. The amount of dust in the 


air during these tests was, no doubt, unusually | 


high, and under ordinary running conditions in 
England the time required to produce the same 


amount of wear in an unprotected engine would be | 


much longer, but this hardly justifies the omission 


of a simple and inexpensive fitment. Many car | 


engines are running only for a relatively short 
proportion of their actual life, and this may explain 
why the air filter has not become universal. Support 
is given to this view by the fact that such a device 
is commonly fitted to stationary engines which are 
regularly run for six or eight hours every day. 


The tests to which we have referred were | 


carried out with a Protectomotor air filter, similar 


to that described on page 151 of vol. cxxiv of | 


ENGINEERING. This filter is being shown at 
Olympia by Messrs. C. G. Vokes, Limited, 95-97, 
Lower Richmond-road, Putney, 8.W.15, and the 
firm are also showing the pipe-line filter illustrated 
in Fig. 42, page 335. This filter is designed for use 
on the delivery side of compressors to ensure the 


delivery of clean air, free from moisture or oil, | 


and, as will be clear from the figure, the arrange- 
ment of the filtering medium is similar to that in 
the model already described. The air enters at 
the upper opening of the unit, as shown in the 
figure, and after passing through the filter, leaves 
by the central pipe and the opening at the bottom. 
It may be recalled that the filtering medium consists 
of felt sheeting formed into pockets by being 
mounted over a series of wire fins radiating from 
the central outlet. The effective filtering area is 
some 200 times the area of the intake opening. 
The filter is easily cleaned, and the pressure drop 
is equivalent to less than 1 in. of water. In addition 
to the model illustrated, the filter is shown in a 
built-up form, suitable for such purposes as large 
air compressors and Diesel engines, and as a panel 
unit for ventilator and blower systems. 

The Sharples centrifugal separating machine, 
which we described on page 226 of vol. cxix of 
ENGINEERING, is capable of a large number of 
industrial applications, and has also been widely 
used on shipboard for purifying fuel and lubricating 
oils, and also turbine oil. In its latest development, 
the machine is made in a totally-enclosed form, 
expressly designed for the treatment of oils at high 
temperature, while avoiding any escape of vapour 
into the engine room. Both the open and closed 
models are being shown at the exhibition by Messrs. 
Super-Centrifugal Engineers, Limited, 101, Gros- 
venor-road, London, S.W.1. The enclosed model 
is shown in Figs. 45 and 46, page 336, and a com- 
parison of Fig. 45 with the section given in our earlier 


description will serve to bring out the differences | 


between the two types. It will be noticed that the 
long tubular bowl, in which the separation of sus- 


pended matter in the oil is effected by centrifugal | 


force, is retained, the method of driving the bow], 
and the feeding arrangements at the bottom, 
being also common to the two types. In the totally 
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enclosed model, however, the oil and impurities, | 


after passing into their respective collecting covers, 
are drawn off through branches leading to separate 
discharge channels formed in the head of the main 
casing, the latter being extended so as to enclose 
the covers completely, as shown in Fig. 46. It will be 
noticed that a hinged door is provided in the head 
of the casing to give access to the bowl and covers. 
The discharge channels terminate in openings at the 
base of the head, as shown ir. Fig. 46, these openings 
being tapped to take a screwed pipe. 

Messrs. Super-Centrifugal Engineers, Limited, are 
also showing the bulk centrifuge, illustrated in 
Figs. 43 and 44, page 336. This machine has been 
specially designed for the separation of liquids from 
solids, where the solid content of the mixture is 
relatively high. By its use, it is claimed that the 
solid material can be dehydrated to a very low 
moisture content. The machine appears to possess 
marked advantages over the older methods of settling 
and filtration, or the use of a vertical centrifuge 
in which the accumulated solids had to be cleaned 
out, thus giving only intermittent action. In the 


| machine illustrated, the solid matter is discharged 
| while running at full speed. The machines can be 
|supplied with either perforated or non-perforated 
baskets, so that either filtration or sedimentation 
| can be employed to effect the separation. Referring 
| now to the figures, the feed inlet is shown on the 
‘right in Fig. 44, immediately below the flanged joint 
| of the main casing. From the inlet, the material is 
| directed into the basket, which revolves in a vertical 
| plane. Referring to Fig. 43, it will be seen that 
| the basket is built up of plating on a cast-iron frame, 
the latter being both keyed and locked on a long 
taper on the main driving shaft. If a perforated 
| basket is employed, the action is similar to that of 
| filtration, the liquid being driven by centrifugal 
|force through the layer of accumulated solids into 
| the outer casing, where it falls to the bottom and is 
| drawn off through the opening shown in both figures. 
| When the basket is solid, the liquid is drawn off 
| by a suitable scoop introduced into the interior of the 
‘basket. In either case, the solids are removed and 





Fic. 36. 


Figs. 35 aNp 36. 100-H.P. Four-Cy~tnperR MariINE ENGINE; Messrs. AILSA CRAIG 
Motor Company, LIMITED. 


discharged while the machine is running by the 
mechanically-operated device shown in the upper 
half of the two figures. This consists of a knife, 
which is normally carried horizontally on the end of 
the bar shown in Fig. 43. When it is required to 
remove the solid deposits, the knife is turned into the 
vertical position, as shown in the figure, by a quarter 
rotation of the bar. This movement is effected by 
rotating the handwheel shown to the right in Fig. 44. 
When the knife is in the cutting position, it is 
traversed across the basket. It will be noticed 
that the countershaft at the top of the machine 
drives on to the bar mechanism through straight 
and crossed belts. These belts provide the travers- 
ing motion for the bar. When the striking gear. 
shown in Fig. 43, to the left, is thrown over, the 
knife moves across the basket, cutting out the solids 
which fall into the chute shown, and when the inner 
end of the stroke is reached, the striking gear is 
thrown over automatically, and the knife with- 
drawn. At the end of the outward stroke, the 
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Fie. 41. 
18-Fr. StanDARD Runasout; Messrs. J. W. Brooke AND Company, LIMITED. 


Figs. 37 To 41. 


striking gear is again operated automatically and 
the bar brought to rest. We understand that in the 
most recent machines the belt drive is dispensed 
with, its place being taken by a positively driven 
worm mechanism. 

Although feed-water heaters are universally used 
on ocean-going steamers, the economy and improved 
steaming resulting from their employment is not 
ilways considered to offset the trouble, which their 
use usually entails, in the case of smaller vessels, 
such as trawlers. The heater shown in Figs. 51 


to 55, page 337, has been designed by Messrs. 
Robey and Company, Limited, of Lincoln, with 
‘ view to overcoming the objections to which we 
have referred, and as the operation of changing 
over from direct boiler feed is controlled by a single 
valve, and the construction of the heater itself is 











exceedingly simple, its installation should be fully 
justified in the case of even the smallest vessels. 
The heater is actually made in three sizes suitable 
for vessels having no steam auxiliaries, such as tugs 
or fish carriers, for medium-sized vessels such as 
coasters, and for larger vessels of the coaster or 
deep-sea trawler type. When steam auxiliaries are 
fitted, the exhausts can be taken through the heater 
in addition to the supply from the low-pressure 
receiver. When working in port the winch exhaust 
can be led to the heater, the condensed water 
being returned to the feed tank. The donkey 
feed pump can be arranged to pass the feed water 
through the heater when feeding the boilers. 

The feed water enters the heater through the 
right-hand opening of the valve box at the 
top of the heater shown in Fig. 54, and after 
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Fig. 42. Pree-Line Arr Fitter; Messrs. 
C. G. Voxss, Limirep. 


passing along the internal passage shown in Fig. 51, 
enters a port in the head behind the tube plate. 
A view of this head with the tube plate removed, 
but with the position of the tubes indicated, is 
given in Fig. 53, and the port to which the water 
is delivered is shown, with two tubes leaving it, 
to the left of the partition at the top. After passing 
along these two tubes, the water enters a port in 
the head at the other end of the feeder, shown in Fig. 
52, this being in communication with four tubes. 
The water returns along the second couple of tubes 
to the port shown on the left centre in Fig. 53,to which 
four tubes are again connected. It is unnecessary 
to follow the passage of the water further, as it will 
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Fias. 43 anp 44. Butk CentriroGe; Messrs. Super-CENTRIFUGAL ENGINEERS, LIMITED. 
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Figs. 45 anp 46. CENTRIFUGAL O1L SEPARATOR; MEssRs. 
Super-CENTRIFUGAL ENGINEERS, LIMITED. 
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2 Fig.52, SECTION A-A. 
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Fias. 51 To 56. Frep-WatEer HEATER FOR SMALL Surps; Messrs. RopEy AND Company, LIMITED. 


be clear that after passing through the heater 
repeatedly it is finally delivered to the two-tube 
port shown on the right of the partition at the 
top in Fig. 53. From this port it leaves the heater 
through the valve box. The latter is depicted in 
section in Fig. 56, the valves being shown in the 
by-pass position. It will be clear that in this 
position the water passes directly through the 
chest without entering the heater. If, however, 
the valve is moved to the right, the water is directed 
into the left-hand chamber and enters the down 
branch into the heater shown in Fig. 55 on the 
left, returning by the up branch on the right of 
the outlet on the valve chest. 

In addition to the feed-water heater Messrs. 
Robey are showing a range of full-way valves 
for tar, plastic and adhesive fluids. With the 
ordinary wedge valve difficulties often arise, due 
to the bearing surfaces becoming coated with the 
material in use, so that the valve sticks badly. 
In addition, should the substances in use be hot 
when the valve is closed, the contraction which 
takes place on cooling may cause severe stresses 
in the valve chest. In Messrs. Robey’s valve, 
which is illustrated in Figs. 47 to 50, page 336, 
the face of the valve disc is made with a circular 
bevelled or ring knife-edge, as shown in Figs. 48 
to 50. To explain the action of the valve, reference 
may be made to Figs. 49 and 50, which show the 
dise A in the closed position. It will be noticed 
from the figures that there are tapered faces on 
the back of the disc in contact at each end with 
circular pins D. These pins are held in the valve 
casing, so that the bevelled facing of the disc is 
forced against the valve seat as the valve is closed. 
A vertical square column is provided on each side of 
the chest, as shown in Fig. 47. These guides are cut 
away to form a bevelled face coinciding with two 
other tapered faces on the back of the disc and 
formed on the lugs G as shown in Fig. 49. When the 
Wheel is turned to open the valve, the disc is lifted, 
bringing these tapered faces into contact with 
those cut on the columns. The disc is thus drawn 
away from the seat, as in Fig. 48, thereby 
avoiding any possibility of cutting action and 
making the valve easy to handle. As shown in 
Fig. 50, a light horizontal spring E is fitted behind 
the disc, and bears on the front of the columns. 
This spring gives a certain amount of resilient 





action and avoids chatter. It will be noticed from 
Fig. 47 that the columns are screwed at the top, 
and serve as bolts to secure the valve cover to.the 
body. 
H,H. As they lie within the joint ring no bending 


is that the heat transfer per square foot per degree 
of temperature difference is the same at all points 
in the viscosity curve and at all temperatures. 


They are secured at the bottom by bolts| Other points are that any téndency to deposit sludge 


mm the -case of fuel oils is obviated, and that it is 


moment is set up in the cover flanges. All parts of | posstkle to lower the oil temperature to within 


the valve which are liable to become coated with 
adhesive material are arranged for easy with- 
drawal so that they can be cleaned. 

In the case of aircraft, and to a lesser extent in 
that of road vehicles, the size and weight of an oil 
cooler in relation to its capacity is of paramount 
importance, while in other fields of application the 


8 deg. or 10 deg. of the outlet temperature of the 
water. In an actual test on a 1}-in. diameter tube, 
3 ft. long, the temperature of the oil was reduced 
from 156-6 deg. F. to 85 deg. F. at the rate of 64 Ib. 
of oil per minute, and from 151-5 deg. F. to 51-4 
deg. F. at the rate of 2-8 lb. per minute, the water 
temperature being 45 deg. F. in both cases. The 


size of the coolers required for a given duty is| actual exhibit at Olympia, which is shown in 


frequently a source of embarrassment to those 
responsible for the layout of the plant. As is well 
known, the efficiency of such appliances is governed 
by the rate of heat transfer from the oil to the 
cooling medium, and in the usual form of cooler 
this rate is limited to a comparatively low figure 
by the film of cool oil adhering to the surface of the 
tubes. In the new cooler designed by Mr. C. W. 
Stancliffe, of the Aldwych Engineering Company, 
Limited, Astor House, Aldwych, W.O.2, this diffi- 


operation, consists of an oil tank with immersion 
heaters for heating the oil, an oil pump for delivering 
the latter to a cooler having seven 3-ft. tubes, with 
a heating surface of 7 sq. ft. and suitable meters 
and thermometers. 

One of the results of the rapid growth in the 
number of Diesel-engined vessels has been the 
extensive adoption of electrically-driven auxiliary 
machinery. Considerable prejudice has had to be 
overcome, as sea-going engineers of the older 


culty has been overcome in a simple and ingenious | generation were firmly wedded to steam being 


manner. The cooler, which is illustrated in Figs. 


carried to all parts of the ship, but experience has 


57, 58 and 59, on page 338, is being shown on the | proved that a vessel fitted with electric drive on 


stand of Messrs. Reavell and Company, Limited, 


even such important units as the winches and steer- 


Ranelagh Works, Ipswich, who are the actual|ing gear is every whit as reliable as an all-steam 


manufacturers. 


job. The electric unit has, in fact, certain obvious 


The type of cooling tube employed will be clear | advantages, since there are no stand-by losses, 


from Fig. 57. A hexagonal rod is inserted into each 
tube. Flexible blades or wipers, extending the full 
length of the tube, and made from either phosphor- 
bronze or steel, are attached to each face of the rods, 
as shown in Fig. 59. These blades exert a slight pres- 
sure against the inner surface of the tubes, and as 
the rods are continually rotated, the oil film is being 
constantly swept off and replaced. The central rod 
is extended through the end casing in one direction 
to form the driving shaft, and carries a spur wheel 
between the tube plate and the casing. Each of 
the other rods is driven by a corresponding pinion 
in engagement with the central wheel. 

It is claimed that, as a result of wiping the surface 


of the tube, the heat-transfer rate is increased four | minute. 


to five times for any given oil velocity through the 
tubes. Another result of the wiping action which 
has an important bearing on the design of heaters 


and leakages of power are much less likely to 
exist if only because they cannot be tolerated in 
the same way as a blowing flange or stuffing box. 
We have frequently illustrated auxiliary generator 
sets, driven by Diesel or airless-injection engines, 
in our columns, and on page 356 of vol. cxxiv we 
gave a description of the Donkin-Scott all-electric 
steering gear. This gear is being shown at the 
exhibition by Messrs. Laurence, Scott and Electro- 
motors, Limited, of Norwich, and the same firm 
are also showing a range of electric winches, one 
of which is illustrated in Fig. 60, page 338. 

The winch shown is designed for a continuous 
rating of 5 tons, with a lifting speed of 80 ft. per 
The motor is provided with a water-tight 
steel frame. The armature insulation is of mica 
and leatheroid throughout, and wood wedges 
are employed in the slots instead of core binders. 











[SEPT. 13, 1929. 





ENGINEERING. 





THE SHIPPING, ENGINEERING AND MACHINERY EXHIBITION. 


i 











Fig.57 


1 
1 
& 
. 
i 
! 
' 
| 
Ze. 


oy 






Fig.58. SECTION ’X—x’. 


















“ENGINEERING 


Fies. 57 to 59. MrcHANnicAL CooLER FOR O1L; THE ALDWYCH ENGINEERING ComPANy, LIMITED. 


Large cast-iron commutator covers are fitted, 
held on by zine-plated steel studs and brass nuts. 
The armature or coils can be removed without dis- 
mantling the winch. The worm-gear casing is 
watertight. The worm shaft is direct coupled to 
the armature shaft, and is made from oil-hardened 
steel, ground after hardening. The bearings are 
ring-oiled, and a large double ball bearing is pro- 
vided to take up the thrust. The worm wheel 
is made up from a phosphor-bronze rim with a 
cast-iron boss, and is keyed to the shaft carrying the 
barrel and drums. Three brakes are provided. 
The first of these is of the magnetic type, Ferodo 
covered discs being employed for the braking 
action. The brake is completely enclosed and is 
easily adjustable for wear. The connections to the 
emergency coil are totally enclosed under the motor 
frame. The foot brake operates on the high-speed 
shaft and is interlocked with the controller. The 
brake shoes are lined with Ferodo and the whole 
mechanism with the exception of the operating 
lever is totally enclosed. The third brake is of the 
centrifugal type, and is entirely automatic in its 
action. It prevents the speed rising above a safe 
limit, however great the load being lowered. 
The controller is of the contactor type, and is 
watertight, the contactors being arranged to close 
at two-thirds the normal voltage. The grid resist- 
ance is contained in a casing in the base of the winch, 
clearly visible in the figure, the resistance units 
being fitted into frames which are readily remov- 
able from the casing. In addition to the apparatus 
already referred to, Messrs. Laurence, Scott & 
Electromotors, Limited, are also showing various 
examples of their Deluge pattern marine-type 
motors, of which details were given on page 330 of 
vol. cxxiv of ENGINEERING. 

The display of industrial metering and recording 
instruments on several stands in the exhibition is at 
once a witness of their increasing employment, and 
of the excellence of British manufacture in this 
branch of engineering. Messrs. Cambridge Instru- 
ment Company, Limited, of 45, Grosvenor Place, 
S.W.1, take a high place, both as regards the 
range of such appliances and the quality of them. 
It is impossible, however, to comment on all the 
exhibits of this firm, indeed, a large number of them 
have already been described in these columns, but 
from among new apparatus shown the CO, meter- 
ing unit illustrated in Figs. 61 to 63, page 339, 
may be mentioned. The principle underlying the 
construction of the Cambridge Instrument Com- 
pany’s CO, electrical meter is well known, and is 
retained in this instrument, which combines a CO, 
meter with a water-bubbler and aspirator, the whole 
forming an all-metal metering unit, which is there- 




















Fie. 60. 5-Ton ExLectric Winco; Messrs. LAURENCE, Scott AND ELECTROMOTORS, LIMITED. 


fore very robust and dependable. The meter block 
A, Fig. 62, holds the four cells surrounding platinum 
spirals, two of which cells are sealed, but contain air 
saturated with water vapour. The air is kept satur- 
ated for a long period by contact with a wick 
soaked in water and contained in a central chamber, 
with which the cells in question communicate. 

The platinum spirals are connected to the ter- 
minals T, from which a four-way cable leads to the 
indicator or recorder, as the case may be. The 
cover, C, is readily removable, and the cable passes 
from it through the gland D. The current is 
supplied either from an accumulator, or the 
apparatus can be arranged to run from the local 
main electric supply. A device B enables the 
electrical zero to be adjusted. The flue gases, 
after passing through a soot filter, are drawn into 
the aspirator K, through a pipe, the end of which 
is submerged in water at F. The course of the gases 
is shown in Figs. 62 and 63, but that of the water 
overflow, from the upper chamber to the lower one, 
is best seen in Fig. 63. The water supply is derived 
from an overhead tank fitted with a ball valve, and 
sets up an aspirating action, by its flow down the 
central pipe H, to a drain fitted with a tundish, 
so that the outflow is under inspection. The 





gases, after bubbling through the water, diffuse 
into the two open cells of the meter through a 
shrouded hole drilled in the end of the meter block. 
The circulation of water through the bubbler is 
proportioned to ensure the washing out of any 
SO, in the flue gases without the removal of an 
appreciable quantity of CO,. The upper chamber 
forms a water jacket to the meter block and to the 
surface labyrinth cooler G, through which the gases 
pass. Both the gases and the meter block are thus 
brought to the same temperature, with the elimin- 
ation of temperature gradients, and any excess water 
vapour present in the gases after their passage 
through the bubbler is condensed out in the surface 
cooler and drained back into the bubbler. 

A CO, meter and bubbler-aspirator is, of course, 
needed for each point at which the CO, percentage 
is to be measured, but a variety of arrangements 
of indicators and recorders is possible, for example. 
six metering units can be coupled to a single indicator 
which, by using push-button switches, will give the 
reading at the desired point, or they may be coupled 
to a three-point recorder having a selector switch 
for enabling any three simultaneous records to be 
obtained on the recorder chart. On the other hand, 
independent indicators may be used at appropriate 
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10-20: B.H.P. FOUR-CYLINDER MARINE ENGINE AT THE SHIPPING, 
ENGINEERING AND MACHINERY EXHIBITION. 
| CONSTRUCTED BY MESSRS. THE PARSONS OIL ENGINE COMPANY, LIMITED. 
| (For Description, see Page 327.) 
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TWO-CYLINDER TWO-STROKE MARINE ENGINE AT THE 
MACHINERY EXHIBITION. 
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Fie. 75. 
Fig. 73. : Fics. 71 to 75. Om-Furt Pump anp Heatinc Unit; Messrs. Bascock 
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Fic. 80. Moror-DrivEN SounDING MACHINE; MEssRS. Fic. 81. Marine-TyreE ELectric Motor; MeEssrs. METROPOLITAN-VICKERS 
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Fia. 61. 


Fias. 61 To 63. CO, Meter; Messrs. CAMBRIDGE INSTRUMENT CoMPANY, LIMITED. 


points in the stokehold. An example of such an 
arrangement is given on the stand by a complete 
installation of six illuminated dial CO, indicators 
in actual operation. These indicators have a large 
circular dial with a single pointer, like a pressure 
gauge, and are graduated in percentages of CO,. They 
are particularly readable in a badly-lighted stoke- 
hold, as the specific figure representing the actual 
percentage at the moment is illuminated by a white 
light, while the pointer in line with it is illuminated 
by a green light if the percentage is increasing, and 
by a red one if it is decreasing. The latest design 
adds to the robustness of the indicator by embodying 
the galvanometer for the Wheatstone Bridge circuit 
in a separate unit. This unit may be placed some 
distance away from the boiler plant, while the 
indicators themselves may occupy a more service- 
able position near the furnace fronts. This galvano- 
meter may be arranged to operate as many as six 
indicators in one installation, being connected up to 
each of them in turn by means of an automatic 
switch, driven by a hot-wire motor of patented 
design. The apparatus thus has the advantage 
that separate indicators of purely mechanical 
construction may be installed at each boiler, while 
the complete installation is entirely automatic in 
operation. 

In the past, it was customary to determine the 
position of a vessel with reference to visible fixed 
points by means of either bearings or sextant angles, 
distances being then either calculated or plotted 
from the angular measurements obtained. The 
earliest range-finders, employed in the Army, 
were unsuitable for marine use, but in 1891 the 
Admiralty advertised publicly for proposals in 
connection with naval range-finders, and an instru- 
ment submitted by Professors Barr and Stroud 
was found to more than satisfy the specified require- 
ments. Following upon this, a considerable demand 
for Barr and Stroud range-finders arose, and the 
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second type is that generally employed on ships 
of medium size, while the third is a small instrument 
with rail or belt mounting intended for use on 
small vessels, such as yachts, where there is insuffi- 
cient room for an instrument with deck tripod 
mounting. All the instruments embody the same 
principles, and we have selected the type usually 
fitted on large vessels for illustration. This instru- 
ment, which is shown in Fig. 64, annexed, is 
arranged for pedestal mounting, and is provided 
with a Pelorus ring. 

The principle of the range-finder was fully ex- 
plained in a description which we gave of these 
instruments on page 536 of vol. cviii of ENGINEER- 
ING, and it will now be sufficient to recall that the 
field of view of the range-finder, as viewed through 
the right eyepiece of the instrument, is divided 
into two portions by a horizontal line, and that 
by rotating a conveniently-placed knurled head, 
the upper portion of the image is moved to right or 
left, as required. When the two portions are in 
exact alignment the distance from the object can be 
read directly from a scale in the left eyepiece. 

A new boiler-house instrument of considerable 
interest is exhibited by Messrs. George Kent, Ltd., 


























Luton. This we illustrate by Figs. 65 and 66, page 
340. The basic principle of the Kent combustion 
efficiency meter embodies the assumption that the 
efficiency of a boiler should remain constant at all 
loads. To maintain this efficiency, it is held that the 
quantity of air supplied to the furnaces should be 
proportional to the evaporation. The validity of 





this assumption cannot be discussed here, but it is 
understood that in actual practice it has been found 
to provide a sufficiently good approximation to 
actual conditions to make the new meter a success- 
ful instrument, and one that conduces to accurate 
boiler running, inasmuch as the necessary informa- 
tion as to combustion conditions is forthcoming more 
rapidly than from a CO, indicator. The instrument 








firm of Messrs. Barr and Stroud, Limited, whose 
London address is 15, Victoria-street, S.W.1, was 
constituted for their manufacture. The reputation 
of the Barr and Stroud range-finder has become 
world-wide, and its use has gradually extended to 
all classes of shipping. Three range-finders for 
marine use are being shown by the firm at Olympia. 
The first of these is of the type usually fitted on 
large merchant ships, cable-ships, or liners, and its 
design allows large optical parts to be used with 


consists essentially of two primary units, the 
mechanism of which is assembled in a common case. 
One of these units is a steam flow meter giving the 
output of the boiler. This is of Messrs. Kent’s 
standard type, and is fitted with an indicator scale. 
The second unit is a meter of the inverted bell type, 





the air supply. 





correspondingly large light-gathering power. The 





Fie. 64. PrpEstat-TyPr RANGE FINDER ; 
Messrs. BARR AND STROUD, LIMITED. 


the moving parts of the two units are connected by 
linkages. 
of the air meter are thus combined as to give the 
ratio existing between the flows of steam and air. 
This ratio is indicated on the upper of the two 
quadrantal scales in the lower part of Fig. 65. When 
the correct ratio of air supply to steam output 
obtains, the pointer stands at zero on the scale. 
An excess of air moves the pointer to the right, while 
a deficiency moves it to the left, and the supply is 
accordingly corrected until the pointer again 
assumes the zero position. 
pointer, to ensure its zéro indication being correct, is 
done after the correct ratio has been determined 
by a flue gas analysis. 
in Fig. 65 is a flue draught indicator. 
the instrument carries a rotating disc carrying a. 
chart upon which three readings are automatically 
recorded, that is, the steam flow in the centre 
portion and the air-to-steam ratio in the outer 
portion. 
charge to determine whether the correct air con- 
ditions have been maintained or not throughout the 
various shifts. 
temperature of the flue gases, the pen for which is 
actuated by a nitrogen thermometer. 
the illustrations, the apparatus is suitable for 
bolting to a vertical surface such as a wall or stan- 
chion, but it is also made mounted on a pedestal. 

Up to a few years ago, small parts undergoing 
manufacture in a works were usually conveyed 
from one part of a works to another either by a 
telpher system or by battery trucks. 
have certain wel 
many cases recently they have been replaced by 
petrol-engined trucks. 
the latter was Messrs. R. A. Lister and Company, 
Limited, of Dursley, Gloucestershire, and their 
original model achieved an immediate success. 
The firm subsequently increased their range to 
include various special models such as elevator 
trucks and rail trucks, and we described one of 
the latter on page 194 of our issue for February 15 
last. 
these trucks at Olympia, including the rail truck, 
and we have selected a mechanical sweeper and 
sprinkler, which embodies the same general features, 
for illustration. 
in Fig. 67, page 340, can be conveniently used 
in such places as train-sheds, railway stations, &c., 
but is also suitable for cleaning outside areas 
such as public squares. It is unnecessary to describe 
the unit in detail, since, as already stated, it is 
and gives an indication of the amount of air supplied | generally similar in design to the rail truck already 
to the boiler by measuring the drop in pressure | described. The power unit is identical, and the 
across the boiler baffles, which drop is a function of | main difference between the two trucks is that the 
sweeper embodies the system of steering employed 
An inspection of the figures clearly shows that | in the earlier factory trucks. As will be clear from 


The motions of the steam meter and those 


The initial setting of the 


The lower quadrantal scale 


The centre of 


It is thus possible for the engineer in 


The third record is that of the 


As shown in 


The latter 
nown disadvantages, and in 


The first firm to introduce 


Messrs. Lister are showing a number of 


This truck, which is illustrated 
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the illustration, the power unit drives directly on 
to a single front wheel, the whole being mounted 
on a turntable, so that the wheel, together with 
the power unit, can be swung round when it is 
desired to turn the vehicle. The sweeping and 
sprinkling arrangements hardly call for particular 
comment, as they follow the usual practice, but 
it may be mentioned that different types of 
brushes can be fitted to suit various surfaces and 
materials to be swept. The truck can be easily 
handled by an unskilled worker after a short 
period of instruction. 

There is a considerable demand for small portable 
air compressors for spraying operations, and for | 
inflating tyres in large garages. When electric | 
current is available, such apparatus can conveniently 
be operated from the mains, but failing this, compact 
sets may now be obtained driven by a petrol engine. 
One of the firms who have specialised in this class 
of apparatus is Messrs. Lacy-Hulbert and Company, 
Limited, Boreas Works, Beddington, Croydon, and 
it may be recalled that we described a neat electri- 
cally driven compressor made by this firm, and 
suitable for either spraying or tyre inflation, on 
page 309 of our issue for September 7 last. More 
recently, on page 194 of our issue for February 15 
of this year, we described two other small com- 
pressors, also made by Messrs. Lacy-Hulbert, 
one being a portable set driven by a Lister petrol 
engine, and the other being an electrically-driven 
stationary set. The firm are showing the petrol- 
driven unit at Olympia as part of a representative 
range of machines, with capacities varying from 
less than 1 cub. ft. of free air per minute to 85 cub. ft., 
alternative arrangements being shown to suit 
various purposes. 

One of the smallest machines exhibited is illus- 
trated in Fig. 68, page 341. This has been designed 
for blowing dust out of dynamos or other machinery, 
and as it only weighs 74 lb., it can readily be carried 
by one person. The compressor is of the high- 
speed rotary type, and is mounted above the motor, 
from which it is driven by achain. The compressor 
is fitted with bail bearings and is totally enclosed, 
and a coupling socket is provided on the inlet side 
so that the machine can be used as an exhauster if 
required. The motor is of 1 h.p., and the bearings 
are ring-oiled. The machine can be supplied for 





direct current at 110 volts or 220 volts, or for 
single or three-phase alternating current at 200 volts | 
to 250 volts. Special models, which are somewhat | 
heavier, can also be supplied for direct current up to | 
500 volts, and for alternating current at 110 volts. | 
As shown in the illustration, the whole unit is | 
mounted on # small trolley so that it can be pushed 
about as an alternative to carrying ; the equipment | 
includes 6 ft. of flexible hose with insulated nozzle | 
and 20 ft. of cable with adapter. 

We have already described one of the exhibits 
of Messrs. W. H. Dorman & Co., Ltd., of Stafford, 
when dealing with marine engines. Another 
exhibit by this firm is shown in Fig. 69, page 341, 
This is a 16 kw. self-contained lighting set fitted | 
with a 29-b.h.p. four-cylinder engine. The latter | 
is one of the firm’s well-known J.U. models, 
developing its rated output at 1,000 r.p.m. The 
cylinder bore is 95 mm., and the piston stroke | 
140 mm., and the engine has side-by-side valves | 
and detachable head. The crankshaft is of the | 
three-bearing type, and forced-feed lubrication is 
fitted throughout. Cooling is by radiator and fan. 
The generator is manufactured by Messrs. The | 
English Electric Company, Limited, and the same | 
firm are responsible for the panel and switchgear. 
The engine is coupled to tne generator by a flexible | 
coupling fitted to the engine flywheel, and both | 
units are mounted on a common base, as shown 
in the figure. 

Among the remainder of the firm’s exhibits 
reference may be made to examples of their well- 
known “ Flexstel”’ joints and pipes for conveying 
gases and liquids under fluctuating and intermittent 
pressures, to a segmental chuck for use with Blan- 
chard grinding machines, and to their die-casting | 
machines. A description of the latter will be found | 
on page 225 of our issue for February 22 last. | 
The segmental chuck carries a number of abrasive | 
segments, and it is claimed that its use gives a | 
saving of 50 per cent. as compared with a cylinder | 
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Fias. 65 anp 66. ComBuUSsTION-EFFICIENCY METER; Messrs. Gror@e Kent, LIMITED. 














Fie. 67. Prtrot Roap SWEEPER AND SPRINKLER; MgEssrs. R. A. LISTER 
AND Company, LIMITED. 


wheel, while the quality of the work is improved. 
The chuck is of simple design, and can be fitted to 
existing machines in a few minutes. The body is 
machined from a solid ferging, and is rust-proofed. 
The segments, eight in number, are easily adjusted 
by making use of the machine table as a setting 


gauge. 


Messrs. Crossley Brothers, Limited, Openshaw. 
Manchester, are exhibiting two examples of heavy- 
oil engines, one being of the vertical and the other 
of the horizontal type. It is claimed that both 
engines are specially suitable for marine purposes, 
the horizontal engine being employed in locations 
between decks where the available headroom }s 
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PORTABLE ELECTRICALLY-DRIVEN AIR ComprRESsOR ; Messrs. Lacy-HULBERT AND 


Company, LIMITED. 
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small. The vertical engine is a five-cylinder model 
of the airless-injection type, and is exhibited direct- 
coupled to an electric generator manufactured by 
Messrs. Metropolitan-Vickers Electrical Company, 
Limited. The set is illustrated in Fig. 70, page 342. 
The engine has a normal rating of 137 brake horse- 
power, and embodies many features resulting from 
Messrs. Crossley’s extensive experience in the design 
of internal-combustion engines. As will be clear 
from the illustration, the design results in an 
engine of very clean appearance. All the moving 


parts are completely enclosed, and are force- 
lubricated. The structure as a whole is claimed to 














16-Kw. Extectrio Liautina Set; Messrs. W. H. Dorman anp Company, LIMITED. 


be exceptionally strong and rigid, giving complete 
freedom from bearing troubles. 

The fuel pumps are grouped together in one unit, 
located at one end of the engine, making an accessible 
and compact arrangement. The valve gear is 
of the overhead type, and both inlet and exhaust 
valves are directly operated from valve levers 
without the intervention of push rods. The cam- 
shaft is driven by a silent roller chain fitting 
with adjusting gear, which enables the chain to be 
tightened up without disturbing the valve timing. 
Compressed-air starting is employed, and as the air 
is delivered to all cylinders, a rapid start is ensured. 





Thermometers are provided on each exhaust pipe, 
and on each cooling-water outlet branch, so that 
the attendant is able to see practically at a glance 
that each cylinder is working at its normal power. 
The generator is of special construction, the yoke 
being. of rolled section of high-magnetic quality. 
The armature and commutator are mounted on 
separate spiders pressed and keyed on to the shaft. 
The brush holders are of the sliding box type. The 
pedestal bearings are lined with white metal, and 
are lubricated by double oil rings, suitable arrange- 
ments being made to prevent the oil from creeping 
along the shaft. The generator has an output of 
90 kw. at 220 volts and is compound-wound. The 
normal operating speed is 450 r.p.m. 

The horizontal engine, already referred to, is a 
totally enclosed four-cylinder model developing 
80 brake horse-power at 357 r.p.m. It may be 
direct-coupled to an electric generator, compressor, 
or pump, according to requirements. Lubrication 
is by a pump which delivers the oil under pressure 
into containers, each having a visible outlet, from 
which the oil is delivered to the main and connecting- 
rod bearings. Oil leaving the bearings is collected 
in a sump, from which it is delivered through a 
filter for re-use. The usual side shaft, driven by 
gearing from the crankshaft, is not employed on this 
engine. Instead of this arrangement, the camshaft is 
carried across the top of the engine in an enclosed 
casing, and is driven by a silent chain. The latter is 
totally enclosed and runs in oil. Both inlet and 
exhaust valves are mounted in separate removable 
cages in the cylinder head, and are operated from 
push rods through the usual valve levers. On 
removal of the valve cages, large openings are 
available for inspecting the piston and for de- 
carbonising. There is one fuel pump to each cylinder, 
arranged above but to one side of the latter, and 
operated by a straight push rod from the fuel cam 
on the camshaft. The spray valve is located in the 
centre of the cylinder head, between the inlet and 
exhaust valves. 

The sizes of modern steam generating units 
preclude anything in the nature of a complete 
exhibit of such plant, and Messrs. Babcock & Wil- 
cox, Limited, Babcock House, Farringdon-street, 
E.C. 4, are therefore illustrating the plant of this 
type which they manufacture by means of models. 
Several descriptions of installations by this firm in 
power houses have, however, recently appeared in 
our columns. The same restriction does not apply 
in the case of auxiliary plant and Messrs. Babcock 
& Wilcox are exhibiting an actual example of the 
oil fuel pump and heating unit shown in Figs. 
71 to 75, Plate XLII. This unit is of the type 
in which the pumps, heaters and filters are dupli- 
cated, and are so arranged that one can be used 
while the duplicate is being cleaned or overhauled. 

The pumps, which are mounted on the bed plate, 
are of the vertical double-acting type, and are fitted 
with liners. Large air vessels, which can be seen 
in the various figures, are mounted on the dis- 
charge side to secure a steady pressure. The 
pressure can be regulated by means of the adjustable 
spring-loaded relief valve with a return connection 
to the suction side. This valve is fitted with a 
particularly large and flexible spring to secure a 
wide range of adjustment, and to ensure that there 
is little accumulation of pressure when it lifts. The 
heaters are of mild steel throughout, with the 
exception of the oil end covers, which are of 
cast iron. The heating surface consists of solid- 
drawn steel tubes expanded into tube plates. 
Retarders are fitted in the tubes. The filters have 
two concentric filter grids consisting of steel wire 
gauze mounted on perforated steel tubes. <A 
feature of this equipment is that filters are fitted 
between the pump discharge and the heaters, as 
well as on the discharge side of the latter. In 
addition to the filters referred to, strainers are 
provided in the pipeline on the suction side. Pro- 
vision is made for operating the pumps with levers, 
so that they can be worked against pressure when 
steam is not available. A bye-pass is fitted so that 
the pumps can draw direct from the suction side 
of the filters when they are being operated in this 
way, provision being’ made elsewhere for heating 
the oil until steam is available. In larger sizes, 
a separate hand pump is used to put the oil under 
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pressure, and in such cases the bye-pass is not lin the stokehold where it can be easily worked by 
required. | hand from the firing level. The object of this rod 

We illustrate a feed-water regulator exhibited by | and lever is to enable the fireman to ascertain 
the same firm in Figs. 76 to 79 on the same Plate. | that the float is moving treely when getting up 

The principal merits claimed for this regulator | steam, or to keep the float in the open or shut 
are simplicity, certainty of action, absence of | position should circumstances at any time require it. 
friction in its working parts, and freedom from the; The range covered by the exhibits of Messrs. 
possibility of derangement. The regulator consists | Kelvin Bottomley and Baird, Limited, Regent- 
of a hollow cylinder, which is rotated on its axis by | street, W.1, is very wide, and, though some of the 
means of a float and lever placed inside the boiler. | apparatus is of the firm’s recognised standard type, 
The cylinder has ports cut diagonally along its | other exhibits are shown for the first time. Thus, in 
walls, and works in a liner having corresponding | the group of Kelvite sounding machines appears the 
ports, as shown in Figs. 78 and 79. The liner is large heavy-duty machine illustrated in Fig. 80, 
fitted in a casing or box which is attached to the} Plate XLIII. This machine has been designed to 
boiler shell, and has one branch for the feed check | meet the requirements of the modern high-speed 
valve, and another branch for a pipe leading to a} vessel which requires a longer line and a more 
non-return feed valve on the boilerdrum. The feed-| powerful motor than the standard bridge-pattern 
water enters by the check valve into the cylinder, | provides. The line in the new machine is, therefore, 


and if the water in the drum is low, passes through 
the ports of both cylinder and liner into the valve | 
box, from which it passes through the non-return 
valve inte the boiler. The position of the cylinder is 
entirely regulated by the float. When the water | 
level is low, the ports are fully open, and as the 
water rises the cylinder is rotated, and the ports are 
gradually closed. If the apparatus be kept clean, 
and in good condition, it will be sensitive enough 
to keep the opening of the ports at such a point as 
to maintain the water at a uniform level. Under 
the most unfavourable conditions, there should 
never be a difference of more than | in. to 1} in. 
in the water level during the time the regulator 
is in action, and there should be no appreciable 
variation in the sensitiveness of the regulator when 
the boilers are worked at a high or a low rate of | 
evaporation, or even when the rate is changed | 
suddenly. | 

The water level can be maintained in any desired | 





500 fathoms in length and consists of seven-strand 
galvanised steel wire, while the motor is of 24 h.p., 
and is provided with a chain drive. This machine 
is in successful use on the liners Majestic and Empress 
of France. Another piece of apparatus exhibited 
for the first time is the. Denny-Edgecombe direct 
vision torsionmeter. It may be of service to those 
particularly interested in such apparatus to mention 
that this torsionmeter was described and illustrated 
in vol. cxix of ENGINEERING, page 345. 

A new application of the distant-indicating boiler 
water gauge, known .as the Pneumercator, is also 
shown. This is intended for working pressures 
below 250 Ib. per square inch, and in construction is 
generally similar to the high pressure type. It 
operates on the same principle, and no mechanical 
moving parts or electrical devices are embodied 
in it. The gauge glass contains only water from 
the boiler with some air imprisoned above it, and 
there is, therefore, nothing to get out of order. 





position by moving the cylinder lengthways along | Originally developed for use with waste-heat boilers 
the liner, the ports in both cylinder and liner being | on Diesel-engined ships, which boilers may be as 
cut diagonally. The cylinder is moved lengthways | much as 50 ft. above the engine-room floor, these 
along the liner by means of a suitable adjusting | gauges are now being widely used for other purposes, 
screw and spindle, the spindle being connected to | e.g., oil tanks in which it is desirable or convenient 
the cylinder by ball-bearings, so that friction is|that the particular fluid level concerned should 
reduced to a minimum. The arrangement is| be watched from a distance. 

shown in Figs. 76 and 77. Attached to the! This firm also has an exhibit of quite an 
spindle, between the adjusting wheel and the gland, | unusual type in the form of a display of electro- 
is a lever and rod, the latter extending to a position| medical apparatus suitable for the surgery or 





hospital of a ship. While this does not per se 
possess much direct interest to the engineer, there 
are some items on exhibition which are worthy 
of more than a passing attention. As an example 
an apparatus may be mentioned for sterilising ship’s 
drinking water by means of ultra-violet radiation. 
When water is taken aboard from barges it is fre- 
quently contaminated with various organisms and 
the ship’s storage tanks also become polluted. The 
sterilising apparatus is placed in the outlet main, so 
that when water is drawn off, it passes through 
quartz irradiation tubes, in which it is completely 
sterilised by the action of the ultra-violet rays 
without contracting any objectionable taste or 
odour. The process may be made automatic, so 
that when a tap is opened the steriliser is put into 
operation. The application of ultra-violet radiation 
from the point of view of industrial welfare, as 
demonstrated on the stand, has an interest from the 
reduction effected in the time lost by employees 
due to the rapid healing of minor injuries, and 
also to the reduction in the number of compen- 
sation cases. The shadowless operating lamp, too, 
suggests a method of lighting which may be valuable 
in fine assembly work. 

Messrs. Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, are showing a 
well-chosen collection of apparatus and machinery 
appropriate to the object of the Exhibition as defined 
by its title. The Company’s electrical products are 
chiefly represented by a generator switchboard and 
several motors. Of the latter, we illustrate a 50-h.p. 
ventilated marine-type motor in Fig. 81, Plate 
XLIII. This motor is exhibited with the top half 
swung back so that the main features of its con- 
struction are evident. As will be seen, the yoke 
and end brackets are both split, but a watertight 
joint is provided. Removal of the top half permits 
of complete access to the whole of the rotating 
parts, and the armature with its bearings can be 
lifted out complete. The bearings are of the 
watertight roller type. The armature is mica 
insulated, and its ends are bound with steel wire. 
Large openings are provided in the end brackets 
for aecess to the commutator. 

Two other motors on the stand are of interest. 
One illustrates the latest and most improved form 
of the totally-enclosed ventilated motor. It has 
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Fies. 84 AND 85. VERTICAL CONDENSATE-EXTRACTION Pump; Messrs. METROPOLITAN- 
VICcKERS ELECTRICAL COMPANY, LIMITED. 














Fie. 86. Four-CyLiInpER AIRLESS-INJECTION MARINE EnGINnE; Messrs. J. anp H. McLaren, 
LIMITED. 


an output of 11 h.p. at 780 r.p.m., on a direct- 
current circuit of 220 volts. It will carry its full 
load for a period of 6 hours with a temperature rise, 
measured by thermometer, not exceeding 40 deg. C. 
The armature iron and the field coils are ventilated by 
to distinct air streams, which ensure very efficient 
ling, particularly of the armature. The losses 
generated in the armature iron normally form a 
considerable portion of the total losses of a totally 
enclosed machine, and the method of cooling 
mentioned results in a great reduction in the size 
and weight compared with a standard machine of 
this type. No external air comes into contact 
with the windings or commutator, and, in conse- 
quence, the machine will operate satisfactorily 
either in a highly corrosive or explosive atmosphere. 
The other machine is a 2}-h.p. silent type motor. 


Ce 





It is so designed mechanically and electrically 
as to be quite noiseless in operation, and is therefore 
particularly suitable for use on a ship’s ventilation 
system, as a noisy motor is very apt to cause dis- 
comfort to passengers by sounds conveyed through 
the air ducts. 

On the mechanical side, Messrs. Metropolitan 
Vickers show, amongst other apparatus, a compact 
two-stage steam-operated air ejector. This is 
illustrated in Fig. 82, Plate XLIII. It is fitted with 
tubes of the Field type; the tubular intercooler 
and heater are embodied in one casing. The par- 
ticular size shown is capable of maintaining a 
vacuum of 284 in. of mercury in a condenser suit- 
able for a turbine developing 4,000 horse-power. 
The steam consumption is estimated at about 
275 lb. per hour. The steam is projected in jets 
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at high velocity through an air chamber into a 
compressor pipe, entraining the condenser air in its 
course, and the mixture is discharged against a 
considerably higher pressure than that in the 
preceding chamber owing to the transformation 
of kinetic energy into potential energy during 
compression. The heater body is divided by a 
central partition into two sections, each containing 
an ejector stage with its cooler. The function of 
these is to condense the steam. The first cooler 
ensures that the air delivered to the succeeding stage 
is cooled and free’ from steam, and both coolers 
recover the latent heat of the steam employed by 
transference to the condensate, which is normally 
employed as the cooling medium. The cooling 
water flows up the central tube of the Field elements 
and back through the annular space, and the 
arrangement permits free expansion or contraction 
of the tubes with changes of temperature. A double 
water box is provided at the bottom of the casing. 

Another condenser auxiliary forms the subject of 
Fig. 83, Plate XLITI and Figs. 84 and 85, annexed. 
This is a vertical 3-in. centrifugal condensate ex- 
traction pump, designed to run at a speed of 1,500 
r.p.m. It will be seen from Figs. 84 and 85 that 
the gland of the shaft is pressure sealed in order 
to prevent leakage of air into the suction side of 
the pump. Another important feature is clear from 
Fig. 83. This consists of making one-half of the 
casing detachable. By removing this, and also the 
bearing cap, the whole of the rotating parts can be 
taken out without disturbing the pump on its seat- 
ing or breaking the joints of the suction or delivery 
pipes. The ball bearings for the thrust and the 
roller bearings for the journals are all contained in 
a housing which comes away with the shaft. The 
pump is intended to be driven from the slow speed 
shaft of the speed reduction gear of a turbine, and is 
suitable for turbines developing up to 7,000 horse- 
power. When thus driven, the connection between 
the shafts is made by means of a coupling of the 
multi-dise type. It can, however, be motor driven, 
and when this method is preferred, the casing is 
extended at the top to form a bracket on which a 
vertical motor is mounted, the motor shaft being 
connected to the pump spindle by means of a 
flexible coupling of the Bibby type. 


A considerable amount of research and experi- 
mental work has been carried out in the last few 
years on the small high-speed airless-injection 
engine, and this type of prime mover may now be 
said to have passed out of the experimental stage, 
since it has been applied with success to road vehicles, 
and to a variety of agricultural implements such as 
ploughs and tractors. So far as the British Isles are 
concerned, Messrs. J. and H. McLaren, Limited, 
Midland Engine Works, Leeds, were among the 
earliest firms to realise the possibilities associated 
with this type of engine, and the McLaren-Benz 
engine has been adopted by a number of firms as 
the power unit for their products. We described 
one of these engines, developing 30 horse-power, 
for use in road rollers and tractors, on page 147 of 
our last volume, and we also described a locomotive 
embodying the same type of engine on pages 45 
and 136 of the same volume. Messrs. McLaren are 
showing four airless-injection engines on their 
stand at Olympia, the sizes varying from 26 to 
300 brake horse-power. The smallest unit is a 
two-cylinder engine complete with reverse gear. 
This is capable of developing 26 brake horse- 
power when running at a speed of 750'r.p.m.; this 
engine can easily be started by hand from cold. A 
larger marine set is also shown, consisting of a 
60 brake horse-power four-cylinder engine with 
Parsons’ reverse gear. 

This set, which is illustrated in Fig. 86, annexed, 
serves to illustrate the relatively light weight 
which is now possible with airless-injection engines, 
as the engine in this case only weighs 24 ewt. The 
engine was fully described on page 136 of our issue 
for February | last. The illustration Fig. 23, Plate 
XL, given in connection with Messrs. Parsons’ ex- 
hibits, may be referred to with regard to the reverse 
gear. 

Other exhibits on Messrs. McLaren’s stand are a 
six-cylinder direct-reversing engine developing 180 
brake horse-power at a speed of 500 r.p.m., and a 
second six-cylinder engine developing 300 brake 
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horse-power at 1,000 r.p.m. 
exceptionally light, although robust in every detail, 
and is suitable for driving electric generators or for 
propulsion purposes. All the engines so far referred 
to are of the four-stroke cycle type, but the firm are 
also exhibiting a single-cylinder model of 8 b.h.p. 
operating on the two-stroke cycle. 

Messrs. Negretti and Zambra, 38, Holborn- 
viaduct, E.C.1, are showing a collection of dial- 
type indicating and recording instruments for 
temperature, pressure and draught, 
ship use, which fully maintains the reputation 
of this firm for workmanship of the highest quality. | 
Although most of the examples are of standard | 
types, it would be a mistake not to give them careful 
attention, as there are often interesting improve- 
ments in construction and design over the earlier 
patterns. We are not able to enumerate 
changes, but must confine ourselves to the en- 
tirely new instrument illustrated by Figs. 
88, above. The instrument 
recording thermometer, that is, it takes a photo- 
graph of a mercury-in-glass thermometer in the 
very act of indicating temperature at any desired 
moment. The desirability of such an instrument 
will be apparent to anyone who has been involved 
in a dispute over a spoiled cargo due to faulty 
temperature during a voyage. Very large sums 
of money are involved in such disputes and, while 
the recording instruments at present adopted 
give excellent results if looked after carefully, 
Messrs. Negretti and Zambra are of opinion that 
it is not impossible to challenge their readings 
in a Court of Law, 
error. These sources of error do not occur in the 
more positive mercury-in-glass thermometer, the 
accuracy of which can be certified by the National 


Physic ral Laboratory to 0-1 deg. F. or to finer limits | 


if necessary. 

Accepting this type of thermometer as the most 
reliable, it then only remains to record its move- 
ments, a task which has been successfully accom- 
plished in the machine now described. Referring 
to Fig. 88 first, the curved thermometer, with strongly 
marked graduations, is seen in the centre. It may 
be adjusted vertically to suit the range of tem- 
perature to be recorded. 
counter with the dial close to the thermometer scale. 
The backs of these parts are seen to the right of 


The latter engine is | 


suitable for | 


such | 


87 and | 
is a photographic | 


owing to inherent sources of | 


To the left of it is a} 


| with reflectors directing the light on to the ther- 


|mometer. In the centre of the figure is the camera, 


| with an extension behind it carrying the mechanism 


|for rotating a roll of standard cinematograph film. 
| Below the camera and lamps are the control mech- 
|anism, and the motor which is operated by means 
|of the latter. The motor operates the counter, 
| the electric lamps, the shutter of the camera, and 
|winds the film into position. The whole of this 
mechanism is enclosed in a protective case and 
is placed inside the refrigerating chamber or hold. 
The control mechanism is started by a clock which 
| is placed inany suitable position outside the chamber, 
| the connection between the clock and the apparatus | 
consisting only of an electric cable. The clock | 


|may either be connected to batteries or to the | 


|ship’s lighting circuit. 

At predetermined intervals, say every twelve 
hours at 9 a.m. and 9 p.m., the clock closes the 
circuit with the apparatus by means of electric 
contacts and a cycle of operations takes place, 
| viz., a length of film is wound into position, the 
thermometer is illuminated, the shutter is operated, 
the counter advances one tooth, and the light is | 
cut off. The length of each image is 4 in. and the | 
size of the object on the negative is slightly over 
life size. Allowing blank film of } in. between two 
photographs, 30 ft. of film would be required for a 
|60 day voyage. The counter gives the exposure 
number of the photograph, and, starting from 
/number one, the actual time and date of the ex- 
posure may be correctly ascertained. The number 
|is, of course, photographed at the same time as the 
thermometer, the scale of which is engraved on 
The evidence from such a photograph 
is conclusive and would probably be accepted 
unquestioned in a Court of Law. It is under- 
stood that the instrument does not afford any 
|external evidences of the hourly or daily change 
|of temperature for the engineer’s guidance. Such 
changes would still have to be watched by the 
ordinary thermometers, but the new instrument 
would silently watch the changes for the whole 
of the voyage, and, when the film was developed, 
would provide an infallible record of the carefulness 
or remissness of those in charge. 

An interesting example of a new apparatus deve- 
|loped by the combination of the principles used in 
older appliance es may be seen on the stand of 


the glass. 
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nock, where the Glenfield drop-tight tilting disc 
valve illustrates the effective result of combining the 
features of the butterfly and flap valves. Photo- 
graphs of the new valve are reproduced in Fig. 89, 
page 345, while its action is made clear by Fig. 90 
on the same page. The hinged flap-valve is largely 
employed in situations where the flow is in one 
direction only, and the pivoted butterfly valve in 
pipe lines in which the friction involved by the 
passage of the fluid through a valve of the ordinary 
gate type is objectionable, and also where a means 
of regulation involving little effort is essential. But 
both of these types of valves are difficult to keep 
tight. The new valve, on the contrary, whilst 
|retaining the advantages of the two older types, is 
as watertight as a sluice valve. The general design 
|of the valve will be clear from Figs. 89 and 90. It 
| consists of a disc of circular form, dished to add to 
its strength, and pivoted eccentrically. It closes 
| against a circular conical seat without rubbing. 
The action of the valve will be readily grasped 
by a consideration of Fig. 90. The conical seat is 
represented by the lines AB, CD, and the angle of 
| | the bevel by XOY. The lines AE and CF are normals 
to the lines XO and YO, and meet at G. Taking 
| the point A first, it is clear that, if the pivot is 
| placed anywhere to the left of the line AE, the 
point A on the valve will leave the seat when the 
valve is rotated in a clockwise direction, no sliding 
action taking place. Similarly, the point C on the 
lower edge of the disc will leave the seat imme- 
diately rotation takes place, the essential condition 
here being that the pivot must be somewhere to 
the right of the line CF. The arcs struck from the 
pivot centre, and commencing at the four points 
A, B, C and D, show the path of the valve in rela- 
tion to its seating. As the pivot must be to the 
left of the line AE and to the right of the line CF, 
it must be situated in the angle formed by the lines 
AGF, and it is thus indicated in the figure. The 
| lifting action of the valve from its seat, provided by 
this method of pivoting, is conversely followed, 
| when closing, by a dropping action as opposed to 
sliding, and so a tight seating of valve is ensured. 
As the pivot is situated above the centre line of 
| the valve, unequal areas are presented to the closing 
| motion of a reflux stream, the larger area being 0” 
'the stream side and the smaller area being forced 
against the stream so tending to cushion the closing 





Fig. 87, while next come two long electric lamps i Messrs. Glenfield and Kennedy, Limited, Kilmar- | motion and preventing slamming. The unbalanced 








SEPT. 13, 1929.] 














ENGINEERING. 





THE 


























ASARAARAA ANAS 


Se 











(1589) 








Figs. 91 anp 92. Low-PrEssurRE REGULATOR FOR AIR OR Gas; Messrs. THE Drayton 


REGULATOR AND INSTRUMENT CoMPANY, LIMITED. 


weight of the larger area assists the closing action. 
At the same time, the greater part of the weight of 
the valve being, of course, carried by the pivots, 
it is not only easy to adjust when the normal dis- 
charge is taking place, but it requires very little 
force to keep it wide open. The small hydraulic 
loss which results with such a valve represents an 
appreciable saving of power required where large 
quantities of water are being continuously pumped 
as in circulating water systems, irrigation, drainage, 
The use of the ordinary flap valve involves 
relatively high hydraulic losses as the valve has to 
be lifted and maintained off its seat entirely by the 
flowing water. It is not surprising, therefore, to 


xe. 





learn that this tilting disc valve is already in | 
demand although only recently introduced. It is | 
made in all sizes from 4 in. to 45 in. in diameter. | 

Messrs. Glenfield and Kennedy’s display, amongst | 
a representative collection of meters, valves and | 
taps, includes a noteworthy example of the latest | 
type of electrically-operated sluice valve with! 
distant-indicating and control equipment.  The| 
sluice valve itself is practically of the firm’s standard | 
design, but particular attention has been paid to| 
the operating gear, which consists of a phosphor | 
bronze wheel and a steel worm, both machine-cut, | 
and running in a totally-enclosed oil bath. Ball | 
washers are fitted to the ends of the worm shaft, | 





| 


| of valves, dampers, &c., operated by water or com- 
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which is driven through single reduction spur gear, 
also running in oil, by the electric motor. The 
stator of the motor is provided with a cylindrical 
extension bolted to the spur gear casing, and the 
elimination of the usual supporting bracket thus 
effected makes a very neat arrangement. A crank 
handle for manual use is provided in the event of 
failure of the current. Control of the valve is by 
means of push-buttons operating contactor gear, 
duplicate sets of buttons being provided at the 
site of the valve and on a central switchboard or 
other suitable place. 

The valve is fitted with two types of indicator 
gear to demonstrate alternative methods of indica- 
ting at a distance the position of the valve. The first 
of these is in the form of a series of lamps corres- 
ponding to the open, shut, and any required inter- 
mediate positions of the valve. The indicating 
pointer carries a spring contact which moves over 
suitably placed contact studs connected with the 
several lamps, and movement of the valve gate 
thus causes a lamp corresponding to the position 
of the gate to be lighted up at the remote station. 
The other system is that of the Midworth distant 
repeater. This consists of a transmitting instrument 
geared to the operating spindle of the valve and a 
receiving instrument placed at the remote station. 
| The system is electrically operated and its accuracy 
| is not affected by a change, either in the voltage 
| or the resistance, of the circuit. It is claimed that 
| the receiving and transmitting instruments cannot 
| get out of step, even should the line be broken 
| and restored after any interval of time. It is stated 





‘that this system has proved very successful in 
y p ; 


|installations in which the utmost reliability in 


| operation is imperative. 
| 
|and Instrument Company, Limited, of West Dray- 
| ton, Middlesex, includes a range of their well-known 


The exhibit of Messrs. The Drayton Regulator 


temperature and pressure regulators for the control 


pressed air, and also temperature or pressure- 
operated automatic switches, time-temperature con- 
densation regulators for the control of rubber 
vulcanisers, temperature and pressure recorders and 
indicators, steam traps, steam meters, dial thermo- 
meters and other instruments and apparatus of 
the character indicated. Some of these exhibits, 
we may mention, have been illustrated and described 
in our columns on previous occasions. A new 
exhibit, however, is illustrated in Figs. 91 and 92, 
annexed. 

This represents the firm’s low-pressure regulator 
for controlling air or gas pressures ranging from 
zero to }-in. water column. The gas of which the 
pressure is to be regulated is admitted to the centre 
of a flat circular metallic capsule, the expansions 
and contractions of which, due to variations of 
pressure, are transmitted through a lever to a relay 
acting on the same principle as that illustrated and 
described on page 460 of vol. cxxv. of ENGINEERING 
(1928). We do not propose to repeat here the 
description of the relay given in the above-mentioned 
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article, but we may remind our readers that the 
movement of a floating lever in it opens or closes a 
pilot valve, and so allows the operating fluid to 
escape from, or the pressure to build up in, a servo- 
motor or some equivalent device. This may be 
used to control the position of a damper or valve, 
and thus to regulate the pressure of the fluid to 
which the metallic capsule is connected. 

The actual arrangements adopted, of course, | 
depend upon the conditions to be complied with, 
but it may be pointed out that in the low-pressure | 
regulator, in common with other regulators employ- 
ing the same type of relay, no springs are used and 
the metallic capsule is so constructed that the move- | 
ments obtained are directly proportional to the 
pressure variations. The adjustment is obtained | 
by altering the amount of expansion required on | 
the capsule to close the pilot valve by means of | 








the cam acting on one end of the floating lever. | 

It has often been alleged by sea-going engineers | 
that in many marine auxiliary machines accessi- 
bility has been sacrificed to compactness. Such 
a charge cannot be levied against the fine example 
of a motor-driven marine-type air compressor | 
shown by Messrs. Reavell and Company, Limited, | 
Ranelagh Works, Ipswich, and illustrated in Figs. 
93 to 95, on this page. The latter figure well indi- 
cates the compactness of the design, and the two 
former ones demonstrate how complete a degree of 
accessibility to the internal parts has been attained. 
The machine is of the ver‘ical two-crank, three- 
stage type, having a delivered capacity of 300 cub. ft. 
of free air per minute at a working pressure of 
1,000 Ib. per square inch when running at 400 r.p.m. 
The drive required is 140 brake horse-power. |The 
cylinder diameters are—low pressure 12? in., 
intermediate pressure 10} in., and high pressure Fic. 95. 
. Te. — pars - ogo ‘3 of normal | F168. 93 TO 95. THREE-STAGE MaRINE ArR-ComPRESSOR; MeEssRS. REAVELL AND COMPANY, LIMITED. 


high-speed engine design, and requires no comment 
bevond that the bearing surfaces are of very ample | This is driven by an eccentric on the crankshaft, | having separately adjustable feeds, which supplies 


proportions. Forced lubrication is adopted, a | as shown at the left of Fig. 93. The same eccentric | the various points on the cylinders with oil. The 
valveless pump being embodied in the bedplate.! provides the motion for a mechanical lubricator, | crosshead is of the trunk type, so that no glands 
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Fie. 97. Portaste WELDING PLANT; 


are needed. All the pistons are packed with 
cast-iron rings. The high-pressure cylinder is 
provided with a liner which can be readily renewed 
when worn. It will be clear from Figs. 93 and 94 
that the working parts of either compressor can be 
withdrawn as a complete unit by lifting the main 
cylinder cover and removing the nuts on the 


connecting-rod cap. This greatly reduces the time | 


required for an overhaul and renders the removal 
of the cylinder casing from the 
unnecessary. 


An examination of the two sectional figures will | 
|after-cooler to relieve the pressure in the water- 


ilso show the complete accessibility of all the 
valves. These are of the featherweight type and 
have a low lift in order to ensure reliability and 
quietness in action. They can be -removed for 


examination or cleaning without having to disturb 
any pipe connections or other parts of the machine. 
The two intercoolers are seen in Fig. 93 at the sides 
of the machine, and the after-cooler in Fig. 94. 
The first and 
casing, 


All of them have straight tubes. 


second intercoolers are contained in a 


crank-case | 


Messrs. A.C. Wetptna ComPANY. 


so that they can be withdrawn as a complete unit 
from the cylinder jacket for cleaning purposes. 
If desired, a spare complete tube nest can be 
carried, and in the event of an accident can be 
quickly substituted for the disabled one. The 
casing of the intercooler is open at the back, and 
when the intercooler is removed a large aperture 
is left, through which the tubes are accessible for 
external scaling. Zine rods are fitted in all inter- 
coolers to protect the tubes and tube plates from 
the corrosive action of the circulating sea water. 
A large spring-loaded bursting disc is fitted on the 


jacket should a sudden and dangerous rise of it 
take place. 

Another example of Messrs. Reavell’s work is 
illustrated in Fig. 96, on this page. This is one of the 
range of compressed-air driven deck auxiliaries for 


| tugs, coastal vessels, yachts, and so forth, that 


form an interesting feature of the exhibit. The 
example illustrated is a small windlass which, like 
the other auxiliaries, is fitted with rotary air 





EXHIBITION. 


| motors. The chief features calling for attention 
}are the compactness of the machine as a whole, 
| the thorough enclosure of all the working parts so 
|} essential for deck machinery, and the convenient 
grouping of the controls. The other auxiliaries 
shown include examples of winches, capstans, and 
steering gear. 


An interesting machine which, originally develop- 
ed in the United States by Mr. C. J. Holslag, has 
now become acclimatised in the hands of a British 
firm, is demonstrated on the stand of Messrs. A.-C. 
Welding Company, City Mills, Stratford, E.15. This 
machine which is intended for are-welding with bare, 
| or only lightly-flux-coated, electrodes, consists of a 
static transformer and a choke embodied in one unit. 
|One form of the apparatus is shown in Fig. 97, 
|annexed, and is known as the Alternare multi- 
characteristic plant. The apparatus is mounted 
in an oak chest or case with carrying handles, 
which case is shown partly dismantled in the figure 
in order to display the various parts of the unit. 
The transformer is cooled by the fan at the back 
of the case, the air supply being drawn through 
removable louvres. The fan is fitted with ball 
bearings and is connected to an auto tap on the 
primary winding of the transformer. This latter 
consists of a core, carrying on the upper leg the 
primary and main secondary windings, and on the 
lower the auxiliary winding. Between the two 
extensions of the core is a movable flux diverter 
which is seen, to the left of the figure, in its extreme 
position. It is movable vertically by means of a 
rod projecting from the top of the case. The 
extent of the diversion, which constitutes the fine 
adjustment of the current and controls the arc 
length, is indicated by a scale on the side of the case. 

As will be seen at the left of the figure, tappings 
from both the main and auxiliary windings are led 
to plugging-in sockets on the front of the case. A 
plug is provided for each set of sockets. Movement 
of the left-hand plug provides adjustment of the 
voltage and characteristic curve of the plant to 
suit the type of wire to be used. The right-hand 
plug affords rough adjustment of the current accord- 
ing to the size of electrode and nature of the work. 
The primary winding, which is entirely distinct 








|from the secondary, is brought out for connection 


'to a terminal box at the rear of the machine, and 


| 





5 per cent. and 10 per cent. low-voltage taps are 
provided for adjustment should the line voltage 
be low. A lamp is fitted in the apparatus and 
serves as a dissipating resistance for high-voltage 
surges. It also acts as a pilot lamp to indicate 
that the plant is ready for use. The plant is made 
in four sizes for welding and cutting, with a range of 
maximum capacity of from 125 amperes to 350 
amperes. The Alternac plant from its construction 
has the advantages of low first cost, portability, 
and simplicity of installation, and it is claimed to 
conform to the most exacting requirements from 
the standpoints of welding efficiency, electrical 
efficiency, and safety. In the latter connection 
an auxiliary apparatus, which we have not space 
to describe, automatically limits the voltage exposed 
at the electrode holder to 30 volts. Simpler forms of 
the machine, without the flux diverter, have also 
a place in the exhibit, together with specimens 


|of equipment and various examples of electrodes, 


the latter chiefly of the lightly-flux-coated type. 

The exhibits on the stand of Messrs. The Rapid 
Magnetting Machine Company, Limited, Lombard- 
street, Birmingham, afford us an opportunity of am- 
plifying the account we gave of this firm’s effective 
separating devices on page 785 of vol. cxxvii of 
ENGINEERING. A recent development in which a very 
high magnetic intensity is employed, is illustrated 
in Fig. 98, page 348. This shows a through type 
waterfall pattern separator with an automatic feed- 
control device. The separator consists of a trough 
with wooden sides, and a bottom formed of several 
magnetic units which are placed across it. Each of 
these units are composed of a magnetic bar, with the 
edges shaped, and stepped so that material 
passing down the resulting slope falls over in the 
manner of a waterfall, and in doing so is turned 
over, thus ensuring thorough separation. Each bar 
is directly magnetised from below by a coil or coils, 
according to the width of the trough, the coils being 
provided with high-permeability steel cores and the 
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Fic. 98. WatTERFALL ELECTRO-MAGNETIC 
SEPARATOR; Messrs. RapPrp MAGNETTING 
MacuInE Company, LIMITED. 


magnetic circuit being completed with heavy | 
section steel bars below. The windings are con-| 
tinuously rated for any direct current up to 250} 
volts. The inlet end of the trough is provided with | 
a swing door, and the outlet end with a_ bridge | 
door pivoted in the middle. When closed, the 
latter door forms a surface continuous with the 
slope of the magnetic bars and the non-magnetic 
material flows across it by gravity to a collecting 
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Fic. 99. Exectro-Magnetic Drum SEPARATOR; Messrs. RaPip MAGNETTING 
MacuHINE Company, LIMITED. 


box, the iron remaining adherent to the bars. Both | torsionmeter described on page 190 of the previous 


inlet and outlet doors are coupled by lever gear.| volume. 


A description of the electrical distance 


When the inlet door is closed, and the feed stopped, | thermometers exhibited by the same firm will be 
the outlet door is automatically opened and the | found on page 550 of vol. exxiv, while details of 


accumulated iron falls down the gap thus formed, 
the current having been cut off at the same time, 
so that the magnetic field is destroyed. The figure 
shows the doors in the clearing position, and it 


their auto-alarm device were given on page 355 
of the same volume. Among exhibits which we 
have not previously described, reference may be 
made to an interesting navigation lights indicator. 


will be realised that should the current fail, this| In this instrument a plan of the vessel is outlined 


action likewise comes into play. 


The re-setting | on a panel above the switchboard, and in this there 


of the doors to the working position may be done | are several windows, each of which is roughly located 
by hand or from a distance by a chain or cord. The | jn a position on a model corresponding to the actual 


machine is made with from 1] to 10 magnetic units, 


| 
| 
| 


light on the ship. Thus, in the example shown, 


according to the depth of flow of material, and also| there are windows corresponding to the stern, 
from 6 in. to 36 in. wide. In our earlier account | mainmast, starboard, port and foremast lights, and 


of this firm’s products, already referred to, we 


described a high intensity drum and chute separator, | 


while the illustration given in Fig. 99, annexed, 
shows a similar machine without the chute. This is 
designed for the separation of iron from brass or 
other swarf, dust, or small non-magnetic material, 


a process which is not so simple as it might appear 
when dealing with small stuff, as the iron fragments | 


are more likely to get entangled amongst the non- 
magnetic particles. 
that of giving the iron particles an independent 


were, from the interlocking mass. 


machine on to a revolving drum, 24in.in diameter, 


these, being illuminated from behind, afford a clear 
indication that each of the navigation lights is 
burning correctly. Should one of the lights be 
extinguished, an aural warning is given in addition 
to that afforded by the corresponding window no 
longer being illuminated. It should be mentioned 
that the indicating lamps are not in series with the 
navigation lights, so that the failure of one of the 


| former does not affect the corresponding light on the 


The principle here adopted is | 


ship. Each indicating lamp is provided with a 


| switch, fuse-box, &c. 
motion, which enables them to struggle free, as it | 


The swarf is fed | 
from the jig-shaken tray seen at the top of the} 


and of a width of from 9 in. to 30 in., according | 


to the capacity. This drum is formed with longi- 
tudinal ridges at intervals round its periphery and 


arranged inside it is a stationary group of magnets | 


which are so disposed as to create a magnetic 
field of high intensity, the lines of force being in 
the form of a series of loops. As the iron particles 
are carried by the motion of the drum from one 


Another exhibit with which we have not previously 
dealt is shown in Figs. 100 and 101, Plate XLIV. 
This consists of a thermo-electric pyrometer, of 
which the switchboard: is shown in Fig. 101 and 
one of the pyrometers in Fig. 100. These instru- 


| ments are suitable for such purposes as the recording 


of Diesel exhaust temperatures, or the temperature 
in the boiler uptake on a steam installation. The 
electrical connection between the switchboard and 


'the pyrometers is made by special compensating 
cable, which is very little more expensive than the | 


| 


leg of a loop to the other. they are turned over, | 


and in this way are disengaged from the non- 
magnetic material. The latter falls off the drum 
by gravity and is diverted down a chute, while the 
iron is retained on the drum until the limit of the 
magnetic field is reached when it drops off and is 
collected in a suitable receptacle. 


of Woolwich, are showing a number of navigating 
and other instruments, the majority of which have 
already been described in our columns. 
these, mention may be made of the rotating-frame | 
direction finder described on page 729 of vol. exx, 


ordinary cable used with distance thermometers. 





A common scale is provided on the switchboard for 


all the pyrometers in use, the particular reading 
required being made by means of depressing one of a 
number of push buttons arranged round a central 
release knob, as shown in Fig. 101. 
to take permanent temperature records, the pyro- 


| meters may be used in conjunction with a recorder 
Messrs. Siemens Brothers and Company, Limited, | 


Among | 


|Company, Limited, Park Royal, N.W.10. 


the ahead and astern revolution indicator described | 


on page 729 of the same volume, and the Ford 


of the type described on page 550 of vol. cxxiv of 
ENGINEERING. 

Another firm displaying industrial instruments 
which are notable both for ingenuity of design and 
good craftsmanship is Messrs. Electroflo Meters 
Here, 
as in other cases, we have to make a selection, 
andin Fig. 102, Plate XLIV, illustrate an indicat- 


If it is desired | 


| horse-power motor. 
'mechanism is 


| fluctuations. 


|ing and recording panel showing how all the infor- 


mation that is needed to determine the efficiency of 
boiler operation, &c., can be co-ordinated on a single 
chart. Thus, records of fluid flow variation, ¢.9., 
steam or water, temperatures, pressures, CO, per- 
centages, and vacuums can be made in any desired 
combination, the methods of measurement being all 
electrical. The indicating dials are at the upper 
par‘, of the panel in the figure ; below them is the 
12-in. continuous chart on which the records are 
made. The maximum number of curves which can 
be recorded on the chart, so that no overlapping 
occurs, is six. As regards length, a chart lasts 
for approximately two months, and, if desired, a 
length of chart equivalent to a period of 24 hours 
can be exposed for inspection. The measurement 
of the fluid flow is accomplished by the Electroflo 
system, the principles of which are outlined in 
vol. exxiii of ENGINEERING, page 53. 

For the measurement of temperature and pressure, 
a suitable helix is used, and its movement, in accord- 
ance with temperature or pressure fluctuations, 
causes a contact arm to move over a continuous 
resistance. This resistance is part of an electric 


circuit which includes the recording movement. 


The variation in resistance causes a corresponding 
movement in the recording pen, and results in a 
sensitive record of temperature and _ pressure 
The measurement of temperature is 


|accomplished by inserting a temperature bulb in 


the hot zone. The bulb contains nitrogen, or a 
similar expansive medium, and is connected to the 
temperature helix by an armoured copper capillary 
tube. In the case of the measurement of pressure, 
the bulb is not required, the pressure itself being 
applied direct to the helix. 

Another exhibit on this stand is noteworthy, 
both for itself and from the fact that it can be 
arranged to record on the 12-in. continuous chart 
above referred to. This is the Electroflo motor- 
driven CO, analyser, an instrument which is virtually 
an automatic Orsat apparatus, but more robust than 
that useful instrument in its ordinary form. It is 
independent of water and is operated by a ayth 
All the driving and measuring 


continuously oil-immersed. The 


capacity of the caustic potash tank is large enough 


‘dent upon the amount of CO, absorbed. 


to permit of four to six month’s operation, 5 0a 
When 


used as part of a multiple metering system, an 


‘electrically-driven transmitting device is connected 


to the mechanism moving the pen in the ordinar) 
instrument, which device in turn actuates a pen, 
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with the result that a sensitive record of CO, content | channels, bulb angles, rails, and so forth. The 
is obtained on the continuous strip. |punching jaws are at the left-hand side of the 
A stand on which some new design may natural- | machine and have a gap of 12 in. Plates, joists, 
ly be expected in this exhibition is that of Messrs. channels, &c., can be dealt with, the maximum size 
Henry Pels, 32-38, Osnaburgh-street, N.W.1.|of hole punched being 1 in. or } in. in diameter, 
This year, amongst some more familiar examples, | according to whether the material is 4 in. or % in. 
there are three machines which are shown for the} thick. About 4 h.p. is required to drive the machine, 
first time. Two of them we illustrate by Figs. 103| the bracket at the left-hand side being intended to 
and 104, Plate XLIV, showing respectively a plate-| carry a motor, which drives the flywheel by a belt. 
splitting shears and punch combined with bar, angle | The flywheel runs at 300 r.p.m., and at this speed 
and tee bevel cropper and notcher, and an open- | the various jaws make 40 strokes per minute. 
ended bar-shearing machine. The third exhibit is} |The machineshown in Fig. 104 is designed for quite 
a powerful-looking shearing machine of the central- | a different class of work, and is intended for shearing 
aperture type which will cut, in the cold condition, | bars or billets to length, as indicated by the adjust- 
round bars 4? in. in diameter, square bars of 4} in.| able measuring stop seen to the left of the figure. 
side, or slabs of 10 in. by 2} in. or 15 in. by 1} in. |The machine as here shown is constructed for 
The combination machine shown in Fig. 103, with | cutting from right to left; the standard machines 
specimens of the work it is capable of performing in| cut from left to right. The construction of the 
the foreground, is a very compact tool. The plate- | machine will be quite clear from the illustration, but 
splitting shears are seen at the right hand with the| it may be noted that the flywheel, which takes the 
worm gear-operated holderdown. Plates up to| drive by belt from a 7}-h.p. or 10-h.p. motor on the 
} in. thick and of any width can be dealt with, while | platform above it, is connected to its shaft by a 
with the standard blade of 10} in. long, flats of | coupling plate with a shearing pin which gives way 
54 in. by 3 in. can be cut at one stroke. Above the| under an overload and automatically stops the 
shears, on the upturned projection, are situated the | machine. The two different horse-powers stated 
notching jaws. By a change of blades either | above are needed according to whether the material 
square or triangular notches can be cut in angle,|is to be sheared in the cold or hot state. If the 
tee or channel bars, or standard joists or plates. | first, the smaller power is required and square bars 
The blades in the centre of the machine are for| up to 2 in. side can be cut, round bars up to 2} in. 
cropping bars. The long holderdown with its | in diameter, or flats up to either 12 in. by } in. or 
operating handwheel is clearly seen, but the arrange- | 5} in. by 1 in. When the material is hot the larger 
ment for holding the bars concerned when a bevelled | power is necessary, but square bars up to 34 in. 
end is required was detached when the photograph | side and round bars up to 4 in. in diameter, can be 











practice. On the stand, in addition to the power 
machines, is displayed a representative collection 
of hand-lever punches, shears, and croppers. 

As was to be anticipated from the exclusion of 
German machine tools from the regular machine 
tool exhibition in this country, the German manu- 
facturers are taking advantage of the absence of 
any restrictions to the contrary to show their 
products at this exhibition, though their environ- 
ments is composed largely of examples from a quite 
different field of engineering. Conspicuous among 
these machine tools is a group manufactured by 
Messrs. Ludwig, Loewe and Company, Huttenstrasse, 
17-20, Berlin, N.W.87, a firm for which Messrs. 
George H. Alexander Machinery, Ltd., 82 to 84, 
Coleshill-street, Birmingham, hold the English 
agency. The largest machine of the group is a 
lathe termed by the makers a precision engine lathe. 
It is noticeable in that it has 16 spindle speeds, 
and a feed box permitting the cutting of 59 different 
threads without any change of gear wheel. The apron 
is fitted with an automatic tripping mechanism, 
which operates with a degree of accuracy of 
0-00039 in. Combined with a fine adjustment stop 
device, this mechanism greatly reduces the time 
required for preparing work, as measurement is 
largely obviated. 

This accurate automatic stop is also fitted in 
the multiple-tool lathe shown in Figs. 105 and 106, 
plate XLV. As the former figure indicates, this 
lathe is intended for heavy work, while the number 
of tools seen in the latter figure point to high output. 
The machine appears to be of particularly rigid 


was taken. With the standard blades the maxi-| dealt with. The thickness of the flat bars mentioned | construction and may be driven either directly or 


mum diameter of round bars that can be cut is| above can be increased to 1% in. and 23 in. respec- | by a single pulley. 
| back and front of the lathe, both saddles carrying 


1} in. The limit of square bars is 1% in. side, | tively. The number of strokes per minute is 


There is a saddle both at the 


and of angle and tee-bars, cut square across, | normally about 30 when the flywheel is running at |a cross-slide slotted to accommodate either a special 


5 in, by 4 in. by § in. 
bevel of 45 deg. this limit is 3} in. by 3} in. by 


With the bars cut at a/300 r.p.m. 





a 
2 in, 





Both the machines, like the other} tool holder with tools having independent adjust- 
examples exhibited, are made with armour-plate| ment, or universal tool holders. There are nine 
Special blades are provided for cutting joists, | frames in accordance with Messrs. Pels’ well-known | rates of feed for both the longitudinal and transverse 
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0-0283 in., and the latter from 0-0014 in. to 0-013 in. 
Both sets of tools can be in operation at once, and 
both saddles are controlled by a single lever, which 
can be used so as to set them in motion simulta- 
neously or one after the other. As stated above, 
the saddles are stopped automatically at a point 
determined within plus or minus 0-00039 in., and are 
thereafter quickly returned to their starting point. 

The grinding machine shown in Figs. 107 and 108, 
Plate XLV, illustrates a movement in some directions 
towards the employment of a grinding wheel 
sufficiently wide to finish the whole of the surface 
of the work in hand without moving the latter 
longitudinally. In some cases, indeed, two, or 
even three grinding wheels are employed on such 
parts as pistons, pinion blanks, &c., in a manner 
analogous to the use of a gang of milling cutters. 
The table is, in such a machine, fixed, that is, the 
work rotates on centres which have no longitudinal 
motion across the face of the wheel. In this case, 
therefore, it will be noticed, in Fig. 107, that the 
headstock is cast with a base by which it is attached 
to the bedplate and is also formed with a slide 
on which the tailstock is carried. The latter can 
be moved by hand to a position suitable for the 
length of the work being dealt with, but the centre 
itself is withdrawn by an hydraulic arrangement, 
the movement being effected by the pedal seen in 
Fig. 107. This permits the operator to use both hands 
when placing a new part in the machine or removing 
a finished one. 
rests, and is pressed into the headstock centre by 
the movement of the tailstock centre, the closing 
motion also giving the work a slight upward lift 
so as to take it sufficiently clear of the rests to 
permit it to rotate freely. The work is, of course, 
driven at the headstock centre, variable-speeds being 
embodied in the headstock in order to give suitable 
surface speeds corresponding to the diameter of the 
work in hand. 

The headstock mechanism driven from a 
secondary shaft connected by belt with the main 
driving shaft. The latter, as shown in Fig. 108, 


is 


is direct-coupled to the driving motor, which is of | 
The grinding wheel is driven, | 


20 h.p. to 30 h.p. 
through gearing, by belt from the driving shaft, 


correct tension being ensured on the belt by a spring- | 


loaded jockey pulley. The grinding wheel itself runs 


at 1,450 r.p.m., and is about 17} in. in diameter | 


by 8% in. wide. A maximum length of 19, in. 
can be dealt with. 


up to 9% in. in diameter can be ground, but if 


they are employed, a diameter of 5] in. is the | 
The wheel has, of | 


largest that can be handled. 
course, an oscillating movement in the direction of 


its axis, this movement being an improvement on | 


that of the earlier patterns in that it is now 


possible to grind close up to collars on the work. The | 
new mechanism provides for a pause of the wheel, for | 
a longer or shorter time, as desired, at the end of its | 


axial traverse, in order that the work may be com- 
pletely revolved before the reversal of the traverse. 

Particular attention has been paid in the design 
of the machine to simplifying the controls. The 
movement of one Jever only is required to start 
the water supply and the rapid feed of the wheel up 
to the work. The sequence of operations consists 
thereafter of the slow feed, the stoppage of the wheel 
while the direction of longitudinal traverse is changed, 
the quick return on completion of the work, the dis- 
engagement of all the mechanism effecting the 
above, and the cutting off of the water supply. 
These motions are derived from cams, and the 
machine is therefore semi-automatic, that is, the 
attendant, beyond starting the machine, has only 
to remove the finished work and replace it by fresh 
material. 
the time for performing the movements enumerated 
above can be varied from 20 seconds to 3 minutes. 
The heaviest cut made per revolution of the work 
is 0-0236 in. A hand feed with fine adjustment is 
provided, as well as an automatic wheel-dressing 
device. The hand feed has also a coarse adjustment 
for use when running back the grinding wheel slide. 
Tests for wear of the grinding wheel have shown 
this to be about 0-00039 in. after finishing 10 pieces 
of steel of about 3-149 in. in diameter with a grinding 
allowance of 0-0197 in. The wear of the wheel is 


motions, the former ranging from 0-0031 in. to | 


The work is carried on adjustable | 


If rests are not used, work | 


By the use of change wheels in the gears, | 


,taken up by the fine adjustment, the mechanism 
being shown at the right-hand on the front of the 
| machine in Fig. 107. 

Messrs. Sir W. G. Armstrong, Whitworth and 
| Company, Limited, Scotswood Works, Newcastle- 
|on-Tyne, are showing examples of the B.A.W. 
|automatic coupler for railway rolling-stock, for 
which they have acquired the manufacturing and 
|selling rights for the British Empire and certain 
|foreign countries. This coupler, which is made 
| under the Boirault patents, has been adopted as 
| standard equipment on the French State Railways, 
| and its outstanding features are that it can easily be 
| fitted to existing double-buffer rolling-stock without 
| special preparation, and permits the existing draw- 
| gear to be utilised if desired. It also automatically 
| couples the heating and brake pipes, as well as the 
|drawgear. Fig. 109, on page 349, shows a coupling 
| of the central-buffer type, as fitted on a passenger 
| coach of the French State Railways, with the parts 
| in the positions occupied before the coupling opera- 
ition. Each coupling is formed with two projecting 
| lugs and two slots, the lugs, which have holes in 
| them as shown, fitting into the slots of the corres- 
| ponding coupling member in each case. When the 
| two coaches to be coupled come together, the lugs 
enter the slots, the couplings being shaped so as to 
| guide them into place. In doing this they move a 
catch which releases a lever pivoted on to the back 
of the coupling, as shown in Fig. 110. The lever, the 
| upper end of which is visible in Fig. 109, then moves 
in an anti-clockwise direction, as seen in the figure, 
|under the action of a strong spiral spring, and in 
doing so, slides two pins through the holes in the 
projecting lugs which are then in position in the 
slots. The action on both couplings is the same, 
so that the two coaches are then coupled by four 
pins, each of which is in double shear. Fig. 110 shows 
the back of a coupling with the pins in the coupled 
position, but it should be explained that when two 
coaches are actually coupled together the openings 
crossed by these pins would be occupied by the 
lugs projecting from the other coupling, the pins 
passing through the holes in the lugs as stated above. 

Air and steam-tight joints for the brake and 
heating pipes are made by fittings on the front 
face of the coupling, as shown in Fig. 109, these 
fittings being connected to cocks on the back of 
the coupling and thence, through flexible tubing, 
to the train pipes. It is, of course, necessary for 
'the cocks to be opened and closed automatically, 
as the coaches are coupled and uncoupled, and this 
is done by connecting them, by means of links, to 
the lever which operates the coupling pins. The 
arrangement can be followed from Fig. 110 without 
further explanation. In uncoupling two vehicles, 
the lever must be moved in a clockwise direction, 
| as shown in Fig. 109, the movement being effected 
in any convenient manner, either directly by hand, 
or by a chain from either side of the coach. The 
movement of the lever in uncoupling withdraws 
| the pins, shuts off the train-pipe cocks and re-sets 
| the catch, so that the lever is held in position for 
|the next coupling operation. For use during the 
|transition period, a type of B.A.W. coupling is 
| made which can be swung down out of the way to 
|} enable the original screw coupling to be employed 
| when it is required to couple the vehicle to another 
| not fitted with the B.A.W. coupling. 
Our survey of the newer developments and inven- 
| tions displayed may be concluded by some reference 
|to other exhibits, not less interesting than those 
| already mentioned, but which, having, in the main, 
| already been described in these columns, do not need 
|more detailed comment. Messrs. Allen-Liversidge, 
| Limited, 123, Victoria-street, London, S.W.1, have 
on view a very complete range of their welding 
and cutting appliances. Messrs. Black and Dekker, 
| Limited, Slough, have a representative exhibit, 
| chiefly of rotary electric tools of portable patterns. 
| Messrs. Blackstone and Company, Limited, (In- 
| dustrial Section) Stamford, are demonstrating the 
| cold quick-starting properties of the spring injection 
| device on examples of their heavy fuel-oil engines. 
The provision of compressed air for pneumatic tools 
| and other purposes forms the subject of the display of 
Messrs. Broom and Wade, Limited, High Wycombe. 

The manifold uses of compressed air are illustrated 
by a comprehensive range of tools on the stand 








of Messrs. The Consolidated Pneumatic Tool 
Company, Limited, 170, Piccadilly, W.1. The stand 
of Messrs. Clarkson Thimble Tube Boiler Co., Ltd., 
613, Australia House, Strand, W.C.2, has an appro- 
priate collection of interesting examples, drawings 
and photographs of thimble-tube boilers for utilising 
the heat of the exhaust gases of Diesel and other 
internal-combustion engines. The chief exhibit of 
Messrs. Davey, Paxman and Company, Limited, 
Colchester and London, is a 4-cylinder vertical cold- 
starting oil engine, designed for marine auxiliarywork. 

A large electric ship’s winch with semi-automatic 
control devices is the most prominent item on the 
stand of Messrs. The Electro Mechanical Brake 
Company, Limited, 86, Strand, W.C.2, but there 
is also a representative collection of the firm’s 
starters and controllers suitable for marine use. 
Messrs. Gleniffer Motors, Limited, Anniesland, 
Glasgow, show complete oil and petrol engines 
from 7 h.p. to 80 h.p., as well as parts and sectioned 
details, the latter demonstrating the firm’s well- 
known reverse gear. Messrs. John Holroyd and 
Company, Limited, Milnrow, near Rochdale, have 
a display of non-ferrous castings, including some 
made from their new alloys, Holfos bronze and 
Holfos nickel bronze. 

Messrs. J. and F. Howard, Limited, Bedford, have 
two examples of their internal-combustion loco- 
motives suitable for 2-ft. gauge, while their construc- 
tion plant is represented by a 6-ft. grading machine 
primarily designed for maintenance work on earth 
roads. The products of Messrs. Keenok Gears, 
Limited, Oaklands road N.W.2, are represented by a 
number of working models of Keenok friction gears. 
Messrs. the Lea Recorder Company, Limited, 28, 
Deansgate, Manchester, are showing apparatus for 
measuring and recording the flow of water over V 
notches or weirs, and the passage of coal into boiler 
furnaces or over conveyors. Messrs. P. I. V. Chain 
Gears, Limited, 7, Princes-street, S.W.1, exhibit 
five of the firm’s positive infinitely variable gears 
for transmitting from 1 h.p. to 10 h.p. 

The products of Messrs. Ruston and Hornsby, 
Limited, Lincoln, are represented by a 200-kw. 
totally-enclosed marine auxiliary generating set of a 
type we have previously described. A wide range of 
ship’s auxiliaries and fittings including electric 
winches and generating sets, is shown by Messrs. 
the Sunderland Forge and Engineering Company, 
Limited, Pallion, Sunderland. The 26-ft. marine 
switch-board fitted to demonstrate this firm’s Uni- 
start control system will undoubtedly attract 
attention. 

The growing use of high steam pressures and 
temperatures is witnessed by the display of suitable 
valves on the stand of Messrs. Victory Valves, 
Limited, Adswood, Stockport. These valves are now 
being successfully used for steam at a working pres- 
sure of 955 lb. per square inch, and a superheat 
temperature of 800 deg. F., some, indeed, proving 
satisfactory at a temperature exceeding 1,000 deg. F. 
Messrs. Bolton’s Superheater and Pipe Works, 
Limited, also of Adswood, Stockport, are exhibiting, 
on the same stand, several forms of superheater, 
one of which, the Cruse-Gray locomotive super- 
heater, was described on page 386 of vol. cxxlv 
of ENGINEERING. 

Messrs. Wingrove and Rogers, Limited, Old Swan, 
Liverpool, are breaking new ground in the dis- 
play of a l-ton petrol truck, having controls 
so perfected that the simplicity of operation of an 
electric truck is approached. That the increasing 
employment of flame-cutting as a workshop process 
is kept pace with by the firms engaged in the manu- 
facture of apparatus to effect it is evident from an 
inspection of the stands of Messrs. The British 
Oxygen Company, Limited, 69, Horseferry Road, 
S.W.1, and of Messrs. The Godfrey Engineering 
Works, Wood Green, N. 22. Both stands contain 
machines which clearly demonstrate the marked 
advantages of this method of shaping metals 
especially in the direction of rapidity of operation. 

Messrs. Edward Bennis and Company, Limited, 
Little Hulton, Bolton, continue to improve upon 
their past achievements in mechanical stoking. 
The examples exhibited on their stand by meats of 
working models indicate not only development 1 
tried types, but newer adaptations. One of the latter 


is seen in the new air draught stoker for marine boil:rs. 
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WELDED WORK. 


THERE is no better joint than a sound weld, but 
the procedure which is proof against the occasional 
production of a faulty specimen still remains to be 
discovered. There were dozens of welds in the 
roof trusses of Charing Cross Station. Of these, 
so far as the available evidence goes, all save the 
one directly responsible for the wreck may have 
been perfect examples of craftsmanship. The 
supersession of the smith’s fire by the arc or acety- 
lene torch has immensely enlarged the scope of the 
welding process, but success is still largely depen- 
dent on the skill of the individual operator, who, 
being human, is, as the Latin proverb reminds us, 
ever liable to err. Oliver Wendell Holmes con- 
temned mechanical calculators, on the ground that 
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and book-| cient to strain it beyond the elastic limit, and 
Goth SE a tae following this, the drum is annealed and then passed 
for service, 
Untrap StatEs, New York: For subseri The International | distinctly less costly thanthat of hollow forging. 


they were too stupid to make a mistake, but an 
automatic welding machine, open to the same 
reproach, would enormously cheapen production 
and relieve the engineers of our great insurance 
corporations of much anxiety. If these officials 
are unduly pessimistic, British manufacturers may 
be seriously handicapped in their struggle with 
foreign competitors, whilst, on the other hand, 
the ultimate outcome of an over-sanguine view as 
to the reliability of fusion welding may be loss of 
life and much material damage. 

As matters stand in some Continental countries, 
welded pressure vessels are being produced and 
installed which would not be accepted in this 
country for the purpose for which they are designed. 
Heavy welded drums with walls 3} in. thick can 
be produced at about two-thirds the cost of the 
hollow-forged article. By one method of. manu- 
facture, the drum, after the joint is made, is rolled, 
to ensure circularity and clean and smooth surfaces. 
It is then subjected to an hydraulic pressure suffi- 


Complicated as this procedure is, it is 


to have led to a saving of 550.tons in the hull weight 
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15 tons less than the estimated weight of an equiva- 
lent riveted structure. The obvious advantages of 
the welding process has led to the demand that 
British insurance companies should recognise the 
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aim of these rules would seem to be to discourage 
the adoption of fusion welding wherever riveting 
can be used instead, and no provision whatever is 
made for other than non-fired pressure vessels. 

The plan followed has been to assign “rated 
strengths” to the different types of welded joints. 
In no instance is this “rated” strength to be 
taken as more than one half the strength as deter- 
mined by actual test of reasonably well-made 
joints. Factors of safety are to be based on this 
rated strength and not on the test figures, and these 
factors must not be less than 4 as a minimum. 
Some forms of joint are absolutely prohibited. 
Of these, sketches are given, as also illustrations 
of acceptable forms. Filleted joints will be accepted 
only for circumferential seams, and for. relatively 
thin plates. All longitudinal joints must be made 
with butt welds. The company consider that high 
tensile strength is not a virtue in the welded joint of 
a pressure vessel made of boiler quality steel, and, 
indeed, objection is taken to one weld on this account 
although it has good ductility. Further explana- 
tion of the objection in this particular instance 
would seem called for. Both hard and soft steels 
have practically identical values of Young’s modulus, 
and there is thus no concentration of stress on 
the harder material so long as the elastic limit 
of the milder adjoining plate be not exceeded. 

The danger with hard materials is possible brittle- . 
ness. Flaws and cracks in the weld are necessarily 
accompanied by heavy local stresses which, in non- 
ductile material, may. have serious results. If, 
however, ductility is assured, it is difficult to see 
why strength should be regarded as an evil. per se. 
With all butt welds, the wedge filled. in with the 
fused metal should, it is held, have an angle of not 
less than 90 deg. Welders are inclined to favour 
smaller angles in order to economise electrode metal, 
but this. practice is condemned in the report. No 
confidence is placed in the reinforcement of the butt 
weld by a single cover strap welded over it, since 
this prevents examination of the butt joint and intro- 
duces bending stresses. With double cover straps 
bending is eliminated, but as neither side of the butt 
weld can be inspected, the company are not prepared 
to credit it with any strength. 

On the. other hand, the méthod of reinforcing butt 
welds due to Mr. Hoehn, of the Swiss Steam Users’ 
Association, is regarded as highly effective, and a butt 
joint thus treated may, it is stated, be credited 
with as much’ as 90 per cent. of the strength of the 
solid plate of the shell. This figure is the “ rated- 
strength,” and in practice a seam thus reinforced 





The replacement of riveting by welding is said 


will generally prove very much stronger than the 
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unpierced plating. This system of reinforcement 
has been used in Switzerland for boilers as well as 
for unfired pressure vessels. Mr. Hoehn places his 
reinforcing straps across the weld and fillet welds 
them to the shell. The butt joint between consecu- 
tive reinforcing straps is thus open to inspection, 
and extra metal may be deposited here on top of the 
joint. A longitudinal reinforcing strap may be 
torn off bodily from end to end of a joint by the 
extension of a crack, but should a crack occur in 
the weld of one of these transverse straps, only the 
individual immediately concerned is affected, so 
that the joint taken as a whole is very little weakened. 

Although welded butt joints are credited under 
the provisional rules of the company with only 
one half their test strength, some of the specimens 
tested proved to have not only high tensile strength 
and good Izod figures, but also gave excellent 
figures in the Arnold repeated bend test, which there 
is reason to regard as giving a very good indication 
of the practical value of any structural material. 
The Wohler test taken per se is not wholly satisfac- 
tory in this regard, since in certain forms of it, 
phosphoric steels known to be unreliable in service 
make quite a good showing. In the Arnold test, the 
specimen is bent backwards and forwards by a 
definite amount until it fractures. The machine 
used for this purpose in the tests described in the 
report under discussion was lent by the Quasi-Arc 
Company. The weld being gripped in a vice, the 
free end of the specimen, which had an effective 
length of 5} in., was deflected, first to one side and 
then to the other through -in. until it broke. 
Control specimens of mild steel, tested in their 
condition as received, broke after 7,000 to 8,000 
reversals of stress. Welds made by the carbon 
arc process showed up very badly in this test, 
failure occurring with, in one case, as few as 283 
alternations, and the highest figure recorded was 
1,407. Metallic arc welds made with bare wire 
electrodes or even with lightly washed electrodes 
proved no better, but excellent figures were obtained 
when the weld was made with wound and protected 
electrodes of special composition. In one case, the 
average figure recorded was higher than that for the 
control specimens. The superiority of these special 
electrodes was also marked in the quenching and 
bend tests made. In general, the acetylene welds 
proved better in these latter tests than arc welds, 
save when the latter were made with electrodes 
containing special deoxidising constituents. 

This conclusion was confirmed by micrographic 
examination of the deposited metal. With a good 
operator and correctly adjusted blowpipe, the average 
acetylene weld proved freer from both blowholes and 
inclusions than the average metallic arc weld made 
with correctly adjusted current and by a good 
operator. There is, however, a danger, with the 
acetylene process, of overheating the plate, with 
consequent internal strains, and all good welds 
appear to be improved if subsequently normalised. 

The report points out that though the deposited 
metal in fusion welds is primarily nothing more than 
a casting, yet even when no mechanical work is 
done on it, the metal in a good weld shows superior 
toughness and small yrain size. This is attributed 
to the rapidity with which it is cooled, owing to the 
high conductivity of the adjoining plate. An 
appreciable carbon content in the deposited metal 
is of value, since it affords a guarantee that the weld 
has not been seriously oxidised. Some special 
electrodes, therefore, make provision for supplying 
carbon to the fused metal. 

Carbon are welds are stated to lack ductility even 
when the specimens tested contains no excess 
carbon and has little tensile strength. The over- 
heating is just as great as with the acetylene flame 
and the weld is as prone to atmospheric contamina- 
tion as when made with a bare wire electrode. 
Certain special electrodes yield joints very free 
from this latter defect. These are coated with a 
material which melts and forms a slag which covers 
the deposited metal and protects it from the atmos- 
phere. It is recommended that electrode metal 
should contain not more than 0-03 per cent. of 
phosphorus, nor more than 0-05 per cent. of 
sulphur, whilst the manganese content should not be 
less than } per cent. as a minimum, a still higher 





proportion of this element being regarded as very | 


desirable. The coating should be such that the 


slag formed has a coefficient of contraction less than 
that of steel, as this facilitates its separation from 
the molten metal. 

Two explosions of welded air receivers are dis- 
cussed in the report, but in each case the accident 
was due to the vessel becoming charged with an 
explosive mixture, which ignited and generated 
pressures far in excess of the normal. The welds 
appear to have stood up well, and this was also the 
case in a series of experiments in which welded 
receivers were burst by hydraulic pressure. In 
view of these results it is perhaps disappointing that 
the company are as yet indisposed to credit welds 
with a larger fraction of the strength shown in 
average tests. It must be admitted however, that, 
a good average, as Mark Twain once remarked, 
may be but a mild virtue, and a single bad weld 
may prove as ruinous as a single defective link in 
a length of chain. 








THE NORWEGIAN MARKET. 


To Englishmen who have the opportunity of 
visiting it, Norway is a valued source of physical 
and esthetic enjoyment. The country’s chief 
imports, however, do not consist of tourists and 
fishermen, nor its chief exports of the works of 
Ibsen. It has a territory about ten times that of 
Holland with less than half the population of that 
country, and nearly a third of its area is described 
as productive land. Norwegians are notable for their 
energy and capacity, and in spite of the fact that 
two-thirds of the population is rural, it has a 
remarkably high level of education. With great 
natural resources in its ‘water power, minerals 
and fisheries, the development of the first two, 
though very far from complete, has attracted 
considerable foreign as well as native capital. 
Financially, a sound position has: been maintained, 
and though some strain has been felt through the 
rapid rise of its currency since 1925, it has now 
reintroduced the gold standard at the pre-war rate, 
and maintains it at just on par with very little 
fluctuation. 

In the report on economic conditions in Norway in 
1927 and 1928 by Mr. C, L. Paus, the Commercial 
Secretary to H.M. Legation at Oslo, which has just 
been issued by the Department of Overseas Trade 
(H.M. Stationery Office. 2s. net), it is shown that in 
the two years under review there was little change in 
foreign trade. Imports increased from ' ‘about 
54,000,000/. in 1927 to about 56,000;0002. in 1928, 
and in each year exports were about 38,000,0007. The 
gross earnings from shipping, which were about 2 or 
3 per cent. lower in the later year, amounted to 
something less than two-thirds of the value of the 
exports, and of this amount it is estimated that 
rather under one-half, or say about 11;000,0002., 
returned to Norway, and consequently formed part 
of the invisible exports. How substantial a’ part the 
shipping earnings formed of the total income of the 
country may be seen by comparison with the produce 
of its fisheries and whaling industry, each of which 
brings in between 3,000,000/. and something under 
5,000,0007. per year, not including the sealing 
industry, for which figures are not given. " 

The chief exports consist of timber, wood-pulp, 
paper and manufactures thereof, the total figures of 
which are not given, but in 1927 the total shipped 
to Great Britain, Germany and the United States 
had a value of something over 7,000,0007. Agri- 
cultural products appear to be of considerably less 
importance in the export trade, and are doubtless 
largely consumed at home. In connection with the 
commercial development of the country generally 
it is to be observed, however, that its total mileage 
of railways is only about the same as that of 
Holland, and of these only about 5 per cent. have 
been electrified. Even this mileage does not appear 
to be intensively worked. Assuming that it con- 
sisted wholly of single track, the coal burnt annually 
in its locomotives is only between a fourth and a fifth 
of what is burnt per mile of British tracks, and 
although there is a considerable and increasing motor 
traffic, which, as in this country, is making railway 
operation difficult, the total.number of registered 
commercial, motor-vehicles, iticluding omnibusées, fs 
only about 13,000. -“The coastwise water traffic is 





doubtless sufficiently provided for, and where it is 
applicable, may furnish a cheap and ready means of 
communication. It seems clear, however, that for the 
full development of any important resources in the in- 
terior considerable extension of the transport facilities 
will be necessary. There are signs that the Govern- 
ment is beginning to give attention to encouraging 
and facilitating motor traffic. It is, for instance, 
for the first time spending from 30,0001. to 40,0001. 
per year on the control of motor cars, and though 
no plans have been laid down for the construction 
of special through roads for motor traffic, efforts 
continue to be made to improve old roads by 
straightening out curves, widening the track, im- 
proving the surfaces, and maintaining a better 
state of repair. Tentative experiments, not 
apparently on any great scale, are also being made 
to determine the types of surface most suitable to 
various classes of traffic. 

For the time being the outlook for the immediate 


-| future of Norwegian trade is said to be improving, 


without as yet being brilliant, but as much as 
this cannot be said for the British share of it, and, 
in particular, for that of the engineering trade. In 
the coal trade, indeed, the effect of the strike in 
this country of 1926 is a sufficient explanation, and 
is a good illustration of how much easier it is to 
admit a competitor into a market than to get rid 
of him. In the year between the mid-summers 
of 1926 and 1927, the British supplies of coal to 
Norway had already dropped to less than half its 
total consumption, but in the following year, with 
the supplies from Spitzbergen doubled, and those 
from Poland increased tenfold, the imports from the 
United Kingdom had practically disappeared. 

In manufactured goods other reasons are as- 
signed as the cause for the small proportion 
of business coming to British manufacturers. In 
substance they amount to the familiar complaints 
that prices are too high, and that too little attention 
is given to the requirements of the market, although 
on equal terms there is some inclination to give 
preference to British makers. In the year under 
notice, for instance, increased activity by Norwegian 
nitraté works and in the shipbuilding industry 
led to a number of orders being placed for engi- 
neering goods, including a moderate demand for 
medium-class machine tools and small tools. It 
is said, however, that the British share of these 
orders was only small, as the prices were too high 
and the models often considered old-fashioned. 
How far these complaints are justified, and how far 
it is possible and worth while to meet them, cannot 
well be said from the material given in this report, 
but evidently the question will have to be 
considered if British engineering manufacturers 
desire to secure a satisfactory position on the 
Norwegian market. The situation disclosed by the 
report seems to point to the probability of an 
increased demand when the measures necessary 
for developing the natural resources of the country 
are taken to an adequate extent. In the circum- 
stances of the country, to some of the more important 
of which we have drawn attention, it seems to be 
only a question of time before such measures will 
be taken, and firms who may wish to be in the run- 
ning for the consequent business would be wise to 
look into the matter before it actually comes along 
and is snapped up by organisations already 
established. 








THE INSTITUTE OF METALS. 


THE autumn meeting of the Institute of Metals, 
which was held in Diisseldorf this week from Monday, 
September 9, to Thursday, September 12, should 
lead to a closer connection between the metallurgists 
of England and Germany than already exists. 
This connection should be strengthened by the fact, 
designed perhaps rather than fortuitous, that there 
was no break in the calendar between the meetings 
of the Verein Deutscher Eisengiessereien, Giessere!- 
verband and of the Deutsche Gesellschaft] fiir 
Metallkunde, which were held in the same town on 
Friday, September 6, and on Saturday and Sunday, 
September 7 and 8, respectively. A further link 
of the strongest kind must also have been forged by 
the lecture on “ Physics and Metallurgy,” which 
‘was-delivered by Dr. W. Rosenhain, F.R.S., Presi- 
dent of the Institute of Metals: This lecture formed 
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the principal item in the programme of the second 
of the German associations we have mentioned. 


Puysics aND METALLURGY. 


Dr. Rosenhain pointed out that progress in 
metallurgy and in physics was taking place on 
diverging lines. Modern physics was the physics 
of the atom. So much so, in fact, that some 
physicists regarded investigations into the properties 
of materials as unnecessary, since these could now 
be determined mathematically with the help of 
atmonic science. In the near future, however, it 
would still be impossible to solve many of the 
scientific and practical problems of metallurgy in 
this way. There was, therefore, plenty of justi- 
fication for metallurgical science, especially as it 
gave the physicist a means of testing his theories, 
and provided him with material for his researches 
and measurements. In dealing with the structure 
of the atom, a ‘“‘ no-man’s land ” would be found, 
which was of equal interest to both physicists and 
metallurgists. Our knowledge of this field had 
been greatly extended by the methods of crystal 
analysis, so that the properties of an alloy could now 
be deduced from the configuration of its structure. 


Founpry TRADE EXHIBITION. 


The main body of visitors arrived in Diisseldorf 
at midday on Monday, and assembled early in the 
afternoon for an inspection of the Foundry Trades 
Exhibition under the guidance of Dr.-Ing. Nipper 
and Dr.-Ing. Geilenkirchen. This exhibition, which 
is held every four years, has been organised with the 
idea of showing how economy can be secured in 
foundry operations. It is divided into two parts, 
comprising educational and trade sections, respec- 
tively. The former, which has been arranged by a 
committee of foundry superintendents, is designed 
to show how costs can be reduced by contrasting 
out-of-date and modern methods of foundry practice. 


It covers economics proper, plant, moulding, metal-, 


lurgy and testing. The most interesting exhibits 
were two model foundries, showing the application 
of new and old methods of operation. 


AutuMN LECTURE. 


At 5 p.m. members assembled in the Aula of the 
Lessing Oberrealschule, when the Eighth Autumn 
Lecture on “ Aluminium and its Alloys’ was 
delivered by Dr. A. C. C. Gwyer. Introducing 
the lecturer, the President (Dr. Rosenhain) wel- 
comed the Germans present, who, in fact, formed 
‘the greater part of the audience, and explained the 
object of the Autumn Lectures, which, he added, it 
was the custom to have delivered in the language of 
the country when the meetings were held abroad. 
He then called on Dr. Gwyer, who therefore 
delivered his lecture in German. 


ALUMINIUM AND ITS ALLOYS. 


Dr. Gwyer, stated that the subject-matter of his 
discourse was not, perhaps, quite of such a general 
character as the title, “‘ Aluminium and its Alloys,” 
implied. He proposed to confine himself to giving 
a brief account of some of the more important work, 
carried out during recent years, upon aluminium and 
aluminium alloys. 

Aluminium, in common with many other metals, 
possessed a strong tendency to absorb various gases. 
When particularly sound metal was required, there- 
fore, it might be necessary to observe more than the 
ordinary precautions of good melting practice and 
definitely to de-gas it, which could be done in various 
ways. Archbutt, who had investigated this subject 
very thoroughly and successfully, had come to the 
conclusion that it would be best to allow the molten 
metal to solidify extremely slowly in the crucible, 
and, after it had become perfectly solid, to re- 
melt it carefully and raise the temperature no higher 
than was absolutely necessary. His method had 
now been well tried out, and was followed by many 
founders. Archbuté had also found that the 
alloying metals, rather than the aluminium, were 
sometimes at fault, and that it often sufficed to 
de-gas the so-called “ hardener” alloys only. He 
himself had had considerable experience of this 
method, and had found that a modification, which 
had advantages in special cases, was to de-gas by 
casting the metal into block form in hot and well- 
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dried sand moulds, provided with a suitable lid, 
also of hot and well-dried sand. The resultant 
blocks could subsequently be stored until required 
for re-melting. There were various other methods 
of degasification, such, for example, as that involving 
the bubbling of nitrogen or other inert gas through 
the molten metal, which process had been first 
suggested by Rosenhain. Again, Tullis had found 
that the passage of an active gas, such as chlorine, 
had proved very effective. 

Another direction in which considerable advance 
had been made was in connection with our knowledge 
of the corrosion of metals in general, and, in particu- 
lar, of methods of protection against corrosion in 
aluminium. What was still wanted, however, was 
a satisfactory method or methods for measuring 
the extent of corrosion, as such comparatively simple 
methods as the “ loss in weight,” or “ loss in tensile 
strength ’’ methods had been of little real service, 
because they failed to distinguish between general 
and local corrosion or pitting. It was much to be 
hoped that the valuable researches of Bengough 
upon zinc would be extended to aluminium, as they 
were of a highly fundamental character. Bengough 
and his colleagues had devised an ingenious and 
special form of apparatus in which the corrosion 
was allowed to proceed under accurately controlled 
conditions, so that the quantity of oxygen absorbed 
could be determined quantitatively. The possi- 
bility of alloying aluminium with some element, in 
order to raise the resistance to corrosion, had been 
and was being also actively investigated. For 
example, in Germany, the addition of antimony in 
comparatively small amounts, had been found to 
give rise to a highly protective film, which was 
rapidly re-formed after abrasion, The modern high- 
silicon alloys were also good from the standpoint of 
corrosion. 

Proceeding to the consideration of the constitu- 
tion of some of the more important aluminium 
alloys, Dr. Gwyer remarked that the greater pro- 
portion of these would be found to be covered by 
the following broad classification, namely, alloys 
with copper; alloys with copper and zinc; and 
alloys with silicon, both without and with copper. 
The last group, the silicon alloys, constituted the 
only really radical novelty of the last decade. 
All the earlier work had been chiefly concerned 
with the determination of the constitution under 
conditions of more or less complete equilibrium, 
and rightly so, as this must form the basis of all 
constitutional studies. Practical experience, how- 
ever, had driven every worker in this field to the 
conclusion that, neither in the cast nor in the wrought 
state, was aluminium or its alloys ever, if indeed at 
all, in a state of structural equilibrium. It followed, 
therefore, that in order to acquire a full and com- 
plete knowledge of the constitution, both metas- 
table and stable conditions of equilibrium must be 
studied. 

Commercial aluminium always contained more or 
less silicon and iron, and the stable and metastable 
relationships were moderately complex. In addi- 
tion to free FeAl; and free and dissolved silicon, 
there might also be present two solid solutions, 
known respectively as X and £, and each con- 
taining aluminium, silicon, and iron. The con- 
stituent X had been shown by Rosenhain and his 
co-workers to be a stable reaction product, whilst the 
work of his own colleagues had shown that §, 
when found in commercial aluminium, was a 
metastable body, although in certain regions of 
the ternary system, much richer in silicon and iron, 
it could become fully stable. In material containing 
0-25 per cent. silicon and 0-75 per cent. iron, the 
constituents present were FeAl; and the solid 
solution 6. If the content of iron were decreased 
and that of the silicon increased, the structure of 
an alloy containing 0-75 per cent. silicon and 0-50 
per cent. iron, for example, showed that B replaced 
FeAl, as the binary separation. At a lower tem- 
perature, 8 reacted with the liquid present to form 
the stable constituent X. 

Various theories had been advanced to account 
for the changes brought about in aluminium-silicon 
alloys by modification. His colleague, Mr. Phillips, 
and himself were of the opinion that the whole 
phenomena could best be explained upon the 





assumption that the silicon and aluminium particles, 


at some stage during the cooling to solidification, 
assumed colloidal dimensions, and that the modify- 
ing agent functioned as a colloid protector. What- 
ever the truth might ultimately be found to be, it 
was worth while to point out, in passing, that 
the principle involved in modification was by no 
means restricted in its application to aluminium- 
silicon alloys. Thus, it had been found that lead- 
antimony alloys were capable of modification, and 
that the structural changes effected were very 
closely similar to those observed with the aluminium- 
silicon alloys. 

The heat-treatment of aluminium alloys consti- 
tuted one of the most important and far-reaching 
developments in the whole history of aluminium- 
alloy metallurgy. It was not, however, until 1919, 
that the first theory of age-hardening had been put 
forward. In that year, Merica and his colleagues 
suggested that the ageing of Duralumin was due 
to the precipitation of ultra-microscopic particles 
of CuAl,, from super-saturated solid solution in 
the aluminium. The theory became widely 
accepted, but the statement that it was the 
CuAl, which was responsible, was criticised. Hanson 
and Gayler, for example, found that the amount of 
hardening in the case of aluminium-copper alloys 
was much less than in that of Duralumin, and 
indeed was almost negligible at room temperature. 
They showed further that aluminium and the 
compound Mg.Si formed a eutectiferous pseudo- 
binary system, in which the solid solubility of 
Mg,Si was considerably greater near the eutectic 
temperature than at room temperature. It {vould 
thus appear that ageing at room temperature was 
connected with the re-precipitation of Mg,Si, whilst 
ageing at high temperatures was connected with the 
separation of CuAl,. The problem could not yet 
be regarded as finally settled, however, because 
in a recent paper by Archer, an account had been 
given of Duralumin prepared from very high- 
purity and practically silicon-free aluminium, and 
it had been shown that age-hardening still occurred, 
and to as great an extent as when the alloy was 
made up from ordinary aluminium containing 
appreciable silicon. Archer’s opinion was that the 
presence of magnesium lowered the temperature of 
deposition of the CuAl,, thus confirming Merica’s 
contention that CuAl, was the hardening con- 
stituent. 

Age-hardening had now been shown to be of 
very general occurrence, and to be capable of wide 
application commercially. Among the wrought 
alloys, Duralumin took the first place, and its 
heat treatment consisted in heating to 480 deg. 
+ 10 deg. C., and immediately quenching in water, 
the final properties being reached after allowing 
to age for at least four days at room temperature. 
In Germany, especially since 1924, considerable 
attention had been given to the alloys of aluminium 
with copper and silicon, and one in particular 
had been developed by the Vereinigte Aluminium- 
Werk under the title Lautal. This alloy contained 
4 per cent. of copper and 2 per cent. of silicon. 
According to Fuss and Bohner, the heat treatment 
consisted in annealing at from 480 deg. to 500 deg. C., 
and quenching, but as the alloy did not age 
spontaneously at ordinary temperatures, it was 
given a prolonged low-temperature anneal at 
120 deg. after the quenching. The properties 
of Lautal were very similar to those of Duralumin. 

Very few of the alloys which were heat-treated 
contained zinc, and therefore the introduction of 
the alloy now known as Constructal 8 was of 
interest, as it was an aluminium alloy with 
magnesium and zinc, which owed its age-hardening 
properties to the compound MgZn,. One of the 
most important developments in the application 
of precipitation heat treatment was that which was 
typified by the alloys Aldrey and Almelec, 
which were coming into use for electric transmission 
work. Zeerleder and Bosshard had published a very 
full account of the alloy Aldrey, which contained 
approximately 0-4 per cent. of magnesium, from 
0-5 per cent. to 0-6 per cent. of silicon, and 
0-3 per cent. of iron. Wires, for example, were 
heat treated during the drawing process by 
annealing at 570 deg. C., quenching, and ageing 
between 140 deg. and 180 deg. for a prolonged 





period. As compared with pure aluminium, these 
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alloys possessed electrical conductivity qualities of 
80 per cent., and approximately twice its tensile 
strength. 

The application of the methods of X-ray specto- 
graphy to aluminium, although dating only from 
1917, when Hull showed that the metal possessed 
a face-centred type of cubic lattice, had been of 
very great value practically as well as theoretically, 
and much more was to be expected from them in 
the future. As regards the pure metal, recent 
investigations had been concerned with the 
mechanism of deformation and with the develop- 
ment of preferred orientation by the cast, worked, 
and annealed crystals. In the case of aluminium 
alloys, attention had been directed to the change of 
lattice parameter in the solid solubility ranges, 
and to the crystal structure of the intermediate 
constituents. 

A vote of thanks to the lecturer was proposed by 
the President and seconded by Dr.-Ing. Max Haas, 
who is acting as local secretary for the Diisseldorf 
meeting. 

OPENING PROCEEDINGS. 


The formal proceedings opened on Tuesday 
morning, September 10, when a meeting was held in 
the hall of the Eisenhiittenhaus. This hall, which 
was placed at the disposal of the Institute of Metals 
by the Verein Deutscher Eisenhiittenleute, forms 
part of an exceedingly handsome building and is 
admirably equipped for the purpose of scientific 
gatherings. The majority of the audience in the 
main lecture hall is provided with desks, and there are 
complete arrangements for ensuring the adequate 
display of slides and for darkening of the room by 
electrically-operated shutters. 

The President, Dr. W. Rosenhain, first called 
on Professor R. Bauer, the President of the 
Deutscher Gesellschaft fiir Metallkunde, who wel- 
comed the members of the Institute of Metals to 
Diisseldorf. This meeting, he said, was an expres- 
sion of the mutual wish of the two societies to become 
better acquainted. From their inception they had 
been connected by the similarity of their aims, and the 
German body had in many ways taken the English 
as its model. In particular, it had watched with 
interest the development of the Journal. He hoped 
that this visit would be profitable from the scientific 
and pleasurable from the social points of view. 

Mr. Keith Jopson, Acting British Consul at 
Cologne, who attended on behalf of H.B.M. 
Ambassador in Berlin, also welcomed the members. 
He said that since the war they had realised that 
no one nation could achieve prosperity at the ex- 
pense of others, but that the prosperity of one was 
irrevocably bound up with the experience of all. 

The President then announced that Professor 
Tammam of Géttingen had been elected an honorary 
member, and addressed a few words of welcome 
to him in German. 

Professor Tammam, who also spoke in German, 
expressed his thanks for the high honour that had 
been conferred upon him, and briefly reviewed the 
work that had been done in the field of metallurgy 
during the last fifty years. One of the results 
of this development was that an enormous literature 
had grown up. He emphasised the need for as 
close a personal contact as possible between all 
ranks of metallurgists, and the encouragement of 
team work. 

METHODS OF RESEARCH. 

The President then gave a summary of his paper 
on * Some Methods of Research in Physical Metal- 
lurgy,”” which we commence to reprint in abridged 
form on page 359 of this issue. He next called on 
Dr. G. Masing to present his paper on ‘ Methods of 
Research in Metallography.”’ This paper we hope 
to reproduce in a future issue, so that it need 
only be stated that, in it, the author discussed 
the fundamental principles underlying the methods 
of research employed in investigations on the con- 
stitution of alloys, and showed that the researches 
must be based on the well-established thermody- 
namical laws of heterogeneous equilibria. Experi- 
mental methods needed, however, to be improved, 
especially with a view to securing a means of obtain- 
ing equilibrium in an alloy. The importance of 
using precise physical methods, in order to make 
further advances in our knowledge of plastic defor- 
mation, was emphasised. 





A joint discussion on both these papers was opened 


by Professor D. Hanson, who pointed out that 
the two communications were written from different 
standpoints. He had seen at close quarters the 
developments which Dr. Rosenhain had described, 
and could confirm that the methods employed had 
led to results, which would not otherwise have been 
possible. Dr. Masing’s paper was particularly 
interesting, owing to the way in which he had dealt 
with the problem of constitution. It was often 
the case if the results of experiments agreed with the 
phase rule then the latter was adopted; if they 
did not, then it was disregarded. His own experi- 
ence, however, was that whenever experimental 
results did not fit in with a diagram based on the 
phase rule then either the experiment, the material 
or the experimenter was at fault. He was very 
glad, therefore, that Dr. Masing had emphasised this 
point. The greatest difficulties in investigating the 
constitution of alloys were experimental. Both 
thermal and physical methods had their place, 
the former showing advantages when the metal was 
solidifying and at high temperatures, while the latter 
was more hopeful when changes in the solid state 
at low temperatures had to be considered. Finality 
on this question would, however, only be reached 
as our methods became more refined. He wished 
also to put in a word for the microscope. 

Professor Dr. W. Guertler said that thermal 
analysis was not successful if the reaction only took 
place very slowly. The rate of change of conduc- 
tivity did not depend on the size of the test piece, 
and the latter could therefore be disregarded if the 
curve of the former, which was of the same shape 
as the conductivity curve itself, were used. 

Sir Henry Fowler pointed out that all engineers 
were concerned with the problem of plastic deforma- 
tion and with what took place when that condition 
existed. He hoped that Dr. Masing’s work on the 
subject would have excellent results from the 
commercial point of view. 

Professor T. Turner remarked that the questions 
under consideration fell into two categories, the 
physical and the metallurgical. In the first, great 
accuracy was necessary, and definite laws existed 
by which the results obtained must be interpreted. 
These methods formed the basis of theory, but as 
Dr. Masing had aptly pointed out, there was a 
good deal of ignorance on the purely metallurgical 
side. In practice, many alloys were never in equili- 
brium, and their constitution differed from that given 
by an equilibrium diagram. To make some deduc- 
tion from such a diagram would, therefore, be to 
fall into error. What was wanted was information 
regarding the constitution of alloys as manufactured 
and used. 

Professor F. C. Thompson, while congratulating 
the President on his dilatometer, drew attention 
to the use of Coker’s polarised light apparatus in 
investigating plastic deformation in wire drawing 
operations. The difficulty was that only two 
dimensional results were thereby obtained. He was 
proposing, however, to employ the method for deter- 
mining the stresses generated in an extrusion press. 
Work on materials in equilibrium was fundamental, 
but required a large and skilled staff like that at 
the National Physical Laboratory. The examina- 
tion of the constitution of metals as the engineer 
used them was, however, equally important and 
required less technical skill. This work should be 
tackled, using Gulliver’s extraordinarily valuable 
mathematical investigations as a basis. 

The President said he was interested in the 
importance which Dr. Masing attached to the 
phase rule. It would be unwise to exalt the second 
law of thermodynamics to a principle of science. 
The one test of its value was its truth, and in metal- 
lurgy it had often been shown to be untrue, while 
its very existence had been challenged. It was 
unjustifiable to say that anything that disagreed 
with the phase rule was wrong. He did not agree 
that it was easier to investigate an alloy which was 
not in a state of equilibrium. At any rate, it was 
much more difficult to interpret the results obtained. 
The variation from equilibrium and the direction of 
that variation must be known. It was only, in 
fact, by starting from equilibrium, and working 
outwards, that anything could be done. It was 
essential that technical methods should be made 





more precise and scientific if the results demanded 
by engineers were to be obtained. 


THE New Council. 

The President then announced the names of 
members nominated for the Council, as follows :— 
President : Dr. R. 8S. Seligman ; Vice-Presidents : Mr. 
W. R. Barclay, Dr. R. S. Hutton, and Engineer 
Vice-Admiral R. W. Skelton ; Members of Council : 
Messrs. W. Lambert, H. C. Lancaster, A. H. Mundey, 
A. J. G. Smout, F. Tomlinson, and Professor F. C. 
Thompson. He added that, within the last two 
months, 54 new members had been elected, 31 of 
whom, representing 15 countries, were from without 
the British Isles. 


DitatoMETRIC STUDIES. 

A contribution entitled “‘ A Dilatometric Study 
of Some Univariant Two-Phase Reactions” was 
then presented by Messrs. P. A. Chevenard, A. M. 
Portevin, and X. F. Wache. It contained an 
account of an investigation, made with a dilato- 
meter, of the reactions which take place in quenched 
aluminium-copper and aluminium-silicon alloys 
when annealed at various temperatures. In the 
course of the work the laws of precipitation during 
constant temperature annealing and the influence 
of temperature on the speed of precipitation were 
studied, and a hitherto unknown reaction was 
found and partly elucidated. Alloys of iron, nickel, 
and copper were also investigated by the same means, 
and the boundary of the two-phase field on the 
iron side was determined. The results, in the 
authors’ opinion, were a further proof of the value 
of a method which was sensitive, sure, and accurate. 

This communication was followed by a paper on 
‘An Improved Differential Dilatometer,” by 
Dr.-Ing. Max Haas and Dr.-Ing. Denzo Uno. This 
dealt with improvements which had been made in 
Chevenard’s dilatometer and will be re-printed in a 
later issue. 

In opening the joint discussion on these two 
papers, Dr. Marie Gayler said that, with Mr. Preston, 
she had recently shown that an increase in elec- 
trical conductivity resulted from a lattice dis- 
tortion due to the process of precipitation in its 
initial stages. They could not agree with M. Cheve- 
nard that it definitely indicated the solution of the 
CuAl,. As regards change of length at constant 
temperature after hyper-quenching, the alloy was 
in a truly supersaturated state at the beginning of 
the cycle and the effect of heating it up to 300 deg. C. 
would be to age-harden it, though the hardening 
would not have reached a maximum value. The 
result would be that the resistance would increase 
for a time owing to the lattice distortion, and, on 
cooling down, the alloy would be still age-hardening, 
not softening, so that further contraction might be 
expected. If the alloy was heated again, it was no 
longer in a hyper-saturated state, so that the next 
heating cycle would further this age-hardening. 
The authors’ results were in good agreement with 
those obtained at the National Physical Laboratory. 

Professor Turner recalled the work which had been 
done on this subject during the past fifty years and 
expressed his pleasure in the improvement in the 
methods of research which had been effected. 

Professor C. H. Desch said that the advance in 
dilatometric methods of measurement were of equal 
value in the ferrous as in the non-ferrous fields. 
The method might be rendered still more useful by 
employing the charge in the capacity of a con- 
denser, as described by Mr. Lloyd in the Journal of 
Scientific Instruments. A method of determining 
the change in volume during temperature changes, 
had been devised by Smith, and had been made use 
of with extremely accurate results, over wide ranges 
of temperature, by Professor Cohen, of Amsterdam. 

The President said that the thermal method was 
advantageous in studying alloys at the moment of 
first cooling down. Dr. Horton had succeeded in 
making conductivity measurements on copper-gold 
alloys on first solidification. Work should be done 
to place these methods, as regards accuracy, on the 
same basis as those depending on dilatometry 
and X-rays. 

CoRROSION OF COPPER. 

A paper on “ The Open Air Corrosion of Copper ; 
A Chemical Study of the Surface Patina” w2* 
then presented by Dr. W. H. J. Vernon and 
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Mr. L. Whitby. This contained the results of a study 


of the patina on copper after its prolonged exposure 
to the open air in urban, rural and coastal districts, 
respectively. It appeared that, providing the 
exposure was sufficiently long, the surface was in 
each case characterised by a green patina given the 
absence of certain prejudicial circumstances. Fre- 
quently the metal passed through a preliminary 
black stage, the persistence of which was favoured 
by the presence of lead and by shielding from wind 
and rain. In general the green patina consisted of 
basic copper sulphate, though in marine atmospheres 
basic copper chloride predominated. Basic copper 
carbonate was only present to a minor extent, even 
in rural districts. Sulphur compounds, derived 
from products of combustion, and disseminated 
by the wind, were the most potent agents in 
the development of patina. The underlying metal, 
even after long periods of exposure up to 300 years, 
showed remarkable freedom from pitting. With 
the exception of lead, the impurities usually present 
had no appreciable effect on the composition or 
appearance of the patina. 

The only speaker in the discussion on this paper 
was Mr. U. R. Evans, who pointed out that the 
authors’ analyses showed more sulphate and less 
chloride and carbonate than the statements of 
earlier writers would lead one to expect. Most of 
the older data, however, was based on material 
taken from copper and bronze antiques found 
in the Egyptian desert, where the chief anions were 
Cl’ and CO,”. On the other hand, the authors 
had analysed products scraped from copper roofs 
erected in districts were sulphurous fuels were burnt. 
The differences were not therefore difficult to under- 
stand. The authors had given a quotation from 
his (the speaker’s) book on Corrosion of Metals as 
typical of the statements made by misguided people. 
Taken by itself, however, this quotation gave a view 
quite opposite to that which he was trying to 
emphasise, and if they read the paragraph con- 
taining it again, the authors would find that quali- 
tatively the view put forward seemed similar to 
that advanced quantitatively by them. 

No more time being available, the papers by 
Mr. C. O. Bannister on “ Studies on the Crystallisa- 
tion of Gold from the Liquid State,’ and on “ The 
Creep of 80:20 Nickel-Chromium Alloy at High 
Temperatures,” by Mr. A. Glynne Lobley and Dr. 
C. L. Betts were taken as read. 

In the afternoon, visits were paid to various works 
in the neighbourhood of Diisseldorf, while in the 
evening an entertainment was given by the Ober- 
burgermeister of Diisseldorf (Dr. Lehr) at the 
Park Hotel. 

(T'o be continued.) 








THE IRON AND STEEL INSTITUTE. 


THE annual autumn meeting of the Iron and Steel 
Institute opened on Tuesday, September 10, in the 
Festival Hall of the North-East Coast Exhibition 
at Newcastle-upon-Tyne, and terminates to-day. 
‘he proceedings on the first day commenced at 
10.15 a.m. A civic welcome to the City was ex- 
tended to members by the Lord Mayor (Councillor 
A. W. Lambert, M.C.). He stated that 52 years 
had elapsed since the Institute had had a meeting 
in Newcastle, and he hoped that the interval 
between the present and next meeting to be held 
in their city would not be of so long duration. 
in thanking the Lord Mayor for his cordial 
welcome, Professor Henry Louis, President of 
the Institute, recalled the fact that the Institute 
had been established 61 years previously by Sir 
Lowthian Bell, and that the first meeting had 
been held at the instigation of the iron manu-' 
facturers of the North-East Coast. The manufac- 
ture of iron in this district went back at least 17 
centuries, and the development of the industry 
hed been continuous throughout that period. The 
North-East Coast Exhibition was evidence of the 
Vitality of the Tyne-side industries. Professor 
Louis then declared the meeting open, but before 
proceeding to the reading and discussions of papers, 
he said that an amendment to bye-law No. 10 had 
been proposed. At -present, this read, “The 
president shall be elected for one year.” What) 
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and substitute the words ‘two years.” This 
amendment would be placed before, and discussed 
at, the next May meetings of the Institute. 


DamprnG Down Buast FuRNACEs. 

The first paper considered by the meeting was 
entitled, “‘Notes on the Damping Down and 
Restarting of Blast Furnaces,” by Mr. C. S. Gill, 
who read it in abstract. The contribution will be 
found on page 364 of our present issue. 

The first speaker in the discussion, Mr. George 
Ritchie, said that, while Mr. Gill had given the 
meeting excellent advice in regard to the damping 
down of furnaces, he, himself, thought that it was 
more economical to blow out a furnace when a 
stand of any duration had to be faced. However 
carefully the damping down had been conducted, 
he had found that the blowing in of such a furnace 
was more costly, and gave more trouble, than the 
complete restarting of the furnace. Furthermore, 
the problem of damping down furnaces was often 
increased by the fact that it was difficult to make 
them airtight. The next speaker, Mr. Guy Barrett, 
said that he was inclined to agree with Mr. Ritchie. 
It really did not pay to damp down a furnace if 
there was sufficient time to blow it out. Again, 
the blowing out of the furnace provided an excellent 
opportunity for the carrying out of small repairs. 
On the other hand, a damped-down furnace had to 
be manipulated with care. He certainly favoured 
blowing out if time were available. If, for instance, 
he knew that a furnace were to be out for six 
weeks, he would blow it out, rake out the material, 
and restart it when the time was ripe. Sir Frederick 
Mills, who spoke next, stated that the present paper 
was the most pathetic the Institute had ever 
listened to. He hoped the time was not far distant 
when it would be possible to run blast furnaces 
continuously. 

In closing the discussion, Professor Louis stated 

that it was more than fifty years since he had had 
anything to do with the damping down of a blast 
furnace. In those days, the great problem was 
to prevent the gas getting back into the ring main 
of the furnace. This was liable to cause explosions, 
and he had known a case of the fracturing of a 
ring main from this cause. As Mr. Gill had not 
mentioned this, he supposed that the matter was 
no longer a problem in modern blast-furnace 
practice. In his reply to the discussion, Mr. Gill 
pointed out that no theories had been advanced in 
the paper. It was merely a record of many years’ 
experience in damping down. He knew that there 
were strong arguments in favour of the blowing 
out and the restarting of furnaces, but he wished to 
emphasise that if a blast-furnaceman could damp 
down his furnace, and have it working perfectly 
normally on the second day after restarting, there 
was much to be said for damping down. __ 
Before passing on to the next paper on the 
agenda, Professor Louis stated that an invitation 
to hold the next autumn meeting in Prague had 
been received from Mr. Sykora, President of the 
Czechoslovakian Society of Engineers. The invita- 
tion had been endorsed by Mr. Eugene Schneider, 
the chairman of Messrs. Schneider et Cie, Le 
Creusot, France. The Council had accepted the 
invitation, and unless unforeseen circumstances 
arose, the meeting would be held in about twelve 
months’ time in Prague. 


WrreE For MINING Ropss. 

The second and last paper dealt with on Tuesday 
morning bore the title ** Notes on Wire for Mining 
Ropes.”” It was by Mr. A. T. Adam, who presented 
it to the meeting. This contribution to the pro- 
ceedings will be found on page 361 of the present 
issue. 

The discussion was opened by Mr. E. A. Atkins, 
who stated that one of the most important factors 
in producing good wire was the quality of the origin- 
al steel. In the United States he had found that 
great attention was paid to the manufacture of steel 
for wire making. He did not imply that such was 
not the case in this country. but he wished to 
emphasise the fundamental importance of paying 
great attention to the original raw material in all 
its stages of manufacture. Mr. Adam had referred 
to a Swedish steel containing about 0-80 per cent. 


and drawn about three light passes to give a tensile 
strength of 95 tons per square inch. He had said 
that in the “ as-drawn”’ condition this wire had 
given a yield point of 65-4 tons per square inch, 
and when in the heat-treated condition, 52 tons per 
square inch. He himself considered that in wire 
of this type there was no real yield point. He 
wished to know, therefore, if the yield points quoted 
were practical values given by the drop in the beam 
of the testing machine. He fully agreed with 
Mr. Adam that lead cooling certainly gave a better 
wire than ordinary air treatment, provided, how- 
ever, that the lead-cooling process was carried 
out with precision. He also agreed with Mr. Adam 
that the greatest use should be made of the carbon 
by lead-quenching. As the author had shown, a 
lead-cooled wire with a lower carbon content gave 
better results than an air-cooled specimen con- 
taining higher carbon. 

Dr. S. L. Roberton agreed with the author’s 
statement that, at the present time, the problems 
connected with rope wire could best be approached 
by a careful consideration of existing facts. The 
Wire Ropes Committee of the Safety in Mines 
Research Board had spent a considerable period in 
collecting data from the examination of re-capping 
samples and failed ropes, and the diversity of ‘the 
effects observed in such material gave support to 
the belief that the time had not yet come when the 
life and usefulness of wire ropes in practice could be 
satisfactorily treated under any comprehensive 
theory. Thus, as Mr. Adam pointed out, it was of 
little value to investigate the fatigue limit for 
hard-drawn rope wire, when it was definitely 
known that ropes in use were subjected to stresses 
which were much in excess of the safe range. In 
this connection it was probable that valuable results 
might accrue from a consideration of the shape of 
the endurance curve above the safe fatigue range. 
This would, to some extent, discount our ignorance 
of the magnitude of the kinetic stresses involved. 

He would like to suggest that the superiority of 
soft wire over hard, when considering the effects of 
wear, was not as evident as Mr. Adam had indicated. 
In a colliery winding rope, soft wires which were 
worn to knife edges were just as dangerous as harder 
wires which might be cracked or split. He had 
observed cases in which a work-hardened layer on 
the surface of a wire had given rise to transverse 
cracking, but longitudinal cracking, which he took 
to be the meaning of the author’s term “ splitting,” 
was much more rare, except when it occurred in 
conjunction with transverse cracking. It might 
be true that a soft wire would wear without the 
incidence of cracking, but it certainly would wear 
more rapidly than a hard wire under the same 
conditions, and thus the net result would be that 
ropes composed of hard or soft wires might give 
approximately the same life. A further considera- 
tion was that a rope composed of soft wire would 
need to be of greater diameter than a rope of the 
same strength but composed of hard wire, and this 
introduced financial considerations with respect to 
the winding machinery. 

The phenomenon of overdrawing had long been 
recognised, but up till the present no satisfactory 
explanation had been forthcoming, and indeed, 
the incidence of over-drawing in the production of 
wire could not be readily detected. Mr. Adam’s 
graphs showed well-marked discontinuities at 
definite points dependent on the carbon content and 
treatment of the rod, and although, at the point 
represented by the break in the curves, the wire 
could hardly be called overdrawn, it obviously 
represented a critical stage in the production of 
wire. With the establishment of such a fact, and 
the acceptance of Mr. Adam’s suggestions that no 
wire should be drawn to a greater degree than that 
represented by the discontinuity, it would be of 
value to ascertain if that critical point could be 
raised to a higher tensile strength by a variation of 
factors such as the speed of drawing and the rate 
of reduction. 

Dr. W. H. Hatfield said that the author had stated 
that in order that no doubt as to the quality of the 
steel should arise, Swedish steel had been employed 
for certain important experiments. He understood 
from this that the author had no doubts regarding 
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pay a compliment to their Swedish friends, several 
of whom were present at the meeting. Further- 
more, Mr, Adam had not stated the process by which 
his steel had been made, neither had he given the 
analysis, nor any particulars regarding it. He 
himself contended that it was not scientific to base 
a whole series of conclusions on a steel of which, 
apparently, only the carbon content was known. He 
challenged the statement that the wire in mining 
ropes was subjected to stresses greater than the 
elastic range. He called for proof of this. In any 
case, ropes should not knowingly be subjected to 
these stresses. The examination by him of many 
ropes which had failed had indicated that failure 
was often due to the method of construction of the 
rope. He had found cases of wires crossing, one 
over the other, in ropes, and well-defined notches 
had thereby been produced in the wires. 

Mr. J. S. G. Primrose stated,that, whilst, in general, 
soft wire wore longer in a rope than hard wire and 
was less liable to develop cracks, such as occurred 
in the latter when a thin martensitic layer had been 
formed by friction, the fact remained that, in order 
to attain the high tensile values often demanded, 
it was safer to employ a higher rather than a lower 
carbon content, if the risk of overdrawing were to be 
avoided. Many people who had had to determine 
whether the cold-working in the wire-drawing 
process had brought the metal into the undesirable 
condition, known as overdrawn, had rediscovered 
the almost universally applicable method advocated 
by the late Dr. McWilliam. This consisted in a 
short immersion of the wire in boiling water. If the 
wire were definitely overdrawn, the torsions dropped 
very remarkably, even if, as often happened, the 
wire in the as-drawn condition gave a satisfactory 
number of twists. When this test was inconclusive, 
another useful method of investigation lay in 
examining the microstructures, which gave a 
measure of the original grain size, and the degree of 
deformation which had produced the fibre length. 
To the latter there was a limit in satisfactory wire. 
He would like to know if Mr. Adam had found that 
better working properties could be obtained from 
a rope in which the wire was completely sorbitic, 
i.e., without any free ferrite or laminated pearlite. 
Further, could this desideratum be achieved with 
a lower carbon content when lead patenting was 
adopted, instead of the more commonly used air 
cooling of the wire as it came from the furnace. 

Fatigue tests of individual wires by either the 
Wohler or Haigh methods did not always give 
values which were of use in computing the life of 
a rope stranded from the wires. The author had, 
however, briefly described a machine which gave 
the ropes under test a reciprocating motion round 
three pulleys, 12 in. in diameter, measured from 
the bottom of the groove. The pulleys are placed 
so as to give the rope reverse bends; the length 
of travel was 4 ft., and the rope passed twice round 
the pulleys for each revolution of the machine. A 
constant tension of 1,500 lb. was maintained on the 
ropes during the test. It would appear that the 
more frequent use of this endurance machine would 
lead to the discovery of values which would be of 
use in guiding the mining engineer in specifying 
and selecting ropes to meet his particular require- 
ments. 

Mr. J. D. Brunton, who spoke next, again em- 
phasised the need for good quality steel for wire 
manufacture, which matter was also referred to by 
a subsequent speaker, Colonel Blackett. The next 
speaker, Mr. A. Hultgren, agreed with Dr. Hatfield 
that a knowledge of the origin of a steel was not a 
sufficient guarantee of its quality. Mr. F. L. 
Booth, who next joined in the discussion, appealed to 
the research workers involved to continue their 
investigations, so that a reliable specification for 
colliery winding ropes might be produced. The 
usual method of testing a rope at a colliery was to 
examine the surface for broken wires. They had, 
however, reached the conclusion that this test was 
unreliable as it often happened that there were 
far more broken wires inside the rope than appeared 
outside. The life of a rope was short; it varied 
between 18 and 21 months. It was, therefore, very 
necessary that ropemakers should do their utmost 
to lengthen the life of winding ropes. : 

In the course of his reply, Mr. A. T. Adam stated 
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that Mr. Atkins had drawn attention to the question | 


of the quality of the steel used in wire manufacture. 
This particular point could not be too strongly 
emphasised and he agreed that it was of vital 
importance. In answer to Dr. Hatfield, the source 
of the steel and full particulars regarding it were 
known and could be included in the paper if they 
were deemed to be of sufficient interest. It was 
a fact that when a manufacturer of wire wished 
to make a high-grade wire he had to go to Sweden 
for his steel. British manufacturers could no doubt 
make this material, but apparently they did not 
consider it worth their while to do so. He agreed 
that the yield point of drawn wire was very indefinite, 
but the yield points, or more correctly the proof- 
loads mentioned by Mr. Atkins, had been obtained. 
The torsion tests were often very puzzling to 
interpret, and he felt that practical tests applied 
by experienced men in the shops possessed advan- 
tages. A practical man, by just feeling a wire and 
snarling it, could give valuable indications regarding 
its properties. A good deal had been said, during 
the discussion, on the subject of soft wire and hard 


wire. He would like to point out that what was | 


suggested in the paper was that hard wire was not 
necessarily the best wire to resist wear. It had 
been said that if a steel in which the carbon was 
too low were employed, it would be necessary to 
increase the size of the rope. This was not neces- 
sarily the case, it was all a question of the factor of 
safety used. 

At this stage of the proceedings the President 
adjourned the meeting until 10 a.m. on the following 
day. 

(To be continued.) 








SOME NOTES ON DAMAGE TO 
SHIPS.* 
By J. L. Apam. 
{Concluded from page 246.) 


Fias. 15 to 24 shows some typical examples of hold 
frame-bracket connections and the troubles usually ex- 
perienced with them. In the case of vertical margins, 
loose rivets are frequently found near the top in both 


bg ego read at the Joint Summer Meeting of the 
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builders and the Institution of Engineers and Shipbuilders 
in Scotland, held at Newcastle-on-Tyne, on July 3, 1929. 
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flanges of the connections, but it does not appear that 
any benefit would arise from fitting a double riveted 
bar, which would not be obtained from a single riveted 
bar, and a short back lug taking two or three rivets at 
the top. When, in extreme cases, the margin plate is 
cracked at the top of the connection, the usual repair 
is to fit a small doubling, ‘or to crop and partly renew 
the margin plate. There is great diversity of opinion 
as to the respective efficiencies of plate and angle 
gusset connections. Plate gussets have certain obvious 
advantages, and, if thick enough, have proved very 
effective. An angle gusset is, no doubt, effective when 
the angle is of sufficient size and thickness ; the dist- 
ance between the first rivet in the frame bracket and 
that through the tank top is kept as small as practic- 
able, and the tank reverse bar is carried as near the 
knuckle as possible. This latter point is one which 
might, with advantage, receive greater consideration 
than it often gets. It goes far also to ensure a satis- 
factory result to have the holes in the gusset angles 
punched small and drilled through in place to the proper 
size, or, alternatively, to drill the holes through the 
tank top and reverse angle from the gusset. At the 
top end, the flange of the bracket floor should be ex- 
tended so as to cross the bulb of the angle or the reverse 
flange of the channel or bulb frame. 

It has proved a difficult problem to make a connec- 
tion to a horizontal margin plate which will be free 
from the irritating and, in some cases, serious minor 
damages which result in spoiled cargo and delayed 
sailing dates. It must always be remembered that it 
is necessary, not only that a ship shall be seaworthy, 
but that it shall fulfil the condition of being “‘ fit to 
carry dry and perishable cargo.” Referring to Figs. 15 
to 24, it will be seen that the damage to such connec- 
tions commonly takes the form of leaky rivets in the 
tank-top flange of the connecting angle, and sometimes 
even of cracked margin plates. In certain cases it may 
even be said that such trouble is inevitable if the con- 
necting angle is single. If the connection is made by 
double angles and a lug is fitted at the back of the 
reverse angle inside the tank, the connection may pos- 
sibly prove satisfactory in service, and this indicates 
the usual method of repair to the single angle form of 
connection. Experience has shown that the best job 
is a T-bar connection, special care being taken in drilling 
through the holes. Primarily, however, the matter is 
one of design. It is certain that unless the floor plate is 
properly stiffened immediately under the point of the 
frame bracket, deflection occurs, and there is con- 
sequent disturbance of the rivets in the tank-top 
connection. Much may also be done by reducing the 
size of the bracket, and, consequently, reducing lever- 
age and movement. This naturally means an increase 
in the depth of the frame and a consequent reduction 
in the amount of deflection, and supports the arguments 
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DAMAGE TO SHIPS IN SERVICE. 






Lugs 


used in connection with the cracks in shell plating. 
The appearance of the large frame and small bracket 
is, at first sight, rather startling, but there is every 
reason to believe that a framing arrangement formed 
of, say, light 15-in. channels in association with 24-in. 
brackets, is better for the ship as a whole, and gives 
better results locally than a 12-in. frame and a 42-in. 
bracket. In both cases it is essential that the distances 
from the top rivet in the double-bottom frame and the 
bottom rivet in the main frame, to the rivet in the 
margin angle should be kept as small as possible. It 
is probable that the rivets at the heel of the main frames 
could be closed up for a matter of 2 ft. or so with great 
advantage, even if it is only to ensure that the bilge 
plate is hard up. 

Slamming damage to the bottom forward is of such 
frequent occurrence and its causes are so obvious that, 
on first consideration, it would almost seem that ex- 
pression has already been given to all that can be said 
about it. In vessels of full form it is difficult, if not 
impossible, to build a structure that cannot be damaged 
in service, if there is sufficient power to drive the ship 
fast enough and the captain uses it. Good modern 
practice in fore-end stiffening is sufficiently effective 
for careful handling, but the tendency to increase the 
power of cargo ships and of masters to drive them 
harder suggests the necessity for further consideration 
of the question by owners as well as builders. 
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Shell damage may be described in part by the 
familiar phrase “‘ the keel and shell plating found more 
or less buckled,” but ‘“‘ corrugated” would often 
describe the condition more aptly. The riveting in the 
tank-top plating is frequently disturbed, and some- 
times the plating itself is set up. Rivets in the con- 
nections of the floor plates to the margin plates, of the 
intercostals to the floors, and of the frames to the shell 
and floors, are frequently broken or leaky. To describe 
the repairs in the case of such slamming damage is 
superfluous. Although it may not be possible to design 
a sttucture which will be ‘“‘ undamageable”’ under all 
citcumstances, much may be accomplished to lessen 
the risk. For instance, there is justification for a 
standard of thickness of shell on the flat of the floor, 
which is greater than that of the bottom plating amid- 
ships. In any case, the attachment of the shell to the 
internal structure should not be skimped, and in addi- 
tion to the requirement that solid floors should be 
fitted on every frame, they should be adequately 
stiffened to prevent buckling and springing. For this 
reason the angles connecting the half intercostals to 
: the floors should extend the full depth of the floor plate 
at least on one side. In cases where a centre-line grain 
bulkhead is fitted between hatchway ends, disturbance 
of the connection to the tank top and in the substructure 
immediately under the ends of the hatchway sometimes 
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devise a connection which will not give trouble in this 
area, but it helps materially to have a full depth inter- 
costal next to the centre girder and extending beyond 
each end of the hatchway, so as to overlap the centre- 
line bulkhead. 

Most owners of ships fitted with wide-spaced pillars 
under the deck girders have had experience of tank 
tops being “‘ set down ”’ in way of the pillar feet, even 
although the substructure is normal. The consequent 
repairs are difficult and expensive, and might be 
avoided if the actual loads for which such pillars are 
designed were always realised. For instance, in the case 
of a two-deck vessel having a 30-ft. hatchway, the load 
which the pillar must be designed to carry is some- 
times in the neighbourhood of 300 tons, that is, with 
the well flooded, or, if there is a bridge ’tween decks, 
the well may be full of coal or cargo and the ordinary 
*tween decks full of ordinary cargo. When the precau- 
tions taken by civil engineers to carry such a load on 
solid ground are considered, it cannot be said that the 
usual arrangements adopted in a ship are excessive. 
In any case, it is imperative that no liberties should be 
taken with these arrangements, and a thoroughly 
sound bearing job should be provided. 

Tank ends or watertight divisions in the double- 
bottom often require repair, even when clear of the 
engine- and boiler-room tanks. Except in very old 


| ships, the damage is nearly all confined to the top of the 


boundary bar, and generally to that of the top bar. 
The trouble takes the form of a deep groove, or line of 
corrosion to which it is ascribed, probably rightly, and 
this ultimately develops into a crack. Something might 
be done to mitigate this corrosion. Normally, such 
tank ends are stiffened by means of 3-in. or 3}-in. angles 
spaced 3 ft. apart. Itis not an unusual thing to find a 
deflection of } in. or even more on these stiffeners under 
test conditions, depending on the head used and the 
depth of the tank. It is perhaps not generally realised 
that if these divisions were regarded as deep tank 
bulkheads, the stiffeners would be of 5-in. bulb angles 
in the case of a ship with a double-bottom 42 in. deep 
and a draught of 25 ft. Having regard to the condi- 
tions of restraint, it is probable that such stiffeners are 
not altogether necessary, but as even a }-in. deflection 
either way is quite a considerable movement in a short 
length, it will be realised that something better than 
a 3-in. or 34-in. bar is called for. The structure at the 
ends of erections, such as bridges and long poops, 
especially in vessels of 400 ft. and above, is a part that 
is liable to damage, and, in some vessels, requires 
frequent repair. Figs. 25 to 27 are illustrations of 
typical forms of construction, and also indicate some 
of the damage that may be looked for. Generally 
speaking, in carrying out repairs, those responsible are 
content with patching, that is fitting double plates in 
way of the cracked topside strake and renewing rivets, 
&c. It is recommended that efficient and sufficient 
staying be provided in way of the end plates of the 
bulwark, and where the rail bar is not carried up to the 
bridge deck or is not of sufficient area, it should be so 
carried up in the first instance and sufficient face area 
provided in any case, with an adequate connection to 
the bridge stringer plate. It is sometimes found that 
the rivets in the bridge-deck stringer angle are slack, 
particularly in vessels of 450 ft. in length and over, 
and it is only a makeshift merely to renew these rivets. 
If there is not sufficient height of bridge sheerstrake 
above the stringer plate to allow of a larger bar being 
fitted with an extra row of rivets, chocks should be 
fitted under the stringer plate for four or five spaces 
from the bridge-front or poop-front bulkhead, 

Fig. 25 shows a structural arrangement which, when 
properly designed, has given no trouble whatever. In 
this case the bridge- or poop-deck stringer angle for 
five or six spaces is made of sufficient size to give the 
desired amount of rivet connection, and it is extended 
beyond the bridge front and down until it overlaps the 
upper deck sheerstrake. In this design, as also in 
Fig. 26, the plating thicknesses are arranged so as to 
provide sufficient material where the greatest strains 
are likely to be found ; that is to say, instead of doubl- 
ing or greatly increasing the thickness of the upper 
deck sheerstrake at the break, the thickness of the 
bridge and sheerstrake and topside plates is increased. 
In addition, the bridge-deck stringer plate is extended 
down as far as practicable—to the top of the upper 
deck sheerstrake in large vessels—and the side struc- 
ture forward of the superstructure is properly stiffened 
by webs and stays. Deck supports, such as beams and 
girders, especially at the corners of casings and hatch- 
way ends, sometimes sustain more or less serious 
damage, but always of a particularly annoying nature 
to the owner on account of the cargo which may be 
spoilt. There is no doubt that, in such places, the best 
of workmanship is essential, but, on the other hand, 
careful attention to detail in design will greatly help 
to minimise danger. In some cases, such as the hatch 
end beam in ’tween decks, where on account of head 
room the depth of the beam must be kept as small as 


‘occurs, especially in the fore hold. It is difficult to | possible, it has to be remembered that a small depth 
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means large deflections and consequent movement at 
the corners of hatchways, where there is a concentrated 
load. In the hold, the hatch-end beam may be, say, 
21 in. deep, but in the ’tween decks, for the same span, 
15 in. is probably all the depth that can be spared. 
It is not difficult to bring up the strength of the beam 
by adding face area, but it is not so easy to keep the 
deflection within reasonable limits, and it is perhaps 
on this account that the twin-channel hatch-end beam 
arrangement is such a success in practice. Properly 
tied together and with effective gusset arrangements at 
and around the hatch corners, they give an excellent 
impression of stability. It is suggested that in fitting 
such gussets in continuation of the hatch side-coam- 
ings, great attention should be paid to the deck lugs, 
and especially that they be made a proper fit between 
the beam flanges. This also applies to brackets at 
pillar heads, as there seems a tendency for the hatch- 
end beams to cant, and cases have been found of cracked 
deck plates at the end of the lug. For the same reason, 
it is advisable to make all extension brackets long 
enough to allow of a connection being fitted to the next 
beam. Provided the pillars are properly arranged, 
and the girders effectively scarphed into the casings, 
there is seldom trouble of the kind under discussion in a 
two-row ship, and there is much to be said for fitting 
the girders all fore-and-aft in line with the hatch side- 
coamings in a single-row ship having a centre line of 
pillars or centre-line bulkhead. Such an arrangement 
is lighter than the ordinary centre-line support with 
the single-row size of beams. Lack of continuity is 
the cause of most of the damage found in decks, and 
the damage may not be confined to leaky rivets and 
sprung caulking at the corners of the openings, but 
may result in buckled decks extending a considerable 
distance from the side of the opening. 








ENGINEERING TRAINING AND 
EDUCATION. 


Chelsea Polytechnic Metallurgy Courses.—Particulars 
of the full-time and part-time day and evening courses 
in metallurgy, provided at Chelsea Polytechnic, Manresa 
Road, London, 8.W.3, during the session 1929-1930, have 
just been issued. The day courses are intended for 
students who desire to become industrial metallurgists, 
or who wish to gain the London University degree in 
metallurgy or the fellowship of the Institute of Chemis- 
try (metallurgical industries). The evening courses 
are suitable for students preparing for various examina- 
tions, including the London University B.Sc. degree 
in metallurgy, the associateship of the Institute of 
Chemistry, and the associate membership of the Insti- 
tution of Mechanical Engineers. The winter session 
will begin on September 23 next, and the enrolment of 
students will take place on September 19 and 20. 
Leaflets giving detailed particulars regarding any of 
the above courses are obtainable from Dr. W. A. Naish, 
head of the Department of Metallurgy. 

South Wales and Monmouthshire School of Mines.— 
Established in 1913 by coal owners in the South Wales 
and Monmouthshire coalfield, and transferred to the 
Glamorgan Education Authority in 1928, the South 
Wales and Monmouthshire School of Mines, Treforest, 
is, we understand, the only technological centre in the 
coalfield where full-time courses dealing with coal mining 
and cognate subjects are provided. At this institution, 
courses are provided in mining for the mining diploma, 
and in chemical engineering for the examinations of 
London University, the Institute of Chemistry, the 
Institution of Chemical Engineers, and other bodies. 
Other courses suitable for colliery managers, colliery 
electricians, chemical assistants, and for candidates 
for the National Certificate in mechanical engineering, 
have been arranged. Evening classes in all subjects 
are also held. The first term of the school year com- 
mences on September 23 next. Copies of the calendar 
for the session 1929-1930 may be obtained from the 
principal of the school. 








THE RELATIVE CORRODIBILITIES 
OF FERROUS AND NON-FERROUS 
METALS AND ALLOYS.* 

Part IL.--Tur Resvutts o¢ SEVEN YEARS’ Exposure 

To AIR AT BIRMINGHAM. 
By J. Newton Frienp, D.Sc., Ph.D., F.I.C. 
Tue research described in this memoir is part of an 
extensive scheme commenced more than ten years 
ago. The work differs from most other published 
investigations on the subject in one or more of the 
following ways: (1) The duration of the tests is excep- 
tionally protracted, ranging from four years upwards ; 

(2) a direct comparison is being made of the relative 

resistances to various types of corrosion manifested 





" * Paper read before the Institute of Metals, Diissel- 
dorf, Germany, on Wednesday, September 11, 1929. 
‘Abri 





by both ferrous and non-ferrous metals and alloys; 
and (3) the losses in weight, depths of pitting, and other 
phenomena affected by corrosion are being correlated. 
This memoir deals exclusively with aerial tests, as 
carried out at Birmingham from 1922 to 1929. 
Another and very extensive series of tests is in pro- 
gress in the docks at Southampton, under the super- 
vision of Mr. Wentworth-Sheilds, A.M.Inst.C.E., and 
comprises some 50 different types of metal, most of 
which are in duplicate. Details of these, it is hoped, 
will be ready for publication in three or four years’ 
time. No further tests on atmospheric corrosion are in 
progress. This branch of the subject has also been 
investigated by W. H. J. Vernon and J. C. Hudson, 
under the egis of the British Non-Ferrous Metals 
Research Association. 

The metals employed were in the form of cylindrical 
bars 60 cm. (2 ft.) in length, and 2-87 cm. (14 in.) in 
diameter. They were fixed in a stout rectangular 
frame, similar to that already figured,* and stood on the 
roof of the Birmingham Technical College. Each 
bar presented an area of approximately 500 sq. cm. to 
corrosion. The ends of the bars were firmly fixed with 
putty into the holes in the frame. This method proved 
very satisfactory for all the bars in the aerial tests, 





TABLE I.—Summary or RESULTS OF EXAMINATION OF 
Seven YEARs, 


The putty at the ends of the aluminium, tin, and lead 
bars adhered very tenaciously. The general appear- 
ance of the bars after cleaning is indicated in Table I. 

Consideration of the Results.—In studying the corro- 
sion of ferrous metals, the present author has fre- 
quently had occasion to emphasise the fact that mere 
loss in weight does not, of necessity, indicate the 
seriousness of corrosion. Other factors must be taken 
into consideration, such as pitting or localised corro- 
sion. Bengough and his co-workers have emphasised 
a similar point in connection with brasses, and dis- 
tinguish between complete and selective corrosion. All 
of these points were carefully considered in connection 
with the sea-action tests at Weston. But in the present 
tests, the onlyi bar showing light pitting was the zinc 
(No. 14), and selective corrosion amongst the brasses 
was inappreciable, so that the variations in weight 
afford a specially satisfactory indication of the relative 
corrodibilities of the metals. 

The lead, tin, and stainless steels have resisted 
corrosion remarkably well, particularly the anti- 
monial lead. The nickel lost more in weight than was 
expected, proving less resistant than the coppers and 
brasses, although in the sea-action tests (see column 10 
of Table I) it proved distinctly superior to these. The 


THE Bars ExposEep To Crty AIR AT BIRMINGHAM FOR 
1922-1929, 




















| ! | | 
| | | Relative 
Surface | | Loss as | Relative | per Cent. 
No. | Metal. Compo-/} Condition | O 1 | Loss in |per Cent.) Per- Losses in Remarks. 
| sition.* | Prior to | Weight. | Weight. of centage | Sea Tests 
Per cent.) Exposure.| Grm. Grm. | Original | Losses.t | at 
Weight. | Weston.{ 
20 | Copper, “‘ — As 0-01; Polished | 3526-4 8-1 0-230 | 58 | — 
canoe | 
1 » Ordinary ..| As 0-10 = 3536-9 6°5 0-184 47 | 73 Green stain under black coat ; 
21 »  arsenical ..} As 0-25 » 3535-6 5-9 | 0-167 42 | — tenaciously adherent. Metal 
19 ae Pa ..| As 0-43 a 3481-2 7-7 0-221 56 — surface in excellent condi- 

2 ae e .| As 0-45 * 3502-9 6-3 | 0-180 46 68 tion. 

3 | Nickel-copper Ni 1-75 ; 3508-9 6-6 | 0-188 48 61 

4 Nergandin brass .. — a 3373-5 13-3 0-394 100 100 Closely adherent red stain 

5 Naval brass Ma = Be 3305-5 11-4 0-345 | 88 112 underneath black layer. 

6 | Muntz metal she - ns 3314-1 12-4 0-374 | 95 57 Metal surface in excellent 

7 | Screw metal Pb 1:37 8 3311-2 11-7 0°353 | 90 29 condition. 

8 Aluminium Si 0-25 - 1057-7 1:2 0-113 29 89 White deposit under black 
Fe 0-32 coating; tenaciously  ad- 
| herent. 

9 | Lead, soft .. ..|Pb 99-96 ”» | 4894-3 3-8 | 0-086 22 13 Perfect. 

10 >» antimonial ..| Sb 1-6 ss | 4875-7 0-5 | 0-011 3 10 vi 
11 | Nickel 3% a — se 3552-5 16-8 | 0-473 120 9 Greenish underneath black 
| layer. Incipient pitting. 
12 Tin, English com- | Sn 99-2} Ascast | 2793-3 2- 0-100 25 1 Closely adherent ; white 
| mon ingot | deposit under black coat- 
13 », high-grade, Sn 99-75 x 2855-5 2-0 | 0-070 18 | 2 ing. 
| pure 
| 
14 Zinc ..|Zn 98-82) Polished | 2819-4 15-2 | 0-539 137 94 Small pinhole pitting. 
15 Wrought iron (mean -—- As rolled, | c. 3000 | 201-2 6°71 1,703 100 | Surfaces roughened and slightly 
of 11-12 bars) with scale | pitted. 
16 | Mild steel (mean of — As rolled, | c. 3000 | 308-5 /|10-28 2,609 , 112 ” »» 99 
7 bars) with scale | 
18 wrt _ (mean| Cr 12-13) Polished | c. 3000 3:0 | 0-10 | 25 | 49 Excellent condition. 
of 3 bars | 





























* For full analyses, see ENGINEERING, vol. cxxvi, page 115 (1928), Table I. 
+ Taking Nergandin brass as standard, since it lost the same percentage amount in weight as the wrought irons taken as standard 


in the sea-action tests at Weston. 


although in the sea-action tests at Weston-super- 
Mare it was unsuitable for the ferrous metals and alu- 
minium, all of which were heavily attacked at their 
ends. The frame held 54 bars, 17 of which were non- 
ferrous. The ferrous metals are fully described else- 
where.t The bars were fixed in position on April 21, 
1922, and dismantled on May 13, 1929. Particulars 
of 14 of the bars used in this research have already been 
published, and the same identification numbers are 
adopted in this paper. In addition to these, there were 
three copper bars, Nos. 19, 20, and 21, respectively, 
the analyses of which were as follows : 


Copper. Arsenic. Antimony Lead. 
Per cent. Percent. Percent. Per cent. 
Bar 19 99-32 0-43 Trace 0-05 
9 20). =~ SRS 0-01 Nil 0-02 
, 21 ... 99°38 0-25 Trace 0:05 


Method of Cleaning and Examination of the Bars.— 
When dismantled, all the non-ferrous bars were coated 
with a smooth black deposit, save aluminium, the coat- 
ing on which was rough and mottled. The method of 
cleaning varied with the nature of the bar. The ferrous 
metals were scraped free from rust with a blunt tool, 
and brushed with a wire brush. The non-ferrous metals 
and alloys were rubbed with emery-cloth moistened 
with ammonia, and washed with water and alcohol. 
The copper, arsenical, and nickel-copper bars pre- 
sented a greenish appearance underneath their black 
coat, whilst the brasses, bars 4, 5, 6, and 7, were 
coppery-red, the red stain adhering with great tenacity. 





* See ENGINEERING, Vol. cxxvi, page 115 (1928). 
+ Friend, Carnegie Schol. Mem., Iron Steel Inst., 1929 





(in the press.) 


Calculated from data in Table III, ENGINEERING, vol. cxxvi, page 116 (1928). 


aluminium figures well, although in the sea-action tests 
it was so severely pitted as to be virtually destroyed. The 
brasses (Nos. 4-7) proved less resistant than the coppers, 
and the high resistance shown by the screw metal to 
sea action has not been maintained in these aerial 
tests. In general, the arsenical coppers show a slightly 
greater resistance to atmospheric corrosion than pure 
copper (No. 20), but there appears to be no advantage 
in increasing the arsenic content beyond about 0-25 
per cent. Vernon, who first directed attention to the 
beneficial effect of arsenic in copper, does not give 
analyses of his metals, other than to state the arsenic 
content, viz., 0:45 per cent. His arsenical copper, in 
four years, lost on 43 per cent. of the weight lost by 
his H.C. copper, presumed “arsenic free.” If, as 
Vernon believes, the enhanced resistance is due to 
arsenic solely, it is possible that the protective effect 
is relatively greater initially, and gradually pales as 
the layers of surrosion products increase in thickness, 
since the bars under discussion in the present research 
were exposed nearly twice as long (seven years) as 
Vernon’s metals (four years). 

In the sea-action tests, the wrought irons and carbon 
steels corroded at much the same rates as the Nergandin 
and Naval brasses, respectively (see Table I), but in 
the aerial tests all the non-ferrous metals have proved 
enormously more resistant to corrosion. Further 
discussion of the field tests is reserved until the South- 
ampton bars are ready. 








Tse Wortp Ovrtrvt or Trx.—The total world produc- 
tion of tin during the three months, May, June and J uly 
last, amounted to 43,302 tons. Out of this total, British 
Malaya supplied 17,322 tons, and the United Kingdom 
14,861 tons. 
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SOME METHODS OF RESEARCH IN 
PHYSICAL METALLURGY.* 
By Water Rosennatn, D.Sce., F.R.S. 


Ir is not necessary to dwell on the general objects 
of metallurgical research. Increased knowledge of 
metals and alloys is obviously desirable and necessary, 
not only from the purely scientific point of view, but 
even more so for the purpose of improving our methods 
of producing, treating, and using metallic materials. 
It has been stiggested by some physicists that the 
advance of theoretical physics would make it possible 
to predict, from a knowledge of the properties of the 
atom, all the properties of substances which can be 
obtained by combining or mixing various atoms in 
different ways. In view of the great complexity of 
the properties with which we have to deal in the case 
of metals and alloys, and of the probably complex 
manner in which the atoms are likely to act upon one 
another, it seems doubtful whether such an application 
of fundamental physical knowledge is likely to be 
obtained in any reasonable time, if, indeed, it should 
ever be possible. Meanwhile, additional knowledge 
of metals and alloys is urgently needed, both from the 
point of view of the practical man and also as material 
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perty, even if it occurs suddenly, necessarily coincides 
with one of the dividing lines of the equilibrium diagram. 
Similarly, there are lines which it is very difficult 
to trace either by changes of microstructure or of 
atomic arrangement as revealed by X-ray analysis. 
It may be urged that there are a few instances in 
which thermal critical points have been observed which 
it has not been found possible to associate with any 
known transformation in the alloys concerned. These 
cases, however, have diminished in number as methods 
of investigation have improved, and although there 
are differences of opinion in regard to such matters as 
the A, point in iron or the 8 to 8! change in brass, yet 
in all such cases there are marked changes of at least 
some properties as the material passes through these 
temperatures. 

While the thermal method is of fundamental impor- 
tance, it yet has serious limitations and difficulties. 
The most serious of these is the fact that the heating 
and cooling curves can only be taken with a relatively 
rapid rate of change of temperature. While these rates 
may be very slow when compared with the cooling of an 
alloy in a mould, they may yet be unduly rapid, when 
the very slow rate at which equilibrium is reached in 
many instances, is considered. This, however, con- 





and data for the fundamental researches of the most 
advanced physicists themselves. 
It is possible that some metallurgists might define | 


stitutes a ground for caution in the interpretation of 
thermal curves, rather than a real criticism of their 
value. It is a fact that the thermal method has been 


by mechanical means within this tube, being raised 
during heating and lowered during cooling. In this 
manner, a steady and entirely uniform rate of heating 
and cooling can be achieved in a suitably designed 
furnace. In practice, the specimen under observation, 
whether solid or liquid, is generally placed in the lower 
end of a silica tube, which is sealed at the bottom, and 
through the top of which pass the leads of the thermo- 
couples. The top of the tube may be closed with a 
rubber stopper and, if desired, connected to an evacuat- 
ing pump or to a supply of any gas for the purpose of 
controlling the atmosphere. The cold-junction box, 
consisting generally of a vacuum flask filled with ice, 





as their more immediate object, the accurate determina- | used with very inadequate means, with the conse- 
tion of the equilibrium diagrams of alloy systems. | quence that minor critical points have been missed, 
The fullest recognition of the importance of these | while, in other cases, both the temperatures and the 
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diagrams, however, docs not appear to justify such a 
view. Rather should the equilibrium diagram. be 
regarded as a step in our knowledge of metals and alloys. 
The full knowledge of metallic equilibria opens up the 
way to further problems which have already been 
attacked by investigators. These relate to the inner 
structure of metals and alloys, and the exact nature of 
the different phases represented in our equilibrium 
diagrams and of the mechanism of their transformations 
involving such phenomena as hardening, whether by 
quenching,. ageing, or cold-working, tempering and 
annealing, recrystallisation, and many others. The 
study of the equilibrium diagrams themselves, and of 
the deductions which can be drawn from them, how- 
ever, has proved a formidable task for the investi- 
gator, and that task has not yet been by any means 
fully completed, even as regards the comparatively 
simple binary diagrams. As regards ternary equilibria, 
only a few diagrams or models have yet been con- 
structed, and in regard to more complex alloy systems 
our knowledge is still rudimentary. 

Among the methods which have been applied for the 
study of equilibrium diagrams, the most fundamental 
and important consists in the determination of critical 
or transformation temperatures by means of heating 
or cooling curves. It is true that in recent years 
attempts have been made to supersede this method 
by others which appear to offer certain advantages. 
The fundamental character of the thermal method, | 
however, is evident, because in the thermal method, | 
and in the thermal method alone, we make observa. | 
tions on the actual occurrence and progress of a trans- | 
formation by determining the evolution or absorption 
of heat due to such a change. In all other methods | 
observations are made on changes of individual 
physical properties or on the structures, either micro- 
scopic or atomic, which are found on either side of 








intensities ascribed to the observed points have been in 
error. For this reason it may be desirable to recall, as 
briefly as possible, the methods for taking heating and 
cooling curves which have been developed at the 
National Physical Laboratory. An account of some 
of these has been given in a previous paper by the 
present author,* so that only a brief summary is 
required here. 

The first requirement in the determination of thermal 
curves is to secure the heating of the specimen under 
examination at a steady and, as far as possible, uniform 
rate. If the specimen is simply placed in a furnace, 
which is heated by one of the usual methods, and subse- 
quently allowed to cool again, the rate of heating is at 
first very rapid and then falls off as the maximum 
temperature is approached, while on cooling the 
converse applies. This falling off in the rate of change 
of temperature at the ends of the curve not only distorts 
those curves seriously, but also unduly lengthens the 
time required for their observation. Two methods of 
overcoming this difficulty have been adopted. The 
first consists in regulating the rate of rise or fall of 
temperature of the furnace by means of an electrical 
method, the supply of heat being graduated so as to 
produce uniform heating and cooling, respectively. 
The difficulty arises, however, that such uniform rates 
can only be attained if the furnace is very lightly 
constructed so that it has no large capacity for heat. 
This generally implies a furnace with very little lagging, 
and demands a heavy supply of electrical energy. 
While the use of a little excess power is not perhaps an 
important disadvantage in experimental work of this 


kind, the overheating of the furnace windings is a 
serious inconvenience. 


For this reason a different 
method has been adopted at the National Physical 
Laboratory. 

A long vertical tube furnace is employed, which at 


what is believed to be the critical point or transforma- | one end only is heated to a point somewhat above the 


tion. It cannot always be said that a change of pro- | 


| 


desired maximum temperature to be reached by the 


* Communication from the National Physical Labo- | specimen of metal. The specimen is moved steadily 


Tatory, Teddington, read before the Institute of Metals, 
at Diisseldorf, Germany, on Tuesday, September 10, 
1929. Abridged. 





is carried up and down with the tube which holds 
the specimen. Flexible leads connect this cold-junction 
box to the potentiometer with which the electromotive 
forces are measured. 

The use of these ‘‘ gradient furnaces ” has, however, 
been limited to temperatures not exceeding 1,000 deg. 
to 1,100 deg. C. This is due partly to the limitations 
of the nichrome winding used for heating the hot end 
of the tube, and also to the fact that the hot end of the 
furnace itself must be maintained at a temperature at 
least 100 deg. C. higher than the highest temperature 
which the specimen is required to reach. In these 
circumstances the wires of the thermocouple unavoid- 
ably pass through a very hot region in the upper end 
of the furnace, and this circumstance also militates 
against the use of higher temperatures. It would no 
doubt be possible to extend the useful range of the 
gradient furnaces to higher temperatures by the use of 
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carbon resistors at the upper end and, if desired, the 
passage of the thermocouple wires through the hot 
end of the furnace could be avoided by inverting the 
whole system and pushing the specimen up into the 
furnace from below instead of allowing it to descend 
from above. Alternatively the furnace itself could be 
lowered over a specimen held in a fixed position. In 
practice, however, it is found that for very high tem- 
peratures, such as those involved in the melting of 
steel and iron alloys, above 1,500 deg. C., the rate of 
cooling in a furnace of simpler type can be regulated 
with sufficient accuracy, provided that the attempt is 
not made to carry a single cooling curve from, say, 
the melting point of steel right down to room tem- 
perature. The freezing-point curves and the curves 
relating to the upper critical points of iron alloys have 
usually been determined, therefore, in furnaces of the 
“‘carbon-ring”’ type, which have been described by 
E. A. Coad-Pryor, and the present author elsewhere. * 
Here the main difficulty in the determination of accu- 
rate thermal curves lies in preventing contamination 
either of the metals or of the thermocouple wires by 
carbon derived from the graphite heater. Thanks to 
the development of special refractories, however, 
muffle tubes are now available which adequately 
protect the contents of the furnace from contamination 
with carbon. 

Whatever type of furnace may be employed, the 
high temperatures involved raise difficulties of another 
kind. Where attempts have been made to use the 
ordinary platinum-metal thermocouples, possibly 
replaced by those containing larger proportions of 
rhodium, for temperatures up to and exceeding 1,500 
deg. C., it now appears doubtful whether the deter- 
minations obtained are satisfactory. It would appear 
that, at these very high temperatures, the platinum- 
metal couples are liable to contaminations which lead 
to errors. For these reasons, efforts have been made 
to develop the methods of optical pyrometry for deter- 
mining heating and cooling curves. Where tempera- 
tures can be measured under exact ‘‘ black body ” con- 
ditions, optical pyrometry is capable of high accuracy, 
and it is possible to make the observations with suffi- 
cient rapidity for thermal curve purposes. Where, 
however, very small specimens of metal of high purity 
have to be melted, it is difficult to realize even approxi- 
mate black body conditions. The use of immersion 
tubes with closed ends, down which the optical 
pyrometer can be sighted, requires the development 
of special refractories which will not only resist the 








* “Some Appliances for Metallographic Research,” 








Jour. Inst. Metals, vol. xiii, p. 160 (1915). 


* “ A High-Temperature Electric Resistance Furnace,” 
Trans. Faraday Soc., vol. xiv, p. 264. 
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chemical action of molten metals at very high tempera- 
tures, but will also retain sufficient mechanical strength 
to maintain their exact position in the centre of the 
small mass of molten metal. These and other difficulties 
make it necessary to develop special experimental 
methods for the application of optical pyrometry 
to thermal curve determination. Much progress 
has been made in this direction, and it is hoped that an 
account of satisfactory methods may soon be published. 
Meanwhile, a suggestion put forward by the present 
author may be mentioned. 

In order to secure a satisfactory reading with an 
optical pyrometer, it is desirable to make an obser- 
vation on the light coming through a relatively small 
aperture from the inner wall of a larger space completely 
surrounded by the metal whose temperature it is 
desired to measure. The usual approximation to 
‘* black body” conditions consists in immersing in 


{to much higher ranges than those which can be 
| reached with thermocouples made of the platinum- 
metal. 

The methods of measuring and recording thermo- 
electric forces, and, therefore, the temperatures observed 
during heating and cooling curve observations, need 
only be briefly considered. The advantages of repre- 
senting such observations by means of either “ inverse 
rate” or ‘derived differential’ curves have been 
explained by the present author in an earlier paper.* 
The thermal method of studying alloys has, however, 
probably suffered much in consequence of the inade- 
| quate methods, which have been employed in connection 
| with it, particularly in regard to the representation 
of the results in suitable graphs. In many laboratories, 
| particularly on the Continent, it is customary to record 
| such curves by means of the Saladin double-galvano- 
|meter on a photographic plate. The objection to 





the metal, while molten, a refractory body of suitable | this method is, first, that it records the differential 
shape and sighting down a tube at the interior of this| and not the derived differential curves, and that it 
refractory enclosure. In place of such a refractory | does so on a very small scale. This makes it impossible 
body the present author has suggested the use of a| to rely upon the observations and exact determination 
small bubble of gas, such as hydrogen, nitrogen, argon, | of the minor arrest points, and, indeed, in practice, 
or helium, according to the chemical requirements of | such minor points have been overlooked. If observa- 
the case, which can be blown at the end of a refractory | tions are plotted or recorded in the form of time- 
tube of suitable diameter and shape, immersed in the | temperature curves, the scale employed must neces- 
metal while liquid. Sighting down the tube through | sarily be a small one, since otherwise the curves become 
which the bubble has been blown on to the inner wall | unwieldly. Here, again, sensitiveness and accuracy 





of the bubble itself gives a direct reading of the tem- 
perature of the metal under a close approximation 


= lost in consequence of the small scale employed. 
The objection to plotting the results in the form of an 


Paine,* who has introduced a reversing key into the 
galvanometer circuit. By the use of this key the 
travel of the galvanometer is simply reversed when 
it has reached its maximum deflection to one side, 
so that the suspended system of the instrument has 
not to make a large swing before recommencing its 
travel across the scale. The use of this device avoids 
the small irregularities in delicate thermal curves which 
were formerly apt to occur. 

With regard to the interpretation of thermal curve 
data, very little need be said, since there does not 
appear to be much to add to what has previously been 
written on this subject. It is, however, desirable to 
refer to the method first introduced by Tammann 
and known as “thermal analysis.” This consists in 
an evaluation of the quantity of heat evolved at an 
arrest point, such as the solidification point of a eutectic, 
and using the data thus obtained by extrapolation, 
to determine the end-point of the series of alloys in 
which eutectic still occurs. By inference it was 
suggested that this end-point determined the limit of 
solid solubility existing at the temperature of solidifi- 
cation. The author has previously pointed out, on 
one occasion with the aid of an actual example, that 
this method is apt to be misleading. In the first place, 
the accuracy with which quantities of heat can be 
estimated on thermal curves even of the most sensitive 
kind, is not very high. Further, the rate at which 
thermal curve ingots are allowed to cool is generally 
| much too high to allow of the attainment of equilibrium 





to black body conditions. Further, since the bubble | inverse rate curve has generally been the fact that | in regard to solid solubility, so that the solid solubilities, 
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can be renewed at will, a fresh surface of metal can 
be secured whenever desired, until solidification occurs. 
A sketch showing the essential features of the ‘* bubble ”” 
method is given in Fig. 1. The maintenance of such 
a bubble offers some experimental difficulty, chiefly 
in regard to the provision of a refractory tube which 
is sufficiently strong, heat-resistant, and impervious 
to gas to allow of the ready blowing of the bubble at 
its end. Some progress in that direction has, however, 
been made, and it is hoped that this method may prove 
of practical value in the future. 

As an alternative to the development of methods 
of optical pyrometry for determining thermal curves, 
the use of thermocouples made of wires of metals 
of high melting points has also been developed. Some 
work in this direction has been carried out at the 
National Physical Laboratory, but the matter has 
been carried to practical success in the work of Professor 
J. H. Andrew, of Glasgow, who has recently published 
an interesting series of cooling curves of steel taken 
in this way.* From the present point of view, 
Professor Andrew’s success in obtaining satisfactory 
curves by means of thermocouples made of tungsten 
and molybdenum wires is of great interest. These 


wires can only be heated wi h safety either in a vacuum | 


or in an atmosphere of nevtral gas, such as hydrogen 
or nitrogen, or a mixture of both. Even then they 


have the disadvantage that the wire becomes extremely | 


brittle after the first time of heating, while the thermal 
electromotive forces are comparatively small. It also 
remains to be seen whether thermocouples of these 
metals can be reproduced with sufficient accuracy from 
one batch of wire to another, and whether they can be 
sufficiently protected from contamination to render 


their readings reliable and reproducible. Their use, | 
however, appears to offer the possibility of extending | 


hermo-electric methods of temperature measurement 


* “Third Report of the Committee on the Hetero- 
geneity of Steel Ingots,” Jour. Iron and Steel Inst., 
vol. exix, page 305 (1929), see also ENGINEERING, vol. 
exxvii, page 662 (1929). 
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| this has to be done by a method of hand-plotting and 
|not by any autographic means. This difficulty has 
| been overcome, it is thought, by the “‘ plotting chrono- 
| graph’ designed by the present author in 1913, and 
| described in a previous paper to the Institute of Metals. 
| Here it need only be said that the plotting chronograph 
| allows inverse rate curves to be obtained in a semi- 
| automatic manner and on a comparatively very large 
| scale. 

In order fully to utilize the advantages both of the 
|uniform and steady heating and cooling obtainable 
| with the gradient furnaces, and the sensitive recording 
| by the plotting chronograph, it is necessary to measure 
| the thermal e.m.f. of the couple with a corresponding 
| degree of accuracy, and this can, in the author’s opinion, 
| be accomplished only by means of a suitable form of 
| potentiometer. 


|the National Physical Laboratory is still that of the 
| Stansfield-Carpenterdesign, having a constant resistance 
jin the galvanometer circuit, so that readings between 
jnull points on the potentiometer scale can be taken 
|from the deflections of the galvanometer. The 
|galvanometer used is a Campbell bifilar, having a 
| perfectly constant zero. One improvement of some 
little importance has been made in the use of this type 
|of potentiometer and reflecting galvanometer. In 
the ordinary use of this apparatus, when the galvano- 


The form of potentiometer regularly employed at | 
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even if they could be determined accurately by extra- 
polation from such data, would not represent the 
stable condition of the alloys. 

Thermal data, therefore, although regarded as entirely 
fundamental, must be considered as indications of the 
existence of lines on the equilibrium diagram rather 
than as means for determining their exact extent. 
The horizontal, or nearly horizontal, lines can usually 
be located with considerable accuracy. Steeply 
inclined lines it is difficult to locate unless the heat 
evolution is large, as, for instance, the liquidus line. 
Lines which are vertical or nearly vertical cannot, 
of course, be determined by cooling or heating curve 
methods. If, however, thermal curves are taken with 
sufficiently delicate apparatus and accurate means 
of measurement, and are plotted on a sufficiently large 
scale, it is unlikely that the existence of any important 
| transformation will escape detection in that way. 
| Before leaving the subject of thermal curves, mention 
must be made of the method used for their determina- 
tion in certain circumstances of special difficulty. It 
is sometimes necessary to take such observations down 
to very low temperatures, involving the use of liquid 
air or even colder condensed gases. For these purposes. 
| an inverted type of gradient furnace, the lower end of 
| which is cooled by liquid air or otherwise, can be used, 
| and the specimen lowered down into it or raised out of 
it again for heating. This offers no particular diffi- 
|culty, except that the expenditure of liquid air is 
generally considerable. 








meter spot has reached its maximum deflection on one | ‘ ; 
| side, a movement of the potentiometer key brings it | A more difficult problem is presented by alloys con- 
back to its maximum deflection on the opposite side, | taining a volatile constituent such that the melting 
| from which it begins its next travel. This return swing | Point can only be reached under considerable pressure. 
of the galvanometer not only occupies an appreciable | Experience has recently been gained in this direction 
amount of time, which becomes important when the | @t the National Physical Laboratory in connection 
| rate of cooling or heating is not very slow, but also sets | with the alloys of mercury. Mr. A. J. Murphy has 
up disturbances which appear to affect the next | found it possible to make observations giving satis- 
| reading or possibly two readings on the thermal curve. | factory thermal curves up to temperatures of 960 deg. C. 


| This has been avoided by a method suggested by Mr. | Under a pressure of 100 atmospheres. The alloys are 
- - - = | sealed in a small silica tube, into which are passed the 

| ™® ** Some Observations on Recalescence Curves,” Proc. 
| Phys. Soc. Lond., vol. xxi, page 61 (1908). | 
t+ See Jour. Inst. Metals, vol. xiii, page 160 (1915). 





| * “A Potentiometer Improvement,” Jour. Sci. Instru- 
ments, vol. ili, page 420 (1926). 
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wires of the thermocouple. This tube is heated by 
a small electric furnace placed inside a heavy steel 
bomb in which the necessary pressure is maintained by 
suitable connections to a cylinder of compressed 
nitrogen. It is, of course, realised that thermal curves 
taken under these conditions of temperature require 
special interpretation, owing to the effect of the pressure 
variable upon an equilibrium diagram. None the 
less, these curves offer interesting data, which are 
helpful in interpreting the constitution and structure 
of alloys which it is impossible to prepare or to study 
by other means. 

The limitations of the thermal method of studying 
alloy systems have naturally led to the development 
of other methods designed to be free from these special 
conditions. Among those which have given the most 
important results are the measurements of electrical 
conductivity and of changes of volume, or rather of 
length. These consist essentially in the measurement 
of changes of certain physical properties with changes 
of temperature, and therefore afford evidence which, 
however valuable, is only inferential in regard to the 
existence of critical or transformation points. Both 
these methods have the advantage that the measure- 
ment can readily be made at any stationary tempera- 
ture desired, and that no particular rate of change of 
temperature is necessary. It has sometimes been 
suggested that by using these methods, under circum- 
stances of very slow heating or very slow cooling, the 
alloys can be obtained throughout in a state of equili- 
brium, thus avoiding the chief difficulty associated 
with thermal curve data. 

Unfortunately, however, it has been found that, 
even with the very slow rates of heating or cooling, 
which can be used with measurements of resistivity 
or in dilatometry, complete equilibrium is frequently 
not obtained by alloys undergoing transformation of 
changes ‘of solubility in ‘the solid state, particularly 
when these occur far below the melting range of the 
alloy. Equilibrium can only be approached by the 
use of very prolonged annealing periods. While it is 
physically possible to make measurements both of 
electrical conductivity and of changes of length or 
volume after any desired period of prolonged annealing, 
in practice this is very difficult, because it would 
involve tying up somewhat complicated and extensive 
apparatus for very long periods of time for the purpose 
of measuring a single specimen. In actual laboratory 
practice, therefore, these two methods are generally 
used with moderately slow rates of heating or cooling 
which, while very much slower than those which can 
be satisfactorily employed for thermal curve observa- 
tions, are yet by no means slow enough to secure, in 
many instances, satisfactory approach to equilibrium. 
In any event, the indications arrived at require to 
be checked by comparison with the data from thermal 
curves, and with the even more important inferences 
which can be drawn from properly conducted micro- 
scopic examination. 

The determination of the electrical resistance of a 
sample of metal at various temperatures is, in itself, 
a simple physical problem which can in most instances 
be solved by the use of either the Thomson double- 
bridge method or by means of the potentiometer. The 
ordinary methods employed in the physical laboratory, 
however, are not always suitable for metallurgical 
research, partly on account of the difficulty of securing 
samples of many of the alloys in a suitable form, such 
as thin rod or wire, and also on account of the length 
of time occupied and the difficulty of securing con- 
tinuous observation over such lengthy periods. For 
this reason, for measurement of electrical conductivity 
over a wide range of temperature, special apparatus 
has been developed for metallurgical research by 
Dr. J. L. Haughton.* With this apparatus a con- 
tinuous record is obtained autographically by means of 
an ordinary “ thread recorder,”’ or other recording in- 
strument, such as is normally empoyed for pyrometric 
electrical recording, giving both the temperature of the 
specimen and its electrical resistance over the long 
range of time occupied by the process of heating and 
cooling. Special devices are incorporated for recording 
at the same time any parasitic e.m.f., which may arise 
from thermo-electric effects in the apparatus, while 
the larger, steady change of electrical resistance, due 
to change of temperature in the specimens, is eliminated 
by means of a specially arranged thermocouple, giving 
an opposing e.m.f. Examples of the two graphs 
simultaneously obtained with this apparatus, the 
one a time-temperature graph, the other a resistance- 
time graph, are given in Fig. 4. These two graphs can 
be combined by means of a simple mechanism, also 
devised by Dr. J. L. Haughton, which gives a resultant 
curve of resistivity plotted against temperature. An 
example of such a curve is shown in Fig. 5. Figs. 4 
and 5, it may be noted, refer to the changes occurring 





* “Some Uses of the Thread Recorder in the Measure- 
ment of Physical Properties,” Jour. Sci. Instruments, vol. i, 


| in a gold-copper alloy containing 50 atomic per cent. of 
| both metals, corresponding to the compound CuAu. 

| The dilatometric method of studying alloy trans- 
| formations has been very widely advocated, since the 
| work of Chevenard* showed the possibilities of pro- 
| ducing a dilatometer which would give a satisfactory 
| automatic record of the changes of length with tem- 
| perature of suitably heated specimens of metal. In 
all these dilatometers, the specimen of metal is required 
in the form of a rod of length up to 10 cm. or more, 
and the expansion or contraction of such a rod is 
compared with that of a rod of standard material, the 
latter being either an alloy which is known to undergo 
no critical transformation in the range of temperature 
involved, or a rod of vitreous silica. The rod of metal 
under investigation is heated to the desired tempera- 
ture, in a furnace generally of the electrically-heated 
tube type, and the changes of length are transferred 
to a measuring device outside the furnace. Such 
transference involves the use of a rod of quartz or 
other material preferably of low thermal expansion, 
and this expansion may itself introduce minor errors. 
The errors arising from uncertainties of position and 
contact at the ends of the specimen under examination 
are, however, more serious. 

The measuring device employed has varied in 
different forms of dilatometer. In the simpler and 
less sensitive types a mechanical recording device 
actuating the movement of a pen on a rotating drum 
has been used. More delicate and accurate devices 
employ an optical lever and record the results upon a 
photographic plate. These, however, have the disad- 
vantage attaching to photographic recording, that 
usually curves of only limited size and scale can be 
obtained, while, also, entire freedom from mechanical 
vibration becomes essential. None the less, some very 
satisfactory curves have been obtained in this way by 
Chevenard, Haas,f and others. In another method, 
employed by Andrew,{ the expansion of the specimen 
under examination is made to produce a movement of 
coloured liquid in a gauge. In the further modification 
developed by Griffiths, the coloured liquid is replaced 
by mercury into which dips a fine resistance wire. 
The changes in electrical resistance in this wire corre- 
sponding to movements of the mercury, and therefore 
to movements of the specimens, are recorded electrically. 

Realising the importance of the dilatometer as a 
means of investigating alloy systems, the present 
author has endeavoured to develop, in collaboration 
with Mr. W. E. Prytherch, a novel form of this instru- 
ment. It was hoped, at first, entirely to eliminate the 
transfer of the change of dimensions of the test speci- 
men to a piece of apparatus outside the furnace. At 
the same time, it was desired to reduce the dimensions 
of the specimen to the smallest possible limits, in 
order to lessen the uncertainty, which must necessarily 
exist, as to the uniformity of temperature throughout 
a specimen of considerable length. It was proposed 
to utilise the principle of the electric condenser, 
measurement of capacity being made with a very high 
degree of accuracy by means of an oscillatory circuit 
employing one or more thermionic valves. This 
would result ultimately in the production of a rectified 
current, the intensity of which would change in propor- 
tion to the change of capacity of the condenser under 
measurement. These changes would be easily recorded 
by one of the usual electrical recording instruments. 
The form originally adopted consisted of a specimen 
of the metal or alloy under investigation consisting of 
a small disc, approximately 1 cm. in diameter, placed 
within a ring of vitreous silica, platinised on its interior 
surface. A space of about 1 mm. was left free between 
the outer circumference of the specimen and the inner 
wall of the silica ring. The specimen itself and the 
platinised inner surface of the silica ring thus formed 
an annular condenser, the capacity of which would 
vary with the expansion or contraction of the test 
specimen. The whole condenser was to be placed 
within the electrically-heated tube furnace, and the 
capacity of the condenser measured as above indicated, 
suitable leads being taken out from the furnace. 

While this arrangement offers many important 
advantages, it is unfortunately impossible to use it so 
soon as the temperature of the test-piece and sur- 
rounding ring reaches a red heat. At that stage 
thermionic emission (i.e., passage of electrons between 
the two plates of the small condenser) renders the usual 
methods of measuring the capacity of the condenser 
inoperative. As the temperature increases, the 
amount of this thermionic current rapidly grows until 
the apparatus becomes useless for the purpose intended. 
It has therefore been necessary to revert, for the present 
at all events, to the use of a quartz rod for transferring 





* “ Recording Dilatometers,” Jour. Physique, vol. vii, 
page 240 (1926). 
+ “The Dilatometric Study of Light 
ENGINEERING, vol. cxxv, page 337 (1928). 

t “The Effect of Initial Temperature on the Physical 
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the expansion of the test-piece from the interior to the 
exterior of the furnace, and to place the condenser, 
the capacity changes of which are to be measured, 
outside the furnace. 

A diagram showing the extreme simplicity of this 
part of the apparatus is shown in Fig. 6. While this 
necessity unfortunately involves some of the dis- 
advantages of other types of dilatometer, it still leaves 
available the method of condenser capacity measure- 
ment and subsequent electrical recording. These offer 
considerable advantages, since they possess a sensitive- 
ness even greater than that of the delicate optical 
systems, and require very little delicate adjustment, 
while absolute freedom from vibration does not appear 
to be important. The autographic registration of curves 
by means of a pen working upon an ordinary recording 
drum is also a great advantage. The arrangement of 
the small specimen and of the silica rod and tube carry- 
ing the condenser plates is shown diagrammatically in 
Fig. 6. 

By way of illustration of the method in question, 
a typical curve of the dilatation of the copper-gold 
alloys, of similar composition to those used in the 
preparation of the electrical resistance curves above, is 
given. In Fig. 7, a time-temperature curve and a 
dilatation-time curve are shown upon the same record ; 
in Fig. 8 these have been replotted, by means of the 
device designed by Dr. J. L. Haughton, into a dilata- 
tion-temperature curve. Comparison of this dilato- 
meter curve with the curve of electrical resistivity of 
the same alloy shows the accurate correspondence of 
the results by the two methods. It will be seen, 
however, that the sensitivity of the dilatometer method 
employed is very great, so that even minute irregulari- 
ties in the changes of length of the test-piece would be 
readily recorded, in spite of the fact that the test-piece 
itself has a length of only 1 cm. A detailed diagram 
of the electrical circuit employed is given in Fig. 9, 
which will be readily intelligible to those familiar with 
electrical circuits employed in connection with wireless 
receiving sets. 

(To be continued.) 








WIRE FOR MINING ROPES.* 
By A.T.ADAM. 


CoNSIDERABLE attention has been drawn recently 
to the subject of wire ropes, more especially winding 
ropes. In Great Britain important publications by 
the Safety in Mines Research Boardt and by the 
Wire Ropes Research Committee of the Institution 
of Mechanical Engineerst have appeared. In these 
reports, the properties of the wire itself have not so far 
been seriously discussed, and, since this side of the 
subject is now apparently under investigation, it is 
hoped that the following notes may be of some assist- 
ance to those interested. They are not the result of 
special work carried out expressly for this paper, but 
rather the outcome of several years’ routine and 
experimental work in the laboratory of a works, 
where wire and ropes of all types have been investi- 
gated. The author feels that the problem of rope wire 
may best be solved by a careful consideration of existing 
data and the almost intangible evidence which leads 
the practical man, through constant daily experience 
of a material, to the truth which he cannot explain. 

Summary of Conditions to which the Wire in Mining 
Ropes is Subjected.—The strength of wire ropes is 
inevitably reduced by wear and corrosion. With the 





latter we are not at present concerned, but it is 
important to remember that, owing to these influences 
alone, the life of most wire ropes is a comparatively 
brief one, a point which has a considerable bearing on 
the question of endurance under repeated stresses. 
The effects of wear may be considered from two points 
of view : (1) The reduction in metallic area involved ; 
(2) the local cold-working and consequent hardening 
of the wire. Wear occurs on the crowns of the strands, 
quickly reducing them to a point where a larger metallic 
surface is exposed, when wear becomes more general. 
At first sight it may seem that the harder the wire is, 
the better it will withstand wear, but this is definitely 
contrary to experience. A hard wire will certainly be 
less easily reduced in metallic area, but it will more 
readily be damaged by the cold-working involved in 
wear, particularly when wear is accompanied by 
bruising and crushing. In general, soft wire stands the 
consequences of wear much better than hard wire. 
Splitting and fracture due to wear are almost wholly 
confined to high-tensile wire, and, unless there is a 
definite defect in the steel, soft wire will generally wear 
to a knife edge without splitting. 


* Paper read before the Iron and Steel Institute, 
Newcastle-upon-Tyne, on Tuesday, September 10, 1929. 
Abridged. 

+ S. M. Dixon, M. A. Hogan, and J. M. Robertson, 
Mines Department, Safety in Mines Research Board, 
Paper No. 50, 1928; see ENGINEERING, vol. exxvii, 
page 301. 








t See ENGINEERING, vol. exxv, pages 515, 522 (1928). 
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Many attempts have been made to calculate the 
bending stresses to which the wires in a rope are sub- 
mitted, but no very definite conclusions have been 
reached. It is probable, however, that, when pulleys 
and drums are made sufficiently large, the purely 
bending effect is not so serious a factor in wire failure 
as is generally supposed. When the load on the rope 
is great, the additional tension due to bending may 
certainly be quite sufficient to cause severe straining 
of individual wires, but failure due to bending stresses 
is probably more common in ropes, such as oil-well ropes, 
where pulley diameters are small. The most serious 
damage caused by bending round pulleys is due rather 
to friction, wear, and the crushing effect of one wire 
against another or against the grooves of the pulleys. 
Another effect of severe bending is the displacement of 
strands and wires, which disturbs the uniform distri- 
bution of the load. As with wear, it is essential that 
the wires, whether of high-tensile or low-tensile grade, 
should be capable of withstanding deformation without 
splitting or becoming brittle. 

Seldom, if ever, is failure due to direct static loads. 
The overloading which damages or breaks a rope is 
probably always dynamic, and it is because provision 
has to be made for the uncertainty regarding this that a 
high factor of safety is demanded, particularly for 
winding ropes. Up to a certain point the behaviour 
of a rope is analogous tv that of a spring, and when the 
rope is new it behaves as a spring which receives 
frequent but intermittent overloads. A spring is 
designed so that the greatest load it has to stand will 
not cause any appreciable permanent distortion. In 
addition, if the spring is to be subjected to constantly 
repeated stresses, it must be able to stand these 
indefinitely ; in other words, the greatest load applied 
must be within the limiting safe range of stress. A 
good example of this type is the aero-engine valve 
spring. In some springs the heavy loads are applied 
so infrequently that so long as they do not cause 
appreciabie permanent deformation they may occasion- 
ally exceed the safe range without causing breakdown. 
An example of such a spring is that of a cycle saddle. 

In the great majority of wire ropes the conditions are 
such that the wires are frequently stressed beyond the 
safe range. In haulage ropes in particular this is so 
to such an extent that the helical strands as a whole 
are permanently distorted, that is, the lay of the rope is 
lengthened. The general effect of all this overloading, 
whether caused by direct kinetic loads, bending stresses, 
crushing, bruising, friction or wear, is to cause a gradual 
destruction of the wire. This slow destruction, 
although largely the result of repeated stresses, is 
clearly something quite different from what is ordinarily 
understood by fatigue. It is the result of stresses much 
greater than those which cause failure only after 
several millions of applications. With stresses in the 
neighbourhood of the fatigue limit, there is little or no 
deformation ; with those which cause the destruction 
of rope wire, there is severe straining. 

In most of the published work on the fatigue of 
metals, the determination of the actual fatigue limit 
or limiting safe range of stress has been regarded as the 
important object of the experiments. Little attention 
has been paid to the period of endurance of the specimen 
under stresses well above the fatigue limit. It has 
indeed, been expressly stated by some investigators 
that it is a matter of little importance whether a 
specimen stands ten thousand or several hundred 
thousand stress repetitions, so long as it is subjected to 
a load which will eventually cause failure. In so far 
as the slope of endurance curves has been considered at 
all, it has generally been thought a disquieting feature 
when it shows a persistent downward tendency, as in 
some of the non-ferrous metals, even after several 
million cycles of stress. 

No doubt from a purely theoretical point of view 
this insistence on the supreme importance of a definite 
fatigue limit is entirely sound. In practice, however, 
there are undoubtedly many cases where a metal 
component is subjected in the course of its normal 
life to stress repetitions of the order of tens or hundreds 
of thousands only, and where the stresses must at times 
be of considerable magnitude, that is, well beyond the 
safe range. Any consideration of the material to be 
used in the construction cf wire rope, therefore, must 
begin with the question: Is over-stressing of the wire 
inevitable or not? To a certain extent it obviously 
is inevitable. Wear, friction, crushing, &c., are certain 
to occur, but one may legitimately suppose that in a 
rope properly constructed of suitable material and of 
the correct size, strength, and flexibility for a particular 
purpose, the limiting safe range of stress need not be 
exceeded. If this be so, then it would seem that 
wire with a high fatigue limit would be the most 





desirable, especially if this could be secured in a wire 

which at the same time possessed considerable ductility. 
Fatigue and Endurance Tests on Wire and Ropes.— | 

In a series of tests carried out on the Haigh alternating | 


drawing was not accompanied by a corresponding 
increase in the fatigue limit. In a Swedish steel, 
containing about 0-80 per cent. of carbon, heat- 
treated in the most efficient manner, and drawn about 
three light passes to give a tensile strength of 95 tons 
per square inch, the fatigue range with mean zero 
stress was 65 tons per square inch, the ratio of fatigue 
range to maximum stress being 0:68. This same wire, 
when reduced in tensile strength by heat treatment, 
from 95 to 65 tons per square inch, had a fatigue range 
of 62 tons per square inch, the ratio of fatigue range to 
maximum stress being 0-94. Thus it was found possible 
to make a wire, in which the hardening effect of cold- 
working had been entirely removed by annealing at a 
temperature in the neighbourhood of 600 deg. C., 
with a fatigue limit almost as high as that of the drawn 
wire, yet possessing much greater ductility. Tensile 
tests on these wires are given in Table I. 














TaBL_eE I. 
{ l | 
bi | Yield Max. ae | Reduc- 
— | Diameter.) Point. Stress. on, | tion 
Condition. | “Tn. | Tons per | Tons per | 4/area | of Area. 
| Sq. In. | Sq. In. | per cent, | Per cent. 
| 
ee 
As drawn | 0-251 | 65-4 | 95-0 | 15-0 | 47 
Heat- 0-252 | 52-0 | 65-7 21-5 | 50 
_ treated | 





The increased ductility of the annealed wire is more 
clearly illustrated by the measurements of percentage 
elongation on various gauge lengths given in Table Il. 
Further evidence of the improvement in ductility by 





limiting safe range. It suggests that it is associated 
with the internal stresses set up by cold-working, which 
stresses are known to vary according to the amount and 
manner of reduction. 

The question now arises: Is there any further 
evidence in support of this interpretation, and what 
bearing has it, if any, on the problem of rope wire ? 
The endurance tests referred to were carried out on cold- 
worked Armco iron, a material seldom used for rope 
wire. It is of interest to note, however, that many 
years ago material known as ‘‘ Homo” wire was used 
extensively for wire ropes. This material was a dead 
mild-steel wire, drawn generally only one pass after the 
final annealing, and in those days wire breakages in 
ropes were comparatively speaking unknown. The 
ropes simply lasted till they were worn out. Even 
to-day, the best elevator ropes are generally constructed 
with a comparatively soft wire, with a carbon content 
of about 0-35 per cent. and a tensile strength of about 
75 tons per square inch. In these ropes, also, wire 
breakages are extremely rare, a fact which may, of 
course, be due to the very high factor of safety employed, 
in some cases amounting to 20:1. It was with elevator 
ropes of this description that the special ropes made of 
annealed high-carbon Swedish steel wire were com- 
pared, 

Further evidence in support of this hypothesis is 
found in the work of C. F. Jenkin, who demonstrated 
by means of models the effect of stress reversals in 
bringing internally stressed metals into the stress-free 
condition, an effect which has since been confirmed by 
more than one investigator. It has been shown, how- 











TABLE II. 
Condition. | Gauge Lengths. Inches. 
| 1 2 | 3 | 4 | 5 | 6 | 7 | 8 
| Elongation. Per cent. 
As drawn i 15 8:5 | 66 | 5-5 | 4-8 4-0 si | 3-2 
Annealed 20 15-0 12-6 | 11-0 | 10-0 10-0 9-4 9-0 





this form of low-temperature annealing after cold- 
drawing is to be found in the high Izod values obtained 
when thicker bars with a carbon content of about 
0-50 per cent. are so treated. On such material, the 
author has obtained Izod values ranging from 30 to 
110 ft.-lb., with a tensile strength of 55 tons per square 
inch, mechanical properties which, indeed, approached 
very closely those of heat-treated alloy steels. 

At the time these experiments were conducted it 
seemed, therefore, that wire so treated would be ideal 
for certain wire ropes. Accordingly three ropes were 
made with wire of this description. Swedish steel was 
used in order that no doubt as to the quality of the 
steel could arise. One of these ropes was put on a 
haulage in this country, but unfortunately, owing to 
the interruption due to the coal strike, no useful 
information was obtained in this case. The other two 
were tested by running in a machine with a recipro- 
cating motion causing reverse bending round pulleys. 
The results of these tests definitely indicate the 
superiority of the ropes made from the ordinary drawn 
wire. The very ductile wire in a heat-treated condition 
with a ratio of fatigue range to maximum stress of 
about 0-90, was found inferior to the drawn wire of 
similar strength, but with a ratio of fatigue range to 
maximum stress of about 0-50. 

It is not suggested that these results are in any way 
conclusive, and the matter would have been pursued 
still further, had the author not begun to believe that he 
was fundamentally wrong in supposing a high fatigue 
limit was the essential property of a rope wire. In a 
recent paper by Merrils, read before the [ron and Steel 
Institute, there are some very interesting endurance 
curves of cold-drawn Armco iron. Two of these show 
the Haigh endurance curves of this metal as annealed 
and after drawing one pass. 

The significant feature of these curves is the very 
striking difference between the slope of the annealed 
material and those of the cold-drawn material. The 
curve for the annealed material is typical of endurance 
curves. The downward slope of the curve is checked 
abruptly, and the curve becomes horizontal, showing 
a safe range of stress at 19 tons per square inch. The 
curve for the material drawn one pass, on the other 
hand, shows a persistent downward tendency even 
after 11 million stress reversals. The remaining curves 
of this material after drawing 2, 3, and 4 passes, show 
the same downward tendency, but not to such a marked 
degree. That of the material after three passes, in 
particular, shows a tendency to become horizontal after 
10 million reversals. This alteration in the slope of the 
curves according to the amount of drawing, suggests a 


stress machine some four or five years ago, it was found | probable explanation of the lengthy endurance of the 
that the great increase in tensile strength due to wire | drawn material under stresses obviously well above the 


lever, that the number of reversals necessary to bring 
about a stress-free condition is comparatively small, and 
this alone can scarcely account for the increased endur- 
ance due to slight cold-working. Discussing the relation 
of hysteresis to cohesion and fatigue, Professor Haigh 
describes three stages in endurance tests which he 
determined from measurements of the heat evolution 
during tests. These he calls the primary, secondary, 
and tertiary stages. It would seem, therefore, that the 
internally stressed condition of cold-worked metals 
increases this primary stage. Hysteresis as a feature 
of cold-worked metals is, indeed, indicated by their 
typical stress-strain diagrams. 

‘* Primary hysteresis or plastic flow,” according to 
Haigh, “‘ far from being a source or symptom of danger 
of fatigue, is probably quite the reverse in respect that 
the associated slipping not only hardens the metal 
but may often discount the dangerous influence of 
notches and other discontinuities of section. In more 
elastic metals, such discontinuities may produce local 
concentrations of stress approximating to those 
indicated by mathematical or optical analysis, and may 
so cause premature fatigue and fracture.” In this 
connection it is of interest to note that in attempting to 
find the effect of blueing on the fatigue limit of stream- 
line wires for aircraft, the author and Merrils found great 
difficulty in preventing failure in the screw thread, 
which difficulty was almost absent in the specimens as 
cold-rolled. Only by making the diameter of the 
screwed ends very much larger than the stream-line 
portion could the comparison be made. 

From the above considerations it is submitted that a 
high fatigue limit is not the most important property 
of the wire used for mining or oil-well ropes, as con- 
structed and used at present. The wires in the great 
majority of cases are gradually destroyed by over- 
stressing and wear, and their value depends on their 
capacity for resisting this destruction as long as possible. 

General Methods of Testing Wire.—Reasons have been 
put forward above in support of the view that cold- 
working to some degree is beneficial, but no indication 
of the extent to which it should be carried, in other 
words, at what point rope wire becomes over-drawn, 
has been given. This is a point which the author has 
discussed in previous publications, and it formed the 
main theme of a paper by J. D. Brunton, read before 
the Institute in 1906. Since, however, some additional 
matter bearing on the point has been collected recently, 
it may be well to summarise the facts briefly. 

One very obvious method of determining the capacity 
of a wire for withstanding further work, is to continue 
the drawing to a point where it becomes obviously 
| over-drawn and brittle, and to test the wire so drawn 
lat each stage in reduction. For this purpose it is 
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necessary to take into consideration other factors besides 
the total reduction, such as the stages of reduction, the 
speed of drawing, the chemical composition and quality 
of the steel, the diameter of the rod used, and the heat 
treatment before drawing. 

In previous publications it has been pointed out that, 
when a certain stage in drawing is reached, the torsions 
and the contraction of area in tensile tests begin to 
increase fairly abruptly. It has since been found 
that an even more abrupt increase in tensile strength 
occurs at a certain stage in drawing. Table III shows 

















indication of this critical stage in drawing. The 
contraction, besides being difficult to measure accurately 
in small specimens like wire, is also indefinite, and the 
bend test apparently gives no indication of this critical 
stage in drawing. That this critical stage exists in all 
wire, and that it indicates a point beyond which no rope 
wire should be drawn,seem, however, to be beyond doubt. 

From what has been said above on the question of 
endurance tests, it would seem that such tests as those 
carried out by Brunton, in which the rate of breakdown 
is comparatively rapid, would be of much greater value 


TABLE II1.—Tue Errect oF DRAWING ON THE MECHANICAL PROPERTIES AT VARIOUS STAGES IN REDUCTION OF 


0-30 PER CENT. CARBON STEEL WIRE PATENTED IN No. 2 8.W.G., 0-276 In. DIAMETER. 





| Reduction by 


| Reduction of 








| | 
| Diameter. - | Maximum Stress. Torsions. - 
ai | Inches. Lomgpoos | Tons per Square Inch. 100D. —- — noun 
| | 
Cooled in Lead at 350 deg. C. Mean of Three | | 
Tests. | | 7-mm. radius. 
1 0-276 | Nil | 42 | — — — 
2 0-151 70-0 | 70 46 | 53-0 10 
3 0-128 78-5 75 43 50-0 | 12 
4 | 0-109 | 84-8 | 80 39 56-5 | 16 
5 | 0-092 89-0 | 85 41 50-0 19 
| | 5-mm. radius. 
6 0-075 | 92-3 95 88 40 33 46-0 10 
¢ | 0-063 94-8 | 104 41 39 40 44-0 | 13 
8 | 0-054 96-2 | 113 37 34 36 15 
(Sh SF Sey | 
9 } 0-042 | 97-7 133 tS) Sf ~- | 34 
i { 
Same Material Air-Cooled. 7-mm. radius, 
10 0-276 ' Nil 37 — — -- 
11 0-151 70-0 | 62 37 | 42 7 
12 0-128 78°5 66 35 35 8 
13 0-106 | 85-0 70 37 37 11 
14 0-092 | 89-0 | 77 39 | 37 13 
| 5-mm. radius. 
15 0-072 | 92-5 | 91 36 37 | 8 
16 0-062 | 95-0 | 94 34 30 } 9 
17 0-051 | 96-5 105 32 —_— 11 
18 0 | 114 20 = 23 


-040 | 98-0 





that, roughly, the torsions and contraction of area 
begin to fall at the same point. Although, generally, 
the torsions continue to be good for about two passes 
beyond this point, there is a tendency towards irregu- 
larity; for example, in Specimen 6 the tenacity has 
increased from 85 to 95 tons per square inch, while the 
torsions have dropped in only one test out of three, and 
they recover again after another pass (Specimen 7). 
The contraction has dropped slightly in both Specimens 
Sand 7. Possibly the drop in torsions and contraction 
would be more in evidence if the average of a very 
much greater number of tests were taken, especially if 
the samples were selected from a large consignment of 
wire. At all events it is clear that the torsion test is 
not sufficiently definite to serve, in practical testing, as an 








for rope wire than the usual fatigue tests on a basis of 
several millions, particularly if the wire during test 
were subjected to torque as well as to direct tensile 
and bending stresses. 

Conclusions.—1. It has been argued that, owing to 
service conditions, the wire in mining and oil-well ropes 
is subjected to destruction by wear and stresses well 
beyond the limiting safe range or fatigue limit, and that 
consequently the determination of the actual fatigue 
limit, either under tension and compression as in the 
Haigh machine, under reverse bending as in the Wéhler 
tests, or under torsional stresses as recently determined 
by Lea and Batey, is not so important for rope wire 
as the estimation of the work done by endurance tests 
like those carried out by Brunton. 
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2. Itis considered that the cold-drawn condition is the 
most satisfactory one for rope wire, and that the 
internally stressed state and fibrous structure produced 
by drawing are not objectionable, but beneficial. 

3. Further evidence has been given of the advantage 
of lead-cooling in patenting, and it is suggested that 
the best rope wire is made by selecting a steel of the 
lowest carbon content consistent with the tensile strength 
desired, making the greatest use of the carbon by lead- 
quenching, and giving the wire a total reduction of 
area of between 50 and 80 per cent., according to the 
diameter, carbon content, quality of steel, and reduction 
per pass; the better the quality of steel, the lower the 
carbon, and the easier the stages of reduction the greater 
the total reduction may be. 

4. It has been indicated that a definite stage in 
drawing is reached, beyond which no rope wire should 
be drawn. This is indicated by an abrupt change in 
the increase in tensile strength. Although torsions 
and contraction of area roughly indicate this same 
stage, they do not do so with sufficient accuracy to be of 
use in practice, and some simple test to determine 
whether a wire has been over-drawn is desirable. To 
some extent this can be determined by comparing the 
tensile strength of the finished wire with the composition 
and quality of the steel. 

5. It is finally submitted that the general behaviour 
of ropes constructed of cold-drawn wire throughout the 
past years affords support to the above conclusions. 


OVERHEAD BORING AND RECESSING 
MACHINE. 

Messrs. WADKIN AND Company, Leicester, have re- 
cently brought out a new wood-working tool in the form 
of an overhead boring and recessing machine of more 
than usual scope and embodying a number of interesting 
features. This machine is illustrated in Figs. 1 and 2 
annexed. The machine will bore a hole of 3 in. maxi- 
mum diameter to a depth of 12 in. The maximum 
distance from centre of spindle to frame is 20 in., 
and from the spindle chuck to table, 25 in. It can 
thus work on timbers up to 40 in. in: width. An 
important feature of the machine is the method by 
which support is given to the spindle when working at 
full capacity of stroke. In this machine the spindle, 
running in heavy ball bearings, is housed in a balanced 
sliding sleeve which is fed downwards with the tool, 
the bottom spindle bearing being thus close up to the 
chuck at all stages of the work. It will be readily 
understood that this improved support results in 
greater accuracy in the work produced. 

The main casting in which the spindle sleeve slides 
is arranged so that after the bit or tool has been with- 
drawn from the work it is drawn up inside the head. 
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This obviates all danger to the operator when fixing or 
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Damping-down.—Realising the futility of expecting 


off the furnace, and the semi-molten material allowed 





removing work, as no inconvenient guards are required. | an easy blow-in unless the damping-down be most | to fill the tuyere, bag, and gooseneck. : 
The control of the sliding spindle is either by hand lever | carefully performed, very particular attention and| The cure for this is to force the blast downwards, C 
or treadle. The sleeve may be locked in any position, | study is devoted to this most vital part of the whole | and so to provide room for the molten material, while 

and adjustable stops are furnished for limiting tbe | operation, with the result that it is felt that the con- | also heating up the hearth to prevent it resolidifying. = 
depth bored. The machine has a two-speed driving | dition to aim at in a perfectly damped furnace is one | 'To this end the first step is to break away the brick- the 
pulley running on ball bearings mounted on a fixed | in which all reaction within the furnace is completely | work at the tap-hole. An opening, roughly 2 ft. 1 
sleeve, the pull of the belt being taken by this sleeve | stopped. If it were possible immediately to quench | square, is made, and through this opening is raked var’ 
and not by the spindle. The standard spindle speeds | the furnace after the last tap before the stand, blowing- | any ash found, whilst the solid coke and slag is con 
are 1,250 r.p.m. and 1,800 r.p.m., additional speeds of | in would be a simple matter, but as this is not practic- | chiselled away until a large hollow space, perhaps 3 ft. No. 
2,500 and 3,600 r.p.m. being provided for recessing only, | able every endeavour must be made to approach as|or 4 ft. in diameter, is formed, connecting up to at the 
if required. near as possible to this ideal. This means that all | least two tuyeres nearest to the tap hole. Whilst this ball 


The table is 2 ft. 9 in. by 1 ft. 7 in., and is provided 
with compound movements, the longitudinal traverse 
being 30 in. and the transverse motion 18 in. The longi- 
tudinal movement is effected by rack and worm gear ; 
the transverse motion is by screw and nut. The table 
has a vertical range of 9 in., and is adjustable by a 
large handwheel at the side of the machine. This 
raising and lowering gear consists of a large circular 
ram, ground and fitting into the frame casting, in 
continuation with a totally-enclosed self-locking worm- 
wheel motion. Stops are provided for the longitudinal 
and cross table movements, as an assistance in repeti- 
tion work. An auxiliary table, 18 in. square, can be 
used on the main table, for circular and radius work, 
as shown in Fig. 2. This is centred on a fixed pin 
secured to the main table, and is operated by hand 
lever fitted with a spring plunger pin engaging with 
holes in the main table. This enables work to be set 
for cutting to angles, so that a variety of jobs can be 
conveniently dealt with. The machine, in fact, is 
suitable for a large range of work in addition to boring, 
including recessing, shaping, grooving, slot mortising, 
cutting housings in string boards, &c. The controls 
and limits provided are such that the tool can easily 
be worked by any average hand. Fig. 2 shows the 
machine engaged in pattern work, the job on the table 


air must be excluded from the furnace during the 
period of the stand, and, even assuming the shutting- 
down has been satisfactorily performed, the ability 
or otherwise to accomplish this will be an important 
factor in the results obtained. This exclusion of air 
is essential if there be any ore in the charge, and should 
doubts be felt as to the possibility of effectively accom- 
plishing this it is wise to omit ore altogether. Air 
leaking into a furnace damped with an all-coke charge 
is wasteful of coke, but does not prevent a quick and 
easy blow-in. It is always wise to have an excess of 
coke rather than a deficiency, and, as just explained, 
this is the more necessary if the furnace be old or if the 
stand be for a prolonged period. In any case, however, 
sufficient coke should be charged to allow for a small 
proportion being burned before the blast is turned off, 
as this is a comparatively cheap price to pay to ensure 
that no fluid iron or slag is left in the hearth of the 
furnace to solidify and cause trouble when blowing-in. 
In those cases where ore is charged, the coke blank 
must be of such a size that it will prevent any reduced 
ore from reaching the fusion zone. 

As is well known, the gas from a furnace which is 
being damped is very fiery and explosive, and it is 
usually risky to reach a condition where there may 
be a danger of the gas pressure falling owing to some 


is being done the other tuyeres round the furnace 
are cleaned out, and any ash raked away. If only 
cold-blast is available for the blowing-in an endeavour 
is made to bring hot coke down to both the hearth 
and the tuyeres, and when this is accomplished all 
the tuyeres are clayed up except the two, or at the 
most three, tuyeres near the tap-hole. The opening 
in the furnace at the tap-hole through which the cold 
material has been raked is bricked up, leaving a hole 
9 in. wide and about 18 in. high. This is left open, 
and the blast is put on the furnace through the three 
open tuyeres at a pressure of about 14 lb. only. 

A flame quickly appears at the tap-hole opening, 
and this rapidly gains in intensity, bringing down 
white-hot coke to the opening, which is kept clear 
whenever there appears to be a tendency for it to 
become choked. After some hours, slag begins to blow 
from the hole and to trickle down the trough; the 
blast is then taken off, the hole cleared of the hot 
coke, &c., and the opening stopped up with specially 
T. we I.—Details of Damping-down and Restarting of 

Two Blast-Furnaces. 





“urnace No. fl i. | 5. 
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being the pattern for a two-way pipe socket. : : Co ion of lining. .| Good.. .| Moderate. 
The power taken is 3 h.p. and the machine is designed furnaces being off whilst others are not yet ready to| si; coke blank..| 121 tous .| 37 tons, 
for a motor or shafting speed of 720 r.p.m. for come off. Therefore, before commencing damping, a [ Coke, 45 cwt. 
boring only and of 1,440 r.p.m. for recessing only es eee eee Sees eer ee Wee De ails of in | Nil oom ral 1 M = 
® ore me *| tion, of the exact number of rounds which should be —“——“ oy = 4 Filled \ Lina, 46” = 
; eames came necessary to complete the charge, and where all the [ up 4 Ore, 55. 
AND furnaces are being damped together, the blast is so with | Lime, 12 ,, 
THE DAMPING-DOWN RE-START- soe that pri faeces uae its charge at a| Lenethofstand ..)175days_.. | 338 days. L 
J ; 8 Furnace * .| Sealed and isolated | Open to gas from ( 


ING OF BLAST FURNACES.* 
By C. S. Gm. 


definite rate per hour, whilst maintaining the stock 
at the required level, which enables all to be ready for 
taking off together. For the guidance of the frontside 


other furnaces. 
Free from | Clean and soft. Free 
from ash. Cold. 


State of material in | Clean. 
h arth at close of | ash. 


To many furnacemen the period immediately following : , s’ nd 
_ the renewal of operations, after a prolonged stand, is | foreman, the number of beds of iron which he may | pip ; on at .| 9.25 a.m., Dec. 8 ..| 6.20 a.m., May 27. 
a time of stress and trial, in which hard and high tap- | Xpect by the time the coke is well down is also calcu- | Pr sure .| $b. at furnace .| 14 Ib. at furnace. 


lated, and if there had been any material shortage in 


Nc of tuyeres 3 tuyeres 3 tuyeres. 


holes, together with other troubles, such as iron over : . : Te erature of blast| Practically cold: .| 1,500 deg. F. 

the slag fall, and slag back in the tuyeres, play pro- the final cast it would probably have been decided} @ {nto main flue..|11.10a.m. .. .-| 8 a.m. 

minent parts, and if means can be found to eliminate | to blow the furnace a little longer to make sure that no Be. ‘ gayed up firs B16 to 3.45 Dm. ..| 11 to 11.20 a.m. 
° ° : ; S aoe .m. 97 

these unpleasant features it will be to the advantage | !?OM was left in the hearth. wal Gan om beds” saa ee ey } 12.50 p.m. 


of ali. 


For the final cast the tap-hole is specially prepared 
as low as possible and of the greatest area obtainable, 


Las‘ tuyere opened | 11 a.m., Dec. 9 ,.| 3.15 p.m., May 27. 
Sla, notches opened | 4.30 p.m., Dec. 10 ,.| 10 a.m., May 28. 
02... 


(a) Probable Duration of the Stand.—If the stand is : A : : - 
to be of short duration there is no great difficulty in | usually two or more bars being driven side by side oh i 5-94 
estimating the suitable coke blank, and, by the exercise | When tapping to ensure a good flush of iron and slag Dee. ate . .|\May anf $40 
of ordinary care, in seeing that this is quite definitely with as little resistance as possible. Every effort is 9:04. Me 
in the hearth before the blast comes off. It is then | made to remove all trace of fluid material from the ro ) [sss 
possible to obtain perfectly satisfactory results on | hearth, and then the hole is stopped with specially Dec. 109 2°14 May 28, 4°56 
restarting. In the present paper, however, the author | Prepared coal clay. As quickly as possible after the | : eee ; £8 «7 . |s-t8 
has in view more particularly that damping-down which | blast is off the “ bags” are removed and the tuyeres re ae eal t a 3-70 
is necessary when the expectation is that the furnace | Stopped up tightly with fireclay, and sufficient of this ; 3-76 5:16 
will stand for an indefinite or prolonged period. clay is added completely to fill the tuyere and to | 2-80 .. a4 
(6) Condition of the Linings.—Where the linings are | give a smooth surface covering the joint between the | Dec. 11 — **|\May 294 2 04 
known to be seriously damaged or worn it becomes a| tuyere and the cooler. This surface is then grouted, 3-46 °: 4-32 
matter of discretion whether they are in such a con- | together with the whole of each tuyere arch, in order 3:38 ..] 4 4-56 
; that any cracks on cooling can be immediately de- 2-78 ..| May 30 3.60 


dition as to warrant the blowing-out of the furnace, 
raking out the material, and doing any repairs to the 
brickwork which might be necessary ; in that case the 
furnace would be blown-in again in the same way as 
starting a new furnace. This is outside the scope of 
the present notes, but it is certain that, given reason- 
able care, it is possible to damp down and restart 
practically any blast furnace in such a way as to do 
a minimum of damage to the furnace, and to have it 
on to full output within a week of commencing the 
task of blowing-in, whilst at the same time escaping 
most of the trials usually associated with the process. 

(c) Whether All or Only a Proportion of the Furnaces 


tected and resurfaced, and all brickwork is carefully 
pointed by bricklayers. While this is being done, the 
downcomer valves, bleeders, and bell are also closed 
and sealed. Water on tuyeres and coolers is slacked 
right down, and the furnace is then allowed to stand 
without further attention, except regular examination 
for signs of cracks in clay or pointing, which are 
promptly attended to. 

Blowing-in.—The following briefly describes, step by 
step, the process followed in a large number of instances, 
and in every case without exception the furnace quickly 
dropped into normal working. Where the stand has 











Dec. 12 
L 





coaly clay prepared. for the purpose. This clay is 
not rammed right’ back, but the hole is just filled 
with it, with only sufficient ramming to keep it firm, 
and through the clay is driven a 2-in. square mild 
steel bar in about the centre of the opening, and the 
blast again put on the furnace. 

As the melting zone in the hearth extends, the 
tuyeres which have been clayed up are opened out 
gradually from front to back till all are fully open. 
After blowing for 1} hours with a blast pressure of 
2 Ib. to 3 1b., the hole is pared below the bar and the 














are to be Damped.—If only a proportion of the furnaces | been lengthy, and subject to the damping-down having furnace tapped, any slag being run into the ladle and th 
is to be damped down it is possible to obtain exception- | been efficiently performed, the furnace at the time of | the iron on to the beds. This is repeated at gradually a“ 
ally satisfactory results by adding a comparatively | starting up is found to be practically cold in the|extending periods as the capacity of the hearth b 
small blank of coke, with the usual precautions, and | hearth, which will be full of tightly-packed coke, prob- | increases, and a hard hole is rarely experienced ; it é 
by keeping the downcomer valves open, to obtain a|ably bound together by solid slag in the interstices. | is only after probably 24 hours that the slag notch N 
pressure of gas from the other furnaces during the | The hearth level may be slightly above normal working | js opened and slag run over the fall, by which time d 
stand. This quickly eliminates all combustion, and | height, but not sufficiently so to cause any inconveni- | the furnace is working normally. € 
allows the furnaces to cool down in a condition which | ence. Ash will also be found in inverse proportion to Table I. contains details of the damping-down and A 
permits of the blowing-in being accomplished with | the success of the precautions taken to prevent air in- restarting of two furnaces, and serves to illustrate tl 
practically no difficulty at all. Details are given later | filtration during the stand. It was realised that to|the results obtained by the above methods. Both E 
of a case in which this was done, and the furnace stood | turn on the blast to a furnace as described would mean | fyrnaces were making sale iron, so no effort was made I 
damped for eleven months. that at any tuyere through which the blast could force | to reduce the silicon quickly, especially in the case of : 
The following are the general principles and methods |a passage melting would commence. The molten | furnace No. 5, when siliceous iron was urgently required, . 
adopted at the works with which the author is con- | material, having nowhere to go below the tuyere, | but had low-silicon iron been required there would ¥ 
nected, whenever a prolonged shut-down is necessary. | would be forced up by the blast into the openings | have been no difficulty in speeding up the increases of 
ene —_— |above, until the pressure of blast became insufficient | ore, It is to be observed that, within 48 hours, No. | V 
* Paper read before the Iron and Steel Institute, |t0 hold up the weight. Then the slag would begin to | furnace was in a normal condition, whilst No. 5 furnace } 


was normal within 28 hours of putting the blast on, = 
and in neither case was the slightest trouble experienced. 


Newcastle-upon-Tyne, on Tuesday, September 10,1929, | Tun back into the tuyere, a condition which of course 
Abridged. 





would rapidly become worse if the blast were taken 
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THE WELLAND SHIP CANAL.—V. 


Our last article on the Ship Canal now under 
construction across the Niagara peninsula carried 
the description as far as the end of section No. 48. 

The limits of Section No. 5, which follows, have 
varied at different times. Under the original 
contract of 1913 the northern limit was Station 
No. 636, and the southern, Station No. 774. When 
the work was relet in 1921 there was overlapping at 





both ends, for the purpose of cleaning up work on 


Everhs) 


| high ground to Port Robinson, where connection 


was made by lock with Chippawa Creek, which 
boats then followed down to the Niagara River. 
In the next reconstruction the canal was carried 
on further beyond Port Robinson, to the Port 
Golborne destination. This stretch, therefore be- 
tween Allanburg and Port Robinson is historic. _ It 
is the original ‘‘ Deep Cut ” which gave such trouble 
in the first undertaking of 1829, in which slides de- 
veloped and delayed the opening to navigation. It 
is practically a straight run, the north and south 





at the southern end. These are respectively a few 
feet north and a few feet south of the existing swing 
bridges. 

The total excavation on this section amounted 
to some 125,000 c. yds. of rock, and 5,622,000 c.yds. 
of earth. It was not possible to unwater this 
section at any time, and for the most part this 
excavation was carried out by dredging, though 
for some distance the alignment and lie of the 
ground outside the banks of the present canal made 
it possible to adopt for some distance the method, 














Fig.130. 
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Fig. 132. STATION 628+00 
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Fig. 133. STATION 650+00 
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the former contract. The extreme limits were then 
set at Station No. 607 to Station No. 778. As will 
be explained later, certain work allotted to Section 
No. 6 extended as far north as Station No. 700, but 
does not concern us at this point. Section No. 5 
extends for about three miles, from just north of 
Allanburg, where the Ship Canal alignment rejoins 
that of the present canal, which is then followed to 
Port Robinson at the south end of the Section. 
In this length the present canal has been deepened, 
and the west bank has been set back to form the 
wider channel required. 

It will be remembered that in our second article* 
we described the first canal as following Twelve 
Mile Creek to Allanburg, and then cutting across 








* See ENGINEERING, vol. exxvii, page 415. 
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extremities of which are shown in Fig. 130, and, 
at the Port Robinson (South) end, shown on the 
left, will be seen a basin and lock connecting with 
Chippawa Creek. This is the original end of the 
first canal. The “Deep Cut” has, with each 


reconstruction, been deepened and widened. The 
ridge through which it passes is the highest ground 
across the peninsula at this part, and results in the 
banks at places being as much as 80 ft. above the 
Ship Canal bottom. The only work involved here 
has been the enlargement of the present canal prism, 
to the new cross-section, and the construction of two 
bridges to take the place of two swing bridges over 
the present canal. These are Bridges Nos. 11 and 
12 of the Ship Canal, both of which are to be of the 
vertical-lift type, the one at Allanburg at the north 





end of the section and the other at Port Robinson 
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described in our last article, of excavating partially 
in the dry. This method consisted in excavating a 
trench behind the existing bank along the new 
slope, and down to berm level (El. + 563), leaving 
sufficient material behind the old bank to keep 
the trench dry. By this procedure it was possible 
to lay the concrete slab protection on the slope to 
El. + 575. After this the trench was flooded and 
the work completed by dredging to full cross- 
section. On the west side this method was employed 
for all but portions at the extremities. On the east 
side, however, it was only permissible for a short 
distance at the north end. At this end also part of 
the west slope had to be built up in the bed of the 
present canal. For this, rip-rap was used for 
protection instead of concrete slab, as being easier 





to repair in case of settlement.. Rip-rap was 
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also employed on the greater portion of the east | 
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slope. THE WELLAND SHIP CANAL. 


The cross-sections given in Figs. 131 and 132 





show how the trench method described was worked. 
Fig. 131 is a section at Station No. 620, and shows 
the present canal prism dotted in the centre with i 
trenches excavated in the dry on both the right = 
hand (west) and left (east) sides. The shaded area | rf 
on the right represents the old canal, filled in. 

Fig. 132, representing the conditions at Station | 
No. 628, shows on the right of the present canal | 
prism part of a lock structure of the old canal | 
(demolished in the reconstruction) and the old 

canal prism, partly coming in the new channel and | 
partly filled in. The old lock just referred to is | 
shown in the view Fig. 134, and is in great contrast | 
to the immense structures of the present reconstruc- | 
tion. This particular lock, it may be remembered, | 
was 150 ft. long, 26 ft. wide, and had 10 ft. of water | 
on the sills. The views reproduced in Figs. 135 | 
and 136 show two stretches on which dry excavation | 
was adopted down to berm level, and illustrate the | 
nature of the slab protection. 

As noted above, and as will be seen, for instance, 
from the typical cross section reproduced in Fig. 133, 
most of the material was earth. At the north end | 
there was, however, a quantity of rock which had | 
to be drilled and blasted before being dredged. For 





Fie. 134. Oxtp Lock at ALLANBURG. 





this a drill barge was employed equipped with 
three steam drills. The amount of explosive and 
number of holes in a blast were limited, as the risk 
of danger to traffic, or obstruction of the then 
existing canal prism, had to be avoided. The rock 
removed was transported by barge to Lake Erie, 
and dumped outside the eastern breakwater at 
Port Colborne, well away from navigation channels. 

The earth was removed to and deposited on the | 
low-lying lands referred to in our last article as | 
extending between the old and present canals, on 
the west side of Section No. 4. This material on 
being dredged was loaded into hopper barges, | 
which were towed to and dumped in small basins | 











excavated in the west bank of the present canal. 
Here the material was rehandled by an hydraulic 
dredge, which pumped it on to the adjacent dis- 
posal ground. This area was cut up into sections, 





Fic. 135. New Stopr ExcavaTIOoN IN THE Dry. 





the water being allowed to flow over weirs from 
one section to another before finally spilling back 
into the canal. Three rehandling basins were utilised 
in succession, and operations were begun with the 
most northerly, and concluded with that furthest 
south and close to the junction of the present and 
Ship Canals. Fig. 137 is a view of the hydraulic 
dredge Primrose working in one of the little pumping 
basins, while Fig. 138 shows its discharge into one 
of the settling basins on the disposal area. The old | 
canal prism has also been filled in with material from 
Section No. 5. The Ship Canal bottom on this 
section is at El. + 543, with normal water level 
at El. + 568. The spoil area was filled to a level | 
at El. + 582, and surplus material beyond the | 
requirements for this was taken to Lake Erie and 
dumped in deep water. 

Work on the excavation of the “ Deep Cut” to 
convert the prism from that of the present canai | 
standard, to that of the Ship Canal, was commenced | 
soon after the early contracts were given out in 1913. | 
Very soon about five steam shovels were at work | 
and progress was rapid on the dry excavation, | 
dredging being started a little later. The work was 





| 
| 
| 








entrusted to the Canadian Dredging Company to 
whom, after the war, the contract was re-let, on the | 
cost-plus-percentage system then ruling. The 
date of this was early in 1919, when it was estimated | 
that no less than 70 per cent. of the excavation had | in 1921 to the same company on a unit-price basis, 
been completed. At this time the company’s | thenecessary balance stood at about 1,070,000 c. yds., 
equipment included four dredgers, a drill barge|a short addition having been made as described 
and other plant. One of the dredgers was the|above to the section at the north end. Working 
hydraulic dredger used for rehandling the excavated | under the new contract, the plant was strengthened 
spoil into the disposal area basins. A second was, by an extra dredger, and about 441,000 c. yds. of 
a clam-shell dredger used for similar work, disposing, | earth were removed. All but 67,000 c. yds. of this 
on the spoil area, of material containing boulders| was pumped into the disposal areas, while the 
which could not be handled by the hydraulic| balance, being unsuitable, was dumped in Lake 
method. This only left two machines actually on| Erie. At the same time, about 27,000 c. yds. 
excavation work proper; these disposed of 317,000 | of excavated rock were disposed of in front of the 
ce. yds. in 1919, and 503,000 c. yds. in 1920. By! west breakwater at Port Colborne. Dry excavation 
1921, it was estimated that 5,150,000 c. yds. of | was also carried on by means of two machines, 
excavation had been accomplished, and that, when|and the material removed wasted on adjoining 
the contract for the remainder of the work was relet | lands. 





Fic. 136. Concrete Sxtas Protection at Port RosBrnson. 


In 1922-23, the plant was reduced, but a total of 
306,000 c. yds. of earth was removed, most of this 
being again disposed of in the basins. By this 
time parts of the section had been excavated to 
finished lines, and, while some had not been swept, 
this operation had even then been carried out with 
satisfactory results on a length of 2,430 yds. In 
the following year, further plant was removed to 
other work, and only 126,240 c. yds. of earth, and 
8,400 c. yds. of rock were removed. In the year 
1924-1925, the whole of the section had been 
swept, except for short lengths at the bridges, 
where the old structures interfered with operations, 
these parts not being capable of completion till 
the old structures could be replaced by the new. 
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THE WELLAND SHIP CANAL. 
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Fic. 137. 


HypRavutic DREDGER IN Pumpina Basin. 








Fie. 138. 





DISCHARGE OF DREDGER INTO SETTLING Basin. 
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Fie. 139. Werst ABUTMENT FoR BripGeE No. 12. 


‘This section was thus passed as completed save 


for this, and for the fact that silting was found to 
have occurred on a stretch where early excavation 
had not been rapidly followed by bank protection. 
This area is to be cleaned up in connection with 
other work later. The dredging plant was removed 
from the section in the spring of 1925, since when 
the prism has been used in the normal way as 
part of the present canal. A rock bank has been 





thrown across the entrance to the old canal con- 
nection with Chippawa Creek at Port Robinson, 
and the basin enclosed filled in, as indicated in 
Fig. 130. This, however, was not done by the 
contractor of Section No. 5. 

The east abutments for Bridges Nos. 11 and 12, 
being on the line of the toe of the east slope of the 
present canal, were built inside steel sheet pile 
cofferdams, constructed in the water and pumped 





lout. The west abutments were located some 
|distance back from the west bank of the present 
jcanal, and were built in the dry. The abutments 
|for the Bridge No. 11 at Allanburg are founded 
|on good rock, while those of Bridge No. 12 at Port 
| Robinson are on timber piles. The abutments 
| consist of central monoliths, with a wing wall on 
each side curving back towards the bank. 

| Work on the west abutment of Bridge No. 12 
was put in hand in September, 1915, and carried 
on intermittently till the autumn of 1916, by which 
time most of the site had been excavated and 
nearly all the piles driven. As the material encoun- 
tered included quicksand, triple lap timber sheet 
piling was driven round the site, being supported 
by bracing, placed as the work proceeded. On 
recommencing work in 1919 the abutment site 
was unwatered, excavation was completed and 
concreting commenced in June of that year. In 
excavating for the south wing wall a vein of quick- 
sand necessitated a steel sheet pile enclosure round 
this section. Inside this, excavation was carried 
down an additional 2 ft., and extra bearing piles 
were driven. The abutment was completed by 
October, 1919, except for a portion of the north 
wing wall. A view of the work at this stage is 
shown in Fig. 139. No further work was done on 
this bridge until the autumn of 1922. At this time 
work was put in hand on a counterweight pier at 
the back of the west abutment, but, as it has now 
been decided that these bridges will be of the 
vertical lift type, this will have to be modified to 
work into the substructure now required. In the 
construction of this pier, triple lap timber piling 
was driven to form the necessary enclosure, but a 
thick bed of quicksand was encountered when 
excavation neared the bottom, and steel sheet 
piling was driven round the outside of the timber 
cofferdam. This was driven to a depth 14 ft. below 
the timber piling, and it proved necessary to carry 
excavation some 8 ft. 6 in. below the anticipated 
level to get satisfactory bearing. 

On the east side, work on the abutment was 
commenced in the autumn of 1922, after a navigation 
channel had been dredged between the centre pier of 
the old bridge and the new west abutment. The 
site of the abutment was first dredged and the 
interior bracing of the intended cofferdam, pre- 
viously built as a crib, was floated into position and 
sunk early in 1923. The driving of the cofferdam steel 
sheet piling surrounding this was completed in March 
of that year and the cofferdam was pumped out and 
excavated. The bearing piles were all driven 
between May and August of the same year, but it 
was found impossible to keep the cofferdam un- 
watered, due to water-bearing strata below the 
sheet piling. The steel piling used was of a length 
of 55 ft., penetration being to a depth of 30 ft. 
below the then existing canal bed. The trouble was 
overcome by driving a second row of piling 70 ft. long 
outside the first row and about 18 in. away from it. 
This was extended across the front and partly 
round the wing walls. At the ends the piles were 
drawn in as close to the inner piling as possible, 
and a seal made with stiff concrete, and the re- 
mainder of the space filled with clay. No further 
trouble was experienced, and it was possible to com- 
plete the concreting of the abutment in September, 
1923, to coping level ; the central portion being left 
unfinished till the final design was decided upon. 

As regards bridge No. 11 at Allanburg, the 
foundations were of the same general design, save 
that they were, as stated above, on rock. Here 
the arrangements for the location of the new bridge 
necessitated some alteration in the closed position 
of the then existing swing bridge. Work was 
commenced at the site of the new east abutment in 
January, 1922. As in the case already described, 
although in point of time carried out later, the 
cofferdam bracing was assembled in crib form and 
floated to site. This assemblage was done at Port 
Robinson. The structure formed was 76 ft. by 
34 ft., with a draught of 14ft. This was successfully 
placed, ballasted and sunk in January, 1922, and 
the bracing of the end wings was framed and 
attached. Sheet-piling was next driven round the 
whole, but the work was interrupted by the sliding 
of the bank behind, and other incidents. The piling 





was all driven by the spring, but here again 
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unwatering proved difficult, though the piles were 
35 ft. long. The solution in this case took the 
form of waterproofed canvas covering, placed in 
front of the cofferdam and extending from the 
top of the piles to the canal bed, and outwards on 
the bottom for a distance of 10 ft., the latter being 
covered with dumped material. This made it 
possible to unwater the cofferdam, when excavation 
was carried to rock for the centre portion of the 
pier, piles being driven on the wings for the return 
walls. After concreting had started, however, a 
leak developed, flooding the cofferdam, but this was 
rectified by re-driving the piles at the point of 
failure ; subsequently concreting proceeded to 
completion in due course. 

On the west side the abutment site was prepared 
in 1922 by a dragline machine. This was all in the 
dry, and the material proved so hard that some 
blasting was necessary; only a small amount of 
sheeting and bracing was required, being done by 
hand. Concreting was proceeded with at once, and 
was completed in the spring of 1923; the counter- 
weight pier, provided as in the case of Bridge No. 12, 
was finished without incident about the same time. 

In the case of both these bridge substructures the 
work was complicated by the proximity of the 
existing swing bridge, and by the fact that navigation 
could not be interrupted during the open season. 
In addition, steps had to be taken to prevent 
increased velocity of the current in the canal, arising 
from restricted passages due to obstruction by the 
works. In order to avoid obstruction to navigation 
much of the work was done in the closed season. 

The contractor, when the last contract was 
awarded, took over a certain amount of plant from 
the Department, but this did not include excavating 
machinery. The following rates cover some of the 
more interesting items on which the final contract 
was awarded— 


Class I material (rock) exca- 
vation and disposal 

Class II material (other than 
rock) excavation and dis- 
posal re oes ae 

Trimming banks, after settle- 
ment - ove ose 


6-25 dols. per c. yd. 


” ” 


0-15 dols. per sq. yd. 
Sodding se ose .. 0°40 
Stone protection in banks ... 
Concrete _,, ; 
Timber piles ... 
Steel sheet piling 


4-00 dols. per c. yd. 
11-00 ” ” 
0-75 dols. per lin. ft. 
0-05 dols. per Ib. 

In the case of concrete the price was exclusive 
of cement, which material, as noted in previous 
articles, was furnished by the Department of 
Railways and Canals. 





THE INSTITUTE OF METALS. 
(Concluded from page 355.) 
SHRINKAGE CavITIES AND Vacuum MELTING. 


WHEN the meeting of the Institute of Metals was 
resumed in the hall of the Eisenhiittenhaus, Verein 
Deutscher Eisenhiittenleute, Diisseldorf, on Wednes- 
day, September 11, the first business was the con- 
sideration of a paper by Dr. W. J. P. Rohn, on 
“The Reduction of Shrinkage Cavities and Vacuum 
Melting.” This paper, which will be printed in 
abbreviated form in a later issue of ENGINEERING, 
dealt with the use of water-cooled copper moulds, 
so as to ensure that solidification of the ingot 
started from the bottom. In this way shrinkage 
cavities might be diminished, and could be totally 
avoided if melting and freezing were performed in 
an electrically-heated melting furnace, using a 
crucible of the same shape as the finished ingot, 
and if the current wee cut off gradually from the 
bottom at a carefully controlled rate. 

The discussion was opened by Dr. R. S. Hutton, 
who thanked the author for his generosity in pub- | 
lishing the results of many years’ courageous work. 
He had attained success by methods, the difficulties 
of which would have deterred many investigators, 
and he (the speaker) hoped that other workers 
would be encouraged to proceed on similar lines. 

Dr.-Ing. W. Hessenbruch pointed out that this 
was the first time that vacuum melted ingots had 





| laboratory interest. 


|furnaces were not, therefore, economical for small 
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to 1,700 deg. C. It was also stated that this | 
pressure remained constant, even if the pump were 
stopped, and he would like to know whether this | 
was due to gas from the material in the furnace. | 
It had further been mentioned that metal which 
was free from gas did not take up gas during the | 
subsequent rolling process. He asked whether | 
iron melted in this way took up less gas than iron 
treated by pickling. 

The President said that the appliances described | 
were the realisation on an industrial scale of experi- 
ments which they had been told were only of 
He was glad to see that the 
obstacles of translation from one field to the other 
had been overcome without sacrificing any advant- 
ages. The author's vacuum was really, strictly 
speaking, a draught, since either the metal was 
giving off gas, or air was being drawn in. The 
ingenious method of cooling an ingot from the 
bottom had disadvantages. For instance, there was 
bound to be mass segregation, especially in steel. 
Vacuum methods were, therefore, more likely to give 
satisfactory results. 





PRoGRESS IN ELECTRIC FURNACES. 


A paper on “ Progress in Electric Furnaces for } 
Non-Ferrous Metals,” was then presented by Dipl.- | 
Ing. M. Tama. This paper is reprinted abridged 
on page 389 of this issue. 

The discussion was opened by Dr. H. W. Browns- | 
don, who remarked that he was interested to see 
that the Rohn method of furnace lining was coming 
into its own. Lining problems still offered scope 
for investigation, and in this connection the shape 
of the furnace was often an obstacle, as it imposed 
restrictions on the lining arrangements. He hoped 
furnace designers would so arrange matters as to 
make it possible to use refractories in accordance 
with conduetivity requirements. He was not certain 
whether the author’s method of dealing with swarf 
was really better than briquetting, though it was 
difficult to tell without actual figures. To-day the 
general trend was to try to obtain economies by 
using larger and larger units. But with induction 
furnaces the movement seemed to be in the opposite 
direction. This had many disadvantages, especially 
when it was desirable to hold the furnace for a 
sufficient length of time to draw a test ingot and 
analyse it before pouring. With the present close 
specifications this meant that after, rather than 
prior, analysis, had to be adopted. He wondered 
whether the question of size was one of custom, 
or whether there was any real reason for it. 

Mr. P. Frank thought it must be an advantage to 
increase the size of the furnace, if the output war- 
ranted it, especially as larger units meant lower 
radiation losses. He asked whether furnace linings 
could be built up of brick without employing the 
ramming processes now usual. 

Dr. R. S. Hutton said that a visit to Dr. Tama’s 
works at Eberswalde was highly instructive. The 
electric furnace was equally interesting from the 
point of view of annealing as of melting and in this 
respect a new era was opening up, especially as 
regards brass. He was struck by the remark that 
each furnace must be designed for a particular 
purpose. The natural conclusion was that certain 
methods were only suitable when the whole works 
were re-designed. This meant larger and larger 
units of {production and more complete standard- 
isation, leading more and more to the adoption of 
the methods described in the paper. The use of 
electric furnaces permitted greater cleanliness, which 
was important, as it meant an improved quality of 
product. In fact, the high quality now demanded 
could only be attained by the use of such methods. 

Mr. D. F. Campbell said his experience was that 
it was best to put in such a size of furnace as would 
give a cast equal to one ingot or a multiple of the 
ingots required. The casting time should be 
limited to 10 minutes. The size of the furnace was 
determined by the size of the ingot, and large 


casts. Larger furnaces also had the disadvantage 
of requiring two secondaries. In France large 
furnaces had been used as mixers, a bath of metal 





been produced on a commercial scale. The author 
stated that charges of 4,000 kg. could be melted | 
and poured in a vacuum equivalent to 2 to 5 mm. | 
of mercury up to temperatures of from 1,600 deg. 


being maintained for constant analysis. This 
practice was now being abandoned, and they were 
going back to the small charges, pouring half the 





charge every half-hour. It would, however, be 


| better still to empty the furnace each time. His 


views were confirmed by Mr. Tama’s. Smal! 
units were best, except where 1l-ton ingots were 
required. 

Mr. R. Archer pointed out that, in the United 
States, automobile manufacturers were converting 
their furnaces to electric heating, and that in the 
aluminium industry large furnaces were being 
built for special purposes. On the other hand, they 
found the nitrate bath more economical for the 
treatment of sheet. The use of the electric furnace 
for heat treatment at temperatures of the order of 
400 deg. C. gave better results than the best labora- 
tory methods of a few years ago. In fact, whereas 
it was formerly necessary to look to the laboratories 
for means of improving commercial methods, it 
was now possible for the commercial men to help 
the laboratories to make new developments. 

Mr. A. J. G. Smout said that their experience in 
Birmingham was that when electricity was used 
for heating, the fuel bill was doubled and the 
labour bill halved. As the latter was the larger 
item, the economic results of the conversion were 
satisfactory. With electricity the metal losses 
were no more, and were possibly less, than with 
other methods, and the quality was better. Supply 
undertakings in England were fully alive to the 
need for cheap energy for metallurgical work, and 
were offering low rates and special concessions. 
Electric annealing was absolutely essential for the 
fulfilment of the conditions of modern specifications. 
As regards size, the furnaces now usual in Great 
Britain would have to be replaced by something 
larger, owing to the demand for long lengths of 
material for press work. This meant larger ingots 
and thus larger units. ‘ 

Mr. A. Spittle agreed that electricity was: econo- 
mical both for melting and annealing. The system 
of dividing up the furnace unit as described in the 
paper was worthy of note, as it enabled an even 
temperature to be obtained throughout the furnace. 
This would overcome the difficulty of the increase in 
temperature, which occurred when there was no 
material to absorb the heat, causing damage. 

The President said that the complete change 
in the attitude of mind of manufacturers to electric 
heating was interesting. He could not agree that 
the laboratory had anything to learn from the 
factory. © 

Mr. Tama, in the course of a short reply, said that 
they had very little trouble with the furnace linings, 
which had an average life of 2,000 heats. The 
maintenance cost was therefore low. Mr. Frank’s 
proposal to build up the linings of bricks was already 
in use. It was very reliable and gave a longer 
life. The size of the furnace should be considered 
not from the standpoint of fuel economy, but from 
that of plant layout. 


PINHOLES IN ALUMINIUM ALLOYS: 


A paper on “ Pinholes in Cast-Aluminium :Alloys ” 
was then presented by Mr. N. F. Bugden. This 
we shall deal with.in a later issue, and it will 
therefore be sufficient here to state that it described 
an investigation into the causes of pinholes in 
sand-cast aluminium alloys and the influence of 
the ingot itself, the melting and pouring tempera- 
ture, the time maintained molten, the melting 
fuel and furnace, the rate of solidification, the 
importance of pouring. The alloying elements 
in relation to their effect on pinholing were con- 
sidered. ° 

The discussion was opened by Mr. A. H. Mundey, 
who said that the pinhole problem became more 
difficult with the improvement in the quality of 
the casting. From the works point of view the 
solution lay largely with the craftsman and his skill 
in arranging matters, so that the gas at the surface 
was eliminated. Pinholes that were not in evidence 
at the surface sometimes, however, appeared after 
machining. The rate of solidification was an 
important factor, and in die-casting the mou'ds 
should be kept as hot as possible. He thought 
that turbulent pouring should never be used, and 
hoped the paper would not be quoted as an authority 
to the contrary. 

Mr. S. L. Archbutt remarked that progress would 
follow when cause and effect in this matter could be: 
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correlated. Occluded gas and grain size were 
sources of the defect, and great strides had been 
made in their control. He thought that the 
trouble with modern alloys might be due to the 
aluminium rather than to the alloying material, 
since the methods of production might lead to a 
higher gas content. The higher the quality of the 
alloy the greater the likelihood of trouble from gas and 
pinholing. He did not think that contraction was 
a cause of pinholing, and that when the author said 
that slow cooling was necessary to remove the gas 
from the alloy he meant slow solidification. Though 
turbulent pouring might not cause pinholing, it did 
give rise to other defects. 

Mr. R. Archer called attention to the advantages 
of radiographic methods in detecting pinholes and 
other defects. The reason why pinholes were 
giving more trouble at present was due to our higher 
standards of performance, a condition that had 
been brought about by developments in aircraft 
construction. 


LocoMotivE FrreBox STAYS AND PLATES. 


A paper on “ Properties of Locomotive Firebox 
Stays and Plates ” was then presented by Dr. O. F. 
Hudson and Messrs. T. M. Herbert, F. E. Ball 
and E. H. Bucknall. This paper, which will be dealt 
with in a later issue, reports some results of 
metallurgical interest arising out of a research, 
which the British Non-Ferrous Metals Research 
Association is carrying out on behalf of the British 
railways. 

Sir Henry Fowler opened the discussion by 
saying that the paper showed the close connection 
which now existed between research and practical 
investigation. The railways had been examining 
these problems for some time, but, when co-operation 
with the scientists began, they soon found how 
little they knew. The scientists on their part 
were also ignorant of the railway point of view, 
so that the advantages of co-operation had been 
mutual. The result was that considerable progress 
had been made on the road to success. Plates 
containing 0-5 per cent. of sulphur had now been 
produced and were ready for investigation. He 
would like to express his thanks for the assistance 
they had received from German engineers and 
especially from Dr. Kuhne, of the State Railways. 
They had given the fullest information on every 
point raised. 

Dr. Fosz, speaking in German, said that the 
State Railways had been working on this subject 
for seven years and were always glad to inter- 
change results. The paper marked a most important 
step towards the solution of the staybolt problem. 
In Germany these bolts had given way exactly as 
described by the authors, and they had come to 
the conclusion that it was not a question of assembly, 
but of material. They were now trying the American 
material known as Dubry, and hoped the results 
would be satisfactory. They had had the same 
trouble with steel stay bolts, but this had been 
overcome by adding 5 per cent. of nickel. The 
result was highly satisfactory. 

Mr. W. H. J. Vernon said that the authors 
had given a curve which showed the relation 
between the rate of oxidation and temperature. 
This agreed with his own results and he thought 
that the differences to which the authors drew 
attention were due not to the use of oxygen instead 
of air, but to the differences in the size and dimen- 
sions of the test pieces. The authors had described 
a number of experiments with atmospheres con- 
taining small concentrations of hydrochloric acid 
and other impurities. These were of more than 
ordinary interest, as it appeared that below certain 
low concentrations the action of the HCl was 
almost entirely catalytic. Under the conditions 
in his own experiments the action was almost 
entirely specific. There seemed therefore to be a 
marked tendency for traces of impurity to act 
specifically at ordinary temperatures and catalytic- 
ally at higher temperatures. This had a bearing 
on technique. 

Mr. A. J. G. Smout said that the success the 
authors had attained was due to the fact that 
they had carefully digested all the information 
given them by the practical men and had got back 
to fundamentals, This was a case where industry 





had received direct benefit from work of the Non- 
Ferrous Metals Research Association. Practical 
men sometimes regarded experimental results 
with misgiving because they had been obtained 
from material made in small quantities under 
ideal conditions. In this case the plates to which 
Sir Henry Fowler had referred had been made 
from the same charge as the test pieces. It was in 
fact felt to be important that the test pieces 
should be made on a works scale, so that 15 tons 
of copper were made to get a few pounds of test 
pieces. 

A paper on “ Effect of Temperatures Attained 
in Overhead Transmission Cables” was then 
presented by Drs. A. von Zeerleider and P. Bour- 
geois, but was not discussed. It will be reprinted 
in an abbreviated form in a later issue of ENat- 
NEERING. 

The meeting then concluded with votes of 
thanks to the German hosts of the Institute and 
to Dr.-Ing. Max Haas, the secretary, and the 
members of the Local Committee, all of whom 
had contributed in their several ways to make 
the meeting an undoubted success and a pleasure 
to all the participants. 

In the afternoon visits were paid to the works of 
Messrs. Demag A.G. and Berg-Heckmann-Selve A.G. 
at Duisburg, while in the evening an entertain- 
ment was given by the Institute of Metals at the 
Malkasten, Diisseldorf. The whole of Thursday, 
September 12, was devoted to a visit to the works 
of Messrs. Fried Krupp A.G. at Essen, while on 
the following days a small party visited Berlin, 
where an inspection was made of the installations 
of the Hirsch, Kupfer und Messingwerk A.-G. at 
Eberswalde, of the Forschungslaboratorium of 
the Siemens-Schuckertwerke at Siemensstadt and 
of the Material-priifungsamt at Charlottenburg. 
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Republican Germany : A Political and Economic Study. 
By Hue Quictry and R. T. CuarK. London: 
Methuen and Company, Limited. [Price 15s. net.] 

Among the consequences of the war nothing is more 
striking than the present industrial position of 
Germany. At the date of the Armistice she stood 
apparently to lose both directly and indirectly more 
than any other belligerent Power, and the events of 
the few following years added to her tremendous 
difficulties. Nevertheless, taken as a whole, her 
industries seem to be further on the road to re- 
attaining their pre-war prosperity than those of any 
other European Power. For engineers in particular 
it is of interest to know how and in what circum- 
stances this remarkable result has been obtained, 
because the more important industrial advances in 
Germany during the present century have been made 
in the engineering trades. By 1925 this group, 
including coal mining, iron and steel manufacture, 
metal working, and engineering, employed one 
third of the entire industrial population, and was 
equipped with considerably over one-half of the 
motive power. The purpose of the present volume 
is to survey the recent history of Germany in its 
political and economical aspects, and to draw atten- 
tion to some of the more important forces that have 
co-operated to produce the present results. 

The book is divided into two parts, the first of 
which describes the formation of the German Repub- 
lic and the development of its executive, and the 
second deals with what is described as the new 
economic state in the chief aspects from which it can 
be viewed. In their preface the authors admit 
candidly that they have written from the point of 
view of republicanism, believing that in the long 
run democracy is the only form of government 
worthy of men with any claim to freedom in thought 
or in action. They assert, however, that they have 
not manipulated or distorted historical facts or 
tendencies, and the statement seems to be justified. 
Opinions will differ about the justice and sometimes 
even the relevance of the commentary with which 
they accompany their recitals of facts, but the 
recitals themselves appear to be fair, and the selec- 
tion of facts, at least on the economic side, omits 
little that would be of interest to engineers. The 
authors have indeed chosen wisely in the general 





restriction that they have put on the scope of their 
book. As they view it, the recent history of 
Germany is the resultant of forces which include 
philosophical, literary, artistic, musical and other 
elements in which the contemporary German spirit 
has been and is expressing itself, and it may be 
conjectured that they would have ‘been glad to 
trace the operation of these influences on the politics 
and industry of the country. It is possible that 
they may deal with these factors of modern Germany 
in a later study, but it cannot be doubted that to 
have included them in the present thesis would have 
diluted its value to readers who hope to derive from 
it a broad view and explanation of the complex 
circumstances with which it deals. As it stands, 
the authors are apt enough to introduce a com- 
mentary which admittedly is based on their personal 
construction of the facts they describe. The value 
of this commentary to any reader depends on how 
far he is prepared to follow the authors in the 
imaginative theory by which they seek to explain 
events, and many readers may find themselves 
unprepared to assess the value of these speculative 
opinions without a more prolonged investigation 
of the subject than they are able or disposed to give. 
Few of them, however, will find it difficult to follow 
the description of facts, in which the chief value of 
the present monograph lies, or to recognise both the 
sustained interest of the events in question, and 
the graphic skill with which the successive phases are 
presented. 

Roughly a third of the book describes the building 
of the German Republic. It came through a 
succession of events, each of which was the resultant 
of a number of forces, and differences of opinion may 
be felt as to how far the events chosen by the 
authors contributed to the results in the manner 
they suggest. Their account could have been fol- 
lowed more easily if they had been a little more 
generous with their dates, but to a reader who will 
supply these where the text does not give them, 
the narrative gives an intelligible and intensely 
interesting picture of the present political structure 
of Germany, leading to the conclusion that it has 
now probably reached a condition of stability in 
which it should be possible for the moderate republi- 
can elements to hold their own with the extremists 
both of the right and the left. The larger part 
of the book deals with economic aspects, considered 
successively in respect to the recovery of production 
in face of the provisions of the Treaty of Versailles, 
the part played by finance, inflation and the collapse 
of the mark, the organisation of industry as affected 
by national habits and dispositions, the various 
kartels and similar international arrangements, 
and the position of labour in the national economy. 
The net outcome of this analysis appears to show 
no essential change in the economic policy of the 
country. Its leaders retain their traditional amen- 
ability to the discipline of co-operative work, 
and appear to have acquired a heightened sense of 
the extent to which it may be carried with profit. 

According to the estimate of the authors, the 
provisions of the Treaty of Versailles operated to 
reduce the productivity of Germany, and its indus- 
trial income by probably some 11 per cent., and 
certainly by not more than 15 per cent. It seems 
likely that by intense use of its national resources, 
including its brown coal deposits, by the construc- 
tion of the network of electric stations by which it 
is connecting its own industries and linking them 
up with those of other countries, by the electrical 
equipment, of some 2,500,000-h.p., which it is pro- 
viding for its agriculture and by other measures of 
Ausniizung, it is on the road to making good 
this loss and leave something to spare. Having 
regard to the vast amount of capital invested in the 
equipment and organisation of German industries, 
it would have been interesting to have seen an 
estimate of the extent to which the practical 
cancellation of outstanding debenture and other 
debts through the collapse of the mark has con- 
tributed to the present strength of the industrial 
position. 

Most of the book has the advantage of being 
written in a style that is both impressive and stimu- 
lating. It is therefore the more to be regretted 
that the authors have allowed themselves from time 
to time a looseness of expression, which is toocommon 
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in technical and other literature, and is least to be 
excused in the work of accomplished writers. 
Without troubling about a little slip such as the 
reference to the ‘‘ mutual hatred ” of socialists and 
communists for militarism, readers may justly 
resent the carelessness with which words such as 
“it” are so used as to give the reader a wearisome 
search for their meaning ; in one passage (page 109), 
“it” occurs four times in three lines with two 
meanings, for one of which the reader has to refer 
back five lines earlier. The subject of the book is 
serious and complex, and writers who can do better 
ought not to add to its difficulties by such a sentence 
as “the currency could only be restored through 
drastic deflation to a level not much higher than 
50 per cent. above the pre-war total, or, if the same 
ratio of gold cover were to be adopted, inclusive of 
all gold in circulation, to not much more than half,” 
(page 173.) 


Engineering Economics. By T. H. BurnnAmM. London: 
Sir Isaac Pitman and Sons, Limited. [Price 10s. 6d. 
net. } 

Tue structure of industry shows definite stages in 

its history. During the first stage the product itself 

was the most important item and the designer 
took first place. Design and production, however, 
proved to be such widely different matters that 
excellent design and technical knowledge were often 
accompanied by unsatisfactory costs of manufac- 
ture ; this led eventually to a demand for quotations. 

Quotations needed estimates, which called for data. 

The result was that, what is known as, “costing” 

was introduced and this is the principal feature 

of the second stage. Costing has led to the un- 
veiling of the need for a knowledge of economics, 
and it has often been said that the greatest need 
to-day of both employers and workmen—and even 
politicians—is an adequate knowledge of economics. 

Of the truth of this there is little doubt, and the 

knowledge and observance of economic principles 

in the management of industrial concerns can often 
spell the difference between profit and loss, if not 
success and disaster. 

In Engineering Economics the author, realising 
the difference between the requirements of the 
various phases of industrial activity, sets out to 
bring together those economic factors which must 
be considered if a works is to be efficiently managed. 
The first eleven chapters are devoted to the economic 
side of industry and deal with such subjects as 
“supply and demand’; “money and credit” ; 
“ banking”; ‘foreign exchanges”; ‘trade and 
credit cycles”; “taxation”; “division of labour 
—wages, &c.”; ‘joint-stock companies,” &c., 
This discussion gives little that is new, but there is 
some advantage in the various matters being pre- 
sented in this collected form. 

The subject matter of the remaining chapters 
is the details of works management. In these, indus- 
trial management and organisation are treated. 
Factory lay-out, planning for production, standardi- 
sation, inspection, time and motion study, costing, 
storekeeping, welfare, profit-sharing, co-partnership 
and research are given space as also are some of the 
systems of payment by results. 

Owing to the many phases of the subject included 
in the book, the treatment is unavoidably general 
and will be useful, principally, to the man whose 
knowledge of industry and industrial matters is 
indefinite. To such an one it could have real value, 
its reading being likely to point out those matters 
upon which more detailed treatises might well be 
consulted. This is recognised by the author. More 
closely detailed reading matter would probably be 
desirable on most of the questions. Sometimes the 
idealist or theorist would appear to be speaking. 
Thus, it is stated that “in a factory where the 
production is large, the result of one day’s work 
should be available by the next morning if efficient 
cost control is to be exercised.” Such a gospel of 
perfection is perhaps not impossible, but there are 
not many works where it would be practicable. 
It could be argued, of course, that, if production 
costs were likely to vary sufficiently to justify the 
steps necessary to provide such prompt costing, the 
condition of the works must be so unsatisfactory 
that many of the costs rendered, because of their 
multiplicity, would not be considered, and the 





object underlying their prompt rendering would 
thus be lost. With this warning note the book can 
be recommended as justifying its purchase; it is 
well-written, contains a few diagrams and 322 
pages. 


Managerial Profit Sharing. By C. CanBy BALDERSTON. 
London: Chapman and Hall, Limited. New York: 
John Wiley and Sons, Ine. [Price 12s. 6d. net.] 

THE monetary reward of management, both in its 
amount and the method of making it, is a question 
deserving serious reflection. With fixed salaries, 
controlled to some extent by the policy of their 
directors, and having the care of the works upon 
their shoulders, works managers often receive a 
larger portion of blame when matters go wrong 
than of credit when they go right, and often receive 
a salary quite out of keeping with their heavy 
responsibilities. Some firms have realised this 
and, unable to pay higher fixed salaries than those 
obtaining, have arranged to pay bonuses based 
on output, the inference being that increased output 
reflects managerial efficiency. As with payment 
by results to workmen, many such systems reflect the 
paucity of imagination and knowledge of the people 
who instituted them. Output can be increased in 
many ways, and can sometimes be assisted by 
wasteful expenditure. The most desirable basis on 
which staff of the management class should be 
paid is not always easy to determine. 

Some prefer the straight salary basis as being 
more in keeping with the dignity of managerial 
positions, the basis idea of the system being that 
the entire interest of management is so assured 
that no “ bribe ” is needed to stimulate it. Others 
think that some form of payment based on effort 
is desirable while, from another angle, others 
feel that, as well as receiving a fixed salary, their 
managerial staff should share in the success of the 
business to which they have contributed. Probably 
this latter view is more dignified, and with the 
right type of man is the only suitable one. At 
the same time, taking things as they are, a bonus 
on output to people of managerial rank has 
again and again been proved to be definitely 
instrumental in producing better results. The 
question arises as to what results justify monetary 
recognition. Increased output, reduced costs, 
saving in expenses, all are directions in which 
economies are to be secured; equally each can 
be a trap if carelessly entered upon. 

In Managerial Profit Sharing is given a brief 
review of this question. As the word “ manage- 
ment ”’ is used, “‘ executives, supervisory employees 
and research men who are in a position to contribute 
to profits in an appreciable amount ”’ are included. 
Of the “‘common types of contingent pay for the 
managerial group” the following are given :— 

‘*]. Production (or sales) bonuses are based on 
output of a department or of the plant as a whole. 
These include the familiar bonuses for maintaining 
or excelling production schedules or sales quotas. 

** 2. Savings-sharing bonuses. 

‘“‘(a) Savings in direct expense. Of this type 
are bonuses for increasing the efficiency of 
direct labour, and for reducing the waste of 
material. 

**(b) Savings in overhead. 

“These cover savings in indirect labour, or other 
overhead items that may be under the control of 
the manager in question. 

“<3. Quality bonuses. 

“4, Profit-sharing.” 

The line is taken that ‘“‘ when salaries are made 
contingent upon production, upon sales quotas, 
upon quality, or upon saving in expense, standards 
of performance are set up. The bonuses are earned 
only if these standards are attained or bettered.” 
An illustration is given from Charles M. Schwab’s 
The Reward of Management, in which it is discussed 
whether or not an annual salary of 500,000 dols. 
could be honestly earned. 

‘** Such an amount should be given only as a reward 
for definite operation results accomplished, manu- 
facturing costs reduced, waste eliminated, metal- 
lurgical and other processes simplified, new and 
cheaper sources of raw materials discovered—in a 
word, for the achievement of what is expressed in 





that much-abused but none the less potent phrase, 
business efficiency.” 

There is a chapter entitled ‘‘ Evidence that 
Managerial Profit-Sharing is Effective.” The 
evidence advanced is that, of the many different 
schemes examined, 65 in number, only four have 
been reported upon as unsatisfactory. To what 
extent this evidence can be accepted as indubitable 
is perhaps open to question. It depends upon the 
connection between the recipient of the bonus 
and his influence, as he sees it, upon the results. 
In the next chapter is given in Table IV particulars 
of the schemes of 35 different companies. Most 
of these represent genuine profit-sharing, payments 
becoming due when specified percentages of profit 
have been paid to shareholders. These are paid 
usually on a salary basis; sometimes on fixed 
percentages varying or otherwise according to the 
position of the recipient ; sometimes according to 
length of service; sometimes by discretion, 
individual or of the committee type. Payment 
is made sometimes by cash, sometimes in the form 
of stock or shares. An example of the nature of 
this information is given below. 
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The scheme in operation at the works of the 
Dennison Manufacturing Company would appear 
to be one of the most far-reaching. Here it would 
appear that the ‘‘ Managerial Partners” are in 
complete control of the works so long as they produce 
full dividends to the “‘ First Preferred Stockholders ” 
and individually keep themselves up to recognised 
standard of efficiency. Many thousands of 10 dol. 
shares are distributed to the various ranks, these 
having voting power so long as the connection 
with the company is maintained. ‘“ At the death or 
separation” these shares must be exchanged for 
7 per cent. second preferred of “‘ equal par value.” 

There is a chapter on the ‘‘ methods of selecting 
participants.” This can be a knotty question, for 
deciding which hard and fast rules are often difficult. 
For example, a salary basis might be held to be 
suitable, but, when near the border line, this may 
induce corrupt recommendations or opposition. 
Again, as in the Great War, a sudden increase in 
salaries could upset the entire arrangement and 
bring in grades which it had been decided to leave 
out. 

The basis on which profits or bonuses are to be 
distributed is the subject of another chaper. The 
methods mentioned are, the value of the work 
done as judged by some official, or the basis of 
salary either the whole or the proportion above a 
given minimum. There are variations of these 
methods, and there is some discussion of the argu- 
ments for and against. As an appendix in Table XI 
is given another tabulation of “ Management profit 
sharing plans.” 

As giving a list of different schemes of payment 
the book is a useful one. Its value would have 
been considerably enhanced, perhaps, if more had 
been said of the numerous schemes mentioned. 
Many schemes of payment are in use which are 
quite innocuous, but this is the best that can be 
said of some of them. There are various schemes of 
profit sharing which, while giving excellent returns 
to the participants, are entirely without influence 
on either costs or output. This is unfortunate 
but true, and needs to be recognised, particularly 
when the object of the payments is increased output 
which, after all, is not profit-sharing. , 








CALENDAR ReEFILLS.—We have _ received monthly 
card refills for their calendar from Messrs. Hopkinsons 
Limited, Britannia Works, Huddersfield. 
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36-IN. REFLECTING TELESCOPE FOR 
EDINBURGH OBSERVATORY. 


(Continued from page 291.) 


THE crosshead which carries the declination axis 
is an iron casting, bolted at right angles on toa 
flange formed on the upper end of the polar axis, 
as is most clearly shown in Fig. 3, on Plate XXXVI 
ante. Toa flange on the outer end of this crosshead, 
is bolted a hollow cylinder, to which are attached a 
number of heavy cast-iron rings to balance the 
weight of the telescope tube. The rings are secured 
by four bolts which are extended, as shown in 
Fig. 3, and each being fitted with a pair of tapped 
discs, the position of which can be adjusted in 
order to obtain a perfect balance. A section of the 
crosshead with the declination axis in position is 
given in Fig. 18, on Plate XLVI, which accompanies 
this issue of ENGINEERING. The axis is a hollow 
steel forging, 7 ft. 1} in. in length overall, with a 
flange 23 in. in diameter on the inner end, to which 
the end casting of the telescope tube is bolted, as 
is best shown in Fig. 3, above referred to. It is 
mounted in the crosshead on two radial ball bearings 
of the self-aligning type, a double ball-thrust bearing 
being also fitted at the outer end to take the axial 
load in both directions. The axis, it may be men- 
tioned, is entirely located by the ball-thrust bearing, 
being otherwise free to move in a longitudinal direc- 
tion in the crosshead. 

The outer end of the axis is extended into the 
balance-weight portion of the crosshead and fitted 
with a spur wheel for the quick-motion gear. 
Beyond this wheel, the slip rings, previously referred 
to, for conveying current to the motors, &c., on the 
declination axis and telescope tube are mounted on 
studs screwed into the end of the axis. Details of 
the quick-motion gear are given in Figs. 23, 24 and 
25, on Plate XLVI, and its general arrangement can 
be followed from Fig. 3 on Plate XXXVI, ante. 
The spur wheel on the declination axis has 130 teeth 
on a pitch circle 26 in. in diameter, and with it 
engages a pinion, having 14 teeth, carried on a shaft, 
which is mounted in a sleeve attached to the flanged 
end of the crosshead. This shaft is driven by a 
is-h.p. motor through worm gearing and an epi- 
cyclic reduction gear, similar in principle to that 
described above in connection with the quick-motion 
gear for the polar axis. In the declination-axis gear, 
one of the planet wheels is connected to a vee- 
grooved pulley, shown in section on the left of Fig. 23, 
and this pulley is held stationary by brake blocks 
fitting in the groove when the quick-motion gear 
is in use. These blocks are mounted on hinged levers, 
shown in Fig. 25, which are pulled together, to hold 
the pulley, by a solenoid, the arrangement of which 
will be clear from the illustration referred to. The 
brake will, of course, slip in the event of any excessive 
resistance being encountered in the motion. Fig. 23 
shows the gear ratios and speeds of the various com- 
ponents of the gear, so that they need not be repeated 
here. It will be seen that the normal quick-motion 
speed of the declination axis is one revolution in three 
minutes, and a centrifugal governor, similar to that 
employed in the right-ascension quick-motion gear, 
is provided to prevent the speed from becoming 
excessive. The governor is not shown in the illus- 
strations, but it is driven from a spur wheel screwed 
on to the pinion, as indicated by dotted lines in 
Fig. 23, and is thus always in operation indepen- 
dently of the epicyclic gear. 

Fine and rough circles for indicating the angular 
position of the declination axis are mounted on the 
inner end of the crosshead, the rough circle, which 
is 36 in. in diameter and is graduated to single 
degrees, being clearly shown in Fig. 4 on Plate 
XXXVII ante. The fine circle is 30 in. in diameter 
and is graduated on silver to 10 min. of arc. It 
is read from the breech end of the telescope tube 
by two micrometer readers attached to the tube, as 
shown in Fig. 2, on Plate XXXV ante. Details of 
the construction and optical arrangements of one of 
these readers are given in Fig. 26, on Plate XLVI. 
It will be seen that light from a small electric lamp 
is delivered on to the circle through a prism, shown 
on the left of Fig. 26, the light reflected from the 
scale passing back through the prism to a microscope 
objective, which forms a real image of the scale with 





telescope objective and micrometer eyepiece, which 
enable the scale to be read directly to 10 sec. of arc. 

A particularly ingenious and interesting slow- 
motion mechanism is provided for setting and 
guiding the telescope in declination. The angular 
movement obtainable by this mechanism, at one 
setting of the clamp, is 4 degrees, but the two 
rates of movement provided are such that a 
complete revolution of the telescope about the 
declination axis would occupy two days and sixty 
days, respectively. Briefly, an arm which can 
be clamped oi. to the crosshead when the slow- 
motion gear is in use, is fitted at its upper end with 
a nut which works on a screw mounted on the 
telescope tube near the centre of the latter. By 
rotating the screw, the tube can thus be moved about 
the declination axis. The photograph reproduced in 
Fig. 2 on Plate XX XV, ante, shows the whole of the 
mechanism in position. The arm, it will be seen, 
is a light iron casting of triangular outline, and 
5 ft. in length, the lower end being made in the 
form of a ring of vee section which fits into a corres- 
ponding groove in a ring bolted on to the crosshead ; 
this part of the mechanism is clearly shown in Fig. 3, 
of our previous article. The clamping arrangements 
can be followed from Fig. 2, previously referred to, 
in which a small handwheel can be seen on the 
lower end of an inclined shaft, the upper end of the 
shaft being fitted with a bevel wheel engaging with a 
similar wheel on a shaft mounted in the axis of the 
arm. This shaft operates a screw in the lower end 
of the arm, so that by turning the handwheel, 
which is shown to a larger scale on the right of 
Fig. 4, Plate XX XVII, ante, the arm can be clamped 
or released. Actually, two inclined shafts and 
handwheels are provided for operating the clamping 
mechanism, the second being just distinguishable 
to the left of the stand in Fig. 2, on Plate XX XV, 
ante, and also visible in Fig. 1 on the same Plate. 

Details of the screw and nut at the upper end of 
the arm are given in Figs. 19 and 20, on Plate XLVI. 
It will be seen that the screw, which is 1] in. in 
diameter, and is cut with a Whitworth thread, 
with a pitch of 20 per inch, is mounted in ball 
bearings on a casting shaped to fit the telescope 
tube. The thrust on the shaft is taken by a single 
steel ball fitted into the shaft at each end, and 
bearing against a set screw so that end play can be 
eliminated. The screw is driven by a worm 
wheel pinned on to it near the left-hand end, 
as shown in Figs. 19 and 20, the wheel engaging 
with a worm on the end of a universally-jointed 
shaft, extending downwards to a two-speed gear 
described below. The nut, which is shown in 
section in Fig. 20, is made in two parts, one of 
which can be rotated relatively to the other and 
locked in position in order to take up any backlash. 
It is connected to the arm by means of a pin-jointed 
link, the arrangement of which will be clear from 
Figs. 19 and 20. 

The two-speed gear to which the universally- 
jointed shaft, above referred to, is connected, is 
illustrated in Figs. 21 and 22, on Plate XLVI, the 
gear being also visible in Fig. 4 with our last article. 
As there shown, it is mounted on the casting 
forming the lower end of the telescope tube, and 
is operated by a small motor developing 1/40 h.p. 
Sorbo rubber is inserted between the bedplate of 
the gear, and under the heads of the bolts by 
which it is attached to the telescope tube casting, 
in order to reduce vibration to a minimum. The 
motor, it will be seen, drives, through a flexible 
coupling, a horizontal shaft, a worm on which 
engages with a worm wheel mounted on a vertical 
shaft. The upper end of the latter is connected, 
by a universal joint, to the inclined shaft driving 
the screw for the declination slow-motion gear as 
already explained. The worm wheel, as shown 
in Fig. 22, runs on ball bearings on the vertical 
shaft, but can be made to drive the latter through 
a magnetic clutch. Similarly, the horizontal shaft 
carries a bevel wheel, which will be driven by the 
shaft when another magnetic clutch is energised. 
The bevel wheel engages with another mounted on 
a short shaft, the other end of which carries a 
pinion engaging with a spur wheel on the main 
vertical shaft. The latter can thus be driven 
either by the worm or bevel and spur gearing by 


a fixed wire in the field. This image is viewed by a | energising one or other of the magnetic clutches. 
> ' 





With the worm gear in use, the speed of the vertical 
shaft is 12-5 r.p.m., and the telescope then turns 
about the declination axis at the rate, already 
mentioned, of one revolution in sixty days, this 
speed being used for guiding the instrument when 
already set on a star. With the bevel and spur 
gear, the vertical shaft rotates at 375 r.p.m., 
and moves the telescope at the rate of one revolution 
in two days, as required for setting. The magnetic 
clutches, it may be added, act as safety devices, 
by slipping when the telescope comes to the end 
of the travel allowed for the slow-motion gear. 

The telescope tube is shown in section in Fig. 3 
on Plate XXXVI, ante, and, it will be seen, is 
made up of three main sections. Of these the 
central section is a cylindrical iron casting, well ribbed 
internally and bolted on to the end of the declination 
axis. To the lower end flange of the central 
section, the main mirror cell is bolted, and to 
the upper end a riveted-steel tube, with internal 
stiffening angles, is attached by means of an 
angle ring. We understand, however, that Pro- 
fessor Sampson has now decided to replace the 
present steel tube by an open lattice-work tube. 
To the upper end of the riveted-steel tube, which 
is made from #-in. plate, and is 8 ft. 6% in. in 
length, a lattice-work extension or hood carrying 
the Cassegrain mirror mounting is fitted. A guiding 
telescope of 7-in. aperture, provided with a two-lens 
apochromatic objective of 12-ft. 7-in. focal length, 
is fitted alongside the main tube. The eyepiece 
of this telescope is mounted on cross slides with 
quick and slow motions allowing a 3-in. movement 
in both directions, the position scales being elec- 
trically illuminated. The illumination is arranged 
so that the spider lines in the eyepiece may be 
made to appear either bright against a dark field, 
or dark against a bright field, as desired. The 
three eyepieces provided give magnifications of 
200, 400, and 600 diameters, respectively. Two 
finders are provided, one being a telescope of 
3-in aperture and 3-ft. focal legnth, with a magnifi- 
cation of 18 diameters, and the other a Ross prism 
monocular with a 35-mm. objective giving a 
magnification of nine diameters. The guiding 
telescope and both finders are clearly shown in 
Fig. 1 on Plate XX XV, ante. 

A photograph of the hood which carries the 
Cassegrain-mirror mounting is reproduced in 
Fig. 36, on page 372, and a section of the mounting 
itself is given in Fig. 38 on the same page. The 
former consists of a turned steel angle ring, 
connected by brass tubular struts with wire bracings 
to a ring built up of steel plate and angles, as shown 
in Fig. 36. The mirror mounting is supported 
from the upper ring by four radial sheets of thin 
steel and. from the lower ring by narrow strips 
of the same material, all of which can be tightened 
up by screws and nuts visible in the illustration. 
These supports must, of course, be kept thin 
in order to obstruct as little as possible of 
the light on its way to the main mirror. The 
mounting itself consists of a tube constructed of 
18-gauge sheet brass, the end plates of which carry 
a system of telescopic tubes. The latter are mounted 
in a spherical seating in the front end plate and are 
secured at the rear end by four centreing screws, 
two of which are shown in Fig. 38. The central 
tube carries, at its outer end, a three-armed spider, 
to which the cell for the Cassegrain mirror is attached 
by set screws, and, at its inner end, is fitted with a 
nut in which works the screw of the focussing gear. 
This screw is rotated through two sets of bevel 
gears by means of a shaft fitted outside the main 
telescope tube and terminating in a small hand- 
wheel below the main mirror cell, as shown in 
Fig. 1, on Plate XX XV, ante. It will be clear that, 
by turning the handwheel, the Cassegrain mirror 
will be moved longitudinally, the length of the 
screw being sufficient for a movement of 2} in. 
Actually, however, the tube carrying the mirror 
is made in two concentric parts, and its length 
can be varied, in steps of 2 in., by sliding one part 
in the other and fixing them by means of a small 
countersunk screw shown in Fig. 38. The rod 
attached to the three-armed spider, and passing 
through a hole in the front-end plate of the 
mounting, prevents any rotation of the mirror 
when the focussing gear is operated. 
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DETAILS OF 36-IN. REFLECTING TELESCOPE FOR EDINBURGH OBSERVATORY. 
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The lower part of the central section of the tube fA aN 


is formed into a shallow rectangular base. This # 
contains a spring roller blind of sail cloth, which | 
is drawn across the mirror when the telescope is | 
out of use in order to protect the silver deposit from | 
the tarnishing effect of the atmosphere. The blind, | 
when in use, is clamped between a pair of rings. one | 
of which is stationary while the other can be moved | 
by a screw and handwheel shown in section in Fig. 31, 
on Plate XLVI. Actually, four clamping screws and | 
handwheels are provided, as can be seen on reference | 
to Figs. 1 and 2 on Plate XXXV, ante, but if one | 
is turned the others are moved simultaneously, | 
since they are all connected by a roller chain running 
on sprocket wheels. Details of the roller on which | 
the blind is wound when not in use are given in| J 
Fig. 27, on Plate XLVI, and Fig. 28 illustrates the} yyirrot JO4R. 
spring shaft mounted on the opposite side of the) 747 hilt 
cell and used to pull the blind into position when | 21 
required. The shaft and roller are operated by 
handwheels, and it will be noticed that the hand- 
wheel on the spring shaft is provided with a spiral 
groove on its inner face, into which a sliding pin 
fits so as to prevent overwinding. The spring shaft | equally spaced round the periphery of the cell, as | are screwed on to the cell wall and two corresponding 
and roller are connected by a roller chain engaging | indicated in the small-scale plan, Fig. 30. The| pins are fitted on the centre casting of the telescope 
with the sprocket wheels shown on the left in| levers, one of which is clearly shown in Fig. 29, | tube which is, of course, brought to the vertical 
Figs. 27 and 28, so that both rotate together ;| pass through clearance holes in the cell, from the| position for the operation. Two of the pins can 
the pin and spiral groove thus prevent over-| inner wal! of which they are supported in self-| be seen in Fig. 20n Plate XXXV, ante, and details 
winding in both directions. A free-wheel device is | aligning ball bearings, mounted in brackets. The|of one of them are given in Figs. 33 to 35 on 
provided on the spring shaft to enable the tension on | upper end of each lever passes through a hole in a/| Plate XLVI. 
the blind to be adjusted without removing the chain, | gunmetal bracket riveted on to a balata belt which| One other detail of the mirror cell which should 
Details of the main mirror cell are illustrated in | fits in a groove ground round the edge of the mirror. | be mentioned before passing on is the arrange- 
Figs. 29 to 33, of which Fig. 31 has been already | The ball bearings, of course, act as fulcra for the} ment shown at the bottom of Fig. 29 for mount- 
referred to. The mirror is 36} in. in diameter overall | levers, and the lengths of the long and short arms | ing and rotating the spectrograph. It will be seen 
and 6 in. in thickness. Its weight, which amounts are such that the comparatively small counter- | from this that a ring-shaped casting, with a central 
to 570 Ib., is supported or. nine cork-faced pad rings, | weights are sufficient to balance the whole lateral | tapered part, is bolted to the lower end of the cell. 
4 in. in diameter, which are mounted on spherical | load of the mirror in any position of the telescope. |and in this casting fits another in the form of a 
seatings on the ends of three-armed spiders, three For locating the mirror, four radial pins are | worm wheel with a correspondingly tapered central 
of which are provided. The spiders, one of which | screwed through the walls of the cell at the opposite | part. The worm wheel, to which the spectrograph 
is partly shown in Fig. 29, are mounted on spherical- | ends of two diameters, the inner ends of the pins! is attached, is held in position by a ring screwed on 
ended pins, screwed into bushes inserted in the bearing on gunmetal pads riveted on the balata|to the first-mentioned casting and can be rotated. 
bottom face of the mirror cell, as shown. Tommy-| belt previously mentioned. One pin of each pair/ together with the spectrograph, by means of a 
bar holes in the flanges of the pins enable the mirror , is plain, as shown in Fig. 32, and the other is fitted | worm operated by a hand wheel. 
to be collimated, and, when so adjusted, the with a spring plunger, the arrangement of which, The glass disc for the mirror was made by Messrs. 
pins are secured by means of lock nuts. The pad | is illustrated in Fig. 31. The spring plungers The Parsons Optical Glass Company, of Derby, and 
rings, it should be mentioned, are so located that) serve to limit the pressure which can be applied to | was supplied to the Walker-Gate Works in the form 
all carry equal parts of the total weight of the| the mirror in adjusting its lateral position. of a plane disc 37} in. in diameter and 6 in. in thick- 
mirror. The lateral load exerted by the mirror, To enable the cell and mirror to be lowered from !|ness with a hole, roughly 3} in. in diameter, 
when the telescope is tilted at any angle with the | the telescope by means of two chain blocks when the | through the centre. The mirror is illustrated in 
vertical, is supported by nine weighted levers,| mirror needs to be re-silvered, two trunnion pins! Fig. 37, above, where it is shown in the tempor?) 
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cell in which it was supported on the horizontal 
table of the grinding and polishing machine, also 
visible in the illustration. These operations were 
carried out in the usual manner and call for no 
particular comment. Before the work was com- 
menced, however, the rough central hole was ground 
truly cylindrical by means of a mild-steel lap fed 
with carborundum and water, using apparatus 
rigged up as shown in Fig. 39, above. The groove 
in the edge of the disc to take the balata belt, above 
referred to, was ground out in a somewhat similar 
manner, and this operation is shown in progress in 
Fig. 40. 

During the final figuring of the mirror, a modifica- 
tion of the Hartmann test, due to Professor Sampson, 
was applied. In this test, a diaphragm, with a 
number of 1-in. diameter circular holes disposed 
along diameters, is placed in front of the mirror. 
lf the light from a point source is placed on the 
optical axis at a distance from the mirror equal to 
14 times the focal length, the centre beam will be 
returned to a position three times the focal length 
and beams from different zones to different distances, 
along the optical axis. By placing photographic 
plates inside and outside these positions a complete 
image of the diaphragm is formed, and by measuring 





the distance diametrically apart of the dots on the 
plates, the deviation of the mirror from a true 
paraboloid can be determined to one-millionth of an 
inch. The artificial star used in this test was a 3-in. 
diameter steel ball mounted on the top of a vertical 
wire ;';-in. diameter, on to which the image of a 
pointolite lamp was focussed. The camera was 
mounted on a slide parallel to the optical axis, 
and photographs taken a few inches inside and 
outside the nominal focus. 
(To be continued). 








Contracts.—In connection with the South-East 
England Electricity Scheme the Central Electricity 
Board has placed contracts for 33-kv. and other cables 
with Messrs. British Insulated Cables, Limited, Prescot, 
Lancashire, and for 33-kv. and lower voltage switchgear 
with Messrs. A. Reyrolle and Company, Limited, 
Hebburn-on-Tyne. In connection with the Mid-East 
England Scheme an order for the supply and erection 
of 320 miles of 132-kv. overhead transmission lines has 
been placed with the General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2. The erec- 
tion work will be carried out by Messrs. Pirelli-General 
Cable Works, Limited, Southampton.—The General 
Electric Company, Limited, has also received a contract 
for twelve months’ supply of Osram gas-filled vacuum, 
and train-lighting lamps, from the Southern Railway 
Company. 


THE LATE MR. W. R. WARNER. 


EvEN in this mechanical age we are still human 
enough to be able to admire the struggles of those who 
have raised themselves to eminence in their profession, 
especially when those struggles began on the very 
lowest rungs of the ladder. This is not simply because 
every one loves a “ bonnie faechter,” but is at least 
partly due to the fact that the example thus provided 
is of interest as a reflection of the development of 
their own careers. There are historic instances, of 
course, where such success has been attained without 
the prior benefits of money and of education, and to 
these it is only right that full tribute should be paid. 
But there are others who, as in the parable, have taken 
full advantage of the talents with which they have been 
endowed, or have acquired, and that, it should not be 
forgotten, was also thought worthy of a meed of 
praise. Among those who might justly claim admis- 
sion to the latter class was Mr. Worcester Reed Warner, 
of whose death at the advanced age of 83 we learn 
with great regret from a memoir in our American 
contemporary, Mechanical Engineering. For Mr. 
Warner, though he received a good general education 
and his father was a prosperous farmer, was to a large 
extent the architect of his own fortune. He turned 
the first advantage to good and early account, and his 
financial success was due not to any help he received 
from his family, but to his own efforts and business 
acumen. He proved, in fact, that an engineer can 
also be a business man. 

Mr. Warner was born near Cummington, Massa- 
chusetts, in 1846, and attended the district school in 
that town, where he early began to accumulate financial 
resources by obtaining a contract to build the fires in 
the school-house stove. With this money he estab- 
lished a small machine shop in his father’s coach- 
house, and, for the rest, it is recounted that though 
he keenly disliked grammar, he was equally persistent 
in his study of mathematics. On leaving school, at 
the age of 19, he joined the American Safety Steam and 
Engine Company as a draughtsman, and quickly 
attracted the attention of the chief engineer, so that 
when the offices of the company were moved to Exeter, 
New Hampshire, in 1866, he was transferred with 
them. Here he met Mr. Ambrose Swasey, with whom 
he then began a lifelong partnership and friendship. 

In 1869, the two young men joined the Pratt and 
Whitney Company, in Hartford, Connecticut, and 
within a very short time the abilities of both had 
distinguished them among their fellows; so much 
so that they were both appointed foremen, Warner of the 
gear-cutting department and Swasey of the machine- 
tool branch. In those days work in the New England 
shops was mainly carried out by “ contract.” Under 
this system, the company furnished the men and 
materials, and charged the cost of the labour against 
the contract price. If the job was finished at a 
cost less than the contract price, the contractor 
secured the difference as his profit; otherwise the 
loss was charged against his next job. The arrange- 
ment naturally called for considerable business ability 
on the part of the foremen, and this was exhibited 
to such a degree by the two friends that although their 
salaries did not exceed 3 dols. per day, they were 
able to save 12,000 dols. in eleven years. 

The result of this accumulation of capital was that, 
in 1880, Warner and Swasey were able to establish a 
business of their own in the Middle West. Chicago 
was first considered as the site for this adventure, 
but it was found to be too far west for a sufficient 
supply of skilled labour to be obtainable. They there- 
fore finally decided upon Cleveland; and here with a 
sum of 7,000 dols. added to their own funds they 
were soon able to build up successful connection in 
two apparently unrelated fields, those of turret lathes 
and astronomical telescopes. It may be added that 
the sum mentioned was the only money it was ever 
necessary for them to borrow. The decision to con- 
struct telescopes was the result of the interest which 
Mr. Warner had taken in astronomy from the early 
days—an interest which brought him into close contact 
with the late Editor of ENainEERING, Dr. W. H. Maw, 
who was also an astronomer of marked ability. On 
the business side of this profession Mr. Warner was 
convinced that the increasing size of telescopes made 
it necessary that their mountings should be real engi- 
neering structures, rigid in support, yet precise in 
their motions and convenient in their control. To 
show that this idea was sound both in theory and in 
practice it is only necessary to state that the firm with 
which he was connected was responsible for the con- 
struction of the 36-in. Lick telescope, the 40-in. Yerkes 
telescope, and the 72-in. telescope for the Canadian 
Government, details of which will be found in the 
appropriate issues of ENGINEERING.* The company 





* See ENGINEERING, vol. xlvi, page 181, et seq. (1888) ; 
vol. Ixxvii, page 593, et seg. (1904), and vol. cxii, page 
207, et seq. (1916). 
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were also responsible for the manufacture of range- 
finders and gun-sights, werk in which it is hardly 
necessary to say that a high degree of precision is also 
required, while the same qualities were found to be 
equally useful in the products of the other branches of 
their business. The Warner and Swasey concern was 
converted into a company in 1900, Mr. Warner serving 
at various times as president and chairman of the 
board of directors of the concern. 

Both Mr. Warner and his partner were original 
members of the American Society of Mechanical 
Engineers, and in the proceedings Mr. Warner took the 
greatest interest. He served as manager from 1890 
to 1893, and as president in 1897. In 1925 he was 
elected an honorary member. Had he lived until next 
year he would have been able to participate in the 
jubilee celebrations both of this society and of his own 
firm. He was a Fellow of the Royal Astronomical 
Society and a member of the British Astronomical 
Society, and of the American Association for the 
Advancement of Science. In 1897 he was awarded 
the degree of Doctor of Mechanical Science by the 
Western University of Pennsylvania, and in 1925 was 
created Doctor of Engineering by the Case School of 
Applied Science. 








THE LATE PROFESSOR W. H. PERKIN. 


Proressor WILLIAM HENRY PERKIN, since 1912 
Waynflete Professor of Chemistry at Oxford, where 
he died on Tuesday, September 17, bore the same 
christian names as his father, the late Sir W. H. Perkin, 
the originator of the coal-tar dye industry, and was 
hence known as W. H. Perkin, jun. He was born 
on June 17, 1860, at Sudbury, near Harrow-on-the- 
Hill, and near the Greenford Green works of his father, 
where the unexpected technical difficulties of the manu- 
facture of mauve from anilin were overcome in 1856. 
William Henry, jun., the eldest son, developed into an 
able teacher and research chemist, upon whom the Royal 
Society, in 1925, conferred one of its highest distinc- 
tions, the Royal Medal; he had been elected a Fellow 
of the Royal Society in 1900, and had received the Davy 
medal in 1904. But his research work was not in 
colour chemistry and synthesis, with which he did not 
become prominently connected until the war, when he 
was, in 1916, appointed director of research to the 
newly-formed concern, British Dyes. His brother, 
Professor Arthur George Perkin, of Leeds, is the well- 
known dye chemist of the present Perkin generation. 

William Henry went, like his father, first to the City 
of London School, and then to the Royal College of 
Science at South Kensington, well prepared for chemical 
studies by his father, in their laboratory at Sudbury. 
From South Kensington he proceeded to Wirzburg, 
where Wislicenus was his teacher, and in 1882, to 
the University of Miinchen, to which Adolf Baeyer 
attracted all the chemists in those years. Perkin, who 
delivered the first Baeyer memorial lecture before the 
Chemical Society some years ago, emulated his great 
teacher as a lucid and successful lecturer and in his 
accentuation of research. He was successively professor 
of chemistry in Edinburgh, 1887, at Owens College, 
Manchester, in 1892, and at Oxford in 1912. Things 
had become a little out of date under Odling, but, 
thanks to the generosity of Mr. Dyson Perrins, Perkins 
was able to build a new and efficient laboratory. 
Perkin’s activity was mainly in structural organic 
chemistry ; but he wrote, in conjunction with Pro- 
fessor Stanley Kipping, also a text-book on practical 
chemistry, and with Dr. Lean, an Introduction to 
Chemistry. Plant alkaloids were one of his early 
studies, and remained his speciality ; later he investi- 
gated log woods and camphors, all vast fields of 
research. Of more direct practical interest were his 
investigations of the terpenes and of butyl alcohol in 
connection with the synthetic rubber industry, and of 
non-inflammable fabrics; but he was essentially a 
theoretical worker. He was President in 1913 to 1915, 
of the Chemical Society, which had awarded him the 
Longstaff medal, its own highest distinction. He 
returned very ill, recently, from a holiday spent in 
Switzerland. 








RoyaL CoMMiIssIoN ON ‘'TRANSPORT.~~Messrs. W. 
Leach, M.P., and F. W. Galton, have been appointed 
members of the Royal Commission on Transport, to fill 
the vacancies created by the resignation of Messrs. F. 
Montague, M.P., and W. R. Smith, M.P. 

CHEMICAL INDUSTRIES’ EXHIBITION, GERMANY.— 
We announced on page 204 of our issue of August 16 
last, that the sixth exhibition of chemical industries, 


known as the Achema, will be held at Frankfort-on-the- | 


Main, from June 10 to June 22, 1930. We now learn that, 
for the first time, there will be a special international 
exhibition section comprising machines and appliances 
for the manufacture of Rayon, and that the latest methods 
and processes employed will be shown. The exhibition 
is being organised by the Deutsche Gesellschaft fiir 
chemisches Apparatewesen E.V., the offices of which are 
at Seelze, near Hanover. 








ENGINEERING. 
LABOUR NOTES. 

The Central Board of the Shipbuilding Employers’ 
Federation met in London on Thursday last week, to 
consider the result of the reference to the district 
associations, on the negotiations with the Amalgamated 
Society of Woodworkers, regarding the embargo on 
overtime and the Belfast joiners’ strike. The federated 
associations having endorsed the action taken by their 
committee, the Central Board gave the executive com- 
mittee free powers to deal with the situation existing 
with the joiners. The next step is likely to be a further 
meeting between the committee of the employers and 
representatives of the joiners’ society, and an invitation 
to such a meeting has been dispatched by the employers 
to the joiners’ society. 


On the following day, representatives of the Ship- 
building Employers Federation further discussed the 
wages question with representatives of the trade 
unions to which they recently submitted certain 
proposals. These proposals were, in effect, an offer to 
concede a national standard wage of 3/. per week to 
all skilled craftsmen receiving plain time rates, and a 
national standard wage of 41s. per week to all unskilled 
plain timeworkers. Under the scheme, there would 
be wage advances ranging from Is. to 5s. per week, and 
no worker in receipt of a higher plain time wage than 
the standard would suffer any reduction. At Friday’s 
conference, the union representatives explained to the 
employers that, after considering the scheme, they had 
passed the following resolution :—‘‘ That while the 
executives welcome the principle of a national uniform 
basis time rate, as embodied in the employers’ offer, 
they consider the rate inadequate in some respects, 
and that a further conference should be sought, with 
a view to an improved offer being made.” 


Accordingly, the union representatives asked for an 
increase of both basis rates, for improvements in 
certain of the details, and for the extension of the 
application of the scheme to cover piece-workers, and 
also piece-workers’ assistants working with piece- 
workers. During the discussion which ensued, several 
points of difficulty concerning the scope and application 
of the scheme were cleared up, but, after an adjourn- 
ment, the employers intimated that, having regard 
to the position and prospects of the industry, they 
could not amend the scheme or extend it. The union 
representatives, in the end, stated that they would 
report the result of the conference, and the employers 
statements and explanations, to the individual execu- 
tives, and arrange for another general meeting of the 
unions early in October to consider the matter. The 
unions to which the employers’ offer has been made 
are those affiliated to the Federation of Engineering 
and Shipbuilding Trades and four of the six craft 
unions, viz., the shipwrights, painters, plumbers, and 
electricians. 





The official weekly organ of the International Labour 
Office states that, as a result of a serious deficit in the 
budget of the Central Employment Institute in Ger- 
many, due partly to the magnitude of the unemploy- 
ment crisis and to the heavy cost of benefits for seasonal 
unemployment, the Federal Insurance Code was 
recently the subject of keen debate in the Reichstag. 
As a result, the Government appointed a committee of 
experts to draft a scheme for re-establishing the 
unemployment fund on a sound financial basis. This 
committee, whose work has been followed with great 
attention by the German Press, submitted, after 
protracted negotiation, a series of proposals, on which 
the Minister of Labour based a scheme for the amend- 
ment of the legislation in question, which is at present 
being considered by the Social Policy Committee of the 
Reichstag. 


The scheme constitutes a compromise between the 
various parties concerned, providing for an increase of 
4 per cent. in the contributions of insured persons and 
employers, and for the abolition of certain restrictions 
on the right to benefit. It is hoped that these amend- 
ments will allow of a saving of 232,000,000 marks a 
year on an annual average of 1,100,000 unemployed 
persons, which would effect a reduction to 47,000,000 
marks of the deficit estimated. This deficit, together 
with an uncovered balance of 106,900,000 marks, must 
be covered by other measures to be laid down by the 
Reichstag. _ 

Statistics recently published by the Austrian Com- 
mission on Unemployment, relating to the working of 
the unemployment insurance scheme, show that there 
was an improvement in 1928, as compared with the 
previous year. The average number of persons in 
receipt of unemployment benefit was 156,459, or 
15,574 less than in 1927. The total expenditure of the 
unemployment insurance institution, was 147-6 million 
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schillings in 1928, as against 153-3 million in 1927. 
Of this total, 93-2 millions were normal expenditure, 
and 54-4 millions went in emergency relief. Expendi- 
ture on productive insurance amounted to 3-9 million 
schillings. The total amount of benefit granted was 
127-5 million schillings, and the average benefit per 
person unemployed was 815 schillings. A reduction in 
the average benefit, amounting to 5 schillings, took 
place in 1928, for the first time since the stabilisation 
of the currency. The reduction was due to the exten- 
sion of old age insurance to a large number of unem- 
ployed persons belonging to the highest-paid classes. 


The total amount of employers’ and workers’ contri- 
butions was 117-1 million schillings, or 3-7 millions 
more than in the previous year. The Provinces 
contributed 15-4 million schillings (for emergency relief 
only), and the Government 9-5 millions. As in the 
previous year, the budget showed a deficit, amounting 
to 5-6 millions, which was advanced by the Govern- 
ment. The total amount of such advances made by the 
State till the end of 1928 was 33-7 million schillings. 


The Ministry of Labour Gazette reports that there 
was little change in the general state of employment 
during August, apart from temporary fluctuations 
during the holiday period. Among the workpeople, 
numbering approximately 11,880,000, insured against 
unemployment in Great Britain and Northern Ireland, 
the percentage unemployed in all industries taken 
together was 10-1 at August 26, 1929, as compared 
with 9-9 at July 22, 1929, and 11-6 at August 20, 1928. 
The percentage wholly unemployed at August 26, 
1929, was 7-7, as compared with 7-4 at July 22, 1929, 
while the percentage temporarily stopped was 2-4, as 
compared with 2-5. For males alone, the percentage 
at August 26, 1929, was 11-0, and for females 7-6. 
At July 22, 1929, the percentages were 11-0 and 7:1. 





There was an improvement in the coal-mining 
industry, in the jute industry, in the manufacture of 
boots and shoes, and in the cocoa, chocolate and 
sugar confectionery industry. On the other hand, 
there was a further decline in the building trade 
and in public works contracting, and there were 
increases in unemployment in the engineering and 
motor-vehicle industries, in shipbuilding, in silk and 
artificial silk manufacture, in textile bleaching, dyeing 
and finishing, and in the clothing trades. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during August resulted in an estimated net increase 
of about 5,050/. in the weekly full-time wages of 
76,500 workpeople, and in a net reduction of 145/. in 
those of 4,500 workpeople. Nearly 90 per cent. of 
the amount represented by the increases was due to 
the operation of cost-of-living sliding scales. Under 
scales arranged by trade boards, the statutory minimum 
rates were increased both for time workers and piece 
workers in the paper box and paper bag industries, 
and for piece workers employed in brush and broom 
manufacture. In the paper box and paper bag 
industries the minimum rates were increased by 
amounts varying from 2s. to 3s. per week for adult 
male workers, and by ls. or ls. 6d. per week for adult 
female workers, while the minimum piece rates of 
brush and broom makers were increased by 1 per cent. 
on list prices. There were also increases under cost-of- 
living sliding scales in the wages of electrical cable- 
makers and in those of hosiery workers at Hawick. 





During the eight completed months of 1929, the 
changes reported to the Ministry of Labour in the 
industries for which statistics have been compiled 
have resulted in net increases of 7,0001. in the weekly 
full-time wages of 94,000 workpeople, and in net 
reductions of 36,4501. in those of 491,000 workpeople. 
In the corresponding eight months of 1928, there were 
net increases of nearly 17,4001. in the weekly wages of 
200,000 workpeople, and net reductions of 167,500/. in 
those of 1,680,000 workpeople. 


The number of trade disputes involving stoppages 
of work, reported to the Ministry of Labour as 
beginning in August, was 28. In addition, 13 disputes, 
which began before August, were still in progress at 
the beginning of the month. The number of work- 
people involved in all disputes in August (including 
workpeople thrown out of work at the establishments 
where the disputes occurred, but not themselves 
parties to the disputes) was about 401,000, and the 
aggregate duration of all disputes during August was 
about 5,538,000 working days. These totals include 
about 388,000 workpeople involved in the dispute in 
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the cotton industry, which was in progress from July 29 
to August 15, and accounted for a loss of about 
5,432,000 working days in August. In the previous 
month about 400,000 workpeople were involved in 
disputes, and in August, 1928, the number was 5,400. 
The numbers of working days lost by the disputes 
in these two months were 1,287,000 and 23,000. 





The aggregate duration of all disputes in progress 
in the first eight months of 1929 was about 7,745,000 
working days, and the total number of workpeople 
involved in these disputes was about 480,000. The 
figures for the corresponding period of 1928 were 
1,188,000 days and 103,000 workpeople. 





The September issue of the Amalgamated Engineering 
Union’s Monthly Journal contains the following state- 
ment :—In view of the fact that the present holder of 
the office of President (Bro. J. T. Brownlie) will reach 
the age of 65 years on June 23, 1930,.in accordance with 
Rule 18, Clause 2, he will be called upon to vacate the 
office named on that date. In this connection, resolu- 
tions have been received from branches urging the 
Executive Council to withhold asking for nominations 
for the office of President, pending the meeting of the 
Quadrennial Committee next year. Other resolutions 
were received to the contrary. Full consideration 
was given to this matter by the Executive Council, and 
that body decided that, having regard to the rule in 
question, they had no alternative but to give effect 
thereto. Branches are, therefore, instructed to take 
nominations for the position. The last date for 
nominations is October 28, and they must reach the 
General Office not later than October 30, 1929. 





Branches have also been invited to nominate 
candidates for the position of General Secretary. 
Mr. A. H. Smethurst, the present holder of the office, 
is eligible, and offers himself, for re-election. Three 
members of the Executive Council are also due to 
retire, but offer themselves for re-election. They are 
Mr. T. Clark, who represents Division No. 1, Mr. P. 
Dickinson, who represents Division No. 3, and Mr. H. 
Berry, who represents Division No. 5. Nine candidates 
are opposing the return of Mr. Clark, four the return 
of Mr. Dickinson, and six the return of Mr. Berry. 
The last day for voting is October 28. 





In August, the home branch membership of the 
Amalgamated Engineering Union increased from 
192,621 to 193,184, and the colonial branch membership 
from 27,507 to 27,704. The number of members in 
receipt of sick benefit decreased from 5,241 to 5,129, 
and the number in receipt of superannuation benefit 
increased from 10,341 to 10,347. The total number of 
unemployed members increased from 11,053 to 11,815. 





The financial statement of the Amalgamated Engineer- 
ing Union for the second quarter of the current year 
shows that there was an increase in the General 
Fund, as compared with the first quarter, of 13,5291., 
and an increase in the Superannuation Reserve Fund 
of 12,0651. The General Fund now stands at 273,612. 
and the Superannuation Reserve Fund at 1,622,843/. 
During the quarter there was a net increase in the 
membership of 559. 


Mr. Findlay, the General Secretary of the United 
Pattern Makers’ Association, states that unemploy- 
ment increased during August, although the figures 
were “ still below the 500 mark.” The total number 
was 486. The membership is now 11,032. 





The railway managers have invited the three unions 
of railwaymen to meet them on Tuesday next for the 
purpose of discussing the notice which has been given 
by the unions to terminate the agreement under 
which wages and salaries were reduced by 23 per cent. 
The National Union of Railwaymen and the Railway 
Clerks’ Association have accepted the invitation, but 
at the time of writing, the attendance of the Associated 
Society of Locomotive Engineers and Firemen is 
doubtful. The A.S.L.E. and F. is bound, by a decision 
of its annual conference, to terminate the agreement. 





At a meeting in London, last week, of the Executive 
Committee of the Miners’ Federation of Great Britain, 
it was decided to ask the Mining Association to 
reconsider their decision not to meet the miners’ 
representatives, ‘“‘in view of the serious condition of 
the industry, the termination of the district agreements 
at the end of this year, and the expressions of pro- 
minent individual coal-owners and _ industrialists 
generally, in favour of peace in industry and negotia- 
tions instead of strife.” 
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GINEERING. 


PROPELLER-TURBINE SET AT 
FORSHUVUDFORSEN, SWEDEN. 


Tue Forshuvudforsen plant, which was described 
in these columns soon after its inauguration*, now 
gives an opportunity of making comparisons between 
turbines of the Francis and propeller types. The 
plant is situated on the Dal River, some 5 km. above 
Domnarvet, and is owned by the Stora Kopparbergs 


| Bergslags Aktiebolag, which, apart from being one of 


the oldest businesses in existence, dating from the 
year 1285, also develops more water power than any 
private concern in Sweden. The company owns some 
20,000 h.p., and up till now half of this has been 
developed. 

In 1917, it was decided to build a power station at 
Forshuvudforsen, which was the only fall between 
Domnarvet and Tagten, a distance of 6 km., which 
had not been developed. Fig. 1 shows the situation 
of the four plants now on this stretch of the river 
in relation to each other. The total fall between 
Tagten and Domnarvet is made up as follows :— 
Forshuvudforsen, normally 10:3 m., Kvarnsveden, 
13-0 m., Bullerforsen, 12-0 m., and Domnarvet, 6°5 m., 
After careful consideration, it was decided to place the 
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(1326.€) “ENGINEERING” 
Forshuvud Power Station at the end of the rapids. 
Here a dam, 125 m. in length, was constructed across 
the river, with the power house at the east end of it, as 
shown in Figs. 3 and 4 of our previous articles (vol. cxix, 
Plate I, facing page 6,). The dam does not cross the 
river in a straight line, but is irregular. It is built 
in this way, so that the water discharged through 
it will be diverted towards the centre of the bend of 
the river bend, in such a way as to protect the banks. 
The head race is very short, and the tail race forms a 
canal, 110 m. long, leading to the head-water level 
for the Kvarnsveden station. In conjunction with this 
plant, a bridge was provided across the river on the 
up-stream side of the power house. 

It was decided, in the first instance, to instal two 
Francis units, though the power house was to be built 
to take three units. The spiral pits, or scrolls, and 
suction tubes for all three units were built at the same 
time, so that, when the question of the third unit had 
to be considered, the installation of a propeller-type 
machine could only be agreed to on condition that no 
alterations would be required of the existing structure. 
Fig. 2, page 376, shows, in plan, the intakes, scrolls 
and suction tubes to all three units, and, if the figure 
be considered in conjunction with Figs. 3 and 4, a 
good idea of the passages from the intake to the outlet 
of the suction tube will be obtained. 

The two Francis turbines originally installed 
each develop 7,700 brake horse-power with a head of 
10-3 m., and at a speed of 83 r.p.m. The propeller- 
type of turbine now installed, using the existing 
foundations and suction tube, develops 10,200 brake 
horse-power on the same head, at aspeed of 94 r.p.m. 





* See ENGINEERING, vol. cxix, pages 6, 95, 155, 217 
(1925). 
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Fig. 5, page 377, shows a sectional arrangement of 
the Lawaczeck propeller turbine installed. This tur 
bine has been supplied by Messrs. Aktiebolaget 
Finnshyttan, Finnshyttan, Sweden. The runners 
of the Francis turbines in this plant have diameters 
of 4,210 mm., while the Lawaczeck runner is of 
practically the same diameter, viz., 4,240 mm. The 
Francis runners of units Nos. 1 and 2 have 13 and 
14 blades, respectively, while the Lawaczeck runner has 
only 6 blades. The blades in the former are cast in 
one with the boss and outer ring, but, in the Lawaczeck 
runner, each blade is cast separately and securely 
bolted to the runner boss. A view of the runner is 
shown in Fig. 9, page 3738. The whole runner is of 
cast steel. The blades were milled to form, where they 
fit against each other and the boss, and, after they were 
mounted, the runner was machined to the external 
diameter required. 

The guide ring has 28 guide blades of cast steel, 
each supported on a ball bearing, in order to reduce the 
power required. The guide spindles are cast in one 
with the guide blades and project through the stuffing 
boxes in the crown plate, being connected by means 
of levers and links to an operating ring of cast steel. 
The links connecting the guide levers with the operating 
ring are purposely made with a small factor of safety. 
The links are accessible and easily replaced. The 
operating ring moves on rollers. The crown plate, of 
cast iron, was made in segments, and differs from the 
crown plate of the ordinary Francis turbine in that 
it is very deep. This not only reduces the weight of 
the runner, and thereby the load on the thrust bearing, 
but also reduces the ‘‘ wet surface”’ of the runner, 
which is an advantage as regards efficiency. 

The generator is placed immediately above the 
turbine, as shown in Fig. 3, and the weight of the 
rotating parts—runner, shaft and rotor—as well as 
the water pressure, is carried by a thrust bearing 
placed above the generator. The load may be as 
high as 250 tons. The turbine shaft is hollow and 
has a diameter of 490 mm., the bore being 125 mm. 
The steady bearing is placed on the crown plate and 
has white-metal lined bearing shells, lubricated by a 
spur-gear pump driven from the main shaft. The 
oil from the pump is supplied to an oil receiver just 
above the bearing, and a float is provided to give an 
alarm if the oil should fall below a certain level. 

Governing is effected by means of a servomotor, 
the valve of which is controlled by an ordinary governor 
of the Watt type. This is not isochronous, the speed 
with the sleeve in its lowest position being less than 
normal when the governor has acted so as to throttle 
the supply of working oil, and, to correct this defect, the 
gear shown diagrammatically in Fig. 6 is used. The 
ordinary pendulum governor A, is shown in the 
upper left-hand corner of this figure, whilst the 
main valve B, controlling the oil supply to the servo- 
motor C, can be seen in the lower right-hand corner. 
These two, A and B, are connected by means of the 
floating lever D, which, as usual, is provided with an 
overtaking or compensating gear E. The latter, as 
the piston of the servomotor moves in or out, restores 
the main valve to its neutral position. With this 
type of governor, however, the speed would not be the 
same at full as at partial load, and an addition to the 
usual overtaking gear is provided, which, as the 
governor comes into action, gives an additional shift 
to the fulcrum of the floating lever, so as to restore 
the sleeve of the pendulum governor to its mid-position 
at the same time as the main valve is also returned 
to its mid-position. With this object in view, the 
mechanism F is provided. 

The function of the various parts of the mechanism 
will be more clearly understood if the action of 
the governor is followed during a change of load. 
When the turbine is running on load at normal speed 
and a change of load takes place, the function of 
the governor is to regulate the turbine gates to give the 
required opening and to keep the speed constant. 
If it be assumed that part of the load is thrown off, 
and that the speed of the turbine, in consequence, 
increases, a corresponding increase occurs in the speed 
of the pendulum governor A, thus causing the point X 
to move upwards. When this takes place, the point Y 
acts as a fixed point or fulcrum, and consequently the 
point Z will move downwards, thereby causing the 
pilot valve G to open the ports in the floating valve H. 
This results in the main valve B moving downwards 
opening the port to the main supply pipe K, which 
conveys the oil supply to the servomotor. The servo- 
motor piston thereupon moves upwards and closes 
the turbine gates. 

The movement of the servomotor piston is trans- 
mitted through the rod L to the lever M, thereby 
pushing the cone O to the left and in this way lifting 
the fulerum Y, which, with X as the new fulcrum, 
causes the point Z to move upwards and slightly 
open the main valve, thereby opening the gates a 
little more. 

If no further gear were provided, the speed would 
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become steady, but would be slightly higher than before | 

the change of load. The secondary compensation’ PROPELLER-TYPE TURBINE; FORSHUVUDFORSEN. 
provided by the mechanism F therefore comes into | 
action in the following manner: When the cone 0} . 
moves to the left, the friction wheel P will be dis- Fig.2. ; eS Ns ae oars 
placed from the centre of the disc F and will con- 

sequently be rotated by it. The continuous rotation | 
of the disc tends to restore the wheel P to its central | 
position, the speed of restoration being greater the | 
farther P is displaced from the central position, ?.e., | 
the ter the change of load. 

The rotation of the wheel P causes a secondary | 
displacement of the cone O and consequently of point Z, | 
and will cause the governor to close the gates a little. 
This displacement is the amount necessary to change 
point Y from the position giving a degree of irregu- 
larity to that necessary to give constant speed. As 
the return motion of the cone O is very slow, the 
governor has time to follow up, so that when the 
wheel P has reached its central position and is at a 
standstill, the points X, Y and Z have also come to 
their central positions and equilibrium is re-established. 
The turbine has now taken the new load and has the 
same speed as before. 

. This description covers the actual governing 
arrangements, but the diagram illustrates other points. 
The main supply pipes, as shown in Fig. 6, are closed tee 
by means of the valve R. This is due to the fact that, 
in the diagram as shown, governing is arranged for (1326 A) a ic “ENGINEERING 
hand operation, with the automatic gear cut out. The 
hand-control gear is shown at S, and, by turning this 
to “‘open”’ or “shut” positions, the pressure oil is 
diverted to one or other of the main supply pipes. The Fig.3 
lever shown at T is used for changing over from hand 9.J. 
to automatic operation. When in the position shown, 
pressure oil is supplied to the upper side of the valve R, 
thereby closing the main supply pipes, but as soon as 
the lever is moved to the ‘‘ out” position, the pressure is | 
exhausted from the upper side of R and admitted | iso-30)] 111 
to the underside, thereby lifting this valve and giving | p 
a free passage through the main pipes. The pressure | 
supply to the hand operation is, at the same time, 
cut off. 

The gate opening can be limited at will, by hand 
or from the switchboard, by means of an electric motor, 
also shown in Fig. 6. This acts through the gear drive, 
and the mechanism shown, in such a way that the lever 
U limits the movement of the arm V, thereby retarding 
the action of the floating lever D and preventing 
the main valve from opening more. The stroke of the 
servomotor will then be limited, as also will be the gate 
opening. 

The speed of the unit can be varied as desired, either 
by hand or electrically from the switchboard. This 
arrangement is shown at W. The gear wheel a, driven 
by worm and gears from the motor, rotates in either 
direction, depending upon whether the speed is to be 
increased or decreased. This causes the roller 6 to be 
displaced on the one c (which is eccentric, as shown in 
the small detailed end view). This causes the inner 
spindle to turn slightly, thereby moving the cone O, oN 
slightly altering the position of point Y, and thus the Se 
position of the main valve. A change of speed follows. WS 
The time occupied in closing or opening under control | 
of the governor can also be adjusted by means of the | Om 
arrangement shown at d, which prevents the pilot | u ae ia. LTT 
valve from moving quicker than desired in either ee 
direction. - 
Fig.4. 
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The only arrangement remaining to be described is the | . : : uy ? : eee 
provision made for locking the turbine in the closed | 5 
position. In reality, it is the servomotor piston that | 
is locked, and this, of course, in turn, prevents the | 
turbine gates from opening. The arrangement con- | 
sists of a hand lever e, shown to the left of the servo- | 
motor, which, as it is pulled over to the left, lowers 
the valve f and admits pressure oil to the back of the | 
smail piston g, below the servomotor cylinder, thereby | 
causing the piston rod of the piston g to enter a hole | 
in the main piston rod, the hole registering with the 
rod when the main piston is in the closed position. 
The whole of the mechanism now described, with | 
the exception of the servomotor and main supply | 
pipes, is enclosed in the dust- »roof case shown in Fig. 7. | 
The governor head is driven by a belt from the tur- | 


bine shaft, and the triple gear pump, which su plies | 
the oil required to operate the servomotor, is driven 
by an electric motor. The governor case, and oil | 
pump, with air vessel and motor, are placed on the | 
generator-room floor, while the oil reservoir is let into | ------ 
this floor immediately under the oil pump and the | 
servomotor is placed under the generator-room floor, | =< ee 
as can be seen from Figs. 3 and 4. 
The oil pump with motor, air vessel and oil reservoir, | 
are shown in Fig. 12, page 378. The oil level in the air 
vessel, in which a considerable quantity of compressed | 
air is entrapped above the oil, is kept constant by | This plant has now undergone its tests, and prelimi- | The"latter are shown by the dotted line and are calcu- 
means of a loaded valve, and, as the pump is kept | nary calculations show that the results are satisfactory. | lated from tests on a model of the actual runner. In 
constantly running, the surplus of oil over and above | The diagram Fig. 8 gives the guaranteed efficiencies | passing, it may be stated that the best efficiency 
that required to maintain the level in the receiver | and also indicates the efficiencies which were expected | obtained with the Francis turbines was about 85 per 
is by-passed through a loaded valve to the oil reservoir.| and which calculations show have been realised. | cent. 
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For a + 50 per cent. change of load, + 13 per cent. 
speed variation. 
For a — 100 per cent. change of load, + 32 per eent. 
speed variation. 


With regard to governing, the guarantees given 
were that the speed variation should not exceed : 

For a + 25 per cent. change of load, + 5 per cent. 
speed variation. 
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| The generator of the unit recently installed is of the 
three-phase type, manufactured by Messrs. Allmanna 
| Svenska Elektriska Aktiebolaget (A.S.E.A.), Vasterds, 
Sweden, developing 9,000 kv.-a., at 94 r.p.m., 50 cycles, 
| 11,000 volts, and a power factor of 0-75, with a direct 
connected exciter. The generator is of the vertical type, 
and the shaft has two guide bearings and one thrust 
bearing. The thrust bearing, as previously mentioned, 
is designed to take up the total rotating load of both 
| the main rotor and exciter, as well as the weight of 
| the turbine runner and the unbalanced hydraulic 
| pressure. The machine is totally enclosed. 

The core consists of high-grade laminations provided 
| with paper insulation, and is secured to the stator by 
| means of dovetail wedges. The core is subdivided, 
| by means of radial ventilating ducts, into a number of 
| groups held together by rigid clamping rings. 
| The stator is wound with a non-braced two-plane 
| coil winding with one straight and one bent plane. It 
| is made up of former-wound coils embedded in slots 
| of the semi-enclosed type. On account of the large 
| number of poles and the high voltage, only two slots 
| per pole per phase could be employed. The voltage 
| curve of the generator is, however, excellent and the 
| maximum deviation of this curve from the true sine 
| wave amounts to 4 per cent., measured between 
terminals at no-load. The insulation of the winding 
is very ample, double compound cotton fabric having 
been employed nearest to the copper on all parts of 
each conductor. The conductors within the slots 
are separated from each other by mica insulation 
applied in a hot mould, and from the iron by means 
of micanite tubes formed by wrapping Micafolium 
round the conductors. The latter process was carried 
out under pressure in a special machine provided 
with hot rotating rollers. The conductors, prior to 
this wrapping, were dipped in varnish and put together. 
During the wrapping process, the heat causes the var- 
nish to melt and all superfluous varnish is, under the 
pressure exerted, pressed out at the ends of the tube. 
In this way, any air remaining inside is removed. To 
obtain the correct dimensions, the coils are afterwards 
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subjected to very high pressures at a high temperature. 
The coil ends projecting outside the core were covered 
with varnished cloth and cotton tape and finally 
sprayed with an insulating covering varnish. Although 
no special supports are provided for the windings, 
the individual coils are braced against each other by 
means of presspahn spacers and secured by cord. 
The winding is further provided with corona protec- 
tion on account of the high voltage. 

The rotor, shown in Fig. 10, page 378, consists of 
two identical pole-wheel units, held together by 
strong axial bolts, each wheel being provided with 
hub, arms and magnet ring all cast in one piece. The 
hub is secured to the shaft by wedges and shrink-rings. 
The wheels are not split, and are so spaced apart as to 
provide radial ventilating ducts running through the 
ring, pole-cores and pole-shoes, thus enabling cool air 
to flow through these to the middle of the stator. 

The pole-cores, the upper part of which are developed 
to form pole-shoes, are secured to the magnet ring by 
means of bolts accessible from the inside of the ring. 
The pole-cores are made of cast steel. The rotor 
windings consist of copper strips wound on edge, 
and provided with cooling flanges. Impregnated 
paper serves as insulation between the turns, and the 
field-coils are insulated from the cores by cylinders 
and collars of presspahn. The slip-rings are of cast 
iron, placed immediately above the thrust bearing, 
and are connected to the field winding by copper 
bars run through the hollow shaft and over one of 
the spokes of the wheel. Ordinary carbon brushes 
are employed. 

Both guide bearings—one above and one below 
the rotor—are white-metal lined. The thrust bear- 
ing is of the A.S.E.A. type, designed for a load of 
250 tons. 

The generator is of the self-ventilating type, fan 
blades being arranged on the spokes and the magnet ring, 
to furnish the amount of cooling air (about 14 cubic 
metres per sec.) necessary for dissipating the heat deve- 
loped within the machine. The fan action of the 
machine is sufficient to force the air through the 
ventilating ducts in the building, as well as through 
the machine. The cooling air is drawn from below, 
and flows in between the arms of the lower spider, 
and is thence expelled by the fan blades through the 
different parts of the machine, out to the back of the 
stator frame from which the air is collected and led to 
the ducts arranged in the power station. 

For stopping the generator, and for lifting the 
rotor for repair or inspection work, hydraulic brakes 
are arranged on the lower spider. The brakes are 
pressed up against the lower side of the rotor ring, 
which is especially designed for this purpose, by means 
of a manually-operated oil pump. 

The direct-connected exciter is provided with its 
own shaft bolted to the generator shaft. It is arranged 
for separate excitation from the power station battery, 
but can also be run self-exciting. The regulation 
of the main generator voltage is effected by regulating 
the exciter shunt field only. The total weight of the 
generator and exciter is about 220 tons, the exciter 
weighing 7 tons and the rotor of the main generator 83 
tons. The distances from the floor to the top of the ex- 
citer and to the coupling face are 5,620 mm. and 1,500 
mm., respectively. The outside diameter of the stator is 
7,600 mm. Fig. 11, page 378, shows the interior of 
the generator room with the new unit in the fore- 
ground. During the control tests carried out in the 
presence of the purchaser in the A.S.E.A. works, an 
over-speed test was made at a speed of 97 per cent. 
above normal for tnree minutes, as well as tests with 50 
per cent. over-voltage, and 50 per cent. over-current. 

High-voltage tests were further carried out with 
27,000 volts between the stator winding and the frame, 
and with 2,200 volts on the field winding and the 
exciter windings, for a duration of one minute. A 
short-circuit test was also made with the generator 
short circuited at full speed and normal voltage, as 
well as temperature trials and tests for the determina- 
tion of losses, &c. Though, under test conditions, the 
temperature rise at full load for the various parts of the 
stator turned out to be somevhat higher than is per- 
mitted by the Standardisation Rules, it was considered 
satisfactory, owing to the fast that the conditions 
in the power station would improve the ventilation, 
and thus render the generator capable of taking 
heavy overloads. The determination of the various 
losses showed that the guaranteed efficiencies of 94-5 
per cent. and 93 per cent. at full load and twice full 
loads, respectively, were exceeded. From the tests, 
the corresponding values were calculated at 95-4 and 
93-8 per cent. 








Canapian ParerR Ovutput.—The output from Cana- 
dian newsprint paper mills totalled 229,045 tons during 
July last. The production during the first seven months 
of the present year, namely, 1,540,367 tons, was 194,680 
tons in excess of the tonnage for the corresponding period 
of 1928, an increase of 14 per cent. 
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TENDERS. 

WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 


| on application to the Department at the above address, 
| the reference number given being quoted in each case. 


Copper Wire.—The supply of 400,000 Ib. of hard-drawn 
copper wire, 2,000 lb. of soft-drawn copper wire, and 
2,000 lb. of soft-drawn tinned copper wire. The Depart- 
ment of Posts and Telegraphs of the Union of South 
Africa, Pretoria ; November 14. (Ref. No. A.X.8510.) 

Water Meters.—The supply of 641 positive water 
meters of various sizes. e Corporation of Durban, 
South Africa ; October 11. (Ref. No. A.X.8519.) 

Fireplugs and Hydrants.—The supply of 160 3-in. and 
18 2}-in. swan-neck fireplugs, and 8 6-in. standard 
hydrants, complete with lengthening piece and dock 
foot bend. The Water Engineer’s Department, Borough 
of Durban, South Africa ; October 11. (Ref. No. 
A.X.8527.) 

Milk Cans.—The supply of parallel-sided milk cans. 
A firm in Toronto, Canada. (Ref. No. B.X.5675.) 

Sluice and Air Valves.—The supply of 716 double 
socket sluice valves, 3 double-flanged sluice valves with 
spigot and socket pieces, 12 single air valves without 
stopcocks, and 8 double air valves with screw-down valve 
combined. The Water Engineer’s Department, Borough 
of Durban, South Africa ; October 11. (Ref. No. 
A.X.8524.) 

Turntables.—The supply of five turntables. L’Ad- 
ministration Générale des Chemins de fer et des Ports 


d’Etat, Angora, Turkey October 10. (Ref. No. 
A.X.8529.) 
Swing Bridges.—The construction of a swing bridge 


on the Bagouriah Canal, near Singerg, Menoufieh, and of 
a similar swing bridge on the Mansourieh Canal, near 
Sandup. The Main Roads and Bridges Department, 
Cairo, Egypt ; October 21 (Bagouriah, Ref. No. A.X. 
8520) and October 26 (Mansourieh, Ref. No. A.X.8521.) 

Tramway Track Material.—The supply of steel rails, 
fishplates, manganese-steel points and other tramway 
track material. The City of Johannesburg, South Africa ; 
October 31. (Ref. No. A.X.8523.) 


Shunting Locomotive.-—The supply of a steam shunting 
locomotive of 5 ft. 3 in. gauge, suitable for conversion 
to 4 ft. 8}in. gauge. Victorian Railway Commissioners, 
Melbourne, Australia ; November 6. (Ref. No. A.X.8530.) 

Crane.—The supply of one 10-ton electrically-operated 
overhead travelling double-girder crane. The New 
Zealand Public Works Department ; October 29. (Ref. 
No. A.X.8531.) 


BOOKS RECEIVED. 


United States Geological Survey. Water-Supply Paper 
No. 593. Surface-Water Supply of the United States. 
1924. Part XII. North Pacific Slope Drainage Basin. 
B. Snake River Basin. By N. C. GROVER and OTHERS. 
[Price 30 cents.] No. 594. Surface-Water Supply 
of the United States, 1924. Part XII. North Pacific 
Slope Drainage Basins. C. Lower Columbia River 
Basin and Pacific Slope Drainage Basins in Oregon. 
By N. C. Grover and OTHERS. [Price 30 cents.] 
No. 595. Surface-Water Supply of Hawaii, July 1, 
1923, to June 30, 1924. By N. C. Grover and oTHERS. 
[Price 20 cents.] Washington: Government Printing 
Office. 

Jahrbuch, 1929. Der Deutschen Versuchsanstalt fiir 
Luftfahrt E.V., Berlin-Adlershof. Edited by Dr.-Ing. 
Wilh. Hoff. Ottfried v. Dewitz and Dr.-Ing. Georg 
Madelung. Berlin: R. Oldenbourg. [Price 42 marks.] 

Wonders of Engineering. By Exuison Hawxs. London: 
Methuen and Company, Limited. [Price 6s. net. ] 

Rationalisation for Tin. By A. P. L. Gorpon. London: 
The Saint Catherine Press. [Price 2s. net._ 

Disrupted Strata. Faulting and its Allied Problems from 
the Standpoint of the Mine Surveyor and Stratigraphist. 
By M. H. Happocr. London: Crosby Lockwood and 
Son. [Price 16s. net. ] 

Die Gestaltung und Berechnung von Rauchgasvorwarmern 
(Economisern). By Dr.-Inc. LotHar PossNner. 
Berlin: Julius Springer. [Price 14-50 marks. ] 

Aeronautical Research Committee. Reports and Memo- 
randa. No. 1221. The Effect of Stress upon the 
X-Ray Reflections from Tungsten’ Wire at Air Tempera- 
ture. By H. L. Cox and I. Backuurst. [Price 9d. 
net.] No. 1228. Full-Scale Control Tests on Fokker 
F.VII 3M Monoplane. By J. K. Harpy. [Price 
9d. net.] No. 1230. Pressure Plotting a Streamline 
Body with Tractor Airscrew Running. By C. N. H. 
Lock and F. C. JoHanseNn. [Price ls. net.] No. 
1234. Tests on Airship Models at Large Reynolds 
Numbers. By L. F. G. Stmmons. [Price 6d. net.] 
London: His Majesty’s Stationery Office. 

The National Physical Laboratory. The Units and 
Standards of Measurement Employed at the National 
Physical Laboratory. London: His Majesty’s Sta- 
tionery Office. [Price ls. net.] 

Shipways to the Sea. Our Inland and Coastal Waterways. 
By Ernest S. Cowes. Baltimore : The Williams and 
Wilkins Company. London: Bailliére, Tindall and 
Cox. [Price 20s. net.] 

Department of Scientific and Industrial Research. 








Fuel 


Research. Technical Paper No. 23. The Fusion 
Point of Coal Ash. Part I. By J. G. Kine and 
OTHERS. London: His Majesty’s Stationery Office. 


[Price ls. net.] 
The Principles of Metallurgy. By Joun L. Bray. 








London: Ginn and Company. [Price 25s. net.] 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Demand for large coals remains very 
quiet, and the slow movement of these descriptions is 
adversely affecting sized and small classes, which are 
in good demand and exceedingly scarce at prices from 
ls. to 4s. per ton above the minima schedule. Collieries 
are unable to keep working regularly, because of the 
unsatisfactory position of large, and this is restricting 
the output of sized and small varieties, and making it 
impossible for collieries to meet their commitments. 
In fact, it is stated that some undertakings are break- 
ing up large in order to meet their obligations in respect 
to sized classes. The price of furnace coke has been 
increased to 30s., because of the high cost and scarcity 
of small coals, while the minima for gas coals for home 
consumption is to be raised by from 6d. to 1s. 6d. per ton. 

Contracts for Next Year.—At this time of the year, 
operators in the Welsh coal trade are usually busy 
negotiating contracts for delivery over the ensuing 
twelve months. In spite of the uncertainty as to what 
is going to happen at the end of the year when the 
coalowners’ agreement with the miners in regard to 
working conditions terminates, business is Being con- 
cluded. The Central Argentine Railways have ordered 
500,000 tons of Welsh large coal for delivery over 1930 
on the basis of 20s. for best Admiralty large, and 19s. 6d. 
to 19s. 9d. for seconds, which are the minima prices for 
all deliveries after October 1. The Cie Générale Transat- 
lantique, the great French shipping line, has also bought 
200,000 tons of large and small, the large being pur- 
chased at the minima prices, and the small at 1s. to 1s. 3d. 
above the minima, while Chargeurs Réunis, another 
French shipping firm, is also inviting prices for about 
50,000 tons of large and small coal. The Madrid, 
Zaragossa and Alicante Railway, of Spain, has also bought 
20,000 tons of large for delivery over the last quarter 
of this year, while Mr. J. H. Thomas, Lord Privy Seal, 
has come back from Canada with orders for 100,000 
tons of steam coal for the Canadian Pacific Railway. 
Furthermore, exports to Italy will certainly be increased 
in the near future, in consequence of the Reparations 
Agreement that the Italian State Railways should 
purchase 1,000,000 tons of British coal for the next three 
years. The prospects for the coal trade are certainly 
brighter, and though much of the business already booked 
up represents the renewal of orders for old customers, 
the extra business from Canada and Italy should help 
materially to absorb unemployed miners and keep col- 
lieries working more regularly, and so reduce production 
costs. Everything will, however, depend on whether 
the coalowners and miners’ leaders can come to terms 
in regard to hours and wages after December 31. 
Business has already been booked up on terms which 
will not allow ef any alteration in hours and wages, and 
if any stoppage is brought about in the coalfields, 
the strike clause will operate, which might mean the 
cancellation of orders, but would certainly result in 
foreign competitors gaining business and _ possibly 
long-term contracts. 








Untrep States Imports OF MANGANESE ORE.— 
During 1928, the imports of manganese ore into the 
United States totalled 427,708 tons, the manganese 
content of which was 207,808 tons. The chief countries 
from which these supplies were obtained were Russia, 
Brazil, India, and British West Africa. 





THE Late Mr. O. C. DANIELL.—We regret to note the 
death, on September 8 last, at Calcutta, of Mr. Oliver 
Carl Daniell, chief engineer for India of Messrs. The 
Foundation Company, Limited, public works contractors. 
The younger son of Mr. F. B. Daniell, of Winchfield, 
Hampshire, Mr. O. C. Daniell was born on June 22, 1885, 
and received his general education at Westminster City 
School. He then passed on to the City and Guilds 
(Engineering) College and obtained the diploma of 
associateship in 1904. His practical training was 
obtained at H.M. Dockyard, Chatham, and among other 
works he became engaged in setting out and constructing 
a concrete wharf and retaining wall, and a reinforced- 
concrete jetty and oil tanks. He afterwards carried 
out a survey for the easing of curves and gradients and the 
increasing to standard gauge of the Upper Chattenden 
military railway. He was also responsible for the 
design of large machine shops, in addition to routine 
inspection work of the dockyard plant. In 1909, Mr. 
Daniell proceeded to Canada, where he was employed 
on the location survey of the British Columbia Electric 
Railway. He was responsible for the construction of 
65 miles of electric railway, including transmission lines, 
feeders and telephones. Three years later, he carried out 
surveys for 250 miles of main line through mountains for 
the Canadian Pacific Railway Company. In 1914, he 
journeyed to Siam, to take up the position of section 
engineer on the construction, and district engineer on the 
maintenance, of 200 miles of main line for the Siamese 
State Railways. Mr. Daniell returned to this country in 
1919, and was employed on works in connection with the 
construction of the Barrington Light Railway and the 
Dreadnought Portland Cement Works. Two years later, 
he was appointed agent for Messrs. J. G. White and Com- 
pany, Limited, on the extensions to the Burnley power 
station, and on various other works. From 1924 to 
1926, he was in charge of the construction of the London 
County Council south-western relief sewer. Mr. Daniell 
was appointed, in 1927, chief engineer for India of Messrs. 
The Foundations Company, Limited, which position he 
was holding at the time of his death. A former student 
of the Institution of Civil Engineers, he became an 
associate member on April 23, 1912, and was elected to 








full membership on March 8, 1927. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—The unsettling effects of rationalisa- 
tion will be brought into prominence next month by the 
closing of Messrs. Cammell Laird and Company’s Cyclops 
Works, Sheffield. It is understood that notices have 
been served on between 600 and 700 employees. These 
works have suffered severely from the slump in armament 
manufacture, and though strong efforts have been made 
to provide employment of an alternative character, the 
orders received have been insufficient to occupy the large 
plant economically. The works have been prominently 
associated with the Sheffield steel industry for many 
years, having been the scene of the early activities of 
Mr. Charles Cammell, the founder of the firm. It is 
understood that file and hacksaw production are to be 
transferred to an associated works. It is worthy of 
record that despite the temporarily harsh effects of 
economy schemes, Sheffield’s gross output of steel is well 
ahead of recent averages. According to official statistics 
the July production was 2,000 tons per week greater 
than that for the preceding month. Lincolnshire output 
of pig iron advanced to 81,900 tons as compared with 
75,600 tons in June. The July figure established a 
record, Current purchases of bulk steel are on a moderate 
scale, but are sufficient to enable basic furnaces to operate 
at recent capacity, though furnaces producing acid 
steel could easily handle a much bigger output. There 
are prospects of development in export business in railway 
steel. Competition from Belgium and Germany may 
be stemmed if the provisional agreement made with 
the Argentine is ratified. According to leading autho- 
rities Sheffield should benefit appreciably from increased 
orders received in this country, from this market, for tyres, 
axles, springs, and buffers, and there should also be 
valuable openings in both the Argentine and Brazil 
for Sheffield-made tools and cutlery. Dismantling 
firms are continually in search of fresh supplies to meet 
the demand from steelmakers for metal scrap. Messrs. 
Thos. W. Ward, Limited, of Sheffield, have purchased 
from Sir Walter Runciman, Bart., the famous yacht 
Sunbeam, which 50 years ago toured the world, and 
holds the world’s record for mileage, having travelled 
over half a million miles. After being kept on view 
at the firm’s Morecambe works, the yacht will be dis- 
mantled. 


South Yorkshire Coal Trade.—Both inland and export 
demand for industrial fuel is maintained at a fair level, 
and, in sympathy with the recent rise in house coal values 
of Yorkshire and Derbyshire hards, have slightly appreci- 
ated. House coal sales are expected to receive a stimulus 
when the weather changes. Current deliveries are easy, 
a considerable proportion of needs having been covered 
before the price advances at the beginning of this month. 
Coke continues to occupy a strong position. Though 
production is steadily expanding, consumption is at a 
high rate, and prices for furnace, foundry, and gas sorts 
are firmly held. Production of slacks and smalls is now 
little in excess of the demand. Quotations :—Best 
branch handpicked, 26s. 6d. to 28s.; Derbyshire best 
brights, 21s. to 23s.; Derbyshire best house, 20s, 6d. 
to 21s, 6d.; screened house, 18s. 6d. to 20s.; screened 
nuts, 16s. 6d. to 18s.; Yorkshire hards, 15s. 6d. to 17s. 
Derbyshire hards, 15s. 6d. to 17s.; rough slacks, 9s. to 
10s.; nutty slacks, 7s. to 8s.; smalls, 3s. to 5s, 


Hull Coal Traffic—Despite the holiday influence, 
South Yorkshire coal trade via Hull is maintained at a 
substantial level. The total received at this port last 
month was 407,000 tons, as compared with 408,000 tons 
for the previous month, and as against 292,000 tons in 
August last year. The eight months’ receipts of over 
three million tons were 601,000 tons greater than those 
for the corresponding period last year. With the excep- 
tion of March, the exports for August, namely, 232,000 
tons, were the largest for any month this year. The 
eight months’ exports of 1,382,000 tons showed an 
advance of 654,000 tons over those for January to August, 
1928. Germany, France, and South America were the 
principal overseas purchasers in August. Heavy ton- 
nages also went to Holland, Sweden, and Egypt, and 
zood business was done with Norway, Denmark, and 
Palestine. 








PERSONAL.—The newly-formed private company of 
Messrs. Calderwood Young and Company, Limited, the 
directors of which are Mr. Y. A. Calderwood, the engi- 
neer, and Mr. H. J. Young, the metallurgist, will function 
as engineering export and import merchants, agents, 
and contractors. The registered offices of the company 
are at 3, Central-buildings, Westminster, London, S.W.1. 
—Mr. H. Wynne Roberts, sales manager, and Mr. F. 
Winstanley, manager of the illuminating and domestic 
appliances departments, have been appointed directors 
of Messrs. The General Electric Company, Limited, 
Magnet House, Kingsway, London, .C.2.—Messrs. 
Robert Warner (Pumps), Limited, Pottery-lane, New- 
castle-upon-Tyne, have acquired the business and 
goodwill of Messrs. Henry Watson and Sons, Limited, 
pump manufacturers, Walker Gate, Newcastle-upon-Tyne. 
Messrs. Warner are removing .all patterns, drawings, 
«e., to the Pottery-lane Works, and will continue the 
manufacture of Watson pumps, evaporators, and other 
‘narine specialities.—Messrs. Gabriel Wade and English, 
Limited, ask us to announce that while they have trans- 
‘erred their wholesale sawn-wood business in Hull and 
West Hartlepool, to Messrs. Richard Wade, Sons and 
Company, Limited, they will continue their business 
in creosoted poles for overhead transmission lines, &c., 
without any alteration, at Staddlethorpe, Hull, and 
Ellesmere Port, under the same management as hereto- 
lore, 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—There is an absence of new 
features of moment in the Cleveland iron branch of the 
trade. Prompt marketable parcels are still few and small, 
but customers experience no difficulty in buying forward, 
and a few further home contracts for delivery during the 
last quarter of the year have been arranged at the fixed 
minimum prices which have ruled for some months past. 
Firms abroad are as unwilling as ever to pay ruling rates, 
and export transactions are on quite a trifling scale. 
A certain amount of foundry pig from other home areas 
is still going into consumption at Teesside works. 
Merchants have only moderate quantities of Cleveland 
pig to dispose of, and ironmasters adhere firmly to 
quotations. No. 1 grade is 75s. ; No. 3 g.m.b., 72s. 6d. ; 
No. 4 foundry, 71s. 6d.; and No. 4 forge, 71s. 


Hematite.—Conditions in the East Coast hematite 
department are changing for the better, but movement 
in that direction is much too slow to suit producers, 
who declare that terms obtainable are still several 
shillings below cost of output. They have quite good 
order books, and are very unwilling to enter into further 
extensive sales at prices named. Second hands have 
fairly good supplies to come forward from makers, but 
they are not keen to unload their holdings, as they 
expect values to advance in the near future. Ordinary 
qualities are 76s. to 76s. 6d. 

Foreign Ore.—Consumers of imported ore point to 
recent odd transactions at prices substantially below 
those that have ruled of late, but sellers intimate that 
the cheap sales were arranged in exceptional circum- 
stances, and that the incidents have not weakened the 
general tone of the market. 


Blast-Furnace Coke.—The outlook as regards Durham 
blast-furnace coke is disquieting. Already some difficulty 
is experienced in obtaining adequate supplies for local 
needs, and though production is to be much enlarged, 
scarcity threatens to become more acute by increasing 
requirements. Values show further marked upward 
tendency. The minimum figure named for good average 
qualities is 23s. delivered to works in this district. 

Manufactured Iron and Steel.—Manufactured iron 
producers are busy, and the contracts closed are sufficient 
to keep them so for some time. Semi-finished steel 
firms have quite a lot of work on hand, and they report 
orders still coming in, despite Continental competitors’ 
apparent keenness to secure work by price cutting. 
Reductions for foreign products are insufficient seriously to 
affect manufacturers here. Finished steel producers are 
well placed as regards orders, and are making a few new 
contracts. Prices for all descriptions of manufactured 
iron and steel are steadily firm. Common iron bars are 
101. 158. ; best bars, 117. 5s. ; double best bars, 111. 15s. ; 
treble best bars, 12/. 5s. ; iron rivets, 111. 10s. ; packing 
(parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 62. 17s. 6d. ; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 8/. 2s. 6d.; steel rivets, 11l. 5s. ; 
steel ship plates, 8/. 12s. 6d.; steel angles, 8J. 2s. 6d. 
steel joists, 87. 2s. 6d. ; heavy sections of steel rails, 9. ; 
black sheets, 10/7. 7s. 6d.; and galvanised corrugated 
sheets, 131. 10s. 








MEMORANDUM FOR BUSINESS VISITORS TO CANADA.— 
H.M. Senior Trade Commissioner in Canada has prepared 
a pamphlet of 37 pages entitled Memorandum for the Use 
of Business Visitors to Canada. The information given 
is such as is likely to be of value to a traveller, especially 
one making a first visit. Copies of the pamphlet may be 
obtained on application to the Department of Overseas 
Trade, 35, Old Queen street, London, S.W.1, quoting 
the Reference No, C.X. 3125. 


BritisH STANDARD SPECIFICATION FOR RAILWAY 
Roturne-Stock MatertaL.—The British Engineering 
Standards Association has recently issued a revised 
edition of Part 6 of their Report No. 24, which deals 
with railway rolling-stock material. The particular 
specifications included in Part 6, and therefore covered 
by the present revision, are specifications Nos. 16, 17, 
17a, 18 and 18a, comprising steel plates, sections, bars 
and rivets for locomotives, carriages, and wagons. In 
order to unify and so reduce the number of grades of 
material, the tensile strength of some has been slightly 
modified. For sectional material for locomotive boilers 
the tensile strength has been extended, and is now 
permitted to range from 26 tons to 32 tons per square inch. 
For ordinary plates and sectional material for use in 
locomotives, carriages, and wagons, the minimum tensile 
strength has been lowered, and the limits now read from 
26 tons to 32 tons per square inch also. Temper bend 
tests have been deleted from all the specifications, as 
it was considered that the test was of little importance 
for indicating the quality of the material. In all the 
specifications, other than that for steel for locomotive 
boilers, provision has been made, in the first place, for 
a material with a tensile range of from 24 tons to 28 tons 
per square inch, which can be used for welding, cold- 
flanging, cold pressing, and cold working. In the second 
place, it is now specified that bend tests only shall be 
taken on all material, other than rivet bars, less than 
fs in. thick. The bend test for this material has conse- 
quently been increased in severity. Other minor modifi- 
cations and additions have also been made to render the 
specifications clearer and also to bring them in line with 
normal engineering practice. Ay of the publication 
may be obtained from the B.E.S.A. Publications Depart- 
ment, 28, Victoria-street, Westminster, London, 8.W.1, 
price 2s, 2d. post free. 


NOTICES OF MEETINGS. 





INstITUTION oF LocomoTIvE ENGINEERS.—Thursday, 
September 26, 6 p.m., Denison House, 296, Vauxhall 
Bridge-road, 8.W.1. ‘‘ Some New Developments in the 
Stephenson Boiler,’ by Mr. R. P. Wagner. 


INSTITUTION OF MUNICIPAL AND CouNTYy ENGINEERS.— 
Friday, September 27, 11.30 a.m., County Hall, March. 
“The Drainage of the Fens,” by Captain G. E. Mathews. 
Saturday, September 28, 10.30 a.m., Town Hall, Wisbech. 
** Notes on the Borough of Wisbech,” by Mr. S. Matthew. 
** Notes on the Work of the Highways Department of the 
Isle of Ely C.C.,” by Mr. R. 8. W. Perkins. 


INSTITUTE OF MARINE ENGINEERS.—Friday, Septem- 
ber 27, 6.30 Pe Shipping Engineering and Machinery 
Exhibition, Olympia, W. ‘‘ Modern Tanker Practice,” 
by Mr. H. Barringer. 


INSTITUTE OF BRITISH FOUNDRYMEN: Sheffield and 
District Section.—Friday, September 27, 7.30 p.m., 
King’s Head Hotel, Sheffield. Presidential Address by 
Mr. G. L. Oxley. 








NOTES FROM THE NORTH. 


GuLascow, Wednesday. 


Scottish Steel Trade.—Conditions in the Scottish steel 
trade are very much as they were last week, but there 
seems to be a tendency towards expansion, as consumers 
are taking a more hopeful outlook. While there is no 
decided improvement in buying, the demand remains 
fairly steady, and inquiries are rather better. Deliveries 
to shipbuildersare being maintained, and other consumers, 
generally, are doing moderately well. The hardening 
of the export prices of Continental steel will tend to 
help the home makers. In the black-sheet trade the 
demand from overseas shows signs of improving, and 
there are more inquiries in the market for shipment 
lots. The heavier sorts are still quiet. All prices 
are firm, and the following are the current market 
quotations :—Boiler plates, 10/. 10s. per ton; ship 
plates, 8/. 12s, 6d. per ton ; sections, 8/. 2s. 6d. per ton ; 
black sheets, }. in., 9/. per ton; galvanised corrugated 
sheets (No. 24 gauge), 137. 10s. to 131. 12s. 6d. per ton, 
all delivered at Glasgow stations. 


Malleable Iron Trade.—Little change can be reported 
in the state of the malleable-iron trade of the West of 
Scotland, but one or two makers are a trifle better off 
for work at the moment. The business passing is 
not of heavy volume and much of it is of a day-to-day 
character. The makers of re-rolled steel bars are 
finding matters a little difficult at present on account of 
the very low prices being obtained for export lots. 
There are signs of business expanding a little, and the 
firmer quotations on the Continent may improve matters 
locally. Prices are as follow :—‘‘ Crown” bars, 101. 5s. 
per ton for home delivery, and 91. 15s. per ton for export ; 
re-rolled steel bars, 8/. per ton for home delivery and 
7l. 15s. per ton for export. 


Scottish Pig-Iron Trade.—No change of note falls to 
be recorded in connection with the pig-iron trade of 
Scotland. Orders are for small tonnages, and, not only 
are home users ordering sparingly, but overseas buyers 
are specifying in very moderate quantities. Prices are 
fim and have an upward tendency. The current 
quotations are as follow:—Hematite, 80s. per ton, 
delivered at the steel works; foundry iron, No. 1, 
78s. 6d. per ton, and No. 3, 76s. per ton, both on trucks at 
makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, September 14, only amounted to 
230 tons. Of the total 220 tons went overseas and 
10 tons coastwise. During the corresponding week of 
last year the figures were 310 tons overseas and 53 ton 
coastwise, making a total shipment of 363 tons. 


Steel Railway Sleepers.—An important experiment is 
being conducted by the L. M. & S. Railway in Scotland 
involving the substitution of hollow steel sleepers for the 
wooden sleepers now in general use. A stretch of the 
line—three-eighths of a mile—between Stirling and 
Bridge-of-Allan, on the main north route, was selected 
for the experiment, and on Sunday last a large squad of 
surfacemen carried out the work. There is a heavy 
and constant traffic over this part of the L.M. & 5S. 
system and the experiment will be watched with much 
interest. Should the new departure prove a success 
other sections will be tried and the adoption of steel 
sleepers may ultimately be extensive, and in that case the 
steel industry will benefit. 

Argentine Agreement.—The announcement of the 
reciprocal agreement between the British mission on 
the one hand and the Argentine Government on the other 
has given much satisfaction to all connected with the 
Scottish iron and steel industries. A sum of about 
eight million pounds sterling is to be expended in the 
United Kingdom for manufactures required for railways 
and public works. Of the total it is estimated that 
work covering several million pounds might not have 
come here except for this new agreement. Scottish 
firms are hoping to secure a fair proportion of the 
business, and it is anticipated that makers of locomotives, 
steel rails, black and galvanised sheets, and structural 
steel will benefit considerably. 


Railway Wagon Contract.—It is just reported that 
Messrs. R. Y. Pickering and Company, Limited, Wishaw, 
have secured a large order for railway wagons from the 
London and North-Eastern Railway Company. They 
are to have a capacity of 40 tons and will be of the 








bogey bolster type. 
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Matn-LINE ELectTrRIFICATION.—The Government has 
had under consideration the advisability of obtaining a 
report upon the problem of the electrification of the 
main-line railway systems of Great Britain. The 
Minister of Transport now informs us that a committee 
has been appointed to consider the whole matter. It 
comprises Lord Weir of Eastwood (Chairman), Sir Ralph 
Wedgwood, and Sir William McLintock. The secretary 
of the Committee will be Colonel A. H. C. Trench, 
Ministry of Transport, 6, Whitehall-gardens, London, 
8.W.1. The appointment of the committee, it is stated, 
will in no way interfere with, or delay, any particular 
schemes of suburban or other electrification which may 
be otherwise under consideration. 


THE AssociaATION OF SpEecIAL LIBRARIES AND INFOR- 
MATION BuREAUX.—The Annual Conference of the 
Association of Special Libraries and Information Bureaux 











INTERIOR OF GENERATOR Room. 


will be held at Trinity College, Cambridge, from the 
20th to the 22nd inst. Onthe evening of the 20th inst. 
an address will be delivered by the president-elect, 
Sir J. J. Thomson, and at the general session to follow, 
papers will be presented on “The Year’s Work of the 
Association,” by Brigadier-General Magnus Mowat, and 
“The Approach of the Producer to the Consumer of 
Information,’’ by Mr. Laurie Magnus. On the following 
day, the 21st inst., a series of sectional meetings will be 
held in the morning and evening. Among the papers 
of more direct technical interest to be presented at 
these meetings are ‘‘ Duplicating Machinery: A Survey 
of Modern Methods,” by Mr. Albert Parker; ‘*‘ Books 
versus Text-Books, the Problem of the Schools,’ by 
Mr. G. T. Hankin ; and “ Technical English,’’ by Mr. E. 
W. Ashcroft. The annual general meeting will be held 
at 5.30 p.m. of that day. On the morning of the 22nd 
inst., further sectional meetings will be held, at which the 
papers to be/presented include “‘ Indexing and Classifying 
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of Individual Collections of Data,” by Mr. H. Rottenburg 
and ‘‘ An Indexing System for Published Business Infor- 
mation,” by Mr. E. T. Elbourne and Mr. H. G. T. 
Cannons. A General Session will be held in the evening, 
at which Monsieur P. Otlet will read a paper on “ Inter- 
national Organisation of Information Services,’’ and 
reports from the sectional meetings will be presented. 
The address of the Association is 26, Bedford-square, 
W.C.1, 
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PELE(OPE FOR EDINBURGH OBSERVATORY. 


GRUBB, — AND COMPANY, NEWCASTLE-ON-TYNE. 
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ENGINEERING. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of our readers to 
the fact that the above is our SOLB ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 
TELEGRAPHIC ) ‘‘ ENGINEERING,” WESTRAND, 
ADDRESS LO} N. 
TELEPHONE NoMBER—TEMPLE BAR 3663 
(2 lines). 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 





For the United Kingdom........................ £3 5 0 
For Canada— 
Thin paper copies ..............000 £2 18 6 
Thick paper copies..................00+ £3 3 0 
For all other places abroad— 
£3 3 0 


Thin paper copies 
Thick paper copies 6 
Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 








When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Poston Thursday. In consequence 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of publication. 


All accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ ENGINEERING” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
N.S.W. TT. Willmett and Company, Townsville, North 
Queensland. W. ©. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Linited, 91-93, Queen-street, East. 

DENMARK, Copenhagen: Kaat-Jensen and Company, Vester 
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THE ARCHITECTURE OF ENGINEER- 
ING STRUCTURES. 


Tue tendency of modern business to aggregate 
itself into large units has resulted in some increase 
in the field of practice of the engineer at the expense 
of that of the architect. Large-scale manufacturing 
and large-scale selling require large structures which 
cannot be built, in any economic sense, in the classic 
materials of the architect. Steel framing and rein- 
forced-concrete structural systems, which form the 
basis of such buildings, are essentially engineering 
methods and call for engineering skill if they are 
to be properly employed. The new problems of 
co-operation, which have been raised as a result of 
this development, appear to have been solved with 
comparatively little difficulty, and, if an architect is 
engaged on the design of a large modern office block, 
he is likely to be able to arrange for a structural 
unit which will leave him as free a hand as he may 
desire in the design of the facade and the arrange- 
ment of the rooms. This is particularly the case 
when a steel frame is used, as the faces of the build- 
ing may be constructed from the materials with 
which architects are familiar, and for which con- 
ventions of arrangement and design have been 
evolved. The same thing applies if a reinforced- 
concrete structure is employed and is covered with 
a decorative shell of stone or brickwork. 

When the convention of a stone or brick building 
is abandoned, however, and reinforced concrete 
is frankly accepted as a constructional material, 
requiring no alien facing, new problems arise. The 
great architectural styles of the past developed as 
expressions of the materials of which their examples 
were constructed. At times the vision of an archi- 
tect surpassed the possibilities of his methods and 
material, as in the Cathedral of Beauvais, which 
has partly collapsed because its architecture was 
beyond the possibilities of its engineering. Such 
cases are exceptional, however, and the great 
architectural styles were certainly based on the 
qualities of their materials, and methods. Reinforced 
concrete may in time develop an architectural style 
consonant with its possibilities, but as yet the extent 








of those possibilities has been used more in aping 
the manners of other materials than in developing 
a new artistic technique. At Steyr in Austria, some 
seventy miles east of Salzburg, there is a reinforced- 
concrete bridge of 138-4 ft. span and a rise of only 
9-4 ft. The arch, which is 2 ft. thick at the crown, 
is moulded to give the appearance of stone vous- 
soirs, with absurd effect. Were such a flat arch 
to be constructed of independent stone blocks it 
could not possibly stand, and the imitative use of an 
alien method merely destroys the effect of what, with 
a frank admission of its material of construction, 
would have been a striking object. This example of 
failure to recognise the inherent artistic possibilities 
of reinforced concrete is far from being unique. 

Among architects who have recognised the neces- 
sity for developing a new artistic technique suited 
to the needs of new building methods, Monsieur 
Le Corbusier occupies a prominent position. Both 
by precept and example he has preached this 
necessity and, if one finds some of the examples of 
his practice decidedly bizarre, engineers, at least, 
can hardly be offended by his precepts, as he so 
constantly holds up their constructions as examples 
to his brother architects. In his well-known work, 
which has been translated into English under the 
title Towards a New Architecture (London: John 
Rodker), he constantly praises purely engineering 
structures ; not in the sense, however, that engi- 
neers have developed any conscious artistic tech- 
nique of their own, but that, designing directly 
for practical ends, the engineer has produced 
simple and essentially beautiful things, free from 
the artificial and meaningless embellishments of 
most architects. 

Put in this way the matter comes down to the 
“truth is beauty ” argument—if a thing is designed 
so as best to fulfil the purpose for which it is intended, 
then it is per se beautiful. This is not Monsieur 
Le Corbusier’s position, however, and indeed in its 
crude form, is not a tenable position. It would 
apparently lead to an office building consisting 
of a rectangular block, covered presumably with 
glazed tiles, as easily kept clean, perforated with 
windows of uniform size and without sills or lintels, 
and devoid of all ornament. A Regent-street in this 
manner would be an evil thing. Monsieur Le 
Corbusier lays great stress on proportion and the 
relation between the diagonal lines of windov , 
doors, panels, and the facade of the building as 
a whole. We need not here follow his arguments, 
but it is interesting to find that ‘ proportion,” on 
which he insists as one of the chief elements of 
beauty in a building or engineering structure, is 
also one of the clauses in the spec fication for 
beauty of a writer who approaches the matter 
from quite another point of view. Mr. C. E. Fowler, 
who has built many important bridges in America, 
in The Ideals of Engineering Architecture,* lays down 
simplicity, symmetry, harmony, and _ proportion 
as the four cardinal principles to be observed in 
the design of “a complete and satisfactory ” 
bridge or other engineering structure. 

As they stand, these four qualities appear 
unexceptional, and may profitably be applied to 
most of the affairs of life. Without further 
explanation they are likely to be of little assistance 
to an engineer wishful to design a bridge or other 
engineering structure, which shall be not only 
technically successful, but artistically satisfactory. 
Mr. Fowler supplies this further explanation, and 
if some of it is so necessarily abstract that it may 
be difficult to apply in a practical case, he has 
not hesitated in some cases to supply specific 
rules. He states, for instance, quite definitely, 
that a bridge should consist of an odd number of 
spans—one, three, five and so on. He gives no 
reason for this rule, which presumably is based 
on his observation of what looks well in practice. 
It is certainly followed by the majority of the large 
number of beautiful bridges illustrated in his book. 
The laying down of a definite rule of this kind, 
however, appears to be open to both a practical 
and a theoretical objection. Cases may well arise 
in which a small island, or rock formation, in the 
centre of a river to be crossed may definitely 
dictate a two-span bridge. To contend that an 





* Chicago: Gillette Publishing Company. London : 
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odd number of spans is essential for a completely 
satisfactory bridge is to say that a completely 
satisfactory bridge cannot be built on this site. 
Such a statement goes down to the basis of practical 
esthetics. The business of an artist—and for the 
moment, in this discussion, the engineer is the 
artist—is to accept the conditions of his problem, 
and create an object that fully meets them and 
is at the same time beautiful. If an engineer who 
has to design a transmission tower says that he 
can only give you an ugly tower, but will build you 
a beautiful lighthouse if you will let him, he merely 
confesses incompetence in one direction. He does 
not prove that a transmission tower cannot be 
beautiful. It may be easier to design a beautiful 
lighthouse than a beautiful transmission tower— 
a beautiful three-span bridge than a_ beautiful 
two-span one—but this is no proof that beautiful 
transmission towers and two-span bridges cannot 
be built. If Mr. Fowler has seen no beautiful 
two-span bridges—if there are no beautiful two- 
span bridges—the reason is that the man with the 
right vision has never yet built one, not that it is 
impossible. 

Although we have suggested a weakness in this 
particular item in Mr. Fowler’s specification for 
beauty in engineering structures, we have nothing 
but admiration for his treatise as a whole. To the 
average engineer building, say, a bridge, to whom 
abstract discussions of the principles of beauty are 
merely tiresome, and yet who may quite keenly 
desire to produce as satisfactory and graceful a 
structure as possible, the book will be both of 
interest and value. In a brief space this may best 
be illustrated by further reference to some of the 
clauses in Mr. Fowler’s specification: simplicity, 
symmetry, harmony, and proportion. By sim- 
plicity he means “ primarily a truth-telling structure, 
having no subterfuges about the lines of stress, no 
covering of concrete or steel with a stone facing.” 
This rule appears at first sight to be sound, and the 
ferro-concrete bridge at Steyr, the bad example of 
which we have already quoted from Mr. Fowler’s 
book, clearly violates it. The difficult and inde- 
finite nature of the whole subject is, however, well 
illustrated by the inconsistency into which such 
a careful observer as Mr. Fowler is at once led by 
his own specification. If concrete or steel should 
tell its own story and not be shrouded in stonework 
of no structural significance, then clearly the 
‘Tower Bridge is an offender. It has been found so 
by many observers, and Mr. H. G. Wells has 
described it as a ‘‘ stockbroker in armour.’ In the 
explanation of his “‘ harmony ”’ clause in his speci- 
fication, however, Mr. Fowler states that there 
should be harmony between a structure and its 
surroundings, and praises the “ medieval towers 
of the London Tower Bridge” for their harmony 
with the Tower of London and the towers of the 
Conway suspension bridge for their harmony with 
Conway Castle. 

In his remarks on “‘ proportion,” Mr. Fowler has 
much to say about decorative details. With the 
assistance of his many illustrations, he establishes 
his case that over-elaborate ornamentation, or 
detail decoration of too small a scale, may dwarf 
and destroy much of the effect of an essentially 
monumental structure, the lines of which may in 
themselves be sufficient for all artistic purposes. 
This, however, is not a plea for no decoration, but 
merely for suitable decoration. In this as in 
other matters he does not hesitate to make specific 
recommendations, and states, for instance, that 
in concrete or reinforced bridges of 100 ft. span, 
or under ‘ mouldings on the arch ring, ornamental 
keystones or dentals and ornamentation of piers 
are usually very pleasing.” ‘‘If used for longer 
spans they should be of very severe character.” 
It is interesting and amusing to find the much- 
praised Waterloo Bridge criticised, on account of 
the inappropriate use of classical columns on the 
piers. Mr. Fowler considers London Bridge a much 
more successful structure. The praises which archi- 


tects have recently lavished on Waterloo Bridge 
setin opposition to this judgment, illustrate the 
indefinite nature of this whole subject. It is to 
be feared that engineers will never be furnished 
with mathematical formule by the application of 
which they can ensure that any structure they 
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build will be artistically satisfactory. The most 
they can hope for is general guidance, in a very 
misty subject. As an example of how that 
guidance may be given we can suggest nothing 
better than Mr. Fowler’s treatise. 


TRAFFIC CONTROL BY LIGHT 
SIGNALS. 


READERS of ENGINEERING whose business or 
pleasure takes them to the United States or the 
Continent, know that considerable use is being 
made in many towns of a system of traffic control 
by light signals. In principle, this arrangement 
allows a stop, cautionary or proceed indication to 
be exhibited, either manually or automatically at 
street intersections, and thus permits, especially when 
the streets are straight and the intersections at right 
angles, an easier and more regular flow of traffic than 
is possible with the brachial exercises with which 
the inhabitants of London and most English cities 
are familiar. The system, experience shows, 
works well, so much so, in fact, that there is a 
great deal in the argument that, in spite of our 
curvilinear streets and acute angle intersections, 
we have been more than a little retrograde in 
making so little use of it. Nevertheless, something 
has been done and, as we hope that further progress 
will be made, we are glad to see that the Ministry 
of Transport have issued a memorandum to the 
Clerks of the County, Town and Urban District 
Councils of the country, calling attention to the 
desirability of uniformity in the operation and siting 
of the signals used, so as to secure effective working, 
and setting out the main factors to be taken into 
account, so that the best results may be obtained. 

To begin with, it is suggested that a careful study 
should be made of the traffic flow, a term which 
includes not only the volume of the traffic, but its 
character and the route by which it is proceeding, 
and whether that flow can be simplified by the 
inauguration of one-way streets or the “ round- 
about” system. As the objects of traffic signals 
are greater safety and an easier and more regular 
flow of traffic, each case should be considered on its 
merits, since experience shows that these methods 
are not always a remedy for congestion, especially 
where the percentage of horse-drawn vehicles is 
high. 

As regards the types of signals, the lights may be 
arranged to be visible in one, two, three or four 
directions, red, amber and green lenses being used 
in that order from the top to give a code of red, 
red-and-amber, green, amber alone, and red again, 
indicating ‘“‘ stop,’’ “ prepare to start,” “ proceed,” 
and “stop,” respectively, with the proviso that the 
amber alone means that a vehicle is so close 
to the intersection that it cannot be stopped with 
safety, may goon. The visible diameter of the signal 
lens should not be less than 8 in., and the red and 
green lenses should bear the words “stop” and 
“go,” respectively. It is recommended that no 
wording be placed on the amber lens. <A 60-watt 
lamp should be used for illumination purposes, and 
each lens should be lighted independently, care 
being taken to minimise the effect of phantom 
rays, to render the colours visible at a distance of 
300 ft. and to show the light over a horizontal are 
of 90 deg., and below the horizontal to the eye 
level of a driver near the signal. A concentrated 
beam should be given in the direction in which the 
main intensity is required, and the lens should not 








| be obscured from drivers approaching or alongside 


the signal. The operating mechanism should be 
capable of adjustment to give a total cycle up to at 
least 3 minutes, with varying times of red and green 
indications, within the total cycle from 25 per cent. 


| to 75 per cent. in either direction, and varying times 


of amber indication from 2 sec. to 10 sec. 
Considering the position of the signals, it is pointed 
out that the main objects to be secured are that one 
or more lights shall be visible to drivers approaching 
or halted at any intersection, and that pedestrians 
crossing the street shall have one signal visible 
directly ahead. It is believed that these objects 
are best obtained by the use of lights visible in three 
directions placed at each corner of the intersection, 
so that vehicles approaching the latter have in 
view two signals on the far side and one on the near 
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side, and pedestrians, one signal directly ahead in 
whatever direction they are crossing the inter- 
section. The best position for these signals is on 
standards on the near side of the pavement, and it 
is stated that signals suspended above the roadway, 
such as are largely used on the Continent, are 
particularly undesirable. The lights themselves 
should be so fixed that their main beam is directed 
on to the traffic about 150 ft. from the intersection 
and the bottom of the housing of the lowest light 
should be from 7 to 10 ft. above the pavement level, 
the exact position depending on the conditions, 
especially the gradient, at the intersection. The 
standards should be painted black and white in 
horizontal 12-in. stripes and should be surmounted 
by 12-in. yellow glass globes, which can be illumi- 
nated at night when the signals are not in use. 
White lines should be laid down in the roadway to 
indicate where the traffic is to stop, when the red 
light is shown, and should be so placed as not to 
obstruct the free passage of pedestrians across the 
street. The use of a bell to indicate the changes in 
the lights is not regarded with enthusiasm. 

As regards traffic working with automatic signals 
the length of the cycle is an important point. Short 
cycles are generally preferable to long ones, and a 
cycle of from 40 to 80 seconds is recommended. 
Longer cycles result in a tendency to non-observance 
of the signals, while shorter cycles seriously reduce 
the capacity of the streets. The length of cycle 
adopted and its division between two or more 
streams of traffic depends on the actual conditions 
at different times of the day and week. It is, 
however, stated that the red-and-amber and amber 
periods should coincide, their length being regulated 
to ensure that vehicles moving at normal speeds 
towards the intersection have time to stop after the 
amber and before the red is shown and that crossing 
vehicles have time to get clear within that period, 
which should normally be from 3 to 5 sec. As a 
rule all traffic should stop when the red light is 
shown, but an exception is made when the volume 
wishing to turn left is heavy. On the other hand, 
when the traffic desiring to turn right is heavy the 
difficulties that may arise from the crossing of the 
other traffic stream may be mitigated by an 
appropriate arrangement of the light cycle. Signals 
should only be operated when the traffic justifies 
their employment and when they are not in use 
should be switched off. 

To obtain full advantage from the employment of 
traffic signals at the intersections along a single 
street, the desirability of arranging them in series 
should be considered, so as to pass the maximum 
traffic without a stop. This can be effected by two 
methods, in the first of which all the signals are 
operated from a central control and change at the 
same time, the indication given by a group of signals 
at one intersection being the reverse of that given 
atthe next. The success of this system requires that 
the intersections shall be an equal distance apart 
and the flow of traffic even, conditions which are not 
often met with in practice. In the other method 
the complete cycle of changes is of the same duration 
at each intersection, but this total time may be 
divided between the main and cross traffic to suit 
the particular conditions. It is, therefore, more 
flexible than the other, and its use is recommended 
when it is desired to co-ordinate the traffic move- 
ment at a series of intersections. In both cases 
arrangements should be made for stopping the 
traffic in all directions by showing the red indication, 
and for switching the lights off so that control may 
be assumed by a constable. All lights and objects, 
which can be mistaken for traffic signals, should be 
removed, and appropriate warning notices that the 
system is in use should be erected. Pedestrians 
should be encouraged to cross the carriageways only 
at the points where the control signals are erected 
and thus mitigate a potent cause of accidents. 

We judge from the covering letter that this 
memorandum is issued ex cathedra and that criticism 
of its provisions, either wholesale or in detail, is 
neither required or expected. Were this not s0, 
there are one or two points to which attention 
might be drawn. In any event it is satisfactory 
that some attempt is being made to bring about 
standardisation throughout the country, even if that 
standardisation may not be thought the best possible. 
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THE IRON AND STEEL INSTITUTE. 
(Concluded from page 356.) 


ConTINUING our report of the annual autumn 
meeting of the Iron and Steel Institute, which took 
place at Newcastle-upon-Tyne from September 10 
to 13 last, we have now to deal with the proceed- 
ings which followed the first business session, held 
on the morning of Tuesday, September 10 last. 
The afternoon of Tuesday was spent on visits to 
the new coke-oven plant at Derwenthaugh-on-Tyne 
of Messrs. Consett Iron Company, Limited ; the coal- 





cleaning plant of Messrs. The Birtley Iron Company, | 


Limited, also at Derwenthaugh ; the Blaydon Burn 
coke-oven plant of Messrs. The Priestman Collieries, 
Limited ; the Elswick works of Messrs. Vickers— 
Armstrongs, Limited; the switchgear works at 
Hebburn-on-Tyne of Messrs. A. Reyrolle and 
Company, Limited ; the Heaton works of Messrs. 
©. A. Parsons and Company, Limited; and the 
shipbuilding and engineering works of Messrs. The 
Wallsend Slipway and Engineering Company, 
Limited, Wallsend-on-Tyne. 


CRYSTALLISATION AND SEGREGATION OF CARBON- 
Street INnGorts. 


When the members reassembled in the Festival 
Hall of the North-East Coast Exhibition at 10 a.m. 
on Wednesday, September 11, Professor H. Louis 
again occupied the chair. The first paper taken was 
that of Mr. A. Hultgren, entitled ‘* Crystallisation 
and Segregation in 1-10 per cent. Carbon-Steel 
Ingots of Smaller Sizes.” The paper, which was 
read in abstract by Mr. Hultgren, contained the 
results of an investigation commenced in 1926 at 
the Séderfors Steelworks, Sweden. Among other 
subjects, the paper dealt with surface and elongated 
crystals, the dendritic growth in steel, free crystals, 
the influence of after-pouring on segregation, blow- 
holes, and the influence of taper of ingot on 
V-segregation. We intend to reproduce this contri- 
bution to the proceedings in a subsequent issue. 

Dr. W. H. Hatfield, who opened the discussion, 
stated that he was not speaking on behalf of the 
Heterogeneity Committee of the Iron and Steel 
Institute ; his remarks were personal. He wished 
to point out, however, that there was nothing in the 
paper which was contrary to the findings of the 
Heterogeneity Committee. The explanation of 
the growth of dendritic structure given by the 
author was the best he had come across. In his 
Table I, Mr. Hultgren had given data regarding the 
position of the after-pouring line in the present 
series of experiments. He himself regarded that 
data as being a very valuable contribution to the 
subject, and he would like the author to compare 
this data with Mr. Lightfoot’s mathematical treat- 
ment of the subject in the last issued report of the 
Heterogeneity Committee. Mr. Hultgren would 
find that many of his results would be in agreement 
with Mr. Lightfoot’s findings. Continuing, Dr. 
Hatfield stated that he would like to know to what 
extent undercooling was a serious matter. He 
wished to know whether it occurred to an extent 
sufficient for it to be seriously considered. He 
doubted this. Mr. Hultgren had devoted a good 
deal of attention to after-pouring. This was a very 
reprehensible practice which was conducted to a 
fairly large extent on the Continent and elsewhere. 
It should be discarded. It was true that it led to 
a solid ingot head, but it also caused the segregation 
to be drawn down right into the body of the ingot. 

The author and many other investigators who 
were studying the subject of crystallisation and 
Segregation in steel ingots had not paid enough 
attention to the results obtained by the Hetero- 
geneity Committee. It had sometimes been said 
that this Committee had largely devoted itself to 
that which could be observed in current practice, 
and had not attempted to indicate how sound ingots 
could be produced. He wished very specially to 
emphasise that the Committee, as a result of its 
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high seit the second at a lower hiaiana 
and the third at the optimum temperature, which 
was lower still, coupled with the correct speed of 
teeming. A considerable portion of the interior of 
the first ingot was occupied by very large crystals, 
and the crystals on the outside of the ingot were 
columnar. In the second ingot the proportion of 
very large crystals was small and the body of the 
ingot was composed of very fine crystals, there 
being no columnar crystals on the outside. The 
third ingot poured at the optimum temperature 
and teemed at the correct speed was composed 
entirely of small crystals. Temperature, therefore, 
was an important determining feature in the produc- 
tion of ingots. In Sheffield perfect ingots had been 
produced: these contained no heterogeneity, no 
segregation, and no cavities. They had not, 
however, poured ingots less than 1] ton in weight. 
Mr. Hultgren’s ingots were very small in comparison. 

Professor J. H. Andrew said that in his Fig. 3 Mr. 
Hultgren had given the carbon analyses of several 
ingots to illustrate the effects of afterpouring. It 
was difficult to find much segregation with regard 
to the carbon, and there appeared to be very little 
segregation present at all. He had also referred 
to the pasty zone in steel. This question was a 
somewhat peculiar one; all steelmakers seemed to 
assume that at some stage during cooling a pasty 
zone was reached. He himself rather doubted 
whether this pasty zone was ever obtained. At a 
stage during cooling the greater mass of the steel 
became solid and a very small amount of liquid 
remained present. He did not think that this 
could be regarded as a pasty zone. He felt, with 
Dr. Hatfield, that metallurgists must agree with 
Mr. Hultgren’s explanation of dendritic growth. 
In order to follow the course of the after-poured 
liquid metal it would be interesting to conduct an 
experiment in which the metal after-poured was of a 
composition different from that of the ingot. A 
steel containing an alloying element might be 
employed. 

Mr. J. H. Whiteley said that the author had 
made a few new observations which might prove of 
value in the elucidation of the problems connected 
with segregation. This was particularly the case 
with regard to the effects of after-pouring. If these 
experiments were continued they would yield 
valuable information concerning the rate of forma- 
tion of crystals within the ingot. Turning to the 
segregation of carbon, sulphur, and phosphorus ; 
carbon and phosphorus were definitely in solution 
in the steel, sulphur, as far as was known, at 
any rate in the form of manganese sulphide, was 
out of solution. The carbon diffused rapidly, the 
phosphorus more slowly, while the sulphur did not 
diffuse at all—yet all these elements segregated to 
practically the same extent. Furthermore, segre- 
gation was not found in the hottest portion of the 
ingot. It was interesting to note that this was also 
true of Sir Charles Parsons’ ingot. These considera- 
tions appeared to indicate that segregation took 
place in the ingot during the liquid stage. He could 
not agree with the author’s theory regarding the 
formation of V-segregates. 


formation of V-segregates had been given, with which 


he believed that this type of segregate was formed, 





ateiiieae hea of segregation, — himself had t been 
more than satisfied with the amount of segregation 
represented in his Fig. 3, and the amount of general 
segregation shown was, he thought, remarkable. 
He agreed that valuable information regarding the 
movement of the afterpouring stream might be 
obtained by employing another metal for the 
afterpouring operation. (Dr. Hatfield here inter- 
posed with the remark that this had already been 
done by Sir Robert Hadfield and the results pub- 
lished by the Iron and Steel Institute. He had 
employed copper.) Mr. Whiteley’s views on segre- 
gation were obviously contrary to hisown. He did 
not believe that segregation in the liquid state had 
played any notable part in his ingots. 


Hieu Exastic-Limit StructurAL STEELS. 


The second paper placed before the meeting on 
Wednesday morning, bore the title ‘‘ High Elastic- 
Limit Structural Steels,” and was by Mr. J. A. 
Jones, who read it in abstract. Mr. Jones stated 
that the effect of carbon, manganese, silicon, and 
nickel on the properties of structural steels, in the 
form of plate and of flat bar, had been investigated, 
and the general conclusion drawn was that the type 
giving the best tensile properties was that containing 
0-3 per cent. of carbon with about 1-3 per cent. of 
manganese and 0-9 per cent. of silicon. Next in 
order would be a similar steel with higher manganese 
and lower silicon, tending towards a limit in the 
manganese content of 1-6 per cent., when the silicon 
was less than 0-3 per cent. A small amount of 
nickel increased the ductility of low-carbon steels, 
but at least 3 per cent. was required to produce 
high-elastic limit steel. We intend to reproduce 
this paper in a subsequent issue of ENGINEERING. 

The first speaker, Mr. W. Simons, referred to the 
fundamental importance of the elastic limit in a 
steel. His firm was making quantities of high elastic- 
limit steels, and both steelmakers and engineers 
were turning their attention to this material to an 
increasing extent. Dr. W. H. Hatfield, who spoke 
next, stated that Mr. Jones had given values vary- 
ing from + 13 tons to +- 21-3 tons per square inch. 
for the Wohler fatigue limits of his steels. He had 
not stated, however, what the number of reversals 
were, and this should have been done. Undoubtedly 
the limit of proportionality had been largely em- 
ployed by consumers in dealing with this class of 
steel. The limit of proportionality was, however, an 
unsatisfactory value and could be replaced by the 
proof load, at which there was a minimum extension 
of the piece at a given load. In reality a refined 
yield determination was the method by which the 
metal should be passed. The range of composition 
dealt with resulted in great improvements in the 
quality of the steel without necessitating heat 
treatment in the ordinary sense of the term. The 
next speaker, Mr. J. H. Whiteley, asked regarding 
the real practical value of the limit of propor- 
tionality test. Engineers maintained that if the 
steel gave a good limit of proportionality figure, 
the quality of the material was proved to be good. 
He was inclined to agree with this, but, on the other 


hand, the test piece had to be carefully prepared 
In the course of his reply, Mr. A. Hultgren stated and the test carefully made; in particular shear 
that in the fourth section of the first report of the | Stresses had to be eliminated. Subsequently, how- 
Heterogeneity Committee, an explanation of the | ever, the plate was often subjected to shear stresses. 
He considered, therefore, that a cross-bend test 
he could not agree. He was not of the opinion that | gave a better indication of the quality of the 
V-segregates were due to the drawing down of | material, and if this test gave a good result he 
portions of material from the top of the ingot ; | did not see any necessity to proceed further. 


Mr. F. Bainbridge viewed the subject from the 


from the first, at the place at which it appeared in 
If undercooling was not an 
important factor he would find it impossible to 
explain differences in the grain size of ingots. 
reason why undisturbed solidification brought 
about the formation of relatively few large crystals 
must, he thought, be ascribed to undercooling. 
Dr. Hatfield had said that after-pouring would bring 


the middle of the ingot. 








investigations, had cleared away many difficulties, 
and had given a straight indication as to how a 
perfect ingot could be made. The evidence of this 
would be found in the second report of the Com- 
mittee. He would like to draw attention to an 
experiment described in this second report. Three 
ingots had been made; the first was poured at a 


down segregation from the upper portion of the 
It remained to be proved that a large 
accumulation of segregation had already taken 
place at the moment of afterpouring. Professor 
Andrew had objected to the term “ pasty zone.” 
A mixture of solid and liquid steel had been implied, 
but he himself fully agreed that it was not a good 


standpoint of the manufacturer of sections. He 
agreed that additions of manganese did increase 
the limit of proportionality of mild steel, and, by 
limit of proportionality, was meant a refined yield 
point as determined by the Ewing extensometer. 
The author had been rather unfortunate in the 
selection of his mild steels. In mild-steel angles 
and joists, of ordinary Lloyd’s quality, it was quite 
usual to obtain a limit of proportionality of from 
13 tons to 15 tons per square inch instead of the 
8 tons to 10 tons per square inch mentioned by the 
author. He himself had-obtained, on a steel con- 
taining 0-20 per cent. carbon and 0-61 per cent. of 
manganese, a tensile strength of 30 tons per square 
inch., and elongation on 8 in. of 26 per cent., and a 





term, With regard to Professor Andrew’s remarks 





limit of proportionality of 15 tons per square inch. 
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Another steel, containing 0-18 per cent. of carbon 
and 0-25 per cent. of copper, which latter had been 
added for the purpose of combating corrosion, 
gave a tensile strength of 27-8 tons per square inch, 
an elongation on 8 in. of 32 per cent. and a limit of 
proportionality determined on four specimens, 
of from 14 tons to 16 tons per square inch. The 
manganese in this steel amounted to only 0-57 
per cent. Each of the above steels had been made as 
clean and as free from oxide as possible in a large 
open-hearth plant. It would be a great pity if a 
specification were drawn up to include a high 
manganese figure of over, say, 0-9 per cent. Man- 
ganese was a treacherous element; when it was 
added in the ladle in a large open-hearth continu- 
ous furnace plant there was always the danger of 
brittle spots appearing in the finished bar, owing 
to the presence of particles of ferro-manganese, 
unless extra care were taken or the ferro-manganese 
added molten. He did not think that manufac- 
turers of large quantities of sections would be 
anxious to normalise their bars after rolling. They 
had not found this at all necessary if a small amount 
of care were taken to ensure that the bars were not 
finished at too high a temperature. 

Mr. V. B. Reichwald said that the use of man- 
ganese-silicon steels for the manufacture of high- 
capacity goods wagons was engaging the attention 
of railway engineers on the Continent, in the United 
States, and in this country. He had seen only the 
previous day that the London and North Eastern 
Railway Company had placed orders for 30 forty- 
ton self-discharging wagons to be made from this 
material. On the Continent, 80-ton self-discharg- 
ing wagons were employed, the tare weight of which 
was only 19 tons, 7.e., under 25 per cent. In Canada 
and the United States, engineers were departing 
from the wood-sided wagon and were adopting 
the manganese-steel sided wagon. They were also 
getting the tare down to below 25 per cent. The 
main advantages of this steel, from a practical 
standpoint, were its high tensile strength, it good 
elastic limit, and its strong resistance to abrasion 
by heavy ores and minerals. 

In his reply, Mr. Jones stated that the number 
of reversals employed in his Wohler tests was 
10,000,000. The actual figure obtained for the limit 
of proportionality depended to some extent on the 
accuracy of the instrument used. He fully agreed 
with the statement that attention to the finishing 
temperature during rolling gave the same results 
as a subsequent normalising treatment. The bend 
test referred to by Mr. Whiteley certainly did elimin- 
ate 95 per cent. of the defective plates, but he 
contended that a few plates, while giving good 
bend-test figures, would yield a low value for limit 
of proportionality. Mr. Bainbridge had complained 
that the mild-steel plates chosen had values for limit 
of proportionality lower than was often the case. He 
advised him to consult Sir William Berry’s paper,* 
read before the Centenary Engineering Conference 
of the Institution of Civil Engineers. He would 
find quoted therein values still lower than had been 
given in his own paper. The plates mentioned in 
the contribution now before the meeting had been 
made by reputable manufacturers ; they had been 
taken at random, and had in no sense been specially 
chosen for investigation. He had not come across 
any cases of the segregation of manganese, described 
by Mr. Bainbridge, in the course of the examination 
of many plates. The plates containing high- 
manganese mentioned in his contribution had also 
been made by reputable manufacturers and, here 
again, no particular selection had been made. He 
was inclined to think that Mr. Bainbridge had some- 
what over-emphasised the question of the segrega- 
tion of manganese. 


THE COALESCENCE OF PEARLITE. 


The last paper considered on Wednesday morning 
bore the title, “‘ The Coalescence of Pearlite,” and 
was by Mr. J. H. Whiteley, who, when presenting 
it to the meeting, stated that the variations in the 
dimensions of cementite crystals in plain carbon 
steels, which might be induced by heat treatment, 
had been the subject of a number of papers during 
recent years. Little attention had, however, been 





* See ENGINEERING, vol. cxxv, page 720 (1928). 





directed to the formation of continuous cementite 
borders to pearlite as the result of various methods 
of heat treatment. It should be pointed out, in 
the first place, that the transformation of 7-iron 
solid solution to pearlite in hypo-eutectoid steels 
occurred over a short range of temperature and not 
at a single point. Experiments conducted and 
described in the present paper clearly indicated that, 
in the absence of v-iron, marginal coalescence 
did not occur. The tendency was rather for 
carbide films to break up into globules. Investiga- 
tion showed that cementite borders to pearlite 
were due to a continued growth after formation, and 
that the carbide necessary for this growth was sup- 
plied by the adjacent ‘-iron areas. This trans- 
ference of carbide from y-iron to pearlite must 
take place by diffusion through the intervening 
ferrite, which at -700 deg. C. could hold about 
0-03 per cent. of carbon in solid solution. Experi- 
ments recently described by the author had shown 
that the rate of diffusion was_extremely rapid. 
The longer the time during which the steel was 
cooling through the Ar, range, the greater would 
the coalescence tend to be. The most marked 
effects were produced in steels very low in man- 
ganese. With samples containing more than 1-0 per 
cent. of that metal, coalescence was not obtained. 

Professor J. H. Andrew, the only speaker in 
the discussion, said that he was surprised that as 
a member of the Heterogeneity Committee, Mr. 
Whiteley had not considered the possibility that the 
carbide might have been slightly segregated in the 
y-iron, and come out of solution owing to that 
segregation. He suggested that Mr. Whiteley should 
carry out two experiments. In the first, he should 
take his steel, soak it at 1,350 deg. C. in vacuo, 
taking care, of course, not to cross the y-8 border, 
then cool it to 685 deg. C., directly, and examine it 
to see the effect of the treatment. If his carbon were 
homogeneously distributed, he might not get coales- 
cence of the cementite. Secondly, he should heat a 
steel containing about 1 per cent. of carbon, cool it 
to a temperature just between the SE line and Ar,, 
and soak at that temperature. By soaking at this 
temperature he should be able to produce large 
amounts of free cementite and free ferrite if the 
steel behaved in the same manner as those in his 
experiments had done. He was pleased to note 
that Mr. Whiteley had stated that manganese pre- 
vented this segregation of cementite, and that the 
presence of this metal decreased the solubility of 
carbide in «-iron. 

Owing to the advanced hour, Mr. Whiteley was 
asked to reply in writing to the points raised by 
Professor Andrew. The President then declared 
the meeting adjourned until 10 a.m. on the following 
day. The afternoon was devoted to visits to the 
Hebburn-on-Tyne shipbuilding yard and engineering 
works of Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited; the works of Messrs. The 
North-Eastern Marine Engineering Company, 
Limited, at Wallsend; the new steel works and 
mills at Consett, of Messrs. Consett Iron Company, 
Limited ; the Hebburn-on-Tyne yard and works 
of Messrs. Palmers Shipbuilding and Iron Company, 
Limited ; and the Wallsend-on-Tyne shipyard and 
works of Messrs. Swan, Hunter, and Wigham 
Richardson, Limited. 

An enjoyable reception by the Lord Mayor and 
Corporation was held in the evening at the Old 
Assembly Rooms, Westgate-road, Newcastle-on- 
Tyne. 


HARDENING OF SUPERHARDENED STEEL. 


When the members reassembled in the Festival 
Hall of the North-East Coast Exhibition at 10 a.m. 
on September 12 last, Professor H. Louis again 
occupied the Chair. In accordance with rule 10 
of the constitution of the Institute, the secretary 
read a list of the vice-presidents and members of 
council due to retire at the annual meeting in 1930. 
The vice-presidents were Messrs. H. Brearley, 
W. Simons, and G. Hatton and the members of 
Council, Messrs. A. Dreux, J. Henderson, and W. G. 
Gray, Lieut.-Col. M. H. L. Bell and Professor T. 
Turner. All were eligible for re-election. 

The first paper considered by the meeting was 
entitled, “‘ The Hardening of Superhardened Steel 
by Magnetism. The Lattice Resonance Hypo- 





thesis,” and was by Mr. E. G. Herbert. In pre- 
senting his contribution to the members, Mr. 
Herbert stated that the invention of the Cloudburst 
process, for producing a work-hardened surface 
on metals by bombardment with hard steel balls, 
had led to an investigation of these phenomena with 
a view to their practical application in increasing 
the hardness of the work-hardened layer, and had 
also stimulated research in an endeavour to discover 
something of the -physical basis of the phenomena, 
and of their relationship to the previously known 
low-temperature changes in metals, namely, those 
changes in their ductility and work-hardening 
capacity, which were found to occur at tempera- 
tures below 400 deg. C. A magnetic treatment 
had been applied to a diversity of steels, work- 
hardened or superhardened by cloudburst, and in 
every case an increase in hardness had resulted. 
The magnetic treatment had been arrived at by 
inductive reasoning from the observed facts of the 
increased hardening of previously work-hardened 
metals as a result of ageing or low-temperature 
annealing, the hypothesis being that both these 
processes led to a readjustment of the space lattice. 
We intend to reproduce this contribution to the 
proceedings in a subsequent issue of ENGINEERING. 

Dr. W. H. Hatfield, who opened the discussion, 
stated that Mr. Herbert had made this particular 
field of investigation his own and his experimental 
work was of the highest order. Turning to his 
hypothesis ; the distortion and breaking up of the 
space lattice was stated to account for the hardening 
up oi the metal by cold work, and the subsequent 
increase of hardness was accounted for by what 
amounted to a reduction of potential energy so 
caused. It could not readily be understood that, 
in one case, an increase in potential energy caused 
an increase in hardness, whilst, in the other case, 
a further increase in hardness was caused by a 
subsequent reduction in potential energy. The 
lattice resonance hypothesis was, he thought, not 
very strong, and few would accept it in its present 
form. The analogy presented by a piano wire and 
a vibrating source was not a good one, since the 
piano wire would only respond when the vibrating 
source had certain definite frequencies. A heating 
source had no certain definite frequency, and as 
the author pointed out, it might have a different 
range of frequencies according to the nature of the 
materials composing the heating source. If the 
author’s theory were correct, therefore, the 
resonance temperature should be different according 
to the methods of heating employed, i.e., different 
results should be obtained if the material were 
heated in a silica muffle, an iron muffle, or by radia- 
tion from gas flames. It would be conceded, he 
thought, that no such differences would ever be 
observed. There was a further weakness in the 
paper. The author had stated in one place, that 
the P, temperature should be one of maximum 
lattice vibration, conducive to that rearrangement of 
the distorted structure which manifested itself by 
an increase of hardness. Later on in the paper, 
however, when discussing Mr. Dearden’s work on 
specific heats, he stated that the three maxima of 
the temperature/work-hardening curve, including 
the important P, maximum, should correspond to 
conditions of dissonance and of minimum vibration. 
Taken altogether, the hypothesis put forward re- 
quired a good deal of consideration. 

Mr. A. Hultgren, the only other speaker in the 
discussion, stated that he had also investigated the 
effects of annealing at low temperatures after super- 
hardening, but had not found an improvement in 
hardness as illustrated in the author’s Fig. 5, 7.¢., a 
peak in the hardness at 120 deg. C. 

In a very brief reply, Mr. Herbert said that Dr. 
Hatfield had raised the point that different rates of 
vibration followed from different methods of applying 
heat. He himself thought that the method by which 
the heat was generated did not matter. Mr. Hultgren 
had stated that he had not found an improvement 
in hardness on annealing superhardened steel. 
He himself had found it because he had very specially 
looked out for it. He considered, in searching for 
these changes, that intervals of temperature of 
100 deg., or even 50 deg. or 20 deg. were much too 
wide, and that temperature intervals of a few 
degrees only were imperative. 


Se ih oF DPD 


2aomcto 


rol 
Qo. & 


=e w crew V Gia © 


Ww omer cr wv FF 


vw oP Se US VS 





SEPT. 20, 1929.] 


ExecrricaL Conpuctiviry oF MAGNESITE. 

The last paper presented to the meeting bore the 
title ““The Electrical Conductivity of Magnesite 
and Some Other Refractory Materials in Relation 
to the Temperature and their Other Properties.” 
The contribution was by” Professor E. Diepschlag 
and Mr. E. Wulfestieg, of Breslau, and was read in 
abstract by Professor Diepschlag. The authors 
stated that the object of the present research was to 
examine in a qualitative and quantitative manner 
the changes in the electrical conductivity of one of 
the most refractory basic electrical-furnace lining 
materials known, namely magnesite, under the 
conditions of electric-furnace practice, at high 
temperatures. The influence of differences in the 
mechanical and chemical properties of the material 
was also studied. The experiments showed that 
the most remarkable property of the material was 
the very great degree in which the electrical resis- 
tance depended upon the temperature. With 
rising temperatures the resistance at first fell rapidly, 
the fall becoming slower at high temperatures. A 
constant curve of resistance of magnesite, repro- 
ducible at will, did not exist, because it was 
apparently impossible to obtain a material com- 
pletely homogeneous externally and _ internally. 
Consequently, a curve representing the mean value 
of some experimental results might be considered 
as the resistance curve. The curves of the pre- 
viously burnt and of the unburnt materials showed 
great differences. The reason was that during the 
burning process internal transformations took place 
which influenced the electrical resistance until they 
were completed. By changing the chemical compo- 
sition of the material it was possible to change 
not only the values of the resistance, but also the 
form of the curve. The addition of white oxides, 
especially silica and alumina, tended to lower the 
electrical resistance of common magnesite. 

The only speaker in the discussion, Professor C. 
Benedicks, desired to know the most suitable material 
for use at temperatures of between 1,600 deg. and 
1,700 deg. C., which material should possess good 
electrical conductivity, 7.e., as low resistance as 
possible. Owing to lack of time, Professor Louis 
asked the author to reply to this question in 
writing. The chairman then thanked the authors 
of all the papers for their contributions, and votes 
of thanks to the Lord Mayor and City Council, to 
the Reception Committee, to the general manager 
and committee of the North-East Coast Exhibition 
for the accommodation they had kindly afforded 
for the meeting, and to all others who had contri- 
buted to the success of the Newcastle meeting, 
terminated the proceedings. The afternoon was 
spent in visits to works in the Middlesbrough 
district. The whole of Friday, September 13, was 
devoted to an excursion on the River Tyne, and 
other visits. 


THE BRITISH ASSOCIATION IN 
SOUTH AFRICA. 
(Continued from page 299.) 
SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCES. 
THE FLUORESCENCE OF MERCURY VAPOUR. 
At the meeting in Johannesburg, on July 31, 
Rt. Hon. Lord Rayleigh, F.R.S., read a paper on 
the above subject. The paper dealt with fiuores- 
cence in mercury vapour excited by radiation of 
wave-length equal to or greater than that of the 
resonance line, A 2537 A.U. The fluorescence 
consists of four parts :—(1) The resonance line 2537 ; 
(2) a narrow band at 2540; (3) a broad band 
3130-3650, not known in absorption; and (4) a 
structureless visible band. Stoke’s law can be violated 
to the extent of 230 A.U. in the excitation of band (3). 
Experiments were described on the emission of 
the fluorescence in mercury vapour, in which it was 
clear that the resonance radiation lasted long enough 
to be propagated down the tube some centimetres. 
This involves a duration in the excited state of the 
order of 10-4 second. Canal-ray experiments suggest 
a time of not greater than 10~—’ second. The 
discrepancy has not yet been resolved. 
THE Spark SPECTRUM OF MERCURY. 


_ The next paper taken at this meeting was one by 
Dr. S. M. Naudé, entitled ‘‘ The Quadruplet Struc- 
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ture of the Spark Spectrum of Mercury, Hg II.” 
Using a large carbon cylinder as cathode, and operat- 
ing with 5,000 volts direct current, a steady discharge 
can be maintained in mercury vapour in which the 
spark lines are enhanced. The spectrum has been 
photographed in the visible, ultra-violet, and Schu- 
mann regions, and the spectra so obtained resolved 
into terms. The term-scheme so obtained is similar 
to those of the arc spectra of copper and gold, and 
the quartet terms expected have been found. 


ATMOSPHERIC OZONE. 


Professor S. Chapman, F.R.S., then read his 
paper on the subject of “‘ Atmospheric Ozone.” 
The ozone in the atmosphere is present at a height 
of about 40 km., and would occupy a layer about 
3 mm. thick if at normal temperature and pressure. 
The temperature of this region is actually higher 
than near the ground. This is required by Linde- 
mann’s theory, and has been confirmed by experi- 
ments on the “ silent area ” effect in sound distribu- 
tion. Near the equator, the variation in the 
quantity of ozone is very small, but in higher lati- 
tudes (e.g., Sweden) the daily variations are great, 
and vary with the weather at the ground-level. 
This shows that the ground weather must extend to 
a considerably greater height than has been supposed. 
There has not definitely been shown to be any 
regular daily variation. There is certainly a sea- 
sonal variation; there is most ozone in spring, 
diminishing to a minimum in the autumn. This 
is naturally reversed in the southern hemisphere. 

The origin of the ozone is thought to be the irradia- 
tion of oxygen by solar ultraviolet light. It was 
thought that, in the arctic midwinter, a view of 
stellar spectra clear of the ozone cut-off might be 
obtained. This has not been confirmed. Also 
there is least ozone at the equator where the solar 
light is most copious. Again, the seasonal variation 
is wrong. The author seeks to escape from the 
dilemma by assuming a balance between the 
various processes which bring about the association 
and dissociation of ozone. The main processes 
are 20 = 0,,0 + 0; =— 20,, 0; = 30 and 0; — 0, 
+0. The predictions of the theory are quali- 
tatively in agreement with the facts. 


Mass SPEcTRA. 


The next paper was by Dr. F. W. Aston, F.R.S., 
and was entitled “‘ Recent Work on Mass Spectra.” 
The improvements effected in recent work in the 
mass spectrograph were described ; in particular, 
a new arrangement of the field allowing more accu- 
rate focussing was mentioned. A relative change 
of mass of one part in five hundred can now be 
resolved quite clearly. Among the results obtained 
recently may be quoted the whole-number relative 
relationship of the atomic weights of tin and 
xenon, which before had been in doubt. Oxygen 
has now, unfortunately, been shown to be triple, 
with atoms having weights 16, 17, and 18. The 
17 isotope is present to about one part in ten- 
thousand, and the 18 isotope to about one part in 
twelve-hundred and fifty. Since all the isotopes 
have been reckoned on a basis of O = 16; this means 
that they are all very slightly too low. As an 
example of the precision with which the atomic 
weights can now be obtained, it may be mentioned 
that Aston gives 30-983, as the atomic: weight of 
phosphorus while the International Atomic Weight 
is given as 31-04. A recent determination of the 
density of phosphene gives 30-97 (9), confirming 
Aston’s value. The great point of interest which 
has been discovered is that the atomic weights 
depart from exact whole numbers by small quantities 
and that these defects vary smoothly from element 
to element. An explanation is to be sought along 
the lines of the effect of “ packing” the protons 
and electrons together to form more complex 
nuclei. 

Atomic NUCLEI. 


Following Dr. Aston’s paper, there was a dis- 
cussion on “‘ Atomic Nuclei ” initiated by Sir Ernest 
Rutherford, O.M., Pres. R.S. There are six methods 
of attack on the problem, viz., (1) Isotopes; (2) 
Radio-activity; (3) Artificial disintegration of 
elements ; (4) Gamma-rays; (5) Optical methods ; 
and (6) Alpha-ray scattering. 


Aston’s paper. In the brief time available, Sir 
Ernest dealt with the sixth method of attack. 
The scattering by the elements copper to uranium 
is normal; i.e., the results obtained fit in with 
predictions based on the inverse-square law. In 
the elements hydrogen to copper, however, the 
scattering is abnormal. The abnormal scattering is 
probably caused by an attractive force due to dis- 
tortion of the nucleus. In the case of silver, the 
nucleus has a radius of the order of 10-22 cm., while 
that of uranium has a radius more than three times 
as great. By “radius”, in this connection, is to 
be understood the radius corresponding to a 
maximum value of the potential-distance curve. An 
important difference arises when wave-mechanics 
replaces classical mechanics in the calculations. 
In classical mechanics, this ‘“ potential-barrier ” 
is impassable to projectiles moving under a lesser 
voltage, but in wave-mechanics such projectiles 
have a probability of getting through which is 
greater the greater their energy. In conclusion, 
the packing of protons was considered in the light 
of the isotopic evidence. 


RESEARCH WORK AT THE NATIONAL 
PuysicaL LABORATORY. 


The first paper taken at the meeting held on 
Thursday, August 1, was by Dr. Ezer Griffiths, 
F.R.S., and was entitled “Some Aspects of the 
Research Work of the National Physical Labora- 
tory, England.” A description was given of recent 
research at the National Physical Laboratory on 
industrial problems and the development of instru- 
ments. These showed clearly the great range of 
investigations dealt with. As an indication of the 
scope of the subjects covered, mention may be 
made of the experiments to arrive at the establish- 
ment of a standard temperature scale up to 3,000 
deg. C., the erection of large-scale apparatus for the 
testing of electrical apparatus at very high voltages, 
and the development of electrical standards. 


THe RAMAN EFFECT. 


Mr. A. C. Menzies then read his paper, giving a 
short general account of the Raman Effect. The 
light scattered by a transparent medium is examined 
with a spectroscope. With short exposures, no 
difference of wave-length is observed between the 
spectrum of the scattered light and that of the 
direct incident light, but much longer exposures 
show the existence of extra radiations, accom- 
panying each line in the spectrum of the incident 
light as shifts of constant frequency difference. This 
phenomenon is referred to as the Raman Effect, 
because of its discoverer, C. V. Raman, of Calcutta. 
The effect was implicit in the Kramers-Heisenberg 
theory of dispersion. The explanation put forward 
by Raman was that some of the energy possessed 
by an incident light-quantum was absorbed by a 
molecule of the scattering medium, so that the 
molecule raised its state from the normal to some 
excited level, while the remainder of the incident 
light-quantum was scattered, as a quantum of less 
energy (redder radiation). This simple explanation 
is inadequate, and it is now recognised that three 
energy-levels in the molecule are involved :—the 
initial level, the final level, and a third level in 
common. Many of these modified lines are plane- 
polarised. It was suggested that these states of 
polarisation arise through the directions of vibra- 
tion in the molecules which are involved being 
parallel in the case of the plane-polarised lines, and 
perpendicular in that of the unpolarised lines. 
Experiments were described on the relationship 
between the directions of polarisation of the lines 
due to scattering in crystalline quartz and the 
orientation of the optic axis of the quartz. A system 
of energy-levels for the quartz molecule was put 
forward. 
METEOROLOGY IN APPLICATION. 

The next paper, by Sir Gilbert Walker, F.R.S., 
bore the above title. An account was given of the 
progress which has been made in recent years in 
the science of weather-forecasting, which has been 
made possible by the correlation of apparently in- 
dependent phenomena. The importance to aircraft 
of daily information of wind-variation is obvious, 
and, conversely, aviation has been helpful in investi- 





The first method had been dealt with in Dr. 





gating winds at high altitudes. A correlation has 
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been made between rainfall and the prevalence of 
malaria, which has made it possible to predict the 
time and place of the distribution of malaria. The 
attempts to ward off hail-storms artificially were 
discussed, and it was suggested that such storms 
are on far too grand a scale to be dealt with. The 
results, so far, were declared to be negligible. 

The prediction of the monsoon in India has been 
made much more certain through the realisation 
that weather is an international phenomenon. The 
winter rainfall has been shown to be connected with 
the strength of the upper winds. There is a general 
oscillation of weather in the south. As an example 
of related phenomena may be quoted the connection 
between the temperature of the easterly ocean 
current at Ano Nuevo, off the most southerly point 
of South America, and that at Cape Town a year 
later. The accuracy of predictions is now of the 
order of 70 per cent. 


CHEMICAL ANALYSIS BY X-Rays. 


The above paper was followed by a joint discus- 
sion with Section B (Chemistry) on ‘“ Chemical 
Analysis by X-Rays,” which was introduced by a 
paper by Professor G. Hevesy, entitled “‘ Quantitative 
Chemical Analysis by X-Rays and Its Applications.” 
By examination of the X-ray spectra of a substance, 
it is possible to determine approximately the 
amount of an element present as an impurity, parti- 
cularly if it is present in small quantity and if 
quantities of the same order of elements having 
nearly similar spectra are also present. A detailed 
scheme has been evolved by Professor Hevesy which 
allows of ready comparison of quantities. Applica- 
tions of the method were discussed—to soil analysis 
for the presence of phosphorus, for example. 


(To be continued.) 








LETTER TO THE EDITOR. 


THE MEASUREMENT OF DETONA- 
TION IN INI ERNAL-COMBUSTION 
ENGINES. 

To THE Eprror or ENGINEERING. 


Str,—With reference to the contribution on ‘ The 
Measurement of Detonation in Internal Combustion 
Engines,” by Messrs. King and Moss, in your issues 
of August 23 and 30, it is stated that “ the bouncing- 
pin apparatus is not suitable for measuring detonation 
in conditions of varying pressure rise, e.g., over a 
range of compression ratios . . . .” 

Researches in this department extending over 
several years are in agreement with this conclusion 
for engines of the large cylinder capacity (2 litres) of 
the E.35 engine, and also for certain designs of smaller 
engines, but it has been proved that in the special 
Armstrong-Whitworth engine fitted with variable- 
compression head and bouncing-pin indicator, which 
this company has designed for petrol testing and fuel 
research, the instrument is sensitive, without gap 
alteration, over the entire compression range needed 
to cover all kerosenes, motor and aviation spirits in 
regular use, and including many special racing blends. 

The pin is adjusted so that liberation of gas just 
ceases when running on benzole at the highest ratio, 
8 to 1, and it can then be used without further contact- 
gap adjustment on detonating fuels at any ratio 
necessary. A given degree of gas liberation on the 
detonating fuel is obtained at a compression ratio in 
very close agreement with ‘‘ continuous moderate ” 
audible detonation ; thus two fuels which give equal 
amounts of liberated gas, one at 8 to 1 ratio and the 
other at 6 to 1 ratio, give substantially equal audibility 
of detonation at these ratios. 

It is also found that the intensity of audible 
detonation at the H.UC.R. point is considerably 
higher in small cylinders than in larger ones, and 
that, if the combustion head design in a small engine 
be suitable, the bouncing pin may be made to function 
at or about the H.U.C.R. point without difficulty, 
although this method of working involves the use of 
a smaller contact gap with a readjustment for samples 
of exceptionally high anti-knock value. If the intensity 
of detonation be increased to a degree giving about 
5 per cent. power drop, there is no detectable difference 
in the rating of samples expressed either in terms of 
blends of equivalent standards, or in terms of com- 
pression-ratio differences for standard audibility, 
while the additional intensity eliminates the need 
for any pin-contact adjustment throughout the entire 
range of ratios used in practice. The design of com- 


bustion space to obtain these results needs careful | 
| 
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experimental work, and is found to become more 
critical as the maximum available ratio is increased, 
since the engine is of the side-valve type and satis- 
factory behaviour depends, to a large extent, on 
avoiding over-turbulence. 

As in the case of the engine used by your contributors, 
the bouncing pin cannot be used for detecting the 
beginning of detonation, but this point may easily 
be determined on the Armstrong set by audibility 
methods and expressed in terms either of absolute 
compression ratio or of the difference between ratios 
for a standard reference fuel and the sample under 
test. The change of compression ratio between the 
beginning of detonation and the beginning of gas 
liberation is about 0-05 ratio and the further change 
to give 0-5 c.c. gas per minute is about 0-03 ratio. 

With regard to the method of bouncing-pin operation 
used by your contributors, ‘‘ Method 1”’, it is clear 
from the curves of Fig. 3 that this is only suitable 
for blending or doping low-grade fuels to bring them 
up to a required standard. It does not allow of 
direct comparison of samples, since two spirits of 
the same H.U.C.R. generally require different amounts 
of dope to bring them to the given higher standard 
because of the chemical differences in the two spirits. 

When the bouncing pin is used in a variable-com- 
pression head of suitable design, the ratio may be 
adjusted to give a normal gas liberation on the un- 
doped sample, and the value of the sample may be 
determined directly in terms of standard reference 
hydrocarbons. H.U.C.R. or audibility tests made 
on the same, or other and larger, engines, to compare 
the blend of standards so determined with the sample, 
usually show agreement within the limits of experi- 
mental error of the audibility method, provided that 
the audibility tests are made with fixed ignition and 
at a mixture strength adjusted to give maximum 
detonation. 

The experimental error with the bouncing pin 
on the Armstrong engine is considerably less than 
with the Delco plant described, the following values 
being taken at random from a series of Armstrong 
routine tests :— 

Gas collected during successive one minute runs :— 


C0. C0. C0. C0, (© ic. cic. 

Fuel X 0:66 0-64 0-66 0-67 0-68 0-64 0-62 
Fuel Y 0:37 0-34 0-39 0-36 0-33 0-37 (0-38) 

Averages by groups of 5 for X and of 4 for Y. 

c.c. c.c. C.c. 

Fuel X ... 0:662 0-658 0-654 

Fuel Y... ... 0-365 0-355 0-362 

Differences... 0-297 0-303 0-292 = 5 per cent. 


benzole (difference 
between X and Y). 

Extreme error 0-011 c.e. 

Mean difference for 5 per cent. benzole, 0-301 c.c. 

Error, in terms of benzole, } per cent. approx. 

This sensitivity allows of shorter tests to obtain 
results of sufficient commercial accuracy, and deter- 
minations are usuaily made from the means of six 
readings taken alternatively from the fuels, thus :— 

Averages by groups of 3 for X and of 3 for Y. 


e.c. c.c. c.c. C.c. c.c. 
Fuel X ... 0-653 0-657 0-670 0-683 0-647 
Fuel Y... ... 0-367 0-363 0-360 0-353 0-360 
Differences ... 0°286 0-294 0-310 0-330 0-287 


Extreme error 0-044 c.c. 

Mean difference for 5 per cent. benzole, 0-301 c.c. 

Error, in terms of benzole, % per cent. approx. 

Audibility tests of detonation show an error of about 
4 per cent. benzole for normal samples tested by a 
comparatively inexperienced operator. With this 
practice, this error can be reduced to about 2 per cent. 
benzole, but this is still much greater than the error 
of the bouncing pin method. 

Our experiences during the development of the 
Armstrong plant, and its calibration against other 
engines, have shown that the bouncing pin is not an 
instrument which can be adapted indiscriminately 
to any cylinder. In some cases, it cannot be made to 
give any results at all. In many others, the sensitivity 
is low, and only comparable with good audibility work. 
We attribute the wide available range in the Armstrong 
type largely to the effect of the pocket under the 
variable-compression plug which carries the indicator. 
The length of this pocket increases as the compression 
ratio is reduced, and so produces a correspondingly 
increased action on the pin which offsets the fall 
that would occur were the combustion head main- 
tained of almost constant shape irrespective of ratio. 
The audibility intensity and the slope of blend curves, 
such as those given in Fig. 1, appear to be determined 
by the degree of turbulence permitted in the main 
portion of the head. 

Reverting to consideration of the various methods 
of expressing detonation tendencies of fuels described 
by Messrs. King and Moss, it would appear that 
although each is suitable for the commercially important 
work of blending fuels to a given anti-knock value, 
none is entirely satisfactory for general research. 
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Methods 1 and 2 fail because they rate as equal, fuels 
which need the same amount of anti-knock material 
to bring them up to a given standard, whereas actual 
tests on the unblended fuels frequently show that 
they are really unequal and are differentially affected 
by anti-knock addition. Method 3 gives true com- 
parative results (except in a few special cases) but 
has the fundamental objection that it gives values 
which refer only to the engine on which the tests 
are made, and to the particular routine adopted. 

The most logical and satisfactory method so far 
available is that which determines, and expresses in 
percentage composition, the blend of agreed pure pro- 
knock and anti-knock standards which exactly match 
the sample in its unblended state. Results are very 
largely independent of either the engine used or the 
running technique, provided tests are always made 
at the air-fuel ratio giving maximum detonation, 
and provided pre-ignition does not occur. 

Normal heptane (pro-knock) and pure benzene (anti- 
knock) are suitable standards covering a range well 
beyond that required in practice. The benzene can 
be obtained in a sufficient degree of purity at a low 
cost, and the n-heptane, although subject to slight 
variations as received from the makers, can be purified 
in the laboratory to give a standard which does not 
vary by more than the equivalent of about 0-3 per cent. 
of pure benzene in heptane. 

The effects of toluene, xylene, and other non-detonat- 
ing materials can be readily compared by matching a 
series of blends of each against the equivalent benzene- 
heptane blends. The effects of the very few hydro- 
carbons with values lower than heptane can be com- 
pared by blending them with benzene and comparing 
with benzene-heptane blends, although this application 
must be made with caution should any such material 
differ in chemical type from the pro-knock standard. 

Calibrated series of hydro-carbon sub-standard 
blends can be used instead of the expensive heptang 
blends, but the use of metallic dopes as anti-knock 
sub-standards appears liable to lead to greater differ- 
ences depending on engine conditions, more especially 
when high concentrations of dope are required. 

Yours truly, 
- FB. B. Toons, 
Chief Research Chemist, 
The Anglo-Persian Oil Company, Limited. 
(Research Department). 
Sunbury-on-Thames, September 13, 1929. 








SHIP DESIGN AND ARRANGEMENTS 
FROM THE PASSENGER’S POINT 
OF VIEW.* 

By A. T. Watt, O.B.E., and AsHBy Tass. 


Large size and high speed of ships are factors which 
nearly always appeal to the passenger, and here pro- 
gress is steady. It is limited by economic and harbour 
restrictions, but, particularly in the North Atlantic 
trade, very definite advances have been made. Great 
ornateness in decoration and furniture is not so much 
favoured to-day. Simplicity always appeals, and has 
the advantage of suiting more tastes than complicated 
decorations. Beautiful plain walls cleverly illuminated 
with unobtrusive or concealed lighting and rooms 
furnished with real comfort is the ideal. Although the 
tastes of passengers vary considerably, it can be said, 
without fear of contradiction, that certain ships become 
distinctly popular with the majority, others moder- 
ately so, and some distinctly unpopular. Undoubtedly 
credit must be given to the personnel of a ship. From 
the moment of first stepping on board, during the 
passage, and until leaving, points about the arrange- 
ment and details of the ship continually strike the 
traveller, sometimes consciously, but often uncon- 
sciously. In spite of all the difficulties and, it may be 
added, uncertainties of ship and machinery design, the 
passenger, his comforts and amenities, must be con- 
stantly keptin mind by the designer. Really the passen- 
ger is the raison d’étre of the ship, and his liking is the only 
consideration to be studied. It is the intention of this 
paper to point out where the authors consider that 
usual practice might be improved, and to give sugges- 
tions which will, it is hoped, be of an instructive 
nature. 

Dining Saloon.—In spite of the great use made of the 
other public rooms in a ship, the dining saloon appears 
to be, if not the most important, at any rate the most 
discussed room in a ship. There is some difference of 
opinion as to whether the dining saloon should be placed 
low down or high up in the ship. If the dining saloon 
is placed low down in the ship, it will be in such a 
position as to minimise the rolling movements of the 
vessel. Whatever may be said, however, in a general 
way about the position of the dining saloon, it would 





* Paper read at the Summer Meeting of the Institution 
of Naval Architects, at Rome, September 17, 12). 
Abridged. 
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not be possible to contradict the statement that, when | reserved for men, and it is for this reason that it is 


the dining saloon is placed low down in the ship, the | suggested that the lounge should be made larger than 
very best service arrangements can be made, and, | it is generally. 
after all, these are of first importance. This aspect The drawing room need not be large, and it should 
is discussed more fully later in the paper. If the | be definitely set aside for women in the same way that 
arrangement of almost any moderate size or large ship | the smoking room would be set aside for men. 
is examined, it will at once be seen that if the dining A dancing floor should be arranged without having 
saloon is placed high up in the vessel, then space is | the usual deck camber in it, and this could be done 
left on some other lower deck on which passenger cabins | without a great deal of trouble or expense, particularly 
must be arranged. It goes without saying that cabins | in a ballroom or a lounge. If it is a hot-weather ship, 
arranged in this position would not be popular, not | a dancing floor on deck is most popular and necessary, 
only because of their low position, but also because a | and great care should be given in the designing stage ; 
great number of them would have to be definitely inside | it always seems to be an afterthought and most 
cabins or cabins with a very long alleyway leading out | haphazard. Endeavours should be made to obviate 
to the ship’s side. the usual hosing and swabbing down. The writing 
The kitchens and pantries in any modern passenger | 00M is a most useful adjunct to a ship, and, generally 
vessel are a very important feature; they occupy a | Speaking, is not large enough. A long gallery is a good 
great amount of space, and they must have in connec- | Place for a writing room. The provision of a library 
tion with them a very large amount of ordinary and | 18, of course, correct, but it is doubtful if the small use 
refrigerated store place and other offices. To be | made of the room itself warrants it being made any 
effective, the service spaces should be adjacent to and | larger than stl paar for taking the necessary books 
on the same level as the dining saloon. If the latter is | in shelves. This again could be in a long gallery. It 
placed on a high deck, which must obviously be a|}8_ @ Curious omission On many passenger ships that 
deck devoted to passengers, then passengers must | toilets are not provided in a position adjacent to the 
have the unpleasant experience of having to pass : 
alongside these service spaces. In small ships, the | t0 leave the public room deck and proceed to another 
dining saloon must be on a high deck, and there is a | deck for these conveniences. It is not a difficult 
great inherent difficulty in arranging kitchen and pan- | Matter to arrange toilets on the same deck, and in a 
try spaces on the same deck without allowing passengers | central position amongst the public rooms. It is diffi- 
to pass these spaces or shutting them off from that | cult and almost impracticable to arrange the dining 
part of the deck. It would be true to say that most | saloon on a top deck, but the introduction of a grill room 
ship dining saloons are too stodgy in appearance, and | at this level is a very pleasant and desirable feature. 
could be given more the appearance of a restaurant.| _ We should like to suggest what we believe is a new 
The interest of the room is improved by avoiding | thought, and that is the shipowner to-day is, apart 
monotonous regular spacing of windows. The windows from his other activities, among the great hételiers of 
could be grouped with wall spaces between, and some | the world, and often does not realise it. He is also 
windows could be made larger than others. Although |# 7estauratewr with world competition in the great 
affecting the outside appearance of the ship, this capitals. Large passenger ships have been described 
may be disregarded. A central dome is often fitted | 28 modern floating hotels; but one great essential 


public rooms. It is often necessary for the passenger | 


to a dining saloon, but generally it is useless because 
it is not made large enough, so that only a small num- 
ber of diners get the advantage of it. Great space 
must be given to this feature, even at a sacrifice. 
Although undesirable to put a main staircase leading 
directly into a dining saloon, it can be led into the 
adjoining reception room, and can be made to have 
a wonderful effect in the view obtained of the staircase 
from the reception room, or, better still, have the 
reception room half a dozen steps above the dining 
saloon, and.a wide, short flight from it into the latter. 
It is very desirable that the centre of the dining saloon 
floor shall be available for dancing, since dinner dances 
are very popular nowadays. 


Public Rooms.—Opinion is generally unanimous 
that all the public rooms other than the dining saloon 
should be placed as high up as possible in the ship, 
and this seems to find general favour. There is also 
a strong desire with many passengers for cabins placed 
high up in the ship, and this can be, and has been, 
arranged, particularly in large ships. The arrangement 
is sometimes conveniently bound up with the adoption 
of a raised roof over the public rooms along the centre 
line of the ship, and on each side of this raised roof 
passenger cabins can be placed directly over the 
wings of the public rooms. It is not difficult to make 


this arrangement so as to embody an inside corridor | 


for access to the cabins and still to arrange the boat 
deck on a lower level than that of the cabins, so that 
the view outboard from the cabin is uninterrupted. 


It is not within the scope of this paper to give plans 
of lay-outs of public rooms, but only to mention 
points which it is thought will appeal to the passenger. 
The general lounge should be very large, since nowa- 
days practically everyone smokes, but the room should 
be arranged so that passengers sitting in it can have 
an uninterrupted view outboard; or an observation 
room should be arranged to achieve this ; or a combina- 
tion lounge-observation room provided. If bulwarks 
must be fitted, then the floor of the lounge should be 
arranged, say, 2 ft. higher than the deck outside, so 
as to give an uninterrupted view over the bulwarks. 
This might easily involve, as well as structural diffi- 
culties, the possible disadvantage of having steps up 


to a lounge from the main part of the deck, but this | 


disadvantage is thought to be more apparent than 
real. If the lounge can be arranged right in the 
forward part of the central superstructure, and can be 
carried out to the sides of the ship in addition, then 
there is no necessity to raise the floor-level, because 
windows can be fitted with low sills so as to give the 
very desirable uninterrupted view outboard when 
sitting down. The absence of pillars and stiffening 
webs will obviously improve public rooms, and every 
ettort should be made to dispense with these. Their 
omission, however, is not always possible, on account 
of vibration, and this matter is dealt with again later 
in the paper. With regard to the smoking room, 
there is a feeling, perhaps only a growing feeling, that 
this room should become a less prominent feature 
in passenger ships, and that it should be definitely 


difference between an hotel and a ship is that, in the 
latter, the people must remain in the ship for the 
duration of the voyage, and not merely during the 
sleeping, eating, and recreative periods, as is the case 
in an hotel. Great attention must, therefore, be given, 
not only to the catering, but to the size and variety 
of the public rooms and other spaces in a ship, so as 
not only to allow for actual area of accommodation, 
but also for the segregation of passengers into different 
groups to suit their own tastes. A chapel should be 
| provided in a central position, if possible available for 
| more than one class of passenger. 

It is probably true to say that, in many modern 
ships, the provision of bathrooms with plunge-baths is 
outdone. Passengers generally are more anxious to 
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| and so well known, that a provision of this kind is well 
worth considering. 

Some suggest that, particularly in large ships, tele- 
phones should be installed in all the cabins. It is 
thought that the general feeling of passengers is that 
they do not wish to be bothered with such an instru- 
ment in their bedrooms, and they are, in the majority 
of cases, only too glad to get away from the telephone. 
The introduction of wireless telephony will undoubtedly 
result in the supply of telephones on large passenger 
ships, but it would seem that this matter can be 
effectively dealt with by the provision of telephone 
booths placed around the vessel. 

Sports.—There should be a sports centre in the ship, 
with a swimming pool. Swimming pools in some large 
ships have been over elaborate and costly, and too 
hot in colour. While unusual, there seems to be no 
reason why a permanent swimming bath could not 
be arranged on an open deck in a ship, the obiection 
that the great weight of the bath and water high up 
in the ship would detract from the stability of the 
vessel is a matter that can be provided for in the 
design stages. 

Offices and Bureaus.—It is quite common to find, 

|in existing ships, that the various offices are scattered 
about the different decks, and however well the positions 
| of these offices are indicated by signs, passengers are 
| often unaware to which office they should apply for 
|@ particular matter. If the offices are centralised, this 
| makes it less difficult and less annoying for the passen- 
ger, and also for the personnel. It is surprising to 
find the great number of offices that are required on 
a large passenger vessel, such as inquiry office, purser’s 
| office, bank, chief steward’s office, travel bureau, wire- 
less office, and baggage-master’s office. On very large 
| ships, the provision of a theatre-ticket office would be 
| useful. Wireless broadcasting is anathema to many, 
and distribution throughout the public rooms is to be 
condemned, but a space might be set aside at fixed 
hours for those who wish to listen-in. 

Promenade Spaces.—Little need be said about 
promenade spaces, except that they should be ample, 
and there should be at least one deck around which 
passengers can take a complete turn. The marking-off 
of the promenade distances on the deck-house sides is 
always a source of interest to the passenger. These 
spaces should be well lit at night. 

There is a further point, that the width of the 
promenade deck from the deck-house side to the side 
| of the ship should be such as to allow plenty of room 
|for deck chairs, without promenaders inconveniencing 
| those passengers using deck chairs. Nowadays, more 
use can be made of a boat deck by raising the boats 





|in their davits to a height above the heads of the 
| passengers, or at any rate by carrying the boats in a 
| half-outboard position. A permeating smell of oil is 
}not uncommon on boat decks, owing to the modern 
craze for short funnels. 


have a private toilet than a private plunge-bath, and 
the provision of private toilets attached to cabins should 
be encouraged. Such an arrangement also has 

further advantage that it is generally possible to provide, 


in the space set apart for the toilet, a shower-bath as 


of not requiring so much space in the ship, and conse- 
quently is an amenity that can be provided by owners 
at a much less expense than plunge-baths and, there- 
fore, consequently at much less expense to the passen- 
ger. On account of the greater amount of fresh water 
used in plunge baths, as compared with showers, the 
resultant economy in fresh water becomes of first 
importance. It would be most desirable to arrange 
the bathrooms in blocks above each other with a 
working space between, so that all supplies and dis- 
charges can be outside the rooms and easily accessible 
for repairs without doing any damage to the rooms 
themselves. 

The desire of a passenger travelling alone to obtain 
a cabin to himself, is well known to all officials of 
shipping companies. It would seem imperative, there- 
fore, that a large number of single rooms should be 
provided in up-to-date passenger ships, but there 
would seem to be no necessity to provide these en- 
tirely to the exclusion of two-berth cabins, because 
there are so many people who travel in couples 
and prefer to find themselves berthed in the same 
cabin. Owners, on account of the large space occu- 
pied, must sometimes hesitate about the provision 
of suite cabins, but, by a very simple provision, 
it is possible to arrange that the sitting room of a 
suite can be used as a bedroom by two people, who 
can be kept quite distinct from two other people 
occupying the bedroom proper of the suite. Upper 
berths or Pullmans should be avoided. There must 
be, particularly in ships with great breadth, inside 


| cabins, at least in the sense that they cannot have the 
| whole of their length on the side of the ship; if the 


alleyway from an inside cabin to the ship’s side is only 


well. The shower-bath has the particular advantage | : : . 
|disappearing nowadays, and cot-beds are replacing 


Beds and Berths.—Ordinary cabin berths are rapidly 


them. The old idea that the size of a bed should be 
6 ft. by 2 ft. has disappeared, and now they are 
frequently made 6 ft. 4 in. long, and often 6 ft. 6 in. 
Opinion varies as to the width, but 2 ft. 9 in. seems 
to be quite sufficient width, although 3 ft. is also used. 
It would seem to be safe to look upon 2 ft. 9 in. as 
quite satisfactory. It appears to be a sine qua non 
to-day that berths must be placed fore and aft in a 
ship. This direction of the berth undoubtedly limits 
the number of beds that can be contained in a given 
space, and particularly increases the number of inside 
cabins. Without being dogmatic, it is thought that 
the fore-and-aft berth is a remnant of the sailing-ship 
days, when, with a vessel tacking, she would heel over 
to a large angle for quite long periods, and it would 
then admittedly be difficult to be comfortable in a 
sloping transverse berth. A transverse berth will 
undoubtedly be uncomfortable in a ship that is rolling 
heavily to large angles, but so also will be a fore-and-aft 
berth. There seems to be no real reason against the 
transverse bed or berth. 

Noises.—Nothing is more irritating to a passenger 
than an intermittent noise of creaking or rattling, and 
too much cannot be done to avoid such noises. It 
goes without saying that noises from both main and 
auxiliary machinery should be kept out from the 
passenger accommodation, although this is sometimes 


'a difficult matter to arrange, depending on the type 


of machinery. Winches, as ordinarily fitted, are very 
noisy instruments, and if the trade of the ship demands 
their use when passengers are sleeping, then either 
electric winches or some form of silent steam winch 
should be adopted. Cabins may be adjacent to public 





2 ft. 6 in., oreven 3 ft., wide, it is very little value, but | rooms or working passages or lift trunks, and so on; 
if it is made 4 ft. 6 in., or 5 ft. wide, it can be made | in such cases, the bulkheads of these cabins should be 
quite useful and definitely used as a living space in the | insulated so as to make them as noise proof as possible. 
cabin. In such an alleyway, a dressing table and | This is also true of cabins under promenade decks. 
wash basin can be fitted, and at the outboard end of it, | when the noise of persons walking overhead should be 
a very comfortable settee can be placed. The objec- | shut out as much as possible from the cabins below by 
tion of passengers to taking inside cabins is so strong, | suitable insulation under the deck. 
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Vibration.—Vibration is one of the greatest enemies 
of the passenger ship. The study of it is not yet placed 
on a very scientific basis, and calculations in connection 
with it are not very useful, because the results are not 
sufficiently accurate. Since vibration in a ship is 
produced by main and auxiliary machinery, the type 
of machinery selected for a passenger ship must have 
a very important bearing on the question. It is true 
tosay that very many, if not the majority, of the passen- 
gers on fast ships afloat to-day suffer more or less 
from this discomfort to an unpleasant degree. To 
gain for a ship the reputation that she is free from 
vibration is a tremendous asset to her popularity, and 
consequently to her earning capacity. Much could 
be done to prevent it, and certainly more than is done 
at present. Seatings to both main and auxiliary 
machinery should be carefully designed and executed. 
The engine room is often insufficiently stiffened. 
Ample stiffening should be provided, because, after all, 
the engine-room is a large, open box. Large unsup- 
ported deck areas must be avoided, in spite of the fact 
that the attending girders, pillars, and webs often 
have an adverse effect upon the accommodation, and 
also allowing for the fact that such fittings may detract 
from the appearance, and possibly the utility, of public 
rooms. At the same time, this may not be really 
objectionable, if care is used to place these pillars 
symmetrically and in accordance with the ultimate 
decorative scheme. Stiffening of the ship at the after- 
end in way of the propellers is also a matter which 
merits close attention, as well as propeller clearances 
from the shell of the ship. In spite of the fact that 
the present-day calculations for vibration periods 
are inexact, such calculations should be made for types 
of machinery that are notorious for the setting up of 


vibrations. Such machinery is more often of the 
reciprocating type. 
Service Arrangements.—A paper of considerable 


length could, quite profitably, be written on this matter, 
and all that can be done here is to mention that the 
arrangements in the kitchens and pantries are of the 
first importance. At least it can be said that passengers 
are indifferent to the necessary limitations of a ship, 
and in fact they must be trained by the shipowner 
and passenger agent to be indifferent. The passenger 
neither knows nor cares about the anxiety that goes 
to serve him with irreproachable meals with clockwork 
regularity many times a day. It used to be said that 
this matter can be left to the chief steward and the 
waiters, but to-day the designer cannot leave these 
matters to the stewards any more than he can leave 
the design of a rudder to the quartermaster. 

Ventilation.—Adequate treatment cannot be given 
to this subject here. Sufficient it is to say that 
mechanical ventilation is now common. The amount 
of it must depend on the various climatic conditions 
under which the ship runs. Spaces can be, and are, 
entirely heated by warmed air, and are also kept 
fresh by mechanically supplied atmospheric air. The 
provision of cooled air has not yet been attempted, on 
account of the great expenditure of mechanical power 
required for this purpose. It is often found that uni- 
formly heated air is not satisfactory, for the simple 
reason that some passengers desire a higher temperature 
than others, and a new system has recently been intro- 
duced whereby heated air and ordinary atmospheric 
air are supplied to passenger spaces, the mixing of 
which, before entry to the cabin, can be regulated by 
the passenger, so that he can choose his own tempera- 
ture. Propeller fans continue to be used, and they 
undoubtedly have a good effect in stirring up the air 
in the cabin, thereby increasing the rate of evaporation 
from the passenger and in consequence cooling him 
down. It will be seen that the heating of passenger 
spaces is closely associated with their ventilation, 
although many companies still prefer to fit heat 
radiators in conjunction with the mechanical system 
of ventilation. The steam radiator still continues 
to find much favour, principally because the electric 
radiator is so expensive in the consumption of 
current. 





CaNnapDIAN IRON OrEs,—At the present time, supplies 
of iron ore for the blast furnaces in Ontario and Nova 
Scotia are obtained from the United States and New- 
foundland. Within reasonable distance of the furnaces, 
however, are deposits of sederite, low-grade magnetites, 
high-sulphur magnetites, titaniferous magnetites, and 
other ores, all of which call for special methods of smelting 
treatment. It is felt that the time has come for the 
commercial feasibilities of these ores to be investigated 
and, accordingly, the Canadian Department of Mines 
has erected a new metallurgical research laboratory in 
Ottawa, which will constitute an addition to the existing 
ore-testing laboratories. The new laboratory is being 
equipped with calcining, sintering, melting, heat-treating, 
and metallographic equipment, with apparatus on both a 
laboratory and a semi-commercial scale. Extensive 
research on ferrous and non-ferrous ores, metals, and their 
alloys will be undertaken, but special attention will be 
nse to the production of iron and steel from purely 

anadian ores. 
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INTERMITTENT FLOW UNDER 
STRESS IN ROCK SALT AND METALS, 


Workina with high magnifications, M. Classen- 
Nekludowa observed, in the Réntgen Institute of the 
University of Leningrad, that the flow of materials 
under stress is not continuous, as it appears to be under 
ordinary conditions, the flow curve having the form of 
a zig-zag line with regular steps. Previous experiments 
were made in the same place by A. Joffe, and by 
Obreimow and Schubnikoff, chiefly with rock salt. 
Classen-Nekludova found (Zeitschrift fiir Physik, vol. 55, 
pp. 555-568) that single crystals or polycrystalline 
specimens of brass with 70 per cent. of copper, and some 
other metals, were more convenient. The elongations 
under increasing loads were measured by a mirror 
device, which, however, was not automatic. At magnifi- 
cation 200, no steps were observed, but at magnification 
10,000 they were distinct and regular, provided that a 
minimum temperature (250 deg. C. for rock salt, 410 deg. 
for brass, and 450 deg. for aluminium) was exceeded, but 
was not made too high. An elongation step of a few » was 
followed by a period of several seconds during which 
no deformation appeared to take piace. This applies 
to rock salt, which could bear a tensile stress of about 
6 kg. per square millimetre before rupture ensued. 
Each step was accompanied by a cracking noise. 
In Duralumin, these noises merged into a musical note 
when the ultimate strength limit was approached, 
the note depending upon the dimensions of the speci- 
mens. At the same time, Liiders lines became visible. 
The sound is attributed to local shear stresses. When 
single crystals of brass, in the shape of rods, were put 
under shear, the zone of shear became polycrystalline. 
Step curves have not been observed so far in lead, tin 
and bismuth, possibly because the suitable temperature 
conditions could not be realised. As the temperature 
rose, the intervals in which no deformation occurred 
became shorter, both in rock salt and brass. 








LAUNCHES AND TRIAL TRIPS. 


‘* LINDENBANK.”’—Cargo steamer; quadruple-expan- 
sion engines. Launch, September 5. Main dimensions, 
436 ft. by 56 ft. by 36 ft. 3in. Built by Messrs. Workman, 
Clark (1928), Limited, Belfast, for Messrs. Andrew Weir 
and Company, Bank Line, Limited, London. 


‘*Sip1 Bet ABBEsS.”—Twin-screw passenger steamer ; 
single-reduction geared turbines of the Parsons type. 
Launch, September 5. Main dimensions, length, 383 ft., 
beam 50 ft. Built to the order of La Société Générale 
de Transports Maritimes & Vapeur, Paris, France, by 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
Newcastle-upon-Tyne. 

‘** BLAIRSPEY.”’—Single-screw cargo vessel ; propelling 
machinery supplied by Messrs. J. G. Kincaid and Com- 
pany, Limited, Greenock. Launch, September 5. Main 
dimensions, 370 ft., by 51 ft. by 26 ft. 9 in. Built by 
Messrs. Ardrossan Dockyard, Limited, Ardrossan, for 
Messrs. Northern Navigation Company, Limited, Glasgow 

TRAWLER.—Steel screw trawler. Launch, September 

Main dimensions, 140 ft. by 25 ft. by 14 ft. Built by 
Messrs. Cochrane and Sons, Limited, Ouse Shipbuilding 
Yard, Selby, for owners at Grimsby. 


’ 








AWARDS TO AIRCRAFT APPRENTICES AND FLIGHT 
Capets.—Aircraft apprentices N. C. 8. Rutter, S. C. 
Widdows, and C. W. Williams, from No. 1 School of 
Technical Training, Halton, and aircraft apprentices 
A. D. Messenger and F. C. Daubney, from the Electrical 
and Wireless School, Flowerdown, have been selected for 
cadetships at the R.A.F. College, Cranwell, on the result 
of the examination held on completion of their three 
years’ training as aircraft apprentices. Sir Charles 
Wakefield Scholarships, valued at 75/. each, have been 
awarded to Flight Cadet J. R. MacDonald, on the result of 
the recent competitive examination for entry into the 
R.A.F. College, and to Flight Cadet N. C. S. Rutter. 
The Hyde-Thomson Memorial Prize, valued at about 
331., has been awarded to Flight Cadet A. D. Messenger. 





THE AUSTRALIAN MARKET FOR Motor VEHICLES AND 
TyrEes.—A statement containing particulars of the 
imports of motor vehicles into the Commonwealth of 
Australia during May last has recently been issued by 
the Department of Overseas Trade. With regard to 
motor cycles, United Kingdom manufacturers are hold- 
ing their own. Out of 1,090 motor-cycles, 906 were 
from this country, and only 184 from the United States. 
On the other hand, 73 per cent., namely, 4,767, of the 
unassembled motor-car chassis were imported from the 
United States, as against 552 from the United Kingdom. 
A point of interest is that Canada’s share in this 
trade, namely, 1,124 unassembled motor-car chassis, was 
numerically more than double that of Great Britain. 
Of the 547 assembled chassis imported, 491 were from 
the United States, 31 from the home country, and 
19 from Italy. In the pneumatic-tyre covers section, 
Britain only occupies fourth place, coming after the 
United States, France, and Italy. In the pneumatic- 
tube section, however, this country occupies second place 
as regards quantity, but first place as regards value. 
Out of the 965 solid-rubber tyres imported during the 
month under review, France supplied 340, the United 





States 335, and the United Kingdom 290. 





ENGINEERING TRAINING AND 
EDUCATION. 

London Technical Training Centres.—The London 
County Council informs us that there are now 240 
institutions for evening study in the metropolis. Of 
these, 47 have over one thousand students each. The 
new North Western Polytechnic, Prince of Wales-road, 
Kentish Town, N.W.5, which is to be opened by the 
Prince of Wales in October, will contain a junior 
day technical school for boys in light engineering and 
woodwork, and will provide evening classes in cabinet 
making, the printing trades, and various commercial 
subjects. Regent Street Polytechnic is being enlarged 
by the erection of a new building in Titchfield-street. 
The new premises will give more space for classes in 
electrical engineering and architectural subjects. A 
large new building is being erected at the Northern 
Polytechnic, Holloway, for the training of more 
students for the building trades. A new building- 
trade school is also nearing completion at Shepherd’s 
Bush. In addition, new buildings at the Borough 
Polytechnic will be partly completed and used during 
the present session. 

Westminster Technical Institute——The prospectus 
for the session 1929-30 of the Westminster Technical 
Institute, Vincent-square, Rochester-row, London, 
S.W.1, has recently been issued. The Institute 
provides classes in civil and structural engineering 
of the standard of the London B.Sc. (Engineering) 
degree or that of the examinations of the Institutions 
of Civil and Structural Engineers. Courses in gas 
engineering and supply, and in architecture, surveying, 
and construction, are also given. The training pro- 
vided in gas engineering is intended to meet the 
requirements of the examinations of the City and 
Guilds of London Institute and the Institution of 
Gas Engineers. The group courses in architecture, 
construction, and surveying cover the requirements 
of the Royal Institute of British Architects, the 
Surveyors’ Institute and the Institution of Municipal 
and County Engineers. Copies of the prospectus 
may be obtained from the Principal of the Institute 
at the address given above. The Christmas term is 
to begin on September 23 next. 

The Royal Technical College, Glasgow.—The Calendar 
for the 1929-30 (the one hundred and thirty-fourth) 
session of the Royal Technical College, Glasgow, has 
just reached us. In addition to being a prospectus of 
the day and evening classes held at the College, the 
book contains notes on the constitution and history of 
this famous Scottish educational institution, and lists 
of former professors, of appointments held by associates 
and other past students of the College, and of bursaries, 
scholarships and prizes to which students are eligible. 
The day courses available are recommended for candi- 
dates for the B.Sc. degree, and are prescribed for the 
diploma and associateship of the College. The courses 
cover civil, mechanical, electrical, mining, and chemical 
engineering, naval architecture, chemistry, metallurgy, 
building architecture, and textile manufacture. Certi- 
ficate and diploma courses for evening students, 
covering all the above subjects, together with some 
other scientific, technical,:and commercial subjects, 
are also available. Copies of the Calendar may be 
obtained from the Secretary, the Royal Technical 
College, Glasgow, C.1. The winter session will begin 
on September 24 next. 

University of London, University College.—Detailed 
particulars of the courses available during the 1929-30 
session in the Faculty of Engineering at University of 
London, University College, Gower-street, London, 
W.C.1, have now been issued. Degree and diploma 
courses are provided in civil and municipal, mechanical 
and electrical engineering, and other courses, and series 
of lectures for the benefit of engineering students are 
given in municipal hygiene, geology, mathematics, 
physics, chemistry, and chemical engineering. In 
most cases, the courses occupy three years, but facilities 
for post-graduate and research work are provided in 
all the departments. Particulars regarding entrance and 
other scholarships, exhibitions, and prizes, are con- 
tained in the prospectus, copies of which may be 
obtained from the Secretary of the College. The first 
term of the College year will commence on October 7 
next. 








SHIPWRECK STaTistTics,—Returns issued recently by 
Lloyd’s Register of Shipping show that, during the 
quarter ending March 31 last, a total of 121 vessels, 
making together 175,394 tons, were totally lost or 
condemned in consequence of casualty or stress ol 
weather. All these vessels, with the exception of 18 
sailing ships of 8,072 tons, were motorships and steamers, 
and of these latter, 21 steamers, of 28,957 tons, were 
British vessels. Shipping otherwise broken up oF 
condemned totalled 71 vessels and 180,176 tons; 69 ol 
these were steamers and motorships, and six sailing 
vessels. The number and tonnage of British steamers 
thus broken up were 18 and 48,034 tons, respectively. 
None of the British ships wrecked at sea or broken up 
in port was a sailing vessel. 
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PROGRESS IN ELECTRIC FURNACES 
FOR NON-FERROUS METALS.* 
By M. Tama. 

THE electrification of metal works is advancing at 
a rapid pace. Many accounts have been given of 
work in this field during recent years, yet so rapid is 
technical progress that reports of new improvements 
are forthcoming nearly every day. The author has 
therefore accepted the invitation of the Institute to 
place before its members information of the latest 
developments in this sphere. The present paper relates 
to the two types of furnaces which are of special 
interest in metallurgy, i.e., melting furnaces and anneal- 
ing furnaces. 

Melting Furnaces.—For the treatment of non-ferrous 
metals, induction furnaces are preferred. Electric-arc 
furnaces and indirect resistance furnaces are giving way 
to the induction furnace, although they were developed 
to their present state before the induction furnace. 
The induction furnace predominates particularly in 
rolling and pressing works, while the electric-arc 
furnace has been retained, especially in the United 
States of America, in the foundries. In Europe, the 
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Fig. 3. 


thereby the need for larger furnace units has arisen. | These difficulties arise even with an induction furnace 
A 240-kw. two-phase furnace is shown in Fig.18 ; it is | equipped with a deep-seated melting channel, because 
provided with two melting channels, the primary coils | the swarf is charged from above and heated from below. 
of which are Scott connected. The two channels are | Thus, bridges are easily formed which prevent the 
inclined toward their middle, as will be noted from the | material from falling into the furnace, and thereby 
illustration. The capacity of this furnace is 1,200 kg. | cause overheating and slagging of the melting channel. 

The American works, which generally use alloys |The practical metallurgist knows that the furnace will 
containing 66 per cent. copper, are equipped for the | then, in a short time, become choked, and the power 
cold-rolling of metal sheets, and prefer to pour castings | input be reduced. Other drawbacks arising from this 
of about 20 mm. to 25 mm. thickness, and having a/|factor are the reduction of the daily output and the 
weight of about 80 kg. to 100 kg. It would be imprac- | increase of the melting losses. According to a sugges- 
ticable for them to employ a furnace of 600 kg. or | tion of Mr. Otto Gétze, these drawbacks are avoided by 
even 1,200 kg. capacity for these purposes, since such | the charging device shown in Fig. 3, which has proved 
a furnace would have to be poured repeatedly. There- | very efficient in practice. This device operates in such 
fore, in America, furnaces of 60-kw. input and 350-kg.|a way that the swarf is charged continuously by a 
capacity are still used. In the Aron-Hirsch Works of | shaking launder, a, into the furnace 6, while the pestle 
the Hirsch Kupfer- und Messingwerk A.G., at Finow, | c, moving to and fro, rams the swarf permanently into 
near Eberswalde, the technical development, under | the furnace and stirs it there, so that the formation of 
the influence of the author, has been directed towards | bridges is impossible. Thus, the liquid metal remains 








| always in contact with the swarf. With such a device, 
it has been found possible to raise the output of a furnace 
by 25 per cent., and to increase the life of the refractory 
lining to twice, or even three times, what it was formerly. 
A special advantage is that the caster is freed from 
manual work, and thereby enabled to work easily two 
furnaces of 120 kw. each. 

Refractory Lining.—Until quite recently, induction 
furnaces have been employed only for melting brass. 


the production of rolled 
plates of about 600 kg. 
weight, and the prin- 
ciple has been followed 
of using furnaces of such 
size that they need be 
poured only once for 
making a casting. The 
moulds are filled in from 











When attempts were made to melt in such furnaces 
alloys with a high percentage of copper or even nickel, 


half -a-minute to one 
minute. For the rod- 











the refractory linings broke down, because the refrac- 
tory materials known at that time were not able to 
withstand the higher temperatures. After having 
made close investigations into refractory materials 
adapted to the lining of furnaces, it may be said that 
it is now possible to melt nearly all non-ferrous metals 


press, billets of 24 m. to 
3 m. lengths are cast 
in water-cooled moulds. 
This brings about an 
economical operation of 
the melting shop. Part 























in such furnaces. Copper-nickel-zine alloys could be 
melted two years ago, and to-day the furnaces used 
for this purpose work with the same reliability as those 
for melting brass, and they withstand 2,000 casts 


of the melting shop of 
a works using 24 Ajax- 
Wyatt furnaces of 120 
kw. each, and having a 
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capacity of 300 tons of brass per day, is shown in 
Fig. 2. These results should be considered particularly 
small works which are not laid out for mass production. | when planning melting furnaces. Nothing affects the 
However, when the electrification of these foundries | economy of a foundry so much as the choice of a furnace 
develops, it is to be expected that the induction furnace | which is too large for the moulds used. The type and 
will be introduced there too, because, as will be shown | size of the charging device is also of great importance. 
later, it will be improved in the meantime to such an | According to the author’s experience, one man is able 
extent as to make its use particularly advantageous in | to work two furnaces of 120 kw. each at the same time. 
these circumstances. | In such an arrangement, the highest specific perform- 

Size of Furnace Units.—Induction furnaces have ance per man can be reached in a foundry. If larger 
asserted themselves in the metal industry in the form of | furnaces are chosen, mechanical charging devices must 
furnaces with a closed melting channel under pressure. | be used for charging the furnace. The chief saving 
The structure and operation of such furnaces are so |due to the use of large: furnaces arises from their 
f miliar that it is unnecessary to pursue this side of the | smaller current consumption. The larger furnaces 
question any further. These furnaces were developed | have, in relation to their input, a smaller surface than 
and used in America a short time after the war; in| the small sizes; in consequence, the losses caused by 
Europe, they were put into operation in 1923. At | cooling down are relatively less, and the efficiency is 
that time, units of about 60-kw. input, with a capacity | greater with the larger furnaces than with the smaller. 
of about 350 kg., were built. These units resulted | Experience has shown that the current consumption 
trom the small casting units which were being used in| per ton is, when using a 120-kw. furnace, 10 per cent. 
American metal works. In Europe, the tendency has | less than with a 60-kw. furnace. A further saving 
been to employ larger casting units as a result of the | is to be achieved by lower labour costs. In this con- 
introduction of hot-rolling in the metal industry, and | nection, one can reckon that for the same wages, twice 
: | as great an output can be obtained with the large 


electrification of foundries has not yet advanced as 
far as in America, since Europe has, for the most part, 

















* Paper read before the Institute of Metals. Diissel- | furnace as with the small furnace. 
dorf, Germany, on Wednesday, September 11. 1929. | 
Abridged. 


The Melting of Swarf.—The charging and melting of 
| swarf has always been attended by great difficulties. 





easily. 

With the induction furnace having a closed melting 
channel, particular progress has been made by the use 
of Rohn’s method. This method consists in replacing 
the ramming of the refractory lining in combination with 
a liquid binding substance, by fritting it from dry 
granular refractory material in a metallic mould 
within the furnace. The method was first tried in the 
well-known high-frequency induction furnace, and used 
for melting steel and other metals with high melting 
temperatures. The same method has lately been used 
with great success for low-frequency induction furnaces 
with a closed melting channel. A works in Germany, 
which produces phosphor-bronze wire as a speciality, 
has melted its entire supply of castings for the last two 
years in such a furnace with a refractory lining fritted 
by Rohn’s method. The most recent linings have lasted 
about six months, working continuously day and night. 
In making this lining, quartzite as pure as possible is 
used, together with specially-prepared dry binding 
substances. The same method was used in another 
factory for making a furnace suitable for melting red 
brass and tombac. Here, also, this lining lasted 
longer than those of rammed blocks. Experiments are 
being made to melt cupro-nickel alloys in the same 
manner, and the results obtained up to date are 
encouraging. The metal that has given the greatest 
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ee 
difficulty is pure copper, because the presence of cuprous | have an installed input of 175 kw. each. They are | resistances in the roof, as well as in the bottom. Bottom 
oxide in the melting bath injures nearly all refractory | charged and discharged by a charging crane f, the claws | heating is particularly important for the annealing 
materials. However, in different places, furnaces for | of which catch into slits g provided at the bottom of | process. 


melting pure copper have been linings consisting | 
chiefly of corundum, and these attain an average life 
of about 500 melts. 

Melting Furnaces for Foundries.—With the possibility | 
of melting alloys with a high percentage of copper in 
induction furnaces, it became practicable to introduce | 
these furnaces into foundries. Ajax-Wyatt furnaces 
are already working in two foundries in Germany for | 
producing armature castings. One of these foundries 
produces brass, while, in the other, red brass is made. 
The furnaces work satisfactorily at both places. In 
using these furnaces for foundries, it is only necessary 
that a definite casting temperature be strictly observed. 
In these cases it is wise, therefore, to control the casting 
temperature by a quick-acting dipping pyrometer. 

Electric Annealing Furnaces.—The industrial develop- 
ment of the electric annealing furnace for non-ferrous 
metals only began recently. Surveying this develop- 
ment, the author can quite definitely state that if he 
had the task of organising a new metal works, he 
would insist on carrying out the entire thermal treat- 
ment in electric furnaces. At one time he doubted the 
possibility of this, because he was unable to believe that 
a source of power, so expensive as electricity is held 
to be, could be used for annealing metal economically. 
It must be realised, however, that the concentration 
effected by a single source of power, at the same time 
causes a reduction in the price of the power. At the 
present time we have various sources of power, such as 
electricity, coal, oil, and gas. We erect plant for 
storing and distributing these different sources of 
power. If we would concentrate our efforts on one 
type of power, the capital cost would be lower than it 
is in the present decentralised state of affairs. It is 
probably unnecessary to dwell here upon the metal- 
lurgical advantages of the electric furnace for the 
thermal treatment of metals. The author will, there- 
fore, content himself with the statement that nothing 
has been welcomed by the works with which he is 
connected with such pleasure as electric annealing 
furnaces, 

There are already in operation in the Aron-Hirsch 
Works, 34 electric annealing furnaces, with an installed 
input of 4,225 kw. The details of these furnaces can 
be seen in Table I. The advantageous influence on 
the load factor and the price of current were recently 
discussed by Mr. D. F. Campbell before this Institute.* 





No. of TABLE I. 

Mutfiles. Kw. 
1 7-m. tube annealing furnace awe = 250 
1 4-m. tube annealing furnace sae <0 | 0 
2 Plate annealing furnace I.—2 muffles, 160 kw. — 320 
4+ Wire annealing furnace—4 muffles, 175 kw. 700 
2 Strip-coil annealing furnace—2 muffles, 165 

KW. ..- nea we eee we “S58 330 
2 Sheet annealing furnace—2 muffles, 100 kw. — 200 
2 Billet annealing furnace—2 furnaces, 120 kw. 240 
3 Continuous strip annealing furnace I.—3 
mufiies, 65 kw... ae — een 195 
3 Continuous strip annealing furnace II.— 
3 muffles, 100 kw. aes nie = 300 
Box annealing furnace—3 furnaces, 60 kw. 180 
2 Tube-end annealing furnace—2 furnaces, 
10 kw. and 30 kw. oe ye oae 40 
1 5-m. tube annealing furnace ee ee 230 
4 Sheet annealing furnace—4 muffles, 100 kw. 400 
4 Plate annealing furnace II.—4 muffles, 160 | 
kw. ... eis _— sess os sas 640 | 


4,225 | 
Recently-built furnaces are illustrated in Figs. 4 and 
5, annexed, which show the charging and discharging | 
ends of a continuous electric annealing furnace for | 
wide brass strip. These furnaces have proved to be | 
absolutely necessary for attaining a uniform product. | 
As the whole length of the strip is exposed to the same | 
annealing conditions for a very short time only, it is | 
possible to attain a uniform hardness over the entire | 
length of the strip. Fig. 4 shows the charging end of | 
the furnace. It is important to connect the single 
rolls as quickly as possible. Therefore two drums, a 
and 6, are provided; whle one band is running, 
another can be placed on the second drum in order to 
attain a very quick connection of the strip. The strip 
is held at the charging end by the press c with adjustable 
pressure, in such a manner that it hangs inside the 
furnace freely in a catenary curve, and does not touch 
the furnace walls. Fig. 5 shows the discharging end | 
of the furnace. Here also are two drums, d and e, 
which receive alternately the strip drawn through the 
furnace. The photographs show a furnace unit of | 
three muffle furnaces working simultaneously. The | 
furnaces are provided with automatic temperature 
regulators ; moreover, the drums d and e are driven | 
by variable-speed motors, so that the speed of travel of 
the strip can be adjusted according to circumstances. 
Fig. 6 shows a group of four furnaces which are | 
designed for annealing wire coils. These furnaces 





* See ENGINEERING, vol. cxxvii, page 439 (1929). 





Fig. 6. 


‘the furnace. The doors can be moved easily by the| The furnaces shown at the right side of Fig. 7 repre- 


driving motors h. By means of a locking device, the | sent the latest progress in this direction. In order to 
doors are pressed in their lowest position against the | attain a thoroughly uniform temperature in the furnaces, 
furnace wall. The furnaces are provided with heating | they are provided with three groups of heat resistances 
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which make an exact regulation of the temperature 
possible at three places, 7.e., in the forepart, in the 
middle, and at the rear; so that the furnaces are 
provided with three temperature regulators for these 
three places. The three indicators, 1, k, and 1, to be 
seen in the front wall of the furnace, enable one to 
ascertain from outside that this exact regulation is 
really attained. At first sight, it seems that such an 
arrangement is wasteful, but its necessity resulted from 
practical demands. It must be realised that the 
demands on the furnace are very irregular, and depend 
upon the size of the charge brought into it. It often 
happens that a part of the furnace does not contain 
any heat-absorbing charge, and therefore becomes 
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ing furnaces may take, according to their use. There 
have been discussed in this paper only those furnaces 
with which the author has had practical experience ex- 
tending over a long period, i.e., furnaces with indirect 
resistance heating; but there remains a wide sphere 
still in an experimental stage, namely, the sphere of 
inductive annealing. Judging from experiments already 
made, this method is very promising, since the heat is 
generated by induction actually in the metal to be 
annealed, so that the transmission losses become 
reduced to a minimum. Another advantage lies in the 
fact that the current consumption of the furnaces is 
limited to the actual annealing period, so that all useless 
power consumption is avoided. Lastly, this method 


sia hu 
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easily overheated. By means of the three regulators | makes it possible to adjust the annealing process so as 
and by the subdivision of the heat resistance, a uniform | to attain a great uniformity of the annealed metal by 
means of time control, according to the circumstances. 


temperature can be reached over the whole length of 
the furnace. As Fig. 7 shows, the doors of the furnace 
ire opened downward. Thus, it is possible to close | 
the furnace at the top hermetically by a sand-seal. | 


fhe doors are pressed in their highest position auto- | figures issued by the United States Bureau of Mines, 
natically against the furnace wall by lifting magnets | the total value of the mine production of gold, silver, 
It will be noted that these furnaces | Copper: #nd lead in California during 1928, was 15,381,783 
dols., a decrease of 9 per cent. as compared with 1927. 
| The chief copper mines are in Plumas country, and the 
main lead-producing areas in Inyo county. 


and levers n. 
are mechanised to a great extent, in order to increase 
the reliability of operation. 

Fig. 8 shows an arrangement of two furnaces for the | 
‘right annealing of metals. There are two electrically- | 

eated drums o and p, which can be lifted and lowered | 


y electric winches. Two turntables ¢ carry the anneal- | Researcu.—Lord Rayleigh, F.R.S., Sir Arthur Balfour, 
K.B.E., Sir William H. 
Walker, F.R.S., have been appointed members of the 
| Advisory Council to the Committee of the Privy Council 
| for Scientific and Industrial Research. 


. : | 
1g boxes s and wu, which serve as containers for the | 


uetals to be annealed, the metals being packed in cast- | 

on chippings, as usual, The furnaces may be worked 
ually well with an inert gas. These furnaces are also | 
)rovided with automatic temperature regulation. The | 
‘xamples shown, which are all chosen from practice, | 





members of the Advisory Council have retired, on com- 
pletion of their terms of office: Sir H. C. Harold Carpen- 
ter, F.R.S., Dr. G. C. Clayton, Sir Richard T. Glazebrook, 
rve to demonstrate how many forms electric anneal- | F.R.S., and Sir James H. Jeans. 
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SOME METHODS OF RESEARCH IN 
PHYSICAL METALLURGY.* 
By Water Rosennain, D.Sc., F.R.S. 
(Concluded from page 361.) 

BryonpD the methods of investigating alloy systems 
already mentioned, some reference should be made 
to certain other means of experimental attack upon 
the problem. Measurements of volume or density 
changes have been used to a considerable extent. In 
the hands of Professor Ernst Cohen and his colla- 
borators in Holland, density determinations made with 
pyknometers of a very sensitive kind have led to the 
discovery of apparent “ critical points,”’ especially in 
samples of metal which have undergone severe cold- 
working. The suggestion that these critical points in 
the density curves are really due to allotropic trans- 
formations in the metals and alloys concerned, however, 
does not appeal to many scientific metallurgists. If 
these points have a real existence, they must be con- 
nected in some way with minor rearrangements of the 
atoms either within the distorted crystals or, more 
probably, near the crystal boundaries, but they can 
scarcely be associated with anything which could 
properly be defined as a phase change. 

Some very interesting work has, however, recently 
been done in the laboratory of Professor C. H. Desch, 
F.R.S., at Sheffield University, by Dr. C. J. Smith,+ 
who has carried out a series of determinations of the 
volume changes undergone by alloys of comparatively 
low melting: point during the process of solidification. 
These changes appear to be correlated with the charac- 
ter of the solid phase which is formed. This means. 
of investigation may not prove a direct means for the 
determination of equilibrium diagrams, but it is an 
important method of investigating the nature, struc- 
ture, and behaviour of alloys. 

Among other methods, only brief mention need be 
made of measurements of thermo-electric e.m.f. and 
of electro-chemical potentials. Neither of these 
methods has given results of any high degree of import- 
ance in the study of alloy systems. Both methods. 
appear to be subject to effects due to accidental 
disturbances which it is difficult to eliminate. So far 
as the measurement of electro-chemical potential is 
concerned, particularly, the difficulties arising from 
the exact condition of the surface of the specimen 
examined appear to be so great that the method is 
rendered exceedingly difficult in experimental practice, 
and still more difficult in regard to interpretation of 
the results. 

We turn now to the second of the two fundamental 
methods of metallographic investigation, namely, the 
study of the structure of the alloys by means of the 
microscope and the X-ray spectrometer. With regard 
to the study of microstructure, remarks apply which 
are in many ways similar to those made in connection 
with the thermal method of investigation. Other 
methods, even including the X-ray spectrometer, 
allow of the study of the structure of a metal or alloy 
only by inference. It is only the microscope which 
makes it possible to observe directly and concretely 
the actual structural constituents present in any given 
state. It is this very direct nature of the evidence 
which it affords, together with the multitudes of 
minute details available for observation and interpreta- 
tion, which renders the microscopic method itself so 
fruitful. Modern developments of the method have 
consisted mainly in improvements leading to the use of 
high magnifications, improved methods of preparation 
of the surfaces, and a very much larger variety of 
etching reagents, which render possible discrimination 
between phases, which, formerly, could not be readily 
distinguished. 

Little need be said here of the experimental means 
available for microscopic work. The author would, 
however, take this opportunity of emphasising the 
great importance which he attaches to visual examina- 
tion extended over relatively large areas of specimen. 
A tendency has arisen in recent years, mainly owing 
to the introduction of the inverted type of microscope 
with which photography is much easier than visual 
observation, to substitute the taking of photographs 
for careful visual work. It is suggested that in this 

way important observations are missed and photo- 

graphs are sometimes taken without sufficient thought. 

The examination of relatively large surfaces of specimens 

affords the observer an opportunity of noting peculi- 

arities which, in a single field of view, would be regarded 

as accidental features of the structure. Small indica- 

tions of changes taking place at critical temperatures, 

the presence in small quantities of either impurities, 

or of a phase believed to be absent, may easily be found 





* Communication from the National Physical Labo- 
ratory, Teddington, read before the Institute of Metals, 
at Diisseldorf, Germany, on Tuesday, September 10, 
1929. Abridged. 

+ ““A New Differential Dilatometer for the Deter- 
mination of Volume Changes during Solidification,’’ Proc. 





Roy. Soc., vol. [A], 115, page 554 (1927). 





on prolonged examination, while they are not evident 
at once on a photograph. For this reason the author 
has always advocated the use of an “ordinary ”’ 
upright microscope rather than one of the inverted 
type. 

In many of the earlier investigations of alloy systems 
by means of the microscope, in conjunction with thermal 
curves, error has arisen from failure to obtain an 
equilibrium condition before the specimens were 
examined. Unfortunately, the attainment of equi- 
librium is in many alloys a matter of considerable 
difficulty, and various methods have been developed 
for attaining that end. Perhaps the most important 
is the development of a thermostat, i.e., of a furnace 
the temperature of which can be accurately main- 
tained at any desired value for an indefinite length 
of time. At the National Physical Laboratory this 
has been achieved by the well-known Haughton and 
Hanson thermostat, which has been described to the 
Institute of Metals on previous occasions, and has 
only recently been discussed in connection with certain 
modifications introduced by Durrant.* With this 
appliance it is possible to expose specimens to desired 
temperatures for very lengthy periods, running in some 
cases into three or more months. In addition, other | 
methods of facilitating the attainment of equilibrium 
are employed. Very slow cooling down to the desired 
temperature, followed by prolonged annealing at that 
temperature, is one of these. On the other hand, 
satisfactory results are obtainable in certain cases by 
very rapid cooling down to a desired temperature, 
again followed by prolonged annealing. One important 
condition is that the alloy which is to be brought into | 
equilibrium shall, in the first instance, solidify with as 
fine a structure as possible. Casting into small moulds 
of metal, specially cooled and so designed as to produce | 
the most rapid possible chilling, is an aid in that 
direction which has been employed, among others, by | 
Dr. M. L. V. Gayler. Where it is feasible, the appli- | 
cation of deformation (cold-work) is also useful in 
facilitating the progress of phase changes tending | 
towards equilibrium. 

The methods of prolonged annealing, with or without | 
the aid of additional devices mentioned above, have | 
been used extensively for the determination of limits | 
of solid solubility in alloy systems. They are capable | 
of furnishing a superior limit to the range of solid | 
solutions, since the persistent presence of a second | 
phase, after very prolonged annealing, can be regarded 
as conclusive evidence that the limit of solid solubility 
has been exceeded in the composition of the alloy in 
question. On the other hand, very minute traces 
of a second phase may be difficult to detect or distin- 
guish, so that a lower limit for the value in question 
is more difficult to determine by means of the micro- 
scope. Fortunately it is possible to check certain obser- 
vations of this kind by other methods, such as electrical 
conductivity measurement, the observation of age- 
hardening phenomena, &c. None the less, the micros- 
copic evidence is, in many cases, of fundamental 
importance. 

Some efforts have been made to extend the range of 
useful magnification of the microscope for metallur- 
gical purposes by employing light of very short wave- 
length, %.e., ultra-violet light. The present author 
made a series of experiments with a Zeiss ultra-violet 
microscope between 1908 and 1911, and succeeded in 
producing a few reasonably satisfactory photomicro- 
graphs. The process, however, as at that time arranged 
proved excessively tedious, and it did not appear 
that the results would be likely to justify the expendi- 
ture of the necessary time. The experimental appli- 
ances have been considerably improved since that time, 
and more recently Lucas in America has produced 
interesting photomicrographs of high magnification 
taken by means of ultra-violet light. There can be no 
doubt that if it were possible to push the available 
magnification and resolving power of the microscope 
considerably further than is at present possible, impor- 
tant advances in our knowledge of the constitution of 
certain metallic structures might be anticipated. This 
applies particularly to such fine structures as those of 
martensite in steel, and possibly to a detection of the 
dispersed particles in age-hardened alloys. As yet, 
however, these methods do not appear to have attained 
practical value for research purposes. 

Brief reference should, perhaps, be made here to the 
experimental methods whereby microscopic observa- 
tion of metals has been extended both to very high and 
low temperatures. Among the earliest work on very 
high temperatures were some observations by Ewing 
and Rosenhain, published in 1900. For the verification 
of the equilibrium diagram in the iron-carbon system, 
it was, a little later, shown that the alloys at a 
certain elevated temperature form homogeneous solid 
solutions. High-temperature etching for this purpose 








* “A Note on the Haughton-Hanson Thermostat— 
A Fine Adjustment,”” ENGINEERING, vol. cxxvii, page 
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was carried out first by E. H. Saniter, who employed 
molten calcium chloride. Later Baykoff employed 
etching in a stream of hydrochloric acid gas at high 
temperatures to reveal the simple polyhedral structure 
of steel in the y-iron range. Later, methods of vacuum 
heating were developed by the present author and 
J.C. W. Humfrey, observations both at high tempera- 
tures and after subsequent cooling in vacuo being made. 

More recently still it has been found necessary 


to extend microscopic observations to low temperatures, | 


for the purpose of studying the microstructures of 
solidified mercury and alloys of mercury (amalgams), 
which are of particular interest in connection with 
dentistry. For this purpose a special technique, 
in which the alloys are frozen by the use either of solid 
carbon dioxide or of liquid air, and are polished and 
etched and also examined and photographed under 
the microscope while maintained at the low tempera- 
ture, has been developed by the author and A. J. 
Murphy. An example of a photomicrograph of a 
mercury alloy taken by this technique at a low tempera- 
ture {about — 78 deg. C.) is given in Fig. 10, annexed. 

It is clearly impossible, within the scope of the present 
paper, to do more than refer briefly to the value of the 
X-ray method of crystal analysis. Very great and 
fundamental advances in our knowledge of the structure 
of metals have been made as a result of the use of the 
X-ray spectrometer in its many forms. While fully 
acknowledging the importance of this method, and of the 
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intermetallic combinaton have yet to be discovered, 


and that the true nature of intermetallic compounds 
and the features which distinguish it, if a true dis- 
tinction exists, from a solid solution, have yet to be 
accurately defined. This is not, in itself, directly 
related to the determination of equilibrium diagrams, 
but it is a matter of fundamental interest in their 
understanding and interpretation, and therefore ranks 
as a problem of at least equal importance in the 
progress of physical metallurgy. 

In all methods of metallurgical research there is one 
factor of fundamental importance, which is, perhaps, 
more widely neglected than any other. This is the 
exact chemical composition of the alloys investigated. 
It must be realised, in the first place, that equilibrium 
diagrams, and indeed most other diagrams relating to 
the properties, structure, and constitution of alloys, 
are plotted on a base-line representing chemical compo- 
sition. Consequently, any error in the chemical 
composition of an alloy to which specific observations 
are attributed, immediately becomes an error of equal 
magnitude in the diagram itself. Where the lines of 
an equilibrium diagram are steep, this question of 
exact chemical composition is a matter of first-rate 
importance. Yet in actual cases it is not unusual to 
find reliance placed upon the synthetic composition of 
alloys made by melting together known weights of the 
constituent metals. Even where exact methods of 
chemical analysis are employed, however, difficulties 
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work which it has achieved, it is only right to say 
that in some respects these have served mainly as 
confirmation of the conclusions previously drawn 
by the older methods. It is, in fact, rather in helping 
us to understand the inner constitution and structure 
of crystals, and their behaviour under strain and other 
transformations, than in assisting in the establishment 
of equilibrium diagrams, that the main merit of X-ray 
analysis is to be sought. The endeavour to apply 
X-ray analysis to the study of equilibrium diagrams 
has led to a series of interesting results, but the diagrams 
thus arrived at, although they contain information of 
very great value, must necessarily be incomplete. 
Since the presence of a second phase scattered in minute 
crystallites, throughout a primary crystallisation, 
can only be detected in the X-ray spectrum when the 
amount of the second phase present is considerable, 
the method in this form is unsuited to the determination 
of the limit of solid solubility. 

One of the most striking fruits of X-ray investigation 
is the recognition of the somewhat complex cell struc- 
ture which exists in certain alloy bodies which are 
commonly described as intermetallic compounds. The 
whole question of the nature of intermetallic compounds 
has now become a matter of special interest, but a large 
amount of further work remains to be done before this 
question can be cleared up. Closely allied to this prob- 
lem is the question of the real nature of the complex 
structure found in certain pure metals, notably man- 
ganese, which displays a striking similarity to the 
structure of the peculiar intermetallic combinations 
previously mentioned. The comparatively simple 
theory based on the distribution of valency electrons, as 
exemplified by Hume-Rothery’s rule, does not appear to 
fit the facts except in a limited number of cases. It 
would appear, therefore, that the underlying laws of 
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are not always avoided. These arise from a variety 
of causes. 

Probably the most important of these is non-unifor- 
mity of the specimens examined. It is only in rare 
instances that one finds, in metallurgical research, any 
attempt to determine the variability of composition 
existing even within the small ingots employed for 
the determination of thermal curves. Microscopic 
examination extended over the whole of the cross- 
sections, both vertical and horizontal, of such an ingot 
usually reveals differences in composition. We have 
to deal in such cases not only with ordinary segregation 
under the effects of differences of freezing points and of 
density, but also with the more subtle phenomena otf 
“inverse segregation,” which appear to be of wide- 
spread occurrence in solidifying alloys. It becomes, 
therefore, a matter of primary importance to the 
accuracy of the resulting equilibrium diagram, that 
uniformity of composition throughout specimens 
employed for physical measurements of all kinds should 
be secured, or if this should prove impossible, that the 
variations of composition throughout individual 
specimens or test-pieces should be accurately known. 

Still greater difficulties arise from the failure to 
secure adequate purity in the materials used and. 
consequently, in the resulting alloys. The degree o! 
purity which it is necessary to secure in the course 0! 
a given investigation is, of necessity, a compromise 
between what is desirable and what is obtainable i! 
practice. Owing to the fact that metallurgical invest!- 
gations relating to equilibrium diagrams have been 
hitherto mainly concerned with binary systems, very 
little attention has been paid to the effects of smal! 
additions of other metals or metalloids. It is general; 
assumed that the presence of small quantities of othe: 
metals will not materially affect the shape of tl 
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equilibrium diagram, and that it will neither introduce 
transformations nor suppress them to any important 
extent. Recent research, however, leads steadily in the 
opposite direction. It has been found in more than 
one instance that the presence of relatively very small 
quantities of impurities materially affects the behaviour 
of binary alloys, and that in some instances less than 
one-half of 1 per cent., and in some cases less than 
one-tenth of 1 per cent., are sufficient to produce serious 
modifications in the apparent diagrams obtained. 

A striking example occurs in the case of the alloys 
of aluminium and zinc. As a result of the researches of 
Hanson and Gayler, it has been shown that certain 
of these alloys containing about 78 per cent. of zinc, 
after quenching at a suitable temperature, undergo a 
spontaneous hardening, followed by spontaneous soften- 
ing accompanied by the evolution of a considerable 
amount of heat. In the course of the investigations of 
Hanson and Gayler, zinc and aluminium of the highest 
available purity were utilised, and the phenomena in 
question made themselves very strongly evident. If, 
however, alloys of this type are made up with a small 
content of lead, such as is readily derived from the less 
pure varieties of zinc, the whole of these phenomena 
are either suppressed or rendered very feeble. The 
marked effect of a small amount of sodium present in 
the alloys of aluminium and silicon is another instance 
of the powerful influence which small amounts of 
impurities may exert. In the same way, it has recently 
been discovered that small amounts of impurity in 
iron materially affect the position of the critical trans- 
formation temperatures, and it has even been suggested 
that, in entirely pure iron, the so-called allotropic 
transformations would not occur at all. While the 
latter conclusion remains to be justified by experimental 
evidence, it is quite clear that the influence of small 
amounts of impurity, which have hitherto been regarded 
as entirely harmless, may be of serious importance. 

The further problem of maintaining the alloys in a 
state of purity during melting and subsequent investi- 
gation raises a series of difficulties of another kind. In 
many instances it is found that alloys of two metals 
are chemically even more active than the individual 
metals, and precautions have to be taken to protect such 
alloys from interaction either with the gases of the 
furnace atmosphere or with the walls of the containers 
in which they are melted and tested. Protection from 
contamination by gases has been secured essentially 
by the the use of electric melting methods, which allow 
the process to be carried on either in vacuo or in a 
controlled atmosphere of such gases as hydrogen, 
nitrogen, and argon. The use of the high-frequency 
induction furnace has proved particularly valuable for 
this purpose. With its aid it is possible to work in 
enclosures made of such materials as vitreous silica or 
even a refractory glass or porcelain, without allowing 


those bodies to become seriously heated, so that a 
vacuum or gas-tight seal can be maintained. 

With regard to the maintenance of a vacuum, the 
difficulty arises that both the refractories employed 
within the furnace and the metal itself give off gas in 
considerable quantities, particularly when first heated. 
These gases may themselves prove injurious to the 
metals or alloys under treatment, and it is frequently 
necessary to remove them by preliminary heating. 
It may be pointed out here, however, that vacuum 
melting cannot be regarded as satisfactory unless the 
vacuum is maintained at a very low pressure. The use 
of moderate vacua, otherwise melting under reduced 
pressure of the order of 1 or 2 mm. of mercury, cannot 
be regarded as satisfactory for many purposes. It has 
been found, in fact, that many reactions between metals 
and gases occur more readily under such conditions 
than they do at atmospheric pressure. Further, the 
maintenance of a moderate vacuum by powerful pumps 
overcoming small leaks in the containing vessels is 
also undesirable, since in that way a circulation of 
atmospheric air is in reality maintained through the 
furnace. 

The use of atmospheres of controlled gas also plays 
an important part, but here, also, it must be realised 
that it is undesirable to pass over the molten metal or 
through the furnace containing it a stream of any gas, 
even if it is of comparatively high purity. Small 
traces of impurities contained in such gas are apt to 
accumulate in the metal or alloy under treatment, and 
it has been found necessary, in order to secure the best 


results, to maintain a circulation of the desired gas in a 


closed system provided with a purifying train in which 
impurities can be continually removed. In this way it 
has been found possible to remove from iron the last 
traces of oxide, by circulation of a limited volume of 
purified and dried hydrogen, under a pressure of less 
than 10 mm. of mercury over the molten metal. 

Perhaps the most difficult problem in this connection 
is to overcome the tendency of molten metals and alloys 
to react with the solid containers in which they are 
melted. At the National Physical Laboratory, a large 
amount of attention has been devoted to this question, 
and a variety of special high purity refractories have 
been produced. Some of the refractory products of 
this kind include vessels made of pure alumina entirely 
free from binding material of any kind, and also vessels 
of pure magnesia, thoria, and other refractory oxides. 
An interesting product of this kind was prepared a few 
years ago by Mr. F. S. Tritton, by a special process of 
fusing magnesia. This has been described in a paper 
presented to the Royal Society.* The resulting crucible 





* “A Centrifugal Method of Making Small Pots of 
Electrically Fused Refractory Materials,’’ Proc. Roy. Soe., 
vol. [A], 107, page 287 (1929). 
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|of pure fused magnesia has proved to be capable of 
holding a charge of molten oxide of iron. Up till the 
| present, so far as the author is aware, no other refractory 
| has been found capable of performing this task. In 
| this particular instance the success of these special 
| crucibles has made it possible to investigate the iron- 
| iron oxide system, while these crucibles are, the author 
believes, being used in America for the investigation of 
other systems involving oxide of iron. The whole 
problem of investigating the relationship between metals 
}and their oxides, sulphides, and other metalloid 
| compounds is tending to attain increasing importance 
| at the present time. In this connection it is interesting 
| to notice that the methods of physical metallurgy are 
proving themselves applicable not only to the study of 
| geophysical problems relating to the structure and 
| constitution of rock masses, but also to problems of the 
older metallurgy relating to furnace reactions between 
| metallic oxides, sulphides, and the fluxes, &c., applied 
| to them. 
| With regard to the contention put forward above that 
| it is necessary to secure the highest possible degree of 
| purity in metals and alloys used for metallurgical 
research, it is sometimes suggested that such a 
proceeding removes the results obtained far from the 
conditions of industrial practice. A similar remark 
applies to the methods intended for securing the 
attainment of complete equilibrium in the alloys 
investigated. In both cases it must be borne in mind 
that while equilibrium and high purity are neither of 
them attained in industrial practice, an understanding 
of what occurs in practical alloys can only be arrived 
at when equilibrium conditions for alloys of the highest 
purity are thoroughly known and understood. The 
conditions existing in practical materials are the results 
of the interaction of a number of complex factors. To 
study and analyse these directly is very difficult, and 
the attempt frequently produces misleading results. 
The apparently direct, straight road in this case is. 
undoubtedly the longer and more difficult way, and 
it is necessary to lay a sound foundation for our know- 
ledge by a study of the materials in their simplest 
conditions. 

It is true that these very simple conditions of high 
purity and equilibrium are difficult to obtain in practice, 
but, on the other hand, the results, when obtained, are 
much more readily interpreted and understood. And, 
further, it is only when such results are obtained and 
correctly interpreted and understood that it is possible 
to build upon them a superstructure of definite know- 
ledge, which can be directly applied to practical ends. 
The most highly scientific investigation of this kind, 
therefore, should be regarded as essential and funda- 
mental for the progress of knowledge and the solution of 
the most difficult and complicated practical problems. 








THE McLAREN-BENZ HIGH-SPEED 
AIRLESS-INJECTION ENGINE. 


THE account given in last week’s issue of ENGINE- 
ERING of our survey of a portion of the exhibits in the 
Shipping, Engineering and Machinery Exhibition now 
open at Olympia did not, in touching that of Messrs. 
J. and H. McLaren, Limited, Leeds, embrace all the 
types of high-speed airless-injection engine made by that 
firm. We now supplement this part of the account 
by a brief description of the direct-reversing type 
illustrated in Figs. 1 to 3, on this and the next pages. 
The six-cylinder marine-pattern engine shown in the 
first figure, is, however, the only one of the two engines 
represented by the figures, which is to be seen on the 
stand, the drawing of the four-cylinder engine being 
reproduced in order to make the details of construction 
more clear. It is of the stationary type. This four- 
cylinder engine gives 160 brake horse-power when run- 
ning at 320 r.p.m. The cylinders are 250 mm. in 
diameter by 400 mm. stroke, and the rated consump- 
tion is 0-4 lb. of oil per brake horse-power per hour. 
The six-cylinder engine is of 180 brake horse-power, and 
runs at 500 r.p.m. The cylinders are 200 mm. in 
diameter by 300 mm. stroke. The rated oil consump- 
tion is 0-44 lb. 

It will be apparent at a glance that the engines operate 
on the four-stroke cycle. The two valves seen in the 
cylinder head in Fig. 2, are the air inlet and exhaust 
valves respectively. The valve to the right in Fig. 3 is 
the air starting valve, and to the left of it is shown the 
characteristic atomising unit of the McLaren-Benz 
engine, the details of which may be dealt with first. The 
atomiser is of the spring-loaded type with a needle 
valve closing a single orifice. The spray is not dis- 
charged directly into the cylinder but into a water- 
cooled chamber in the cylinder head, the lower part of 
which chamber is provided with a conical liner not 
directly cooled and terminating in a suitably perforated 
end just within the cylinder. The fuel is delivered 
past the needle valve at a pressure of about 1,000 lb. 
per square inch, of course in the form of a fine spray, 
and entering the chamber almost as the piston reaches 
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FOUR-CYLINDER AIRLESS-INJECTION OIL ENGINE. 


CONSTRUCTED BY 





the top of the stroke, it meets highly compressed air. 
Immediate ignition follows, with resultant increase of 
pressure in the chamber, which pressure forces out the 
mixture of oil vapour and burned and unburnt oil 
through the perforations of the chamber nozzle 
into the cylinder combustion space. Here, in a very 
high degree of atomisation, the mixture meets with 
sufficient air to ensure such complete combustion 
that no carbon is deposited. The small needle valve 
. lying at an angle to the left of the atomiser is a cylinder 
testing valve. 

There is a separate single-acting plunger fuel pump 
to each cylinder, arranged in a single group for the 
four-cylinder engine, as shown in Fig. 2, and in two 
groups of three each for the six-cylinder engine, as shown 
in Fig. 1. They are operated from the camshaft, 
above the casing of which is seen in Fig. 1. The control 
shaft, by which the speed is regulated, passes through 
both pump housings and is connected with the governor 
at the after end and a notched quadrant at the forward 
end. The pumps can be actuated by hand to prime the 
atomisers and pipes before starting. The camshaft 
runs in an oil bath, as shown in Fig. 3, which also 
shows the valve-operating gear. The reversing controls 
are seen to the right of Fig. 1. The lever in the hori- 
zontal position rotates the cams into the required 
positions for starting, running, and stopping, the 
quadrant being plainly marked to correspond. This 
lever is vertical when the engine is running. The 
vertical lever behind it, is the reversing lever and 
moves the camshaft along its axis. An interlock is 
provided so that it can only be moved when the starting 
lever is in the “stop” position, Starting, as before 
stated, is by compressed air, te bottles being charged 
by the engine itself. A relief valve is fitted to each 
cylinder head in an inverted position. These can be 
made out in both Fig. 1 and Fig. 2, and closer examina- 
tion will show that above the relief valve on the forward 
cylinder of the engine seen in Fig. 3, and on the two 
forward cylinders of that in Fig. 1, is a screw-down 
valve with a pipe connection leading away from it. 
This connection, in Fig. 1, runs diagonally downwards 
across the end of the engine to the air bottle not seen in 
the figure. When the air bottle requires charging, the 
fuel of the cylinders with these pipe connections is by- 
passed and they are used as air compressors only. The 
compression in all the cylinders may be reduced to 
facilitate normal starting from the charged bottle, 
which operation can readily be effected when the engine 
is cold. 
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Forced lubrication is used for all the working parts. 
The main bearings, &c., receive supplies from the oi 
sump in the bed-plate by means of a rotary pump sub- 
merged in it. A duplex oil filter is fitted to the engine, 
shown in Fig. 1, one unit of which can be cleaned 
whilst the other is being used. A priming pump is 
shown at the forward end of the four-cylinder engine 
in Fig. 2, and the methods of operating the mechanical 
lubricators for the piston points, &c., of the two patterns 
of engine may be compared in Figs. 1 and 3, one showing 
a drive from the gudgeon, the other being actuated by 
gearing from the camshaft. Other differences between 
the two patterns will be noticed. Thus, the marine 
engine is provided with eccentric-driven bilge and 
circulating pumps at its forward end, and the governors 
are of different types. The circulating water for the 
stationary engine can either be obtained from an 
independent supply or a pump can be fitted to the 
engine. Apart from differences required for different 
purposes the general construction of the engines 
follows Messrs. McLaren’s usual practice, which has 
already been described in the articles referred to on 
page 343 ante and therefore needs no further comment. 








CATALOGUES. 


Oil and Petrol Engines.—Descriptions of installations 
of their oil and petrol engines are given in the May 
issue of the Monthly News issued by Messrs. Petters, 
Limited, Yeovil. 

Isolating Switches.—Messrs. Electric Control, Limited, 
Brighton, have sent us a descriptive circular of their 
isolating switches specially designed to meet the demand 
for low cost distribution equipment in rural areas. 


Lifting Blocks.—An illustration of the Exo lifting 
chain blocks, with triple spur gears, is to hand from 
Messrs. The Universal System of Machine Moulding and 
Machinery Company, Limited, 13-15, Wilson-street, 
London, E.C.2. 


Electric Lighting—We have received from Messrs. 
K6rting and Mathiesen, Leipzig, a copy of their house 
journal Kandem containing illustrated descriptions 
of their lanterns, reflectors and fittings for the electric 
lighting of factories and warehouses. 


Woodworking Machines.—A catalogue of cross-cutting 
and trenching machines is to hand from Messrs. Wadkin 
and Company, North Evington, Leicester. The saw 
is circular, driven by an electric motor and carried in a 
ram head which slides for the feed stroke. In another 
model, the ram may be tilted or swivelled to cut at an 
angle, and also moved vertically. Either machine can 
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be supplied in portable form, mounted on a four-wheel 


]| truck. Another model has an automatic feed driven by 


&@ separate motor. 


Mechanical Shovels.—Messrs. Ruston and Hornsby, 
Limited, Lincoln, have issued a new catalogue of their 
No. 4 excavating machine or mechanical shovel. This 
machine has a full-circle slewing motion, is carried on a 
caterpillar track giving two travelling speeds, and may 
be fitted with shovel, dragline, trenching, skimming and 
grab equipments. The machines may be operated by 
steam, petrol, oil or electric power. Many illustrations 
are given of specially awkward conditions in which 
the machine can be operated. 


Oil Pipe Lines.—A catalogue of the tubular goods 
especially required in oil countries has been issued by 
Messrs. Stewarts and Lloyds, Limited, 41, Oswald- 
street, Glasgow. In addition to dimensions of pipes 
and connections, the catalogue gives all the necessary 
information as to materials, tests, standard dimensions 
of tubes, threads, joints, &c., and the standards prescribed 
by the American Petroleum Institute, so that it forms 
a useful technical handbook for the practical engineer. 
Illustrations are given where necessary. 


Water Power.—Plant for the utilisation of the super- 
fluous water of natural falls to create reserve supplies by 
pumping, where either the flow or the load fluctuates 
heavily, is described in the Sulzer Technical Review, 
issued from the London office of Messrs. Sulzer Brothers, 
31, Bedford-square, W.C.1. This firm supplied a Swiss 
installation of this class to develop 5,000 h.p., and has 
larger plants, lifting over 500 ft., under construction. 
The publication also contains descriptions of coke- 
cooling, refrigerating, and sugar plants made by the firm. 


Well Sinking.—A catalogue of portable drilling rigs 
for sinking wells by percussive drilling is to hand from 
Messrs. the English Steel Corporation, Vickers House. 
Broadway, London, S.W.1. The rig is nominally of 
600 ft. depth capacity, but may be operated to 800 ft. 
It may be loaded on a 5-ton lorry, or, if so ordered, it 
ean be made divisible into parts for animal transport. 
The catalogue gives a full list of tools and accessory 
equipment, and much useful information. Illustrations 
are included of similar rigs of 300 ft., 1,500 ft., and 3,000 
ft. depth capacities. 


Gas Producers.—Messrs. Crossley Brothers, Limited, 
Openshaw, Manchester, have sent us a new edition of 
their catalogue of gas-producer plant working on wood 
and vegetable refuse fuel. A good description of the 
plant, with illustrations, including a diagram of the 
component parts, is followed by an account of a number 
of plants. One of these is mounted on a tin-dredging 
vessel, several are employed in gold fields, and one 's 

roducing 300 h.p. from rice husks on a rice estate. 
We have also received a sheet of illustrations of gas. 
paraffin and heavy-oil engines constructed by the firm. 
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TILBURY DOCKS IMPROVEMENTS. 


Tue Port of London Authority was established 
under the Port of London Act of 1908, on March 31, 
1909, for the purpose of administering, preserving 
and improving the Port of London. The under- 
takings transferred to it at its inception included the 
rights, powers and duties of the Thames Conser- 
vaney for the part of the river below Teddington 
Locks, the London and India Docks Company, 
the Surrey Commercial Docks Company, the Mill- 
wall Dock Company and the Watermen’s Company. 
Some idea of the magnitude of the Authority’s 
responsibilities may be gathered from the fact that 
the total value of the trade of the port for 1909 
amounted to 322,614,363/., and the fact that the 
corresponding figure for 1928 was 692,730,1431., will 
serve as an indication of the results of the Autho- 
rity’s administration. To render this development 
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following year. The development of the Lavender 
and Acorn Ponds involves the construction of new 
discharging berths, timber-storage sheds, im- 
pounding station, &c., and was put in hand in 1928. 
The total estimated cost of these works amounts to 
4,709,0001., and the opening, yesterday, by Lady 
Ritchieof Dundee, of the new entrance lock at Tilbury 
Docks marks the completion, roughly a year before 
theschedule time, of the largest unit of the programme. 
The dry dock at Tilbury has also been completed, and 
is now practically ready for service, while the work 
on the passenger-landing stage is well advanced. 
It is expected that the latter will be completed, 
together with the reconstruction work on the station, 
which is being carried out by the London, Midland 
and Scottish Railway, early next year. Actually, 
a part of the landing stage is already in use, in 
connection with the Tilbury-Gravesend ferry service. 

We propose to deal below with the construction 
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possible, the Authority promptly embarked upon a 
vast scheme of improvements, including extensions 
to docks and warehouses and the deepening and 
widening of navigable channels. The total cost of 
the improvement works completed shortly after the 
war amounted to 11,000,0001. Post-war shipbuilding 
programmes, however, rendered it necessary for the 
Port Authority to consider the provision of adequate 
facilities for larger vessels than had previously used 
the Port, and a further programme of improvement 
works was decided upon after a promise of financial 
assistance had been received from the Government 
under the Unemployment Grants Committee. 
The assistance, it may be mentioned, took the form 
of a grant of half the interest for 15 years on the 
capital expenditure involved. 

The new works decided upon under this scheme 
were the construction of a new entrance lock, dry 
dock and passenger-landing stage at Tilbury Docks, | 
the modernisation of the West India and Millwall | 
Dock system, the construction of a new entrance at | 
the South West India Dock and the development of | 
the Lavender and Acorn Ponds of the Surrey Com- | 
mercial Docks. The work at Tilbury, and that at the 
West India and Millwall Docks, was commenced in | 
1926, while the construction of the new entrance at 
the South West India Dock was started in the 





of the new entrance lock and dry dock at Tilbury, 
but, before doing so, we may mention that the 
docks, which are situated about 26 miles below 
London Bridge, were constructed by the East and 
West India Dock Company, and were opened in 1886. 
Originally, the system comprised a main dock 
with three branch docks and an open tidal basin, 
all of which are shown in the key plan, Fig. 1, on 
this page. The total water area was 74 acres, and the 
entrance lock leading from the tidal basin to the 
main dock was 700 ft. in length and 80 ft. wide, the 
depth of water over the outer sill being 44 ft. at 
Trinity high water. Two graving docks were 
provided near ‘the entrance lock, as shown in the 
plan, one of which was 846 ft. long and 70 ft. wide, 
while the other, of the same length, had a width of 
60 ft. The system was equipped with 24 transit 
sheds, each 300 ft. by 120 ft., with the usual railway 
and transit facilities. Additional transit sheds were 
erected from time to time, and, in 1917, the main 
dock was extended by 1,450 ft. in a south-westerly 
direction to provide increased berthage for vessels, 
the total water area being increased to 90 acres 
by this extension. 

The new entrance is situated some 1,200 ft. up 
the river from Tilbury Ness, and the inner end of 
the lock connects with the north-western corner 
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of the main dock, which has been extended for 
the purpose. The lock is aligned in the direction 
of the strongest prevailing winds, and its location 
is such that only slight tidal currents occur at the 
approach jetties in the river during locking hours. 
The overall length of the lock is 1,300 ft., and the 
total working length is 1,000 ft., but, to economise 
water in locking small vessels, it is divided by 
a pair of intermediate gates into two portions, 
measuring 700 ft. and 300 ft. long, respectively. 
The width is 110 ft. and the depth over the sill 
is 45 ft. 6 in. at Trinity high water, so that the 
lock, a general view of which is given in Fig. 6, 
on Plate XLVII, is capable of passing the largest 
vessels at present afloat. A plan of the lock is 
given in Fig. 12, on Plate L, while Figs. 13 and 
14 on the same Plate are, respectively, a part 
elevation of the back face of the south wall and 
a longitudinal section along the centre line of the 
entrance. Cross sections are given in Figs. 15 
and 16. The new dry dock, which is entered from 
a point near the south-eastern corner of the main 
dock, is, at present, 750 ft. long and 110 ft. wide, 
and the depth of water over the sill and keel 
blocks is 37 ft. 6 in. at T.H.W. It has been 
designed, however, so that its length can readily be 
increased to 1,000 ft., if necessary in the future, 
without interfering with its use. The extension to 
the main dock necessitated by the new entrance, as 
previously mentioned, increased the area by 15 
acres and gave an additional quayage of 800 lineal 
feet. The work also included the diversion of the 
railway to the south side of the main dock, and the 
construction of a road giving access to these berths. 
The contract for the whole of the work, including the 
shore portion of the landing stage, was awarded to 
Messrs. Sir Robert McAlpine and Sons (London), 
Limited, to the designs and under the direction of 
Mr. Frederick Palmer, C.I.E., M.Inst.C.E., of Messrs. 
Rendel, Palmer and Tritton, 13, Dartmouth-street, 
Westminster, S.W.1, the consulting engineer of the 
Port of London Authority. Mr. Palmer, as Chief 
Engineer to the Authority from 1909 to 1913, was 
also responsible for the earlier works already 
referred to. The work has been supervised by Mr. 
F. W. Davis, M.Inst.C.E., New Works Engineer of 
the Port Authority, and Mr. W. MacKenzie, M. Inst. 
C.E., has acted as resident engineer throughout. 

The site for both the entrance lock and the dry 
dock consisted of made ground or refuse deposited 
on an alluvial mud, locally known as bungum 
and geologically described as marsh clay. The 
bungum extends to a depth of some 40 or 50 ft., 
below which is a layer of ballast varying from 3 ft. 
to 20 ft. in thickness and of good bearing power ; 
below the ballast, chalk is reached. Owing to the 
treacherous nature of the bungum, which renders 
trenching in it extremely difficult, concrete mono- 
liths sunk through it into the ballast were used for 
the foundations of the walls. The ground was 
first excavated from the surface level to a depth of 
— 5 o.p. over the whole of both sites by means of 
steam navvies and drag-line excavators, about 
853,000 cubic yards being removed in this way at the 
entrance lock and 222,000 cubic yards at the dry 
dock. The object of this preliminary excavation 
was to reduce the pressure on the backs of the mono- 
liths before the invert was put in, and to enable the 
dimensions of the monoliths to be kept within reason- 
able limits. The monoliths, most of which were 
25 ft. square in plan, were sunk from — 5 0.pD. into 
the ballast, which occurred at an average depth of 
— 44 o.p.; the number required was 120 for the 
entrance lock and 71 for the dry dock. Sinking 
was commenced at the ends of the site in both cases, 
the work proceeding towards the centre, while the 
dumpling from the end portions was being removed. 

The monoliths were composed of a reinforced- 
concrete shoe, details of which are given in Figs. 2 
to 5, on page 396, on which dovetailed concrete 
blocks, each weighing about 7 tons, were built up 
as the sinking proceeded. The shoe was constructed 
in the position to be occupied by the monolith, as 
shown in Fig. 8,on Plate XLVIII. This illustration 
shows some of the monoliths for the north wall of the 
entrance lock. In the foreground can be seen one 
of the completed moulds for the shoe, and, just behind 
it, part of the mould for the inner inclined face of the 
cutting edge is visible. The blocks were made in a 
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blockyard situated close to the western quay of the | walls of the entrance, as shown on the left in Fig. 12, 
main dock. At this yard, the aggregate was} Plate L, groups of three octagonal reinforced- 
delivered in barges, from which it was taken by | concrete piles, 22 in. in diameter, were driven at 
grabs and deposited in elevated bunkers. From the | the backs and left in position. These serve to 
bunkers, the aggregate was delivered by gravity to the | equalise the water pressure while preventing the 
mixers, which were of 40 cub. ft. capacity, and were | earth from being washed out by the rise and fall 
electrically driven. The mixed concrete was con- ‘of the tide. In addition to the monoliths for the 
veyed in ‘eight- wheeled wagons, drawn by petrol- | walls, three 35-ft. temporary monoliths, indicated 
driven locomotives on a 2-ft. gauge railway, to the | by dotted lines on the left of Fig. 12, Plate L, 
moulds, into which it was discharged through chutes. | were sunk at the entrance to strengthen the earth 
Ferrocrete cement was used in all the monolith|dam left at this end while the excavation of the 
blocks, so that they could be handled 48 hours after | remainder of the site was in progress. These 
pouring. | monoliths were afterwards removed to — 35-50 o.p., 

The earth from the four wells in each monolith | the lower portions being left in position in front 
was excavated by grabs operated by 15-ton derrick | of the apron, as shown on the left of Fig. 14. 
cranes, which were also used for handling the concrete| The dumpling was taken out by drag-line excava- 
blocks and the cast-iron kentledge used for sinking. , tors, mounted on the tops of the monoliths, as shown 
The cranes, which wére mounted on bogies travelling | in Fig. 36 on page 397, to approximately the level of 
parallel with the walls on the — 5 o.p. ground level, | the top of the invert at — 32 o.p. For the construction 
were used for sealing and hearting the wells with | of the invert, the excavation from this level down to 
concrete after the sinking had been completed. | from — 50 to —- 53 0.p. was done in steel-piled 
Excepting the monoliths at the gate recesses, only | trenches across the width of the lock. The trenches 
the two wells at the back were filled in this way, | were 15 ft. in width, and, in carrying out the work, 
so as to relieve the pressure on the ground under a trench was excavated and filled before removing 
the front edges of the monoliths. The spaces | any of the earth on either side of it. This sectional 
between the monoliths, usally 5 ft. in width, were | method of procedure was adopted for stability pur- 
filled with concrete, steel sheet-piling, subsequently | poses. This stage of the work, in connection with the 
removed, being driven at the back and shuttering | construction of the dry dock, is well shown by the 
being used on the front face, as shown in Fig. 9,| photograph reproduced in Fig. 36, on page 397. In 
on Plate XLVIII. Drains were inserted to relieve this case, a longitudinal trench, 40 ft. wide, was 
water pressure on the back of the monoliths, as| made and concreted in advance of the transverse 
shown in Figs. 17 and 18 on Plate L. Temporary | trenches. Of the latter, those in front of the spaces 
between two monoliths were first excavated and 
concreted, those opposite the monoliths being after- 
wards dealt with. The illustration shows, in the 
foreground, an open trench in front of the space 


concrete block work to be subsequently cut away | 
in the walls of the monoliths at the gate recesses | 
was constructed of coloured concrete blocks of a) 
weaker mixture. 
monoliths used for the foundations of the 


In filling the space between the 
river 
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| water entering the lock. € 
between two monoliths, while, in the background, | culverts is indicated by dotted lines on the right 


M.INST.C.E., CONSULTING ENGINEER. 


2) 


SECTION C.D.(Fig.2. 





“ENGINEERING” 


one of the ‘‘ space ”’ trenches can be seen concreted ; 
another to the right is being excavated. A key 
between the concrete of the invert and the mono- 
liths was obtained by cutting away some of the 
blocks of the latter, as is most clearly shown in 
Fig. 16, on Plate L, and it may here be mentioned 
that the blocks which had to be cut away for this 
purpose were made of a special weak mixture and 
coloured with red oxide of iron to enable them to be 
easily distinguished. After the completion of the 
invert, the walls were completed in mass concrete, as 
shown in the various cross sections of the lock and 
dock given in Figs. 15, 16, 23, 24 and 25, on Plate L. 
The ground behind the walls was then filled in, and 
Fig. 10, on Plate XLIX, shows this work in progress 
at the back of the south wall of the entrance lock, 
and also shows the gate anchorages and one of the 
pits for the gate-operating machinery. 

The three pairs of gates for the entrance lock are 
of the flotation type and are operated by hydraulic 
cylinders. The gates and their operating mechanism 
were constructed by Messrs. Sir W. G. Armstrong, 
Whitworth and Company, Limited. Fig. 11, on 
Plate XLIX, shows the inner gates being erected 
in place. For filling the lock, culverts were formed 
in both walls, as shown in the upper part of the 
plan, Fig. 12, on Plate L. There is one culvert, con- 
trolled by two 11-ft. 6-in. penstocks, on each side 
of the outer gate, one penstock being hydraulically 
operated, and the other operated by hand, while. 
at the intermediate gates, the culvert on each 
side is controlled by one 11-ft. 6-in. hydraulically- 
operated penstock. At the inner gate, low-level and 
high-level culverts are provided, the object of the 
latter being to reduce the swirling action of the 
One of the high-leve! 
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Fig. 36. ExcavaTION FOR INVERT OF Dry Doox. 


of the plan Fig. 12, Plate L, and Fig. 9, on Plate 
XLVIII, shows the high-level culvert on the south 
side of the lock in course of construction, as well 
as the outlets from the low-level culvert; the 
latter are also visible in Fig. 11, on Plate XLIX. 
Both the high and low-level culverts are controlled 
by 7-ft. 6-in. hydraulic penstocks; the whole of 
the penstocks were constructed by Messrs. Glenfield 
and Kennedy, Limited. 

The capacity of the culverts is sufficient to enable 
the whole lock to be filled or emptied in 10 minutes 
at the normal difference of working levels. Particu- 
lars of the capstan equipment and the arrangement 
of the bollards are given in the lower part of the 
plan, Fig. 12, Plate L, and Figs. 19 to 22 show 
details of the pits and foundations for the five-ton 
capstans. The bollards, as shown in the cross 
section, Fig. 16, Plate L, are each mounted in a 
concrete block, measuring 8 ft. square by 6 ft. 
deep, supported on a 16-in. reinforced concrete 
pile. Two raking struts are fitted between the 
concrete block and the lock walls, and details of 
these are given in Figs. 37 to 39, on this page. 
Details of the coping stones and of the slate dowels 
used in fixing them are given in Fig. 40, also 
above. Vertical shafts and horizontal sub-ways, 
constructed of iron and 6 ft. in diameter, 
have been provided in the positions indicated in the 
plan, Fig. 12, Plate L, for taking mains across the 
lock ; one of these subways is clearly shown in the 
cross section, Fig. 16, on the right. Close to the 
vuter gates, a Scherzer rolling-lift bridge has been 
provided to carry a railway line, road and footpath 
over the entrance. This bridge, which is shown in 
the cross section of the lock, Fig. 15, on Plate L, and 








structed by Messrs. The Horseley Bridge and 
Engineering Company, Limited, and is electrically 
operated, both halves being controlled from the 
same cabin, visible in Fig. 7. Two timber jetties 
have been constructed at the river end of the lock 
to form a bellmouth entrance for vessels, timber 
having been used for the purpose on account of its 
greater flexibility and resilience, as compared with 
reinforced concrete ; the jetty on the upstream side 
is about 600 ft. in length, and that on the down- 
stream side about 400 ft. in length. Fig. 48, on 
Plate LIIT, shows the latter practically completed. 
The construction of these jetties, it may be noted, 
was carried out without any temporary staging. 
A special machine, comprising a 10-ton travelling 
crane with a long jib, and an overhanging cantilever 
frame carrying the boilers and piling frames, was 
used for the purpose, the three piles, of which each 
frame of the jetty consists, being driven simul- 
taneously. 

A photograph of the north-east corner of the new 
dry dock is reproduced in Fig. 46, on Plate LITI, and 


|a general view of the dock, after completion, is 


given in Fig. 44, on Plate LII. Fig. 45, on the 
same plate, shows the caisson in position, closing 
the entrance from the main dock. Figs. 26 and 
27, on Plate L, are, respectively, a longitudinal 
section and general plan of the dry dock, while 
Figs. 23, 24 and 25 are various cross sections. 
The method of excavating and constructing the 
walls was generally similar to that employed for 
the entrance lock, and need not be described in 
detail. We may mention, however, that, after 
the walls were completed and the dock had been 
flooded, the previously existing wall of the main 


also in Fig. 7 on Plate XLVII, has a span of|dock was removed in the wet by blasting, the 
138 ft: and a clear width of 16 ft. It was con- | debris being dredged by grabs. 
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The arrangement of the caisson, which was con- 
structed by Messrs. Swan, Hunter & Wigham 
Richardson, Limited, is illustrated diagrammatically 
in Figs. 28 to 35, on Plate LI. It comprises, as shown, 
a ballast chamber at the bottom, a scuttle tank, a 
central air chamber, a tidal chamber, and a top 
tank. A land-locking gear, details of which are 
given in Figs. 41 to 43, page 398, is provided on 
each side to hold the caisson in position when in 
use. Before bringing the caisson into position, the 
locking gear is pulled back into a recess in the dock 
wall, as indicated by the dotted lines in Fig. 41, 
and after the caisson has been towed into position 
against the stop at its light draught, the valve 
admitting water to the scuttle tank is opened to 
allow the caisson to sink to its deep draught. 
Water is then admitted to the end chambers by 
opening the valves shown in Fig. 28, when the 
caisson will sink into position, completely closing 
the entrance to the dock. Any trimming that may 
be necessary during the sinking operation can be 
done by partially closing the appropriate end- 
chamber valve. These valves are then closed, and 
the locking stirrups are pulled over by hand, so that 
the locking bar engages with a cast-steel nosing on 
the caisson, as shown by the full lines in Fig. 41. 
Preparatory to raising the caisson, the water 
is pumped from the scuttle tank to the top 
tank by an electrically-driven centrifugal pump 
shown in Figs. 28 and 32, and when the caisson is 
actually to be raised, the locking gear is released and 
the valve of the top tank opened to allow the water 
to run from it into the centre tidal chamber. The 
end-chamber valves are then opened to allow the 
water to escape from these chambers, and the 
caisson then rises to its light draught, so that it 
can be towed away. In connection with the ordinary 
operation of raising the caisson to remove it from 
the stop, it may be mentioned that it is not generally 
necessary for the caisson to float at its light draught, 
so that the whole of the water need not be pumped 
from the scuttle tank. With a little experience, 
the operators are able to judge the amount of water 
which must be pumped from the tank in order to 
raise the caisson by any amount up to the maximum, 
which is obtained in the light-draught condition. 
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The pumping plant is situated in an underground 
chamber on the south side of the dock, near the 
entrance end, as shown in the plan, Fig. 27, Plate 
L, and also in the cross-section, Fig. 24. A view 
of the interior is given in Fig. 47 on plate LIII. It 
comprises two 60-in. twin low-lift centrifugal de- 
watering pumps and two 80-in. impounding pumps 
of the same type, all of which can draw from the 
dry dock and discharge into the main dock. Two 
14-in. vertical-shaft centrifugal drainage pumps, 
operated automatically by means of floats, are also 
provided. The pumps, which were constructed by 
Messrs. Worthington-Simpson, Limited, are all elec- 
trically driven, the de-watering pumps by 940-h.p. 
auto-synchronous motors running at 375 r.p.m., 
and the impounding pumps by 550 h.p. motors of 
the same type, running at 250 r.p.m. The capacity 
of the de-watering pumps is 12,000 cub. ft. per 
minute, and that of the impounding pumps 17,000 
cub. ft. per minute ; it is possible to de-water the 
dock in about two hours. The auto-synchronous 
motors were supplied by Messrs. Crompton-Parkinson, 
Limited, and work directly with 3,000-volt, three- 
phase, 50-cycle current obtained from the County 
of London Electric Supply Company. Direct current, 
at 500 volts, is supplied to the drainage-pump 
motors, each of which develops 105 h.p. The high- 
tension switchgear is of the Reyrolle ironclad type, 
mounted on a gallery visible in Fig. 47, but the 
pumps can be started and stopped by contactor gear 
operated by push buttons on the floor level, and an 
additional trip push button is provided to open the 
main gear in an emergency. 

The arrangement of the culverts can be followed 
from Fig. 27, Plate L, from which it will be seen 
that two 7-ft. filling culverts, controlled by equili- 
brium valves, lead from the dock wall on the main- 
dock side of the caisson to a sump formed in the 
invert of the dry dock. This sump is connected, by 
two 5-ft. culverts, to culverts running along on each 
side of the dock, decreasing in diameter in steps as 
shown, and these culverts are connected to sumps 
covered by iron gratings at the floor level of the 
dock. The main sumps are also connected by cul- 
verts to two suction chambers under the pump- 
house, as is most clearly shown in the cross- 
section, Fig. 24, and water is drawn from these 
chambers by the pumps and discharged into the 
main dock through the culvert shown in the plan, 
Fig. 27. The impounding pumps can also be used 
for raising the water level in the main dock inde- 
pendently of the dry dock, a culvert having been 
constructed for this purpose to connect the suction 
chambers with the tidal basin. Provision has also 
been made to enable the new pumping station to 
be used for de-watering the old dry docks. The 
penstocks provided in the culverts were supplied 
by Messrs. Glenfield and Kennedy, Limited, and the 
electrically-operated sluice valves and reflux valves 
on the pumps were constructed by Messrs. J. 
Blakeborough and Sons, Limited. 

The keel blocks are of the ordinary pattern, con- 
sisting of four cast-steel wedge sections with an 
elm capping. Those at the entrance end of the dock 
are laced down to the floor, as shown in the photo- 
graph reproduced in Fig. 45, on Plate LII, to 
prevent them from being displaced by the keel of 
a vessel entering the dock when down by the 
stern. An interesting feature of the dock, how- 
ever, is the provision of hydraulically-operated 
adjustable bilge blocks, which are placed on the floor 
of the dock and brought in position after the vessel 
has settled on to the keel blocks to prevent her from 
tilting laterally, thus dispensing with the use of side 
shores. There are 14 of these >locks spaced on 30-ft. 
centres, on each side of the keel blocks, as shown in 

‘ig. 44, on Plate LIL. One of te bilge blocks, which 
were constructed by Messrs. Henry Berry and Com- 
pany, Limited, is illustrated separately in Fig. 52, 
on page 410, and details of the design are’ given in 
Fig. 51 on the same page. Each consists, as shown, 
of a rectangular frame, built up of 14-in. by 5}-in. 
rolled-steel joists, fitted at the bottom with cast- 
steel guides which run in the grooves of tramway 
rails let into the floor of the dock in a transverse 
direction. Hinged to the inner end of the frame is a 
steel plate girder, the free end of which is tapered, 
as shown, and rests on a roller mounted in a cross- 
head sliding on the upper flanges of the joists form- 





ing the frame. The crosshead is connected to the 
piston rod of a hydraulic cylinder, so that, when 
water is admitted above the piston in the latter, the 
crosshead carrying the roller will be drawn to the 
right in Fig. 51, and the plate girder will be raised. 
In this way, the softwood packing blocks, which 
are fixed to elm bearers on the top flange of the 
plate girder, are brought into contact with the 
bottom plating of the vessel. Similarly, by admit- 
ting water below the piston, the plate girder can be 
lowered, so that the packing blocks are clear of the 
ship. The bilge blocks can be moved bodily along 
the rails to suit the beam of the vessel being docked 
by means of chain tackle attached to eyebolts let 
into the dock walls, this adjustment being made in 
the dry. The raising and lowering of the blocks 
when docking a vessel is controlled by hydraulic 
valves, all of which are located at the coping level 
of the dock wall on the south side. Indicators, 
operated by wire cables from the sliding crossheads, 
are provided near the valve-operating levers to show 
the operator the extent to which each of the blocks 
is raised. To operate these indicators, the cables 
from each pair of bilge blocks are taken round 
drums mounted in a chamber just below the ground- 
level and normally covered by a chequer plate. These 
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drums have helical grooves in their peripheries, and 
the indicators, one of which is provided for each 
bilge block, is formed with projections which fit in 
the helical grooves, so that the indicator is moved 
in a direction parallel with the axis of the drum as 
the latter rotates. The lift exerted by each bilge 
block is from 15 to 20 tons, but each can safely 
withstand a maximum superimposed load of 50 tons. 

Another particularly interesting feature is the 
leading-in girder, which, we believe, is unique so 
far as this country is concerned. The object of 
this appliance, which is indicated in the cross-section 
Fig. 25, on Plate L, and is shown in position in Fig. 
50, on page 410, is to hold the stem of a vessel 
entering or leaving the dock exactly central with the 
keel blocks, the stern being controlled by warping 
in the usual way. This, it is believed, will facilitate 
and expedite the docking operation, and also reduce 
the possibility of damage to the vessel by contact 
with the dock walls. It consists of a bridge truss 
spanning the dock and supported on two travelling 
wheels at each end, the wheels running on rails 
fixed just below the coping level; the distance 
between the rail centres is 129 ft. 9 in., while the 
width and depth of the girder are 11 ft. 9 in. and 11 
ft., respectively. A pair of horizontal wheels is 
also provided at each end of the girder to take the 
lateral load, these wheels running on rails let into 
the vertical face of the dock wall just below the 
coping. The wheels are mounted in a box girder 
braced to the main girder, as can be seen in Fig. 50, 
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A 60-h.p. Dorman petrol engine, mounted near the 
centre of the girder, drives the travelling wheels 
through a clutch, reduction gearing, and a Williams- 
Janney hydraulic variable-speed gear, so that any 
speed from the maximum, which is about 80 ft. per 
min., to zero, can be obtained in either direction with 
great precision, Attached to the bottom boom of the 
girder, and extending forwards in a horizontal plane, 
are two curved guards, clearly shown in Fig. 50, 
which meet at the centre of the girder at an angle of 
55 deg. When the girder is brought up to a vessel 
entering the dock, the stem of the vessel is directed 
by the guards towards the apex of the angle, where a 
spring buffer is fitted to take the shock. The vessel is 
secured by ropes passed round bollards on the girder, 
which can then follow the movements of the vessel 
as it is warped in, keeping the stem exactly central 
throughout the operation. The operator is pro- 
vided with a seat near the centre of the girder, 
from which he has a clear view over the whole of the 
dock. The leading-in girder was constructed by 
Messrs. Sir William Arrol and Company, Limited. 

The equipment of the dock includes five 11-ton 
hydraulic capstans, by Messrs. Carrick and Wardale, 
located as shown on the plan Fig. 27, Plate L. The 
lighting system is arranged so that a ship can be 
docked, and repair work carried out, at night. For 
the repair work, continuous current is supplied at 
500 volts, and continuous current at 250 volts is 
also available for lighting. Supplies of compressed 
air at 100 lb. per square inch, and of water at 750 lb. 
per square inch for operating hydraulic appliances, 
are available, as also are supplies of fresh water and 
dock water, the latter being used for washing down, 
&c. A main has also been installed to take oily, 
water from ships’ tanks to a separating barge moored 
in the main dock. 

A brief reference to the landing stage, which, as 
already stated is not yet completed, may be made in 
conclusion. The landing stage, which is 1,150 ft. 
long and 80 ft. wide, is carried on 63 steel pontoons, 
which are kept in position by chain moorings and 
hinged steel booms, designed to permit a vertical 
movement of 20 ft. due to the rise and fall of the tide. 
The stage is connected to the shore by five steel 
bridges, one of which is suitable for road traffic. 
The shore portion, which forms a sub-structure to 
the new railway-station circulating area and baggage 
hall, consists of reinforced-concrete beams and deck- 
ing supported by reinforced-concrete piles driven, in 
cylinders of the same material, to a depth of from 
70 ft. to 80 ft. below the deck line. Fig. 49, on 
Plate LIII has been reproduced from a photograph 
taken during the early stages of the work, and shows 
the bridge-approach platform as seen from the 
western end. One of the hinge castings for the 
booms above referred to, is just visible on the right 
of the illustration. New road approaches are also 
being constructed, leading to each end of the landing 
stage. The structural steel work is being carried 
out by Messrs. The Cleveland Bridge and Engi- 
neering Company, Limited, and the remainder 
of the work on the river frontage by Messrs. Sir 
Robert McAlpine and Sons. 

Finally, we wish to express our indebtedness to 
Mr. Frederick Palmer and Mr. Davis for their courtesy 
in assisting us with the information on which our 
article has been based, as well as for furnishing the 
drawings and photographs from which the illus- 
trations have been prepared. 








EXPERIENCE WITH CONCRETE AND 
CONCRETE STRUCTURES IN THE 
UNITED STATES. 


Tue American Concrete Institute held its twenty- 
fifth Convention at Detroit early in this year, and 
covered such a great deal of interesting ground in 
connection with experience of concrete and con- 
crete structures in that country, that we propose 
to review, at some length, the proceedings of this 
meeting. The report of these is now available 
in a volume of nearly nine hundred pages. Of the 
forty-six items submitted for the consideration of 
the convention, some are of general interest, while 
others, by their nature, do not lend themselves to 
any summary treatment. Several papers dealt 
with field experience with concrete, one of them, 
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years. In this the author remarked upon the 
change-over from the dry mixes of twenty to thirty 
years since, to mixtures in which there is a decided 
water excess. Fifteen years ago, it began to be 
noted that disintegration was evident in many 
concrete structures, this being attributed to the 
use of over-much water. The adoption then of 
mixes less wet affected the use of chutes, and the 
angle at which they might be set, and also affected 
the angle of discharge of concrete mixers, and the 
size of discharge openings. Plant was, as a result, 
adapted to the concrete, rather than concrete con- 
sistency made suitable to the plant. The author 
favoured an angle for chutes of not less than 35 deg., 
as being conformable to the conveyance of concrete 
of a suitable consistency. The injurious effects of 
freezing in the early life of concrete was illustrated 
by examples of concrete examined after a lapse of 
twenty years. Freezing should be prevented until 
sufficient strength is developed to ensure the safety 
of the concrete. The tendency is for excess water 
to accumulate at the top, and the use of drier mixes 
as the work rises was recommended as tending to 
correct this. In the discussion on this paper, test 
beams of 1: 2: 4 concrete were referred to, which, 
having been thrown aside, were examined after 
twenty-four years, and showed, apart from steel 
actually exposed, an excellent condition of the rein- 
forcement even where the cover had been but one 
inch. In another paper, instances were chronicled 
of concrete suffering from segregation, and over- 
working of the surface. The discussion on this 
subject brought forth the statement that the use of 
water of acid nature promoted disintegration, and 
that such water did not allow self-healing, which 
with alkaline waters, provided these were not other- 
wise objectionable, might be expected. Mr. L. G. 
Lenhardt contributed a paper dealing with the 
concrete linings of the Detroit water tunnels. A 
series of tests was first made on short circular 
sections of lining of differing materials, with records 
of deformation under loads. Plain concrete was 
finally adopted, with occasional reinforcement for 
special cases. Much care was exercised in the. work 
to secure proper control in concreting, but, not 
satisfied with that, systematic comparison was made 
of compression results deduced from twenty-eight- 
day test cylinders in the ordinary way, with 6-in. 
cores drilled from the work as executed. The 
differences observed were marked, and occasionally 
unexpected. 

An experimental study of six different methods 
of determining moisture in sands was detailed by 
Mr. W. R. Johnson. This revealed considerable 
variation in the results. The author concluded 
that the best results are to be expected by procedures 
needing the simplest manipulation, drying methods 
being superior to others in which the measurement 
is made by electric resistance, by displacement, or 
by specific gravity. The desirability of ascertaining 
the moisture content of sands when a strict water- 
cement ratio is aimed at, is apparent when it is 
realised that the wetness of a moist sand may easily 
correspond to 20 per cent. of the desired water 
quantity ; it being known also that quite moderate 
differences in the amount of water desired may make 
a very material difference in the strength of the 
resulting concrete. It may here be suggested that 
with much experience in the handling of sands it 
may perhaps be allowable to rely in some measure 
on the judgment in this matter, not resorting to 
the strict test on all occasions, a trained judgment 
having greater claims to precision than is commonly 
conceded; though against this suggestion is the 
fact that the judgment cannot be calibrated. 

High early strength concrete was the subject of 
a communication by Mr. E. E. Bauer, in which he 
recommended the earlier determination of the 
strength of a mix, a matter of a few days only, as 
compared with the twenty-eight-days’ test usual 
with slow hardening cements. Both standard and 
special cements are influenced by water-cement 
ratio. Dry mixtures may, with ordinary cement, be 
made to give early strengths, though mixtures less 
dry may be used, with the special cements, to achieve 
like results. There is, however, occasionally 
apparent a falling-off of strength with the special 
cements after one month. An increase of strength is 
recorded for temperatures above the normal, 





during curing, up to 100 deg. F., at twenty-eight 
days, but for 200 deg., though there is an increase 
in strength for seven days, there is a marked falling- 
off at the longer period. The greater strength of 
special cements at a few days after mixing. may, it 
is suggested be achieved by the more liberal use of 
standard cements, at lower cost. This contention 
was borne out in the discussion. 

A paper by Mr. F. O. Anderegg dealt with the 
mechanism of corrosion of Portland cement and the 
development of crystal pressure and will interest 
those specialising in the chemistry of concrete. 
In this it was noted that all building materials 
undergo slow disintegration by the action of water, 
Portland cement being in no sense immune. The 
effect of relatively pure waters on lime in the 
cement is prejudicial, since crystal pressure ensues 
and the importance of impermeability must be 
insisted upon. Earlier experimental work has 
revealed the dangers resulting from pressure set 
up by lime crystals. These views are said to have 
been confirmed, though these effects are usually 
short-lived because concrete yields under pressures 
so developed. 

The objection to placing concrete long after 
mixing as commonly permitted, whether with or 
without remixing, has been made the subject of 
a somewhat complicated study by Messrs. H. F. 
Connerman and P. M. Woodworth. In a paper on 
this subject the effect of remixing without additional 
water, remixing with added water to restore work- 
ability, and mixing a premixed cement water paste 
with the aggregate were considered. The broad 
conclusions reached are that remixing without 
additional water, at intervals of time up to six 
hours, with protection from evaporation, is not 
seriously hurtful. Generally, if the mixture remains 
plastic and workable there is no loss of strength, 
but with loss of plasticity the strength falls off 
rapidly. With water added to restore flow, pro- 
tection from evaporation having been secured, 
strength becomes less in relation to the increased 
water-cement ratio. When evaporation is per- 
mitted these results are favourably modified by 
consequent reduction of the water content. The 
wetting of the aggregate some hours in advance 
of mixing has little effect on results if the total 
water used remains the same. The tests covered 
a six hours’ range. Premixing cement and water, 
with time intervals having the same range before 
adding the aggregates, resulted in reduced strengths. 
Increase of mixing time was generally advantageous. 

The discussion following confirmed the points 
advanced by the authors, the opinion being expressed 
that the thirty minutes’ interval from mixing to 
placing, as frequently specified, might well be 
reconsidered. The question is now-a-days of 
considerable importance, due to the use of central 
mixing plants, and the longer time intervals which 
follow on this practice. 

Another paper dealing with the influence of 
central mixing on concrete which had to be taken 
some distance to the work being executed, was 
by Mr. P. J. Freeman, who discussed the effect 
of haulage and time delays. Cases were cited of 
hauls of from 2 miles to 25 miles, with time 
intervals of from 45 minutes to 3 hours, without 
ill effects generally, though in one instance, with 
9 miles of rough haulage in ordinary dump trucks 
and some delays, segregation resulted, so that 
it became necessary to remix—though without 
added water—before placing. 

A paper, in these days of considerable interest, 
treating of concrete intended to resist sea water, 
based upon experience of harbour works on the 
Californian coast, presented somewhat novel views 
on this subject. The author, Mr. H. E. Squire, 
considered the various inimical influences at work, 
and pointed out that localised defects were injurious, 
not only where first evident, but as opening up to 
attack the more resistant material, and that the 
existence of laitance with which sea water might 
come in contact was particularly hurtful. He 
disputed the view that high strength concrete is of 
necessity best able to resist deterioration, as for 
instance when strength is achieved by an unusually 
low water-cement ratio. A reasonably high cement 
content was regarded as essential to endurance, 
whether above or below the water line. A mushy 





consistency was advocated with a slump of from 
3in. to5in. Segregation of mortar and aggregate, 
and failure to compact the plastic concrete were 
held to account for many of the defects observed 
with concrete in sea water. Concrete having an 
absorption of from 4 per cent. to 5 per cent. by 
weight, after drying in an oven, was said to be free 
from injurious circulation of water after immersion. 
Though concrete of the quality defined in the 
paper was itself resistant to sea water, the author 
affirmed that it could not be relied upon to protect 
steel with less than from 4 in. to 6 in. cover. 

Damage from the corrosion of steel was stated to 
be commonly limited to parts above the water line. 
There might be occasional cracks evident it was said, 
after 8 or 10 years, but nothing serious under 20 
or 25 years. It was suggested that permanence, 
however desirable, might be attained at too great a 
first cost, and that the establishment of a sinking 
fund for a structure at once less costly and less 
durable, might be economically sound. Permanence 
was, indeed, referred to in the paper as “‘ that will- 
o’-the-wisp.”” Certain methods of prolonging the 
life of reinforced structures in sea-water were 
proposed, as for instance, the use of small-diameter 
rods as being less liable to large diametral increase 
by corrosion. A cover of three rod diameters, for 
work above the water line was suggested. The 
protection of concrete by the use of asphaltic com- 
pounds was put forward, but the protection of steel 
by paints and lacquers was discounted. Galvanis- 
ing was said to be justified by results. The author 
logically argued that, as no obloquy is attached to 
structural steel because of the need for expenditure 
on maintenance, neither should reinforced concrete 
be subject to criticism on a like account. 

The discussion following this paper was instructive ; 
generally agreement was expressed with the views 
of the author, but it was pointed out that some 
of the ship work executed during the war showed 
adequate protection for the steel though the 
covering concrete was very thin, the concrete 
itself being particularly dense. The whole matter 
of the corrosion of steel may, it would seem, not 
unreasonably be summed up by stating that 
with an indifferent concrete, indifferently placed, 
no cover will prove sufficient for protection, though, 
if of the best, with careful manipulation, an extremly 
small cover will serve. This conclusion is borne 
out by experience with waterworks structures, 
many such works with quite thin walls having been 
successfully built in* France. 

The effect of alkaline ground waters on concrete 
has received a great deal of attention in recent 
years. Mr. C. T. Mackenzie, stated, in a paper 
on this subject, that enquiry previous to 1921 had 
shown that the highest quality of Portland cement 
was not immune to alkaline waters of high con- 
centration, and that the active agents were the sul- 
phates of sodium and magnesium. The concentra- 
tion of alkali found in waters varies widely between 
points but a few feet apart, and also from time to 
time. It was also known that well-made concrete 
gave greater resistance than an inferior concrete, 
but that when the sulphate concentration was more 
than 0-1 per cent. even good concrete was in danger. 

It is now known, further, that the action of sodium 
sulphate and magnesium sulphate differ considerably 
in their effects, and affect different cements in 
differing ways. It has also been found that cements 
from different mills and from different raw materials 
may, in some cases, behave well and in others suffer 
badly within a couple of years. Some high alumina 
cements, while highly resistant to the sulphates 
of magnesium and sodium, are reported to be 
readily damaged by sodium carbonate. A lean 
concrete made with cement of low natural alkali 
resistance will be rendered highly resistant if steam 
treated at 212 deg. F. Further improvements in 
this connection, more particularly in pre-cast work, 
may prove possible. 








Wrre-Rore TRADE In ARGENTINA.—A short report 
on the conditions of the wire-rope trade in the Argentine 
has been prepared by the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, from infor- 
mation furnished by the Commercial Counsellor at 
Buenos Aires. Interested British firms should com- 
municate with the Department at the above address, 
quoting Reference No. A.X. 8448. 








LOW-EXPANSION NICKEL STEEL. 
By Tuomas F. Russett, Assoc. Met. (Sheffield). 


A STEEL containing 36 per cent. of nickel has 
been in use for many years for parts where a low 
coefficient of expansion is desirable. It is the iron- 
nickel alloy having the lowest coefficient of expan- 
sion of all other similar alloys under the same con- 
ditions of treatment. Most of the credit for the 
development of the iron-nickel alloys must be 
given to the distinguished French metallurgist 
Guillaume and his co-workers, but these alloys have 
also been the subject of extensive researches in 
several other countries. Nevertheless, even to-day, 
no satisfactory theory is known which will account 
for all the characteristics of the low expansion 
36-per cent. nickel alloy. What is known, however, 
is the method of controlling the product, and this is 
of far more importance to the manufacturer and 
user than are abstruse theories. A 36-per cent. 
nickel-iron alloy has a coefficient of expansion at 
atmospheric temperatures which can be varied 
by suitable treatment from 2-0 x 10-§ down to 
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0-3 x 10-6 or even lower, the average figure being 
about one-tenth of that of iron or steel. It is 
manufactured and sold in this country under the 
name Nilex, and is used for clock pendulums, 
standard tapes for geodetic surveys, standards of 
length, scientific instruments generally where 
variations in size due to changes of temperatures 
are to be minimised, and for differential dilatometric 
control of thermostats and domestic heating regu- 
lators. Comparatively recently its uses have been 
extended to engineering parts. It is placed next to a 
non-ferrous alloy having a fairly high expansion so 
as to make the expansion of the combination approxi- 
mately equal to that of steel; or the non-ferrous 
casting may have inserts of 36 per cent. nickel 
alloy to minimise the expansion. 

Probably owing to the fact that much promin- 
ence has been given to the non-permanent nature 
of this alloy under certain conditions, and other 
general statements which are made without quan- 
titative qualifications, there is still misapprehen- 
sion regarding it in the minds of potential users, 
but there is little doubt that when the properties 
and characteristics of this very useful steel are 
better understood its uses wil extend considerably. 
In this article it is intended to discuss briefly two 
theories of this alloy and to present some results 
of tests carried out in the Research Laboratories 
of the English Steel Corporation, Limited, Sheffield. 
Although this alloy is used chiefly on account of its 
low coeflicient of expansion, it should not be for- 
gotten that its mechanical properties are compar- 
able with those of a 0-3 per cent. carbon steel. 
The Brinell hardness number of the alloy may be 
varied from 114 to 217 by one process, and made 
even higher by another. 


These hardness figures | 
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strength the ductility is excellent, e.g., a 0-2 in. 
rod, having a Brinell hardness number 217, gave, 
when tested in an independent laboratory, a 
maximum stress of 45-9 tons per square inch, and 
a reduction of area of 57 per cent. As may be 
expected, every variation in hardness is accom- 
panied by variations in other properties, such as 
electrical resistance, magnetic induction, expan- 
sibility, permanence, &c., and it is one of the 
objects of metallurgical investigation to correlate, 
as far as possible, the different physical properties 
of an alloy when this is put into different conditions 
by suitable treatment. It will be shown later that 
there is a close relationship between Brinell hardness 
and expansibility. 

In the first place it is interesting to examine two 
theories which have been put forward to explain 
the low expansion anomaly, and to see to what 
extent the characteristics of a 36-per cent. nickel 
steel may be anticipated from the known behaviour 
of iron or mild steel. The analogy is by no means 
perfect, but it does serve the useful purpose of 








impressing upon the mind of the user the limitations 
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of this alloy, and the fact that its desirable pro- 
perties may be impaired by misuse. Fig. 1 (a), 
above, shows a typical expansion curve for pure 
iron. Within a very narrow range of temperature, 


at about 900 deg. C., the «-iron changes to y-iron | 
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percentage of nickel, edema low expansion may 
be obtained up to 250 deg. C. 

The above simple explanation suggests the pre- 
liminary hypothesis that a 36-per cent. nickel steel 
consists of two phases of iron-nickel solid solution, 
the « and the y, the equilibrium of which varies 
with temperature changes. The effect of heating the 
alloy is a simultaneous expansion of both the 
« and y constituents, and contraction due to the 
« to y change, the net results being a low expansion. 
This theory is usually attributed to Benedicks. 
It will not explain all the characteristics of low- 
expansion nickel steel; nor will any one theory 
account for all the changes which can be brought 
about in plain carbon steel. Nevertheless it is a 
useful working hypothesis which will explain many 
of the characteristics of the nickel alloys. It 
accounts fully for the low expansibility below the 
magnetic change point. It explains why the 
coefficient of expansion reaches the same order of 
magnitude as that of austenitic steel when the 
magnetic change point is exceeded. It shows why 
a rod of this alloy, when cooled in air after forging 
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with a decrease in volume, but both «-iron and} and kept at atmospheric temperature, will gradu 
y-iron increase in volume when their temperature | ally increase in length. The comparatively quick 
is raised. Suppose now that the addition of a/cooling through the range of low mobility, viz., 
second element increases the temperature range | from 270 deg. C. to air temperature, does not allow 
of the « to y change. There will then be two volume | the alloy to attain equilibrium and there is excess 
changes taking place simultaneously, viz., the | of the y-phase over the theoretical amount, and 
expansion of both « and vy iron with increase in| | the very slow change to the «-phase causes an 
temperature and a contraction due to the « to Y| expansion. 

change. If the first of these effects slightly pre-| A word of warning must be given here. The bare 
dominates, the form of the curve would be as| statement that “36 per cent. nickel steel increases 
shown in Fig. 1 (6). If the additional effect of the in length when kept at atmospheric temperatures ’ 
alloying element is to depress this temperature | may give rise to an exaggerated notion unless quali- 
range so that it commences at some point below) fied by quantitative data. Guillaume found that a 
zero and finishes at about 200 deg. C., the curve} metre length of forged 36 per cent. nickel steel 
shown in Fig. 1 (c) would be obtained. This is | lengthened by 0-038 mm. after being maintained 
precisely the form of curve obtained with expansion | | at atmospheric temperatures for twelve years, 
tests on a 36-per cent. nickel steel, and shows that | and another forged bar, cooled in fifty days from 
the low expansion only takes place from atmos: | 150° C. to 40° C., expanded only 0-016 mm. in 
pheric temperature up to about 150 me. C., after| the same period of time. It should be borne in 
which it gradually increases until at 270 deg. C. it | _mind that this low-expansion steel was originally 


correspond to tensile strengths of from 26 tons to | reaches the figure associated w ith y-iron, or austen- | developed for use in clock making and for standard 


47 tons per square inch. 


At the high tensile | itic steels, viz., 16 to 18 x 10-8. 


By varying the | measuring tapes. In both these cases the question 
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of permanency of dimensions becomes of paramount 


importance, so that much attention has been drawn 
to this phenomenon in the literature on nickel 
steels. In the writer’s opinion, however, these 
length changes are no greater than would be found 
in any iron alloy in a meta-stable condition, and 
for all ordinary purposes, other than those men- 
tioned, they are insignificant. As a general rule, 
it may be stated that unless Nilex is to be used 
only within the limits of temperature found in 
atmospheric variations, it is a waste of money to 


pay for an expensive stabilising treatment, or for | 


treatments to obtain the very lowest coefficient 
of expansion. As will be obvious from what 
follows, in the first case, the stability is impaired, 
and, in the second case, the coefficient of expansion 


is increased, if the material is temporarily heated | 


to higher temperatures, 

Guillaume found that if a rod of 36 per cent. 
nickel steel be maintained at atmospheric tempera- 
tures for some considerable time and then quickly 
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change takes place over a fairly narrow range of 
temperature which is within the thermal critical 
range. It is, however, well known that with 
pure iron and certain chromium steels, the magnetic 
change on heating takes place at a lower temperature 
than the thermal critical range, and Honda and his 
collaborators have shown that the magnetic change 
range of a 36 per cent. nickel-iron alloy takes 
place at a higher temperature than the thermal 
critical range, the latter actually taking place below 
atmospheric temperatures. Now the thermal 
critical range is always associated with, amongst 
other things, a change from «-iron to y-iron, 
i.e., With a change from body-centred cubic spaced 
iron to the face-centred cubic lattice, and as 
Honda’s investigations have convinced him that 
the magnetic change does not indicate a change 
of phase, he accounts for the low expansibility 


‘of the 36 per cent. nickel alloy, in the range of 


heated to, say, 100 deg. C. and maintained there, | 


the length quickly reaches a maximum and then 
very slowly and very slightly decreases. 
explanation may be followed by reference to Fig. 2, 


The | 


temperature between the thermal critical range 
and the magnetic change points, by merely stating 
that the low expansibility is a characteristic 
property of the ferro-magnetic condition of the 
y-phase. Such a statement is far from being 


| satisfactory as an explanation of the phenomenon 


which according to this theory would represent | 
equilibrium conditions for a 36 per cent. nickel-iron | 
alloy. It will be seen that at 100 deg. C. there is | 
a larger proportion of the y-phase than there is! allotropy, and (or) a change of phase. 
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at 0 deg. C. Consequently, on being heated to 
100 deg. C., both the « and y expand, and the 
amount of expansion is decreased by the « and ¥ 
change which is taking place at the same time. 
This change, owing to the high viscosity of the 
alloy at this temperature lags behind the temperature 
change, and tending to reach equilibrium on being 
kept at 100 deg. C., causes a contraction at that 
temperature. In Fig. 3, Guillaume’s observations 
on the increases of length which took place when 
a 35-5 per cent. nickel steel was kept at the 
temperatures shown, have been plotted. It will 
be noticed that at each temperature the expansion 
curve tends to become asymptotic, thus indicating 
that at each temperature there is a definite 
relationship between the quantities of « and y¥ 
phases. This would be a direct deduction from the 
hypothesis enunciated. So far the theory has 
answered well, but when one attempts to apply it 
to account for the magnetic behaviour, or for the 
variations in physical properties which may be 
brought about by suitable treatment, it is found to 
be totally inadequate. For instance, if the theory 
is the correct one, it is obvious that the magnetic 
induction should decrease continuously in that 
range of temperature where there is low expansion, 
Whereas it will later be shown that no such decrease 
takes place; on the other hand, in certain cases 
there may be a very marked increase. 

The next theory is due to Professor Honda, and 
may best be approached by again considering the 
case of pure iron. A mild carbon steel has a thermal 
critical range, on heating, at approximately 730 deg. 
to 800 deg. C., which is associated with an absorption 





of heat and a loss of ferro-magnetism. The magnetic 


and, as it presupposes that the y-phase may be 
either magnetic or non-magnetic, it opens the way 
for a metaphysical discussion as to what constitutes 





Nevertheless, what was at first thought to be 
a striking piece of evidence in favour of Honda’s 
theory was the outcome of an investigation into 
the properties of Nilex; for, as is shown in Fig. 7, 
when the alloy has been cooled very slowly, both 
the magnetic induction (with the magnetising field 
used), and the coefficient of expansion remain con- 
stant up to about 162 deg. C., after which comes a 
range of temperature where the magnetic induction 
drops to almost zero at the same time as the 
coefficient of expansion is changing; after this 
again both these properties remain fairly constant. 
Further work, however.convinced the writer that 
in order to explain the variations in expansibility, 
magnetic induction, hardness, &c., which may be 
brought about in this alloy by suitable treatment, 
much more profound theories, probably based on 
interatomic relations, will have to be propounded. 

Below are given some results recently obtained 
in the course of a further investigation into the 
properties of alloy known as Nilex. In particular, it 
was desired to correlate, if possible, the coefficient of 
expansion, Brinell hardness and magnetic induction ; 
and to see if the magnetic change point was altered 
by the treatment which causes very low expansibility. 
As previous work in this laboratory had proved that 
the properties of Nilex were slightly modified by a 
heating above the magnetic change point, it was 
decided to eliminate all errors due to this source, 
by taking simultaneously two curves which would 
show the expansion and the magnetic induction 
when the sample was heated until it reached the 
non-magnetic condition. A Newall Engineering 
Company’s micrometer machine was used, but it 
was soon found that with the original cast-iron bed- 


plate supplied with the machine, the alteration in 
length of the bedplate due to variation of atmos- 
pheric temperature might be sufficient to vitiate the 
results unless special precautions were taken. For 
example, Fig. 4, opposite, shows duplicate heating 
and cooling curves obtained one early spring morning 
when the temperature of the laboratory rose 5 deg. C. 
during the course of the experiment. The erratic 
results are entirely due to this cause; in fact, it 
can be calculated indirectly that the coefficient of 
expansion of the bedplate is about 12 x 10-°. 
Actually, each of the four curves mentioned in this, 
article were obtained with the cast-iron bedplate, but 
in each case the rise in atmospheric temperature 
did not exceed 1 deg. C., so that the maximum error 
in the figures given in Table I, due to atmospheric 
changes, is 0-10. It is interesting to note that the 
cast-iron bedplate has now been replaced by one 
made of Nilex. The limit of error has been reduced 
to about one-tenth of the previous amount, and 
heating and cooling curves now coincide to a high 
degree of accuracy. In view of the small initial 
cost of the metals used for scientific instruments 
when compared with their final cost, it is surprising 
that far more use is not made of the low-expansion 
alloy. ; 
The test pieces used in the heating and cooling 
curves were heated electrically. Pieces 8 in. long 
were placed in a copper tube, which in turn was put 
exactly in the centre of a small electric furnace. 
Two 2-in. silica distance pieces connected the ends 
of the sample to the anvils of the machine. A steady 
current was obtained from accumulators, and the 
temperature was measured with a copper-constantan 
thermocouple, which had been calibrated against a 
mercury thermometer. As the outer case of the 
electric furnace was a silica tube, it was possible by 
means of a search coil placed round the furnace and 
connected directly to a ballistic galvanometer, to 
compare the inductions at different temperatures 
by breaking or reversing the heating current. 
Unfortunately, it was not possible to calculate, with 
any degree of accuracy, the strength of the mag- 
netising field, but that it did not vary during the 
course of an experiment was proved by a “ blank ” 
test, i.e., with the test piece removed ; the “kick” 
remained constant when the furnace was heated up 
to 300 deg. C. Any temperature gradient in the 
test piece was minimised, both by the presence of 
the copper tube, and by the fact that the heating 
was very slow, usually taking about 2 hours to 
reach the magnetic change point. A photograph of 
the modified apparatus set up for taking the simul- 
taneous curves is shown in Fig. 8, annexed. The 
mode of procedure was to set the micrometer so 
that the bubble of the spirit level was in the centre 
at atmospheric temperature, then set back the 
micrometer 0-00005 in. or 0-00010 in., and heat 
very slowly with a suitable current. As soon as the 
bubble was again at its original position, the tempera- 
ture was taken, the current immediately broken or 
reversed, and the galvanometer “ kick” noted. 
This was repeated until the para-magnetic condition 








was reached. Typical curves are shown in Figs. 
5, 6, and 7, on the opposite page, and some data 
from tests are given in Table I, page 402. 

It is now proposed to discuss the main features of 
the curves and of the results shown in Table I. 

Case A, Fig. 5.—The same test piece as was used 
for the curves shown in Fig. 4 was employed, 1.¢., 
the test piece had had two previous heatings to about 
110 deg. C. There was practically no change in the 
coefficient of expansion up to 100 deg. C., brought 
about by the previous heatings; the coefficient 
remained constant up to 115 deg. C.; and the 
magnetic induction increased slightly. 

Case B (not shown, as it is very similar to Fig. 6). 
—In this the mean expansion between 18 deg. C. and 
100 deg. C. was low, viz., 0-64 x 10-®. The range 
during which there was constant coefficient of 
expansion was from 18 deg. C., to about 60 deg. C., 
the value being approximately 0-3 x 10-®. The 
magnetic induction increased on heating, so that 
at 205 deg. C. it was nearly double what it was at 
atmospheric temperature. 

Case C (Fig. 6) shows a repeat test on the last 
sample, i.e., the sample had been preheated to 
about 300 deg. C. The mean coefficients of expansion 
in the lower ranges of temperature were distinctly 





402 





ENGINEERING. 


(SEPT. 27, 1929. 











higher than in the first test, but the total expansion 
up to 250 deg. C. was practically the same as in the 
first test. The range in which there was constant 
coefficient of expansion was somewhat higher than 
in the first test. The magnetic induction curve was 
almost identical with that obtained in the last test. 

Case D (Fig. 7).—The same test piece as was 
used for the last two tests was allowed to cool 
from 830 deg. C. to atmospheric temperature over 
about 19 hours. The Brinell number was reduced 


times a repeat test was made very soon after the 
first, and at other times the test piece was allowed 
to remain at 100 deg. C. for various lengths of time. 
The figures show very definitely that the alloys 
with very low expansion cannot be heated even 
to 100 deg. C. without increasing slightly the coeffi- 
cient. On the other hand, it is very probable that 
any of the alloys, if maintained within the range 
during which the coefficient of expansion is constant, 
would keep its characteristic properties for an 












































to 114. The coefficient of expansion remained | indefinite period. 
practically constant up to 162 deg. C., and reached| Every physicist is familiar with the extraordinary 
TABLE I. 
~ Loss of Magnetism. 
Case, | Fig. | — Mean: Costicent of Mupeasion | singustic Sntustion. | ; 
| | Commences. | Finished. 
1 7. BT a an 
A 5 142 | 17 deg. to 100 deg. C. 1-66 | Slightly increases to 222 deg. C. | 271 deg. C. 
| 17 deg. to150deg.C. 1:90 | 222 deg.C. | | 
17 deg. to 200 deg. C. 2-32 
| 17 deg. to 250 deg.C. 3-11 | 
| 
sa aaa NT? ha << | | 
B 196 | 18 deg. to 100 deg. C. 0-64 | Very marked increase 205 deg. C. | 271 deg. C. 
| | 18 deg. to 150 deg. C. 1-03 from 18 deg. C. to | | 
| 18 deg. to 200 deg. C. 1-47 205 deg. C. 
| 18 deg. to 250 deg. C. 2-53 
Cc 6 15 deg. to 100 deg. C. 1-02 Exactly the same as last | 205 deg. C. | 271 deg. C. 
15 deg. to150 deg. C. 1-19 test | 
15 deg. to 200 deg. C. 1-57 H 
15 deg. to 250 deg. C. 2-43 | 
D 7 114 15 deg. to 100 deg.C. 2-01 | Constant up to about 162 deg. C. | 271 deg. C. 
15 deg. to 150 deg. C. 2-11 | about 162 deg. C. 
15 deg. to 200 deg.C. 2-37 | 
| 15 deg. to 250 deg.C. 2-89 | | 
| | 














its highest value. The magnetic induction was 
constant up to 162 deg. C. and commenced to fall 
off at a much lower temperature than in the first 
three tests. The following general conclusions may 
be drawn :— 

1. The harder the alloy :— 

(a) The lower is the range of temperature during 
which there is constant coefficient of expansion. 

(6) The lower is the coefficient of expansion in 
this range. 

(c) The lower is the mean coefficient of expansion 
in the range from atmospheric temperature to 
100 deg. C. | 

2. The lower the coefficient of expansion, the | 
more easily is this figure increased by heating | 
above the range of constant coefficient. 

3. The harder the alloy :— 

(a) The lower the permeability with constant field 
strength at atmospheric temperatures. 

(b) The more the permeability increases with rise 
of temperature until the commencement of loss of 
magnetism; with the softest material there is no 
rise of permeability. 

4. The end of the magnetic change is fairly 
constant at 271 deg. C.; the commencement of the 
change varies with the condition of the test piece. 

The writer will not attempt to discuss the 
magnetic properties, except to say that the lower 





difficulty of measuring directly very small differences 
in length over a narrow range of temperature, so 
that any results obtained by indirect methods are 
particularly welcome. Thus, Colonel Sir Gerald 
Lenox-Conyngham, when describing the Cambridge 
pendulum apparatus in the Geological Journal of 
April, 1929, page 328, writes: ‘The pendulums 
of the Cambridge apparatus are made of nickel 
steel, of the same composition as invar, supplied 


TABLE II. 














Coefficient of Expansion (atmos. to 
100 deg. C.) x 10-6, 
Brineil No. 
ist Test. | 2nd Test. | 3rd Test. | 4th Test. 
196 0-54 | 0-75 0-78 0-86 
170 0-94 1-11 1-11 1-32 
142 1-63 1-66 _ — 
114 1-96 1-99 2-02 | 1-91 











by what is now the Cyclops works of the English 
Steel Corporation. The coefficient of 
expansion of the Cambridge pendulums has not 
been determined directly, but may be inferred 
from the temperature correction to the time of 
oscillation which has been carefully observed. 
This correction is — (0-5 x 10-7) x #, where ¢ is 
the temperature on the centigrade scale. This 





permeability with increased hardness may be 
expected by analogy with other ferrous alloys, but 
neither this nor the fact that permeability increases | 
on raising the temperature can be explained on | 
either Benedicks’ or Honda’s theory. There is, of | 
course, the possibility that other results may be 
obtained by varying the strength of the magnetising 
field. An eminent physicist has been known to 
confess to a “‘ feeling of helplessness” when attempt- | 
ing to grasp a large amount of magnetic data from | 
any one point of view, and the writer proposes to | 
leave what promises to be an interesting field of | 
scientific investigation to hose engaged on academic, | 
as distinct from commercial, research. Conclusions | 
1 and 2, however, are of great practical importance, | 
and as further confirmation of lc and 2, four samples | 
of Nilex, of identical analysis, but treated to give | 
different Brinell hardness numbers, were tested | 
three or four times on the improved apparatus, | 
in the temperature range, atmospheric to 100 deg. C. | 
The results, which are typical of many others, are | 
given in Table II. As already stated, the alloy | 


in the harder conditions has a lower expansion | 
for small temperature ranges. 

Too much attention should not be paid to the| 
actual differences between any two tests, as some- | 


corresponds to a_ coefficient of expansion of 
(2 x 10-7) per 1 deg. C. With these pendulums, 
therefore, if the temperature is wrongly estimated 
by as much as 3 deg. the effect on the time of 
swing will be less than (2 x 10-7) seconds. So 
gross a discrepancy between the real temperature 
of the pendulums and the thermometer reading 
seems improbable, and it is therefore reasonable 
to hope that with these pendulums the temperature 
difficulty has been overcome.” 








THE PEIPIAO EXTENSION OF THE 
CHAO YANG BRANCH OF THE 
PEKING-MUKDEN RAILWAY. 

By H. Srrincer, A.M. Inst.C.E. 

THE total length of the Chao Yang branch of the 
Peking-Mukden Railway, is about 70 miles, and the 
construction of the first 33 miles was undertaken in 
1921 and opened for construction traffic, over many 
deviations, in the late autumn of the same year. 
This first portion of the line traversed fairly easy 
country, and the construction calls for no particular 
comment. It is proposed to deal here with the 


to the terminus at Peipiao—which traverses country 
of some difficulty. 

As the principal aim of this branch was the 
development of a colliery the expected output of 
which was put at 6,000 tons a day, and, further, as 
a considerable grain traffic was expected to develop, 
gradients were limited to 1 in 135 and curves to 
34deg. The rapidly increasing cost of maintenance 
in China was also not without its bearing in fixing 
these limits as low as possible. It was further 
desired to adopt main-line standards as far as 
possible, as much of the expected traffic would 
pass on to the main system. Gradient was eased 
on all curves to 1 in 154 wherever maximum grade 
occurred. ‘The rails were of 60 lb. section, removed 
from the main line. 

The country being open and devoid of bush, the 
subtense method of traversing with a fixed offset 
gave the best results, but a plane table survey was 
always run concurrently to put in detail and as a 
check. Ground inclinations were taken from station 
to station. 

The detailed survey for the paper location was 
contoured at 10-ft. intervals throughout, in country 
where topography demanded it. This was done 
with great accuracy in the earlier stages of the 
survey, where the ground was very broken. Here 
the usual tacheometer traverse was run and stations 
checked by levelling. Contours were located from 
these stations by level, and the positions picked up 
by tacheometer and plotted in the field. Later, 
as the survey staff was depleted for construction, 
the method of spot levelling was reverted to with 
tacheometer only. Also, as a number of inexpe- 
rienced students were sent for training in survey 
work, the spot levelling was again extended to 
include the plotting of contours in the field. In 
the latter case the levels.of each station on the 
tacheometer traverse were sent back to the plane- 
table party, whose duties combined putting in the 
topography and also plotting contours. The con- 
tours were located by hand level on selected rays 
radiating from the traverse station, distances from 
this station being fixed by tape. This, with the 
check obtained by the spot levels taken in the 
ordinary way, gave quite good results. The 
traverse stations were a maximum of 700 ft. apart. 
If it was considered that the connection of the 
contours taken from each station was not accurately 
enough represented by sketching on the ground, an 
intermediate station was put in by plane table. 

The scale for reconnaissance work was 2,000 ft. 
to the inch, that for paper location 200 ft. to the 
inch. Much of the survey work was carried out in 
the winter, when the ground was frozen to a depth 
of 4 ft. Under these conditions an iron peg was 
used first to make a hole for the wooden pegs, 
and where final pegging had to be done, only points 
of intersection and stations at 2,000-ft. intervals 
on long tangents were marked permanently by 
stones about 8 in. square in section by 3 ft. long. 
Arrows only were used as temporary marks for 
intermediate stations, as these could be driven 
into the soft 6-in. layer of soil overlaying the frozen 
ground. For the estimation of openings Table I, 
(page 403) was used as a general guide for culverts, 
but it was widely departed from if inspection of the 
drainage area was thought to demand it. Complete 
drainage area plans on a scale of 2,000 ft. to the 
inch were made for all the smaller streams up to 
about 4,000 acres in extent. The method adopted 
for drainage area measurement was the subtense 
traverse. 

For openings 25 per cent. under 6-ft. requirements, 
the double four was used and for those 25 per cent. 
under 8-ft. requirements the double six. The 
double smaller openings were also preferred where 
foundations were found to be poor. The 3-ft. 
opening was hardly used at all, the 24-in. concrete 
pipe being used for drainage areas of about six acres 
and the double pipe up to 14 acres. 

The flood-records in Table II (page 403) were 
obtained for semi-circular arch culverts in 1923. 
These culverts were 6 ft. from invert to springing, 
70 sq. ft. in area, and, according to the Talbot 
formula, capable of draining 289 acres, the constant 
being taken as 1 for steep rocky ground. 

The average slope of the bed was obtained by 





last 37 miles—roughly, from the station at Yihsien 


measuring the length from the upstream culvert-face 
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| 
to the farthest part of the watershed divide, | 


and observing the height of this point above the 
culvert-invert. The foregoing results showed that 
the Talbot formula was inapplicable to ravines 
where, as in the first three cases cited, the channel 
had extremely deep and very steep sides. It would 
appear that side-slope conditions and not bed-slopes 
were the determining factors for maximum quantity 
at culverts. Apparently, the Talbot formula should 
be weighted with a constant of about 4 for culverts 
with the characteristics of Nos. 1, 2 and 3in Table II. 
The sections of the drainage-areas at the railway 
should be taken as a rough guide for fixing the 
value of the constant in the Talbot formula for 
small areas where the time factor is of no account. 
The character of the foundations also had a bearing 
on the fixing of culvert sizes, since where rock was 
a certainty more chances were taken, as was the case 
also where bank-heights were insignificant, and 
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Wherever drainage areas were measurable and 


demanded openings of more than culvert size, the 
Kutter formula was checked against the quantity 
derived from drainage area considerations only, 
taking run off at 100 per cent. and rainfall at an 
inch an hour. In point of fact, this rainfall was not 


|excessive, being exceeded in one or two cases. 


Rough estimate of the amount of run-off actually 
occurring in areas with bare, rocky upper slopes, 
and valley bottoms planted as a rule with millet, 
indicated about 77 per cent. after thorough satura- 
tion. This figure was derived from weir calculations. 

Formation.—The following formation standards 
were adopted :—Banks of earth and all material 
liable to disintegration, 20 ft. wide; banks of surface 
rock and inferior rock, 18 ft.; banks of first-class 
rock, 16 ft. Slopes 14 to 1, and, in the case of rock, 
the angle of repose, which experience showed to be 
never greater than 1} to 1. 
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Y — be cate in very broken country, it 
was found economical to run many of the cuttings 
to bank. For this purpose, Decauville track was 
used of a gauge of 2 ft. 6 in., with 16-lb. rail on 
steel sleepers in lengths of 16 ft. Tubs were of about 
18 cub. ft. capacity, some 6 miles of track, and 270 
tubs being employed fully during the working 
season. Questions of economic length of haul 
were gone into, taking into consideration the 
expected price of the extra land required for borrow 
and stacking in the cut, the price of bank built 
from borrow, and balancing this against the cost 
of haul, which averaged 2 cents per chain, 100 ft. 
being free. Further, the contents of the cut were 
often a controlling factor in this connection, rock 
often compelling the adoption of half borrow, half 
haul method of bank building. Further, for banks 
of lengths over 2,000 ft. and heights over 30 ft., 


; haul from spoil pit above formation level is un- 
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serious consequences from washouts were thus i) 
anticipated. | 
Where drainage areas were too large to measure, | 


TaBLE I.—Culvert Sizes and Capacities. 




















Size of arch Total Drainage 
culvert area, area, Remarks. 
(semicircular). sq. ft. acres. Mever formula. | 
it. gis | 
3 7:78 3-78 | A— JC for steep 
4 17-55 19-25 and rocky country. 
2-4 35-10 77-0 C is area in acres. 
6 36-86 84-92 | 
2-6 73°72 309-0 | Talbot Formula used. | 
8 70-14 289-3 | 
10 96-3 441-4 
12 125-57 628-3 
15 196-38 1,143-80 
2-15 392-76 2,903 -0 
ies — | 








ood wed Sink and cross-sections were vei and 
with an assumed constant, the Kutter formula 
0 = 47 ./rs was used to calculate flood velocity. | 


‘The amount of banking up which was to be expected | - 


from constriction of channel up to as much as 50 per 
cont., was also investigated in the manner described 
in Kempe’s Engineers’ Year Book (Section on 
bridges) page 512, 1921 edition. Restriction to 
over 50 per cent. was not considered advisable. 
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Cuttings were made amply wide on account of 
troubles to be expected in North China from ice, 
and frost heave. For soft material a width of 52 ft. 


_ TABLE II.—Flood Records jor Culverts. 




















| 
| Max. | Flood} Average 
| No. |\Drainage Length} above Slope 
| Area. | Water-|Invert; Stream- Remarks. 
| shed. Bed. 
Acres. | ft. ft. in, | degs. in. 

1 86 | 3000;};8 O|] 3 28 Rainfall 4% in. in 
| | 2 hours. 

2 74 3,000 | 8 0 3 49 First three culverts 

all within 1 mile. 

| Upper slopes of 

| | 8 degs. 30 min. to 
| stream bed. 

3 81 | 2,800}8 0| 38 53 | Sides almost verti- 
| } cal and very deep: 
| 50 ft. to 60 ft. 

4 240 3,900 | 5 0 5 52 Rainfall, 3 in. in 3 

| hours. 

5 | 270 3,000 | 5 5| 5 34 | Culverts 5, 6, 7 all 

| | within a mile. 

6 170 | 1,500 | 2 4 4 30 Beds not deeply cut 
| | and sides not steep. 

tj 400 | 10,000 |} 4 0} L 30 








and slopes not less than 1 to 1 were adopted ; good 
but not first-class weathering rock, 20 ft. wide, and 
slopes of $ to 1; first-class rock 18 ft., with slopes 
¢tol. Caution was used in placing rock in this 











category. 
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questionably most economical in China. For 
calculations of centre of gravity of a section of 
bank or cut the following approximate formula was 


|used. Centre of gravity is 


‘a { 20 1-5 x tana 
3 + } 








1-5 Xx tana ’ 


2 

where x is distance to tip head or cut face, 20 the 
bank formation width, 1-5 the bank slope for a 14 
to 1 slope, and a the approximate angle of centre 
line slope estimated from the profile of the line. 

The most interesting piece of formation work, on 
account of its somewhat experimental nature, was 
the two miles of heavy protection work where the line 
was located in the bed of the Ta Ling River. This 
river is a considerable stream in times of flood. 
Rough gaugings during the high flood of August, 
1923, gave the following approximate discharge up 
data :—Width, 2,900 ft.; depth, 12 ft. to 15 ft.; 
velocity, 14 ft. per second estimated discharge 
180,000 cub. ft. per second. The form of protection 
adopted was as shown in Fig. 1, this having been 
tried on a smaller scale on the construction of the 
main line in 1902. The rock used for protection 
was a hard black basalt which out-cropped at this 
point along the river edge. 

This stone had, in the case of one quarry, the well- 
known columnar structure, and stone could be 
quarried almost without the use of powder in size 
up to 10 cub. ft., and lengths up to 6 ft. Almost 
all the heavy protection stone was obtained from 
this source. For handling this heavy stone in those 
parts of the river bed where there was water to 
contend with, berm A was completed first, with 
small stone weighing from 100 lb. to 140 Ib. 
a piece, and a temporary track was laid on this 
for dumping the heavy stone for berm B. The 
weight of stone used for berm A is not, of course, 
advocated; lack of time, and labour troubles, 
compelled the adoption of this course. It was 
imperative to get this section of line protected 
before the rainy season broke, as the earthwork of 
the banks on this length was carried on simul- 
taneously with the pitching. The cost of the 
protection only of this length amounted to 600 dols. 
per chain, or 72]. at 8-40 dols tothe pound. In 1923 
owing to under-estimation of flood levels, the 
pitching was topped for a short time, and some 
slight damage done. This was repeated in the 


~ 20 
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following year, the flood level exceeding that of | 


the previous year. In this case, some 1,500 ft. of 
bank from the point east of C in Fig. 2 was lost. 


The point C is the danger point, currents A 


and B converge here, and setting up waves and 
eddies scoured the river to such a depth that 
the berm provided proved inadequate, and the 
pitching not heavy enough to resist the wave 
action. The railway was not, however, so badly 


damaged that temporary repairs were difficult. | 


At this point, it was decided to deviate further into 
the solid cliff face, to flatten the slopes of bank to 
2 to 1, put in 4 ft. of heavy pitching, and increase 
the berm to 30 ft. in width. 

Two tunnels were found to be necessary on this 
length, one a short one of 383 ft., which was in very 
hard rock, requiring no lining and calling for no 
particular comment, the other, known as the Nan 
Ling, of a length of 3,894 ft. in a friable horizontal- 
ly-bedded green sandstone, requiring lining to all 
the arch and sidewalls to a considerable extent. 

Both tunnels were driven by the top heading 
(Belgian) method and in the case of the longer 
tunnel the very great advantages (apart from its 
suitability on other counts), of this method in 
countries where expert timber men are non-existent 
were very well illustrated. The top heading on 
completion was widened out to full size to admit 
of turning the arch for which sills were excavated 
to a depth of from 3 ft. to 6 ft. 

In the Nan Ling Tunnel, the arch was made of 
pre-cast concrete blocks, this being the only feasible 
way of ensuring a sound job, and that the proper 
thickness of arch lining was putin. A further reason 
for the adoption of concrete blocks was the absence 
of suitable bricks and the certainty of proper super- 
vision in making the blocks, these being cast outside 
the tunnel. 

On completion of the arch the sills were under- 
pinned in 6-ft. lengths. The question of sidewall 
thickness was a continual problem owing to the 
varying character of the rock. Where the rock was 
disintegrated into what had the appearance of a 
hard clay the side lining was 2 ft. thick in 1.3.6 
concrete. Where the rock was rotten and showed 
signs of weathering badly the side-wall thickness 
was | ft. 6 in. in 1.4.8 concrete except in very wet 
places where 1.3.6 was used. For a length of 60 per 
cent. of the tunnel where the rock was sound, but its 
weathering qualities open to doubt, pillars, 18 in. 
thick were inserted, the rock surface between pillars 
being cut back to admit of a plaster of at least 
2 in, thick being putin. The pillars were built at 
varying distances. They were all in 1.3.6 concrete. 
With the arch sill, 6 ft. below springing, pillars 
6 ft. wide were used with 12 ft. between pillars ; 
with the arch sill 3 ft. below springing the pillars 
were 6 ft. wide, with 9 ft. between pillars. 

Tunnel drainage in a country where 40 deg. of 
frost is possible and a zero temperature the usual 
thing from December to March was a question of 
some difficulty. During construction and after the 
tunnel was opened in November, 1923, this diffi- 
culty was temporarily solved by having large matting 
doors at each porta! which were kept closed between 
trains. As a tentative permanent solution of the pro- 
blem a concrete, slab-covered, side drain was adopted 
which drained to catch pits at the North portal 
where pipes below the frost line were laid to a 
large blind well at the mouth of the approach 
cutting. Fortunately the amount of water in the 
tunnel was not at any time great, one double-acting 
6-in. Worthington pump in each shaft, working 
intermittently, amply sufficing. 

The tunnels were all Luilt for single line and of 
the following dimensions. Arch semi-circular 18-ft. 
radius: Height from rail to springing of arch, 14ft. : 
Arch thickness where lining was used, 1 ft. 6 in. 
Figs. 3, 4 and 5 give details of the lining, &c. 
As regards the construction scheme, the tunnel 
had three shafts which were served by double, 
steam-winch-hauled, cages which handled the 18-in. 
Decauville waggons used between the shafts. At 
the portals, 2 ft. gauge Decauville track was used. 
All spoil was hand-hauled to the dumps. Drilling 
was done entirely by hand although steam drills 
and steam driven fans for ventilation of headings 
were offered to, and refused, by the Chinese con- 
tractors. Dynamite, fuse fired, was used to a very 
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large extent, as the amount of water present pre- 
cluded the use of native powder which was used 
for rock excavation wherever possible. Work was 
carried on night and day. The headings were 
begun in June and July, 1922, and holing through 
took place on February 24, 1923, the tunnel being 
opened for traffic on the following November 24. 
The size of heading first driven was about 8 ft. wide 
by 8 ft. high. The only serious mishap which 
occurred was the bursting of a heading drain dam 
in the South approach cut during the torrential 
rain of the night of August 21, 1923. This caused 
the flooding of the tunnel as far as the second shaft 
and delayed work in this sector for a fortnight. 

In connection with the Nan Ling Tunnel, which 
was 3,894-8 ft. long, the gross excavation (solid) 
amounted to 69,388 c. yds., and the net excavation 
to 61,140 c. yds. Excess excavation amounted to 
13-5 per cent., of which 72-6 per cent. was above 
springing, equivalent to | ft. 63 in. average depth. 
Below springing this amounted to 5-65 in. outside 
the neat line. The average daily progress of all head- 
ings, was 2-75 ft., and the maximum daily progress, 
of all headings, 4 ft. The explosives per solid ¢. yd. 
for headings only, amounted to 1-03 lb. of dynamite 
and 1-64 lb. of native powder; and per c. yd. of 
whole section, 0-26 lb. dynamite and 0-81 lb. native 
powder. The cost per foot run totalled 129 dols., 
or 15/. 7s., without engineering or head office 
charges. The cost per foot run without lining 
and approach cuts was 73:15 dols. or 8/. 14s. 

Exclusive of the tunnels, the following is the 
amount of formation work done in the working 
season of 1923, April to mid-November :—Earth- 
work, 2,400,000 c. yds.; rock excavation, 880,000 
c. yds.; rock excavation in tunnels, 70,000 c. yds. 
The number of men employed on this work is 
extremely difficult to estimate as all work was on a 
contract basis, but it cannot have been less than 
15,000 on the 37-mile section. 


(To be continued). 





THE WATER SUPPLY OF SOUTHEND- 
ON-SEA 


Tue history of the public supply of water in Southend- 
on-Sea may be said to begin in 1856, when a pumping 
station, drawing from a well, and a reservoir in the 
town itself were constructed by Messrs. Peto, Brassey 
and Betts. This undertaking was transferred to the 
Southend Waterworks Company in 1871, when the 
population of the town was 2,210; the company was 
reconstituted as a statutory body in 1879. Since that 
time, until shortly after the war, additional wells were 
sunk, at intervals, until eventually no less than 34 
were in use, and further reservoirs were added. As 
the demand increased, however, and economic condi- 
tions changed, the conclusion was reached that the 
future would best be provided for by utilising the 
rivers in the neighbourhood. The river Chelmer, and 
its tributary, the Ter, as well as the Blackwater, were 
selected for the purpose, and Parliamentary sanction 
to a scheme for their development was obtained in 
1924. It may be added that the company’s district 
now covers 160 square miles between the Crouch, on 
the north, and the Thames on the south, and extends 
nearly to Brentwood on the west. The area is shortly 
to be extended by a further 164 square miles. The 
present permanent population of Southend is 106,000, 
though this is largely increased during the summer 
months. 

The new works, which were formally inaugurated by 
the Lord Lieutenant of Essex (General R. B. Colvin), 
on Wednesday, September 18, are designed to provide 
a daily supply of 7,000,000 gallons, and are arranged to 
draw water from the Chelmer and Ter above Rushes 
Lock, near Ulting, the latter river being diverted through 
a pipe line to enable this to be done. The Blackwater 
is tapped at Langford, where the pumping station, 
treatment plant, and storage reservoirs have been built, 
and whence the water is supplied to the existing reser- 
voir at Oakwood, through a pipe line. Rushes Lock 
and Langford are also connected by a pipe line 2} miles 
long. In addition, two other pipe lines have been laid 
to divert the sewage outfalls from Chelmsford and 
Witham, which were formerly discharged into the 
Chelmer and Blackwater, respectively, above the 
points at which the Southend water is now drawn off. 

| The joint engineers for the scheme were Messrs. W. S. 
Nicholson, T. E. Hawksley, and E. C. Bilham, while 
| the main contractors for the necessary civil engineering 
| works were Messrs, G. Shellabear and Son, Limited, of 
Plymouth, Messrs. J. Cochrane and Sons, Limited, the 
| Stanton Ironworks Company, Limited, and the Staveley 
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Coal and Iron Company, Limited, being responsible for 
the pipe lines, and Messrs. Guest and Chrimes, Limited, 
for the valves and penstocks. 

The raw water from both sources gravitates into a 
storage reservoir. This is built in two sections, each of 
which has a capacity of 30,000,000 gallons. After 
sedimentation for eight or nine days, the water is then 
pumped to the purification works gravitating back 
through a covered equalising reservoir of 500,000 gallons 
capacity to the pumping station, whence it is pumped 
to the Oakwood reservoirs, a distance of some 14 miles. 
The pipe line used for the latter purpose crosses the 
Crouch in a tunnel laid some 32 ft. below the bed of 
the river. 

The pumping station is at present equipped with 
two main sets which run for a month at a time, though 
the erection of a third is to be begun at once. These 
sets consist of triple-expansion engines, which are 
direct coupled to the raw and purified water pumps, 
the latter being arranged below and direct connected 
to the engine cross heads. Both engines and pumps 
were manufactured by Messrs. the Lilleshall Company, 
Limited, of Oakengates, and have an output of 154,000 
gallons per hour when running at 33r.p.m. The engines 
are supplied with steam at a pressure of 210 lb. per 
square inch, and a temperature of 362 deg. F., from two 
Babcock boilers, reheaters being fitted between the 
H.P. and I.P. and between the I.P. and L.P. cylinders. 
Owing to the great difference in the demand for water 
during the summer and the winter, regulators are 
fitted which enable the sets to be run at any speed 
between 15 r.p.m. and 33 r.p.m. Distance recorders 
are fitted to show the amount of water drawn in at 
the two points of intake, and the output to the Oakwood 
reservoir. The depth of the pond at Rushes Lock, which 
has to be maintained at a certain level for the navigation 
of barges is also shown in the same way. In addition to 
the main sets, three 80-kw. Belliss and Morcom steam- 
driven generators have been installed for supplying 
electric light and power, both at the pumping station 
and at the treatment plant. 

As regards purification, an excess lime process, which 
softens and practically sterilises the water, has been 
adopted after a series of tests, on the suggestion of Sir 
Alexander Houston. In this, the raw water is passed 
over a weir which divides it into two portions, in the 
approximate ratio of one to six. The smaller portion 
is mixed with lime to give an excess of two grains per 
gallon when mixed with the larger portion. The lime 
water for this purpose is prepared by adding cream of 
lime in tanks, where it is continuously agitated, and 
it is then passed forward to a second set of tanks, 
where it is mixed with the larger portion, which, in the 
meantime has been treated with alumina. The water 
next enters three sets of contact tanks, each of which 
has a capacity of 2,000,000 gallons, and then passes 
into a carbonating chamber, where carbonic acid gas 
is injected, thus precipitating the excess lime and 
partially redissolving it. Final purification is effected 
by filtration through a battery of Paterson rapid quartz 
sand filters. Analysis shows that the treated water is 
clear and bright, that the total hardness is reduced to 
10, and that the bacterial content is very small. 








LABOUR NOTES. 


THE text of an interesting agreement between the 
Amalgamated Engineering Union and Russian Oil 
Products, Limited, has been officially circulated. 
In it, the employers undertake to employ trade union 
labour only, but reserve the right to engage suitable 
men who are not members of the A.E.U. at the time. 
provided they agree to join the union. The working 
week is to consist of 44 hours, and the minimum wage 
rates for skilled workers 1s. 10d. per hour in London, and 
ls. 8d. per hour in the provinces. Supervising engin- 
eers are to be paid a minimum weekly wage of 5/. 10s. 
Overtime is to be paid at the rate of time and a-half. 
except in the case of work done between midnight and 
the commencement of the following day shift by a 
workman who continues working after midnight, in 
which case the rate will be double time. Double time 
is also to be paid for Sunday work. Men employed on 
night shift are not to be made to work overtime. ll 
statutory holidays are to be paid for, and, in addition, 
two weeks’ annual holiday with pay is to be given for 
every complete twelve months’ service. 


All differences, disputes, grievances and complaints 
are, in the first place, to be discussed by local repre- 
sentatives of the parties to the agreement, and if no 
settlement is reached, the matter is to be “ referred to 
the respective chief office for joint consideration. 
“Under no circumstances,” the agreement say°. 
“‘ may members of the union take action until instructed 
by the national representatives of the union, and then 
only when the employers and the national representa- 
tives have failed to arrive at an agreement on th 
matter or matters under dispute.” 
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Important issues were discussed at Carlisle on 
Monday by the Executive Committee of the Ship- 
building Employers’ Federation and executive and 
district representatives of the Amalgamated Society 
of Woodworkers. At the close of the meeting it was 
officially stated that, as a result of negotiations which 
had taken place, it was hoped that a basis for a settle- 
ment of all questions outstanding between the Wood- 
workers’ Society and the Shipbuilding Employers’ 
Federation had been found. In the matter of the 
Belfast joiners’ strike, it was agreed by the employers’ 
executive and the men’s executive that the claim should 
be referred to arbitration. The Executive Council 
and the Belfast district representatives of the work- 
men, who were in attendance, are arranging to submit 
the terms of settlement in regard to the Belfast case 
to an immediate meeting of the men on strike. The 
Executive Council of the Amalgamated Society of 
Woodworkers are consulting their members in other 
federated districts in regard to the overtime position, 
and the resumption by the members of the society of 
normal relations in all respects with the shipbuilding 
employers in federated districts generally. The Em- 
ployers’ Federation have made a definite offer to the 
Woodworkers’ Society that, providing normal relation- 
ships are restored in all federated districts, the proposed 
uniform wages scheme for time workers will be applied 
to their members in federated shipyards. 


The decision of the railwaymen’s trade unions to 
terminate the agreement entered into twelve months 
ago, under which wages and salaries were reduced by 
24 per cent., was discussed at a conference, in London, 
on Tuesday, with representatives of the railway com- 
panies. The conference lasted for over two hours, and 
at the close, Mr. W. Clower, the chief Labour officer 
for the companies, made the following official state- 
ment :—‘‘ Sir Ralph Wedgwood, Chief General Manager 
of the L.N.E.R., made a statement of the position of 
the companies, and the meeting was adjourned to 
enable the trade unions to consider the matter. No 
date has been definitely fixed for a further meeting. 
The National Union of Railwaymen, the Railway 
Clerks’ Association, and the craft unions were repre- 
sented, but the Associated Society of Locomotive 
Engineers and Firemen were not.” 





Although the policy of the Amalgamated Engineering 
Union is determined by the National Committee, and 
not by the Executive Council, one or two of the candi- 
dates for election to the latter body deal more or less 
fully with questions of policy in their election addresses. 
A Clydeside member, for example, strongly condemns 
rationalisation. ‘* This is,” he says, ‘‘ the name now 
being given to the drive made by the British capitalists 
to secure markets at the expense of a greater exploita- 
tion of the workers. Speeding up, cutting down of time 
on a particular job, lower pay and longer hours may 
secure temporary advantages in the struggle for 
markets, but finally bring increased difficulties and 
conditions all round. Unemployment grows. War 
between nations is encouraged and workers are rendered 
poverty-stricken whilst markets are glutted. To make 
our members realise that they must use their power of 
combination and organisation to participate in all 
struggles leading up to the final conquest of power and 
the introduction of a system of Government based on 
Workers’ Control of Industry is the primary task of all 
who would be real working-class leaders.” 





A Wear-side candidate, who has served on the 
Executive Council, writes as follows :—‘‘ Economists, or 
those who pose as authorities on such matters, argue 
that by displacing labour by scientific methods and the 
introduction of more modern machinery, you will not 
only accelerate and cheapen production, but increase 
employment at the other end. Do actual results 
bear out such contentions ? It is admitted and recog- 
nised that we cannot stand in the way of progress or 
retard modern science. Improved methods of produc- 
tion and modernised machinery should benefit the 
community as a whole, minimising hours to be worked 
with resultant increases of pay and time for recreation ; 
but if, on the other hand, it is displacing in a greater 
ratio to what it is absorbing, it is simply adding to the 
wealth of the few to the impoverishment of the many. 
Whilst politicians and social reformers are endeavouring 
to devise ways and means to find work for the workless, 
the scientist and the inventive genius are at work to 
accelerate and cheapen production regardless of result 
: ree Operators can go to dole or the 
devil.” 

A Yorkshire candidate is sarcastic. ‘Do you still 
believe,” he asks, “‘in national negotiations ? If so, 
send back the retiring member. If not, then vote and 
work for one who is convinced that national negotiations 
are the finest weapon the engineering employers ever 
possessed for keeping down wages and stultifying 
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progress. Nor does the effect of national negotiations | 
| that endeavour, the pathway leads haltingly and 


cease at that. Our declining membership shows loss 
of confidence in our organisation amongst those who 


are not with us but would be were we not tied hand and ! 


foot to this policy. Until the right to negotiate locally 


for wages and improved conditions is obtained I see | 


no hope of strengthening our ranks, as this can only be 
obtained by a changed point of view in our governing 
body. . . . They do need fresh faces at Peckham 
Road. Let one fresh face be that of yours fraternally,”’ 
&e. oe 

The National Executive of the Labour Party in its 
report to the 29th Annual Conference, which opens at 
Brighton on September 30, places on record its apprecia- 
tion of ‘‘the whole-hearted assistance rendered in 
connection with the General Election by the General 
Council of the Trade Union Congress.” ‘‘ The mani- 
festo issued by the General Council on behalf of our 
Labour candidates was,” it is declared, ‘‘ of considerable 
value in the direction of consolidating the trade union 
vote in the constituencies.” An analysis and classifi- 
cation of the Labour candidates at the General Election 
given in the report of the National Executive to the 
Labour Party Conference brings out the representative 
character of the trade unions in Parliament. Of the 
candidates who went to the poll, no fewer than 139 
were nominees of trade unions, and 115 of these were 
returned to Parliament. 





At a meeting of the Unemployment Grants Committee 
on Tuesday, Lord St. Davids in the chair, a number of 
schemes of work, submitted by Local Authorities and 
other statutory bodies for the relief of unemployment, 
were approved for Government grant. The estimated 
cost of the schemes so approved was 768,000/., to 
provide employment for approximately 3,000 men. 
Schemes before the Committee for approval which are 
now the subject of enquiry number 364, and are esti- 
mated to cost 8,000,0001. 


The Ministry of Labour Gazette states that there was 
a slight improvement in employment in Germany during 


July. The total number of persons reported as avail- | 


able for, and seeking, work at the end of the month, was 
1,355,027, or about 2-0 per cent. less than at the 
end of June; this number included 451,742 (or about 
33-3 per cent. of the total) employed in seasonal 
outdoor trades. The number of persons in receipt of 
standard unemployment benefit on July 31 was 710,499 ; 
that of persons in receipt of emergency benefit was 
153,095, giving a total of 863,594, as compared with 
929,579 on June 30. Returns were received from 


national trade unions relating to 4,600,455 organised | 


workers. Of these, 395,202, or 8-6 per cent., were 
totally unemployed on July 27, 1929, as compared with 
8-5 per cent. on June 29, and 6-3 per cent. on July 27, 


1928. In addition, 315,739, or 6-9 per cent. were 
working short time, as against 6-7 per cent. at June 29, | 


and 6-5 per cent. at the end of July, 1928. 





Unemployment increased in Italy during July. 
According to statistics furnished by the National Social 
Insurance Fund, 202,393 workpeople were recorded as 
unemployed on July 31, 1929, as compared with 193,325 
at the end of June, and 234,210 at the end of July, 
1928. The total for July, 1929, includes 46,354 
engaged in agriculture and fishing, 40,105 in the 
building, road construction, &c., industries, and 35,731 
in the textile industry. In addition, 13,503 persons were 
partially unemployed at that date, as compared with 
10,970 at June 30, and 27,590 at July 31, 1928. 





" On September 9, 1929, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,149,700. Of these, 808,800 were 
wholly unemployed, 268,000 were temporarily stopped, 
and 72,900 were persons normally in casual employ- 
ment ; 873,300 were men, 36,900 boys, 205,900 women, 


and 33,600 girls. Of 1,152,260 on the registers on | 


September 2, 1929, 806,423 were wholly unemployed, 
271,154 were temporarily stopped, and 74,683 were 
persons normally in casual employment ; 873,798 
were men, 37,464 boys, 207,392 women, and 33,606 
girls. The number of unemployed persons on Septem- 
ber 10, 1928, was 1,299,977, of whom 1,003,544 were 
men, 41,554 boys, 217,819 women, and 37,060 girls. 





In the course of some further observations on the 
subject of rationalisation in the official organ of the 
United Pattern Makers’ Association, Mr. Findlay, the 
General Secretary, says :—‘‘I see in rationalism the 
brawn and brains of the working class allied with the 
genius,sskill, and organising ability of the employing 
class, giving the highest possible output with the least 
possible oncost or overhead charges. I see a more 
equal distribution of the good things of this life. I see 
and strive for the raising of wages, and lowering 
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of hours, and the improvement of conditions. In 


many times is obscure, but always with a single eye 
to the future welfare of the class to which we belong, 
we keep before us the light of the greatest good to the 
greatest number. From the federations of employers 
to the Federation of British Industries and the National 
Confederation of Employers’ Organisations is but a 
step, just as from the trade unions, &c., we have the 
Trades Union Congress. So it is right, to my mind, 
that the representatives of these two great bodies 
should meet to find out if it be possible, by their united 
wills and effort, to devise and concert measures which 
will benefit all.” ee 

Mr. Findlay believes that good will come of the 
Turner-Melchett conferences, and gives reasons for his 
confidence. The workers will benefit, he says, by the 
knowledge they will acquire of the personnel, consti- 
tution and policy of the employers’ organisations, and 
the consideration which each body will be bound to 
give to the submissions for discussion. Whether the 
decisions of the conferences are accepted or rejected, 
they will be valuable evidence for the ending or mending 
of the present system. The frank recognition by such 
bodies in consultation, faced, as they must be, with 
“the glaring inequalities and wastefulness existing, 
must lead to the adoption of ameliorative measures, 
thus increasing the community responsibility, service, 
and spirit.” Moreover, the workers would benefit by 
the knowledge which they are entitled to assume will 
emerge regarding the forces operating as determining 
factors in fixing the standard of living. Finally, 
Mr. Findlay writes, ‘“‘even if I be mistaken, and fail 
to get the benefits as assumed in these reasons, I 
should still think we would be justified in going on to 
the end, however and whatever that may be, because 
of the disillusionment that must follow to the many 
millions and the clear absolute proof that there is no 
betterment outside the communal practice and precept 
of Socialism.” Sais: 

At a conference in Lowestoft last week, the National 
Federation of Provident Clerks and Warehousemen 
passed a resolution viewing with alarm the fact that, 
in the absorption of businesses by amalgamations and 
trusts, inadequate provision was made for the reten- 
tion of the services of existing employees, or for com- 
pensation in the event of the termination of such 
services. Reference was made to a growing disposition 
to estimate the assets on the formation of such amalga- 
mations without due regard to the goodwill created 
by the employees of long service, and the desire was 
expressed that the Government should introduce 
legislation requiring that fair and equitable considera- 
tion be given to the claims of existing employees, and 
that such consideration be held to constitute a first 
| charge on the funds of any amalgamation or recon- 
struction of a business registered by law. 








THE Moror-Car INDusTRY IN AUSTRALIA.—Recent 
information from Sydney, Australia, shows that the 
Commonwealth possesses the largest number of assembly 
plants for American passenger motor-cars of any one 
country. It is stated that United States manufacturers 
own 87 plants for assembling motor-cars in their own 
country, and 68 in foreign countries. Of these 68, 
Australia possesses 11, Canada coming second with 9. 
The motor-car parts being made actually in Australia 
are increasing, and include, at the present time, bodies, 
mud-guards, bonnets, windscreens, batteries, sparking 
plugs, lamps, tyres and springs. 





NATIONAL INDUSTRIAL SAFETY CoNGRESS.—The annual 
congress of The National “‘ Safety First ’’ Association is 





to be held in the Cutlers’ Hall, Sheffield, on October 9 
and 10 next. The chairman will be Sir Gerald Bellhouse, 
H.M. Chief Inspector of Factories, and the papers to 
be read and discussed on October 9 comprise, “‘ Trades 
Unions and Accident Prevention,’’ by Mr. J. L. Smyth ; 
‘Safety Work in Factories; Co-operation the Keynote 
of Success,’ by Mr. L. C. Sellars; and, ‘* Organisation 
of a Local Area Committee,” by Mr. F. Woodifield. 
On October 10, a visit will be paid to the works of Messrs. 
The Parkgate Iron and Steel Company, Limited, Rother- 
ham. Full particulars regarding the congress may be 
obtained from the secretary of the Association, 119, 
Victoria-street, London, 8.W.1. 





SMOKE ABATEMENT.—The annual general meeting of 
the Smoke Abatement League of Great Britain will be 
held in Buxton from October 4 to 6 next. In addition 
to two papers dealing with the industrial uses and the 
development of gas and of electricity, the conference 
will see the birth of a new national organisation for 
combating smoke. The Smoke Abatement League of 
Great Britain has in the past confined its attention mainly 
to the Provinces, while the Coal Smoke Abatement 
Society has worked chiefly in London. A joint meetin 
of these two societies will be held on the second day o 
the conference to inaugurate the new body to be formed 
by their amalgamation. The name of the new organisa- 
tion will be fixed, its constitution discussed, and the 
officers and committee elected. Its central offices will 
be in Manchester, but there will also be offices in London 
and Glasgow. 
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NOTES ON NEW BOOKS. 


A RECENTLY-PUBLISHED memoir of the Geological 
Survey, entitled Wells and Springs of Derbyshire, by J. V. 
Stephens (London: H.M. Stationery Office, Adastral 
House, Kingsway. Price 4s. net) provides much 
useful and detailed information regarding the water 
supply of that county. The most important geological 
formation in Derbyshire, from the point of view of 
water supply, is the millstone grit, which, when fully 
developed, consists of five massive beds of grit or sand- 
stone separated by beds of shale. 
outcrop and dipping gently, it possesses the necessary 
attributes for the accumulation and storage of large 
quantities of underground water, besides providing 
large surface catchment areas on the high ground 
formed by its outcrop, which supply Manchester 
Corporation and the Derwent Valley water scheme. 
The oldest formation in Derbyshire is the carboniferous 
limestone, which has been proved to have a thickness 
of at least 1,600 ft., although the base of the formation 
has not been reached. Despite the high rainfall, the 
underground drainage is so effective that the entire 
outcrop is free of suriace water, owing to the prevalence 
of jointing and fissuring, and, in the lead-mining areas, 
to the network of drainage tunnels which have been 
made to unwater the mines. One of these, known as 
Meerbrook Sough, begins at the River Derwent, three- 
quarters of a mile north of Whatstandwell Bridge, and 
runs west under the Wirksworth Valley to the town, 
tapping water by means of branch tunnels or “ soughs,”’ 
a total length of five miles. In the lower part of its 
course, it passes through millstone grit and drains a 
considerable amount of water from that formation, the 
daily discharge averaging 17,000,000 gallons, of which 
about 1,500,000 gallons are drawn to supply Ilkeston 
and Heanor. Other soughs are the High Carr and 
the Magpie Level, which deliver between 7,000,000 
and 8,000,000 and 8,000,000 to 9,500,000 gallons, 
respectively. The report of Messrs. Barwise and Story, 
in 1899, on the water supply of Derbyshire, still holds 
good, but naturally a number of changes have occurred 
since then. In theeastern part of the county, the develop- 
ment of mining and other industries has led inevitably 
to the pollution of surface waters. As a result, the 
larger centres of population in that area have been 
compelled to resort to water schemes involving external 
supplies. A solution of the problem has been provided, 
in many cases, by the completion of the Derwent Valley 
water scheme, which has a surface catchment area of 
23,000 acres, and of which the main pipe lines to 
Derby, Nottingham and Leicester are able to supply 
numerous districts within their reach. The mineral 
waters of Buxton have the distinction of being classed 
with those of Bath as the only true thermal waters 
in Britain, the next, in order of temperature, being 
those of Matlock which, however, are 14 deg. lower, 
and, in consequence, can scarcely be placed in the 
same category. 

Even in France, the introduction of the metric 
system, which is now officially recognised in all 
countries except the British Empire and the United 
States, was not so simple a matter as is often assumed. 
An interesting account of the development is given in 
Professor G. Berndt’s Grundlagen und Gerate technis- 
chen Langsmessungen. [Berlin : Julius Springer; price 
43.50 marks.] The toise, containing six feet, each 
subdivided into 12 inches and each inch into 12 lines, 
was legalised in France in 1766, but there were many 
measures in use, and in 1790, early in the Revolution, 
the Assemblée Constituante instructed a commission to 
create a national system of measures to put an end 
to the confusion and dishonesty. The length of the 
seconds pendulum at 45 deg. of latitude first suggested 
a unit of length of one metre, but was not approved, 
because it also involved the measurement of time, 
and the ten-millionth (10-7) part of a quadrant of 
the earth was decided upon. The 10-’ was connected 
with the proposed, but afterwards abandoned, decimal 
division of the right angle into 100 degrees of 100 
minutes of 100 seconds; an are of the meridian of 
1,000 m. length would then correspond to one minute 
of arc. The new metre was standardised against the 
toise, a bar of iron embedded in the wall of the 
Chatelet at Paris, on which the results of the meridian 
measurement in France, Lapland, and Peru had been 
recorded. By 1799, the metre des archives, a bar of 
impure platinum, was adopted as standard. This bar 
was unfortunately too frail, having a cross section of 

only 4 sq. mm., for exact copies to be made of it. 
The idea of the 10-7 part of the quadrant had been 
abandoned, although the early measurements made 
were extraordinarily accurate. There was, however, 
other opposition to the decimal division. Napoleon 
reintroduced, in 1812, a foot (4 m.) consisting of 
12 inches of 12 lines, and other measures, and the 
exclusive and compulsory use of the metric system 
in France dates only from 1840. Other countries 
followed more or less tentatively, and the French did 
not always facilitate intercomparison with their own 
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national standard, although Bessel, van Swinden 
and other foreigners had taken part in the original 
calculations. General von Baeyer, of the Geodetic 
Institute at Potsdam, proposed, in 1865, the formation 
of an international metre convention, which finally, 
in 1876, decided upon the erection of the Bureau Inter- 
national des Poids et Mesures at Sévres, near Paris, at 
the expense of the participating States. Since 1920, the 
Bureau has consisted of 18 delegates all of different 
nationality, who meet every six years. Within 
recent years, the conviction has become general that 
no material is sufficiently stable in its molecular 
structure to serve as a permanent unit of length, 
whilst some definite wave-length of light, everywhere 
reproducible, would be suitable, and several institutions 
are engaged in constructing apparatus in order to 
obtain a wave-length unit. The red cadmium line, 
first suggested, seems likely to be replaced by the 
yellow-green krypton line of wave length 0-5649 u. 
Accurate measurements by light-interference methods 
are sufficiently familiar to engineers to overcome the 
otherwise serious objection to so small a unit of length, 
and the distinction between scientific and technical 
measurements has largely lost its significance. Dr. G. 
Berndt, who is director of the Institute for Measure- 
ment Technics of the Dresden Technical High School, 
however, properly entitles his volume Principles and 
Instruments of Technical Length Measurements, since 
he explains and describes the technical instruments and 
apparatus in use in Europe and America in their latest 
forms, and his pages abound in instructive and also 
critical detail. Dr. H. Schulz, of Berlin, contributes 
the section on the wave-length unit. An alphabetical 
index might well have been added. 





Activity in the research laboratories of the United 
States is again shown by the issue of Bulletin No. 190 
of the Engineering Experiment Station of the Uni- 


versity of Lllinois (price 40c.), entitled The Failure of | be admitted, affecting, 





bulletin covers an extension of a previous paper 
(No. 185) which should be considered in relation to 
it. The present issue gives particulars of studies, 
exhaustive in their nature, devised to throw light upon 
the behaviour of concrete under compressive stress 
applied in one or more directions. The earlier enquiry 
dealt with the results secured by subjecting concrete 
cylinders to hydraulic pressure, while those now detailed 
relate to tests on short columns of plain and spirally- 
reinforced concrete. All relevant particulars of the 
concrete mixtures, and properties of the steel reinforce- 
ments are given, with tabulated results of tests and 
informative diagrams. The cylinders tested were, in 
all cases, 40 in. long by 10 in. diameter, which in the 
spirally-wound members had no exterior concrete 
cover, core stress only being under enquiry in these. 
Three stages of loading are noted. Plain concrete, in the 
first stage, behaves as an elastic material ; in the second 
stage slightly deviating from this with differences as to 
lateral and longitudinal deformations; while, in the 
third stage, there is an abrupt increase of lateral strain 
with an increase in volume which previously had been a 
decreasing quantity. With spirally-reinforced columns, 
it appears that the first and second stages of loading 
are accompanied by much the same phenomena as for 
plain concrete, though upon reaching the third stage 
there is evident some small stress in the spirals which 
rapidly becomes greater as the maximum load is 
approached. These results, and the conclusions based 
upon them, are very fully treated, and must be studied 
in detail to be fully understood. It is claimed for 
this enquiry that it shows a fairly dependable relation- 
ship between longitudinal and lateral stresses, and 
defines a general rule regarding the depression 0! the 
spiral into the concrete, and a relation for the varla- 
tions in volume during loading. The insistence 0! the 
authors that there is particular need for a better know 
ledge of deformations, as well as of stresses, may readily 
as they must, the practical 


Plain and Reinforced Conerete in Compression. This | utility of any member. 
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THE GODFREY OXYGEN-JET 
CUTTING MACHINE. 


ONE of the modern methods of shaping metals, the 
use of which is deservedly increasing, namely, that of 
using a flame as the cutting tool, is well represented 
at the Shipping, Engineering and Machinery Exhibition, 
which closes tomorrow at Olympia. Lack of space pre- 
vents us taking a general survey of all the appliances 
shown, but we are able to give below a brief account of 
the newest machine of those exhibited by Messrs. The 
Godfrey Engineering Company, Limited, 18, Essex- 
street, Strand, London, W.C.2. This machine is illus- 
trated by Figs. 1 to 6 on this and the opposite pages, 
and its general characteristic may be said to be that of 
embodying devices enabling precision of control to be 
obtained in the same way that an ordinary modern 
machine tool may be set to perform its operations accu- 
rately and in an unvarying manner. The earlier forms of 
oxygen-jet cutting machines owed more to the skill of the 
operator, just as did the lathes of a previous generation. 
The new machine bears some resemblance to those 
described in ENGINEERING, vol. cxviii, page 124 (1924), 
inasmuch as the arrangement of the drive is generally 
similar, and the same pattern of swinging arm is re- 
tained. The latter, however, is now capable of some 
vertical adjustment on one of the columns, and the 
machine as a whole is carried on a box-form baseplate 
having an extension to accommodate the work table, 
this arrangement making the structure more rigid. The 
table is provided with vertical adjustment, but cannot 
be rotated and indexed as in the other machine of this 
type. 

As regards capacity, the new machine is designed to 
cut metal up to 9 in. in thickness, but it has been used 
on material as thick as 14} in. Any circle from 1} in. 
up to 2 ft. in diameter, squares from 1} side up to 3 ft. 
side, or an irregular surface within the dimensions of 
6 ft. by 2 ft. can be cut. As will be seen from Fig. 1, 
there are two slides, one providing a longitudinal and 
the other a cross traverse. These have feed screws 
with an angular thread and split nut, so that wear 
is automatically compensated. When using the 
machine to cut to a marked-off outline, the torch 
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can be manipulated by the handwheels on the screws, 
just as a milling or slotting machine may be controlled, 
or, by means of stops, the length of cut may be deter- 
mined automatically, so that it may be duplicated 
without resetting. A circular motion on the cross 
slide, which is brought into position by the traversing 
screws, enables circles, within the limits stated above, 
to be cut, the number of graduations on the control 
bar enabling the diameter to be varied by 4; in. at a 
step. Plain operations, such as those referred to above, 
are carried out by the machine as shown in Fig. 1, 
but more complicated regular outlines, or irregular 
shapes, require the attachments illustrated in Figs. 2 
and 3, and in Fig. 4, respectively. 

The example of work shown in Figs. 2 and 3 is a 
hexagon nut, and for this a template of thin wood or 
sheet steel is attached to the undercarriage, as shown. 
The swinging arm carrying the torch is controlled by 
a rotating arm, which causes a tracing pin in contact 
with the template to move round the latter. The 
contact is maintained by a tension spring, placed, 
when an external template is used, between the tracing 
pin and the fulcrum of the tension arm. When the 
template is an internal one, i.e., when a hole is to be cut, 
the contact must, of course, be made in an outward 
direction, and the tension spring is therefore attached 
to the end of the tension arm, as shown by the dotted 
lines in Fig. 3. It should be noted that the tracing 
pin is made of the same diameter as the jet of flame 
used, so that the outline of the finished work is 
precisely the same as that of the template. When an 
allowance is required for grinding or machining the 
work, the radius of the pin is increased by the amount 
of the allowance. For most purposes for which the 
machine is used, however, the work is finished suffi- 
ciently accurately and with a surface sufficiently 
smooth to dispense with any further operations. The 
tracing pin is screwed into the torch holder, and the 
adjustment can thus be readily made. 

The actuating motion for cutting with the attach- 
ment just described is derived directly from the under- 
carriage as when a circle is being cut, but when an 
panne shape is required, the tracing point is caused 
to follow the template by means of a friction roller 
actuated by a worm-gear drive, the motion for which is 
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derived from the main driving gear through a flexible 
shaft. This device is shown in Fig. 4. The slides 
are locked in position and the template, of thin sheet 
steel if a number of pieces are required, is attached to 
a wooden base as shown. It is clear that, with an 
irregular outline, the tracing pin cannot be kept in 
contact with the template by any arrangement of 
springs, as these could not, without undue complica- 
tion, be fitted to exert pressure in all the various 
directions which might be required ; hence the adoption 
of the roller drive. The path traversed by the roller 
must therefore follow the shape of the template, and 
is accordingly made of wood, so that it can be readily 
formed. This is done by a mechanically-operated 
gouge, supplied as part of the equipment, which, by 
means of a pin similar to the tracing pin, enables a 
perfectly parallel path to be cut for the roller. The 
roller is made of rubber and is of such a diameter as to 
ensure the correct amount of pressure in the tracing- 
pin contact. The device is provided with a reverse and 
stop motion, and, it may be mentioned, all the other 
cutting motions can also be reversed. 

The torch can be set at any angle when plain cutting 
is being done, if a bevelled edge is required, by means 
of the quadrant gear shown in Fig. 5. There is, of 
course, no necessity for a device of this kind when 
irregular shapes are being cut. Referring again to 
Fig. 1, it will be noticed that there are three gas- 
supply pipes to the torch, an arrangement which 
ensures a positive control. Of these pipes, the upper 
one conveys oxygen to the central aperture of the 
torch, seen in Fig. 6. The two lower ones convey 
oxygen at a comparatively low pressure, and acetylene, 
to the annular space formed by the two conical surfaces 
shown in the figure. This mixture is used for the 
preliminary heating only, and setting devices enable 
both the cutting and heating supplies to be adjusted 
to give exactly the right degree of flame necessary 
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for a particular operation, so that, after preliminary 
adjustment, no further attention is required each time 
the flame is extinguished or re-lighted. The correct 


adjustment of the conical surfaces is obtained by a 


screw setting, the correct positions being determined by 


graduations on the ring seen above the hexagon in 
Fig. 6 and located by an index pointer. The effective 


degree of control resulting from the various setting | 


devices makes for a high degree of efficiency and 
economy in the use of the gases. The diameter of the 
flame is varied, to suit the thickness of the material 
being cut, by using internal nozzles of different bores. 

The thickness of the material is also, necessarily, a 
factor in the speed of cutting, there being a fixed 
ratio between speed and thickness. The speed is 
controlled by the movement of rollers across friction 
discs. As, however, this part of the machine was 
illustrated in the previous article, referred to above, no 
further description is necessary. It may be pointed 
out, however, that the gear-boxes at each end of the 
machine at the top, bear index plates with suitable 
indicators. The required speed for a particular thick- 
ness of material is read from a table supplied with 
the machine, and the controls are adjusted until the 
indicators show that the friction gear is in the correct 
position for that speed. The machine works with 
remarkable ease and smoothness, as may be inferred 
from the size of motor required to drive it, which is 
about } h.p. 


As already stated, the smoothness of the cut surface | 


provides a finish suitable for most purposes, and that 
this method of shaping metals does not, as was at one 
time suspected, affect the material adversely. is shown 
by a report made of tests on boiler plates of thicknesses 
up to 40 mm. issued by the State Testing Station of 
Material, Dahlen, Berlin. This report states that there 
was only slight carbonisation at the cutting face, not 
exceeding 0-1 mm., and that, as shown by the testing 
machine, there were no signs of overheating or any 
other deterioration of the materia]. The tests referred 
to “' the report were carried out with the Godfrey 
torch. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Copper Wire.—The supply of 31,500 kg. (about 31 
British tons) of hard copper wire, 3 mm. (0-118 in.) 
diameter. Tne Roumanian General Post Office ; 
October 18. (Ref. No. A.X. 8551.) 

Railway Wagons.—The supply of 83 platform wagons 
and 20 covered wagons of 30 metric tons capacity, 
4-ft. 8}-in. gauge. The Uruguayan State Railways and 


Tramways, Montevideo; February 12, 1930. (Ref. 
No. A.X. 8555.) 

Bank Money Boxes.—The supply of 12,000 nickel- 
plated money boxes similar to those issued by British 
banks. A bank in Uruguay; November 15. (Ref. 


No. B.X. 5689.) 

Tractor and Plough.—The supply and delivery of one 
30-h.p. tractor (steam, petrol, or oil driven) and one 
five-furrow, I4-in. mould-board plough. The Stores 
Department, City of Johannesburg ; October 31. (Ref. 
No. A,X. 8557.) 

Traction-Motor Testing Equipment.—The supply of 
railway traction-motor testing equipment comprising 
an electric driving motor, a booster, a main-field excita- 
tion generator, and a short-field exciter. The Controller 
of Stores, The New South Wales Government Railways, 
Newtown, New South Wales; October 29. (Ref. 
No. B.X. 5693.) 

Motor Generators.—Tiie supply of motor generators. 
The Deputy Director, Department of Posts and Tele- 
graphs, Melbourne, Australia; November 19. (Ref. 
No. B.X. 5694.) 

Telephone Jacks.—The supply and delivery of tele- 

hone jacks. The Deputy Director, Department of 
‘osts and Telegraphs, Melbourne, Australia ; October 15. 
(Ref. No. B.X. 5695.) 

Vitreous Resistances—The supply and delivery of 
vitreous resistances, each comprising a wire element 
wound in a vitreous spool, fur telegraph battery feeds. 
The Deputy Director, Department of Posts and Tele- 
graphs, Melbourne, Australie.; November 26. (Ref. 
No. B.X. 5696.) 

Railway Junction.—On page 324 ante we gave par- 
ticulars of a call for tenders on the part of the Adminis- 
tratjon of the State Railways, Latvia, for the construc- 
tion of a railway junction and signalling station at 
Tornakalns, near Riga. We now learn that the closing 
date has been extended from September 24 to October 14. 
(Ref. No. A. 8575.) 

Gauge and Lubricator Glasses.—The supply of gauge 
lasses, lubricator glasses, peep glasses, &c. The South 

rican Railways and Harbours Board; October 25. 
(Ref. No. B.X. 5697.) 
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over the Ibrahimia Canal at Mangabad, and of a similar 
bridge on the Mahmondieh Canal at Kafr-el-Dawar. 
| The Egyptian Government, Cairo; November 2 (Ibra- 
| himia, Ref. No. A.X. 8561) and December 3 (Mahmon- 
dieh, Ref. No. A.X. 8562). 


Motor-Cars and Steam Lorries.—The supply of motor 
and steam lorries and cars, tractors and trailers. The 
Egyptian Ministry of Public Works, Tanzim Depart- 
| ment; November 2. (Ref. No. A.X. 8567.) 

Steel Bridges.—The supply of steel bridges. The 
Colombian Ministry of Public Works, Bogota. There 
are three closing dates—namely, October 29, 30, and 31. 
(Ref. No. A.X. 8572.) 








LAUNCHES AND TRIAL TRIPS. 


** KaYEson.”’—Single-screw cargo steamer; __triple- 
expansion engine supplied by Messrs. North Eastern 


Tyne. Launch, September 19. Main dimensions, 
405 ft. by 54 ft. by 28 ft. 2in. Built by Messers. R. and 
W. Hawthorn, Leslie and Company, Limited, Hebburn- 
on-Tyne, for Messrs. Kaye Steam Navigation Company, 
Limited, London. 

‘** GorJISTAN.’’—Single-screw cargo steamer; triple- 
expansion engine. Launch, September 19. Main dimen- 
sions, 440 ft. 3 in, by 53 ft. by 31 ft. Built by Messrs. 
John Readhead and Sons, Limited, South Shields, for 
Messrs. Frank C. Strick and Company, Limited, London. 


ing steamer; triple-expansion engine. Trial trip, Sep- 
Built by Messrs. Cammell Laird and Company, Limited. 
Birkenhead, for Messrs. The British Molasses Company, 
Limited, London. 

‘** Karmiro.”’—Single-screw coal - carrying 


triple expansion engine. Launch, September 19. 
dimensions, 284 ft. by 46 ft. by 20 ft. 9 in. 


steamer, | 
Main 


New Zealand, Limited, Wellington, New Zealand, by | 
Messrs. Cammell Laird and Company, Limited, Birken- 
head. 

TRAWLER.—Steel screw trawler. Launch, Septem- 
ber 21. Main dimensions, 140 ft. by 25 ft. by 14 ft. | 
Built by Messrs. Cochrane and Sons, Ouse Shipbuilding 
Yard, Selby, for owners at Grimsby. 








BOOKS RECEIVED. 


Die Elektrische Ausriistung des Kraftfahrzeuges. Part II. 
Lichtmaschine und Batterie. By ALFRED MATTEs and | 
Dr. FRIEDRICH TRAUTMANN. Berlin: M. Krayn. | 
[Price 15 marks. ] 

Ministero dei Lavori Pubblici. Servizio Idrografica | 
Ufficio Idrografico del Po. Sezione di Milano per la} 
Lombardia. Annali Idrologici, 1928. Vol. I. Part I. 
Osservazioni. Rome: Provveditorato Generale dello | 
Stato. [Price 25 lire.] 

United States Bureau of Mines. Mineral Resources of the 
United States. I: 20. Gold, Silver, Copper, Lead, 
and Zinc in Nevada in 1927, Mine Report. By C. N. 
Gerry. [Price 5 cents.] I: 21. Gold, Silver, Copper, 
Lead, and Zinc in Colorado in 1927. Mine Report. 
By C. W. Henperson. [Price 10 cents.] I: 23. 
Gold and Silver in 1927 (General Report). By J. P. 


Duntop. [Price 10 cents.] II: 2. Fluorspar and 
Cryolite in 1928. By H. W. Davis. [Price 5 cents.] 
Washington: Government Printing Office. 


This Age of Plenty : Its Problems and Their Solution. 
By C. MarsHaLt Hatterstey. London: Sir Isaac 
Pitman and Sons, Limited. [Price 3s. 6d. net.] 

The World, the Flesh, and the Devil. By J. D. BERNAL. 
London: Kegan, Paul, Trench, Triibner and Company, 
Limited. [Price 2s. 6d. net.] 

Handbuch fiir Eisenbetonbau. Vol. VI. Part I. Balken- 
briicken. By Dr.-Ing. W. GEHLER. Third edition, 
revised. Berlin: Wilhelm Ernst und Sohn. [Price 
6-80 marks. ] 

Handbuch der Experimentalphysik. Vol. IX. Part II. 
Warmekraft und Wdrmearbeitsmaschinen. By A. 
Loscuce. Leipzig: Akademische Verlagsgesellschaft. 
m.b.h. [Price 36 marks. ] 

The Peepshow of the Port of London. By A. G. Linney. 
London: Sampson Low, Marston and Company, 
Limited. [Price 7s. 6d. net.] 

Select Methods of Metallurgical Analysis. By Witi1am 

ARCHIBALD NalIsH and JOHN EDWARD CIENNELL. 


London: Chapman and Hall, Limited [Price 30s. 
net. ] 
Gauges and Fine Measurements. Vol. I. Standards of 


Length, Measuring Machines, Comparators. Vol. II. 
Limit Gauges, Measuring Instruments, General Methods 
of Measurement. By F. H. Rott. Edited by Sir 
R. T. GuazeBroox. London: Macmillan and Com- 
pany, Limited. [Price 42s. net two volumes. ] 

Kompressorlose Dieselmaschinen (Druckeinspritz- 
machinen). Ein Lehrbuch fiir Studierende. By Dr.-Ing. 





Frreprich Sass. Berlin: Julius Springer. [Price 
52 marks. ] 

Problems in Electrical Engineering (with Answers). 
Edited by S. Parker SmirH. London: Constable 
and Company, Limited. [Price 6s. net.] 

The Association of Engineering and Shipbuilding Draughts- 


men : Gear-Tooth Forms (Revised). By E. W. Trppre. 
London: The Draughtsman Publishing Company, 
Limited. [Price 2s.] 

Warmelehre und Warmewirtschaft in Einzeldarstellungen. 





of irrigation 


November 27. 


Irrigation Works.—The construction 
works, &c. The Turkish Government ; 
(Ref. No. A.X. 8559.) 


Vol. VII. Wéarmewirtschaft im Eisenbahnwesen. By 
Dr.-Ing. Fr. LanpsBerG. Dresden and Leipzig: 
{Price 13 marks. ] 





Theodor Steinkopff. 





Swing Bridges.—The construction of a swing bridge | 


Marine Engineering Company, Limited, Wallsend-on- | 


“* ATHELTARN.’’—Single-screw oil or molasses-carry- | 


tember 19. Main dimensions, 220 ft. by 36 ft. by 14 ft. | 


Built to the | 
order of Messrs. The Union Steamship Company of | 


| London; W.C.2.°. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Fixed minimum prices for 
Cleveland pig are unaltered, and the attitude of makers 
is quite firm. Prompt marketable parcels are still 
scarce, and the small lots that become available readily 
realise above recognised rates, but no difficulty is experi- 
enced in placing forward orders, and a moderate home 
trade is passing for delivery over periods up till the end 
of the year. Occasional inquiries from abroad lead to 
| little business, overseas firms being as unwilling as ever 
to pay prices named. Makers have next to no stocks, 
and they report that their output is taken up as it is 
produced. A little foundry iron from other areas is still 
being consumed on Tees-side, but this market is virtually 
free from foreign competition. No. 1 grade of Cleveland 
pig is 75s. ; No. 3g.m.b., 72s. 6d. ; No. 4 foundry, 71s. 6d. ; 
and No. 4 forge, 71s. 


Hematite.—East Coast hematite values show a rather 
' marked upward tendency, but prices obtainable are de- 
clared to be still 4s, per ton below costs of production, and 
the economic position is causing grave anxiety. Makers 
emphatically state that early substantial rise of values 
is essential, and some firms are stocking iron in prefer- 
ence to accepting unremunerative ruling figures. Both 
home and Continental buyers are prepared to pay prices 
that have been taken of late, but are disinclined to follow 
anything like substantial advance. Quotations are a 
| matter of individual negotiation, and consequently vary. 
Ordinary qualities are in the neighbourhood of 76s. 6d., 
and No. 1 is at a premium of 6d. 


| Foreign Ore.—New business in foreign ore is little 
heard of. Consumers have long contracts arranged, and 
are not at all disposed to negotiate further supplies, 
while merchants are not in a position to make heavy sales, 
except for delivery well ahead. Nominally, market 
rates remain on the basis of best rubio at 24s. 6d. c.i.f. 
Tees. 


Blast-Furnace Coke.—Scarcity of Durham blast- 
furnace coke threatens to become more acute, notwith- 
standing the forthcoming enlargement of output. Prices 
continue to rise. Good average qualities now command 
23s. 6d. delivered to local users. 


Manufactured Iron and Steel.—Manufactured - iron 
firms have a good deal of work on hand, and are booking 
a few further orders. Semi-finished steel producers are 
well sold, but the low price of Continental material is check- 
ing business with firms here. The output of finished steel 
is heavy, and in several departments, substantial con- 
tracts have yet to be executed. Common iron bars are 
10/. 15s. ; best bars, 111. 5s. ; double best bars, 117. 15s. ; 
treble best bars, 12/. 5s.; iron rivets, 11/. 10s.; packing 
(parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 6l. 17s. 6d.; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 8/. 2s. 6d.; steel rivets, 111. 5s.; steel 
ship plates, 8/. 12s. 6d.; steel angles, 8/. 2s. 6d. ; steel 
joists, 87. 2s. 6d.: heavy sections of steel rails, 8/. 10s. : 
black sheets, 101. 7s. 6d.; and galvanised corrugated 
sheets, 131. 10s. 





GERMAN COKE IN AvsTRALIA.—A witness in the 
Australian Commonwealth Arbitration Court recently 
stated that, whereas Australian coke cost about 3/. 13s. 
a ton, delivered at foundries in South Australia, the price 
of German coke was 4l. 17s. Although more expensive, 
the German fuel was preferred for its greater heating 
qualities, experiment having shown that 1 ton of German 
coke could melt 7} tons of iron, while only about 3 tons 
of the metal could be melted with Australian fuel. 
While not doubting the accuracy of these statements, it 
seems surprising that, apparently, no British coke is 
available in Australia. If the German fuel can find a 
market in the Commonwealth, the British product, in 
all probability, would be welcomed. At all events, the 
question is worthy of consideration by the British coking 
industry. 





PERSONAL.—Considerable extensions have recently 
been made at Magnet House, the Cardiff branch of 
Messrs. The General Electric Company, Limited. The 
extended premises have their main entrance in Castle 
Arcade, while the trade-counter entrance and goods 
receiving and despatch sections are in Womanby-street. 
—Negotiations are nearing completion whereby Messrs. 
Ruston and Hornsby, Limited, Lincoln, will join with 
Messrs. Bucyrus-Erie Company, of South Milwaukee, 
who have works at South Milwaukee, Erie, and Evans- 
ville, U.S.A., in the formation of a new company to be 
known as Messrs. Ruston-Bucyrus, Limited, with works 
and head offices at Lincoln, to specialise in the manufac- 
ture of excavating machinery. The new company is to 
commence operations on January 1, 1930.—The Asso- 
ciated Equipment Company, Limited, Windmill-lane, 
Southall, Middlesex, has disposed of its interest in Messrs. 
Rushton Tractors, Limited. Mr. G. Rushton, desiring to 
devote himself to the interests of this latter company, 
has resigned his position as general manager of the Asso- 
ciated Equipment Company, but will continue his con- 
nection with that company in a consultative capacity.— 
Messrs. Ciasified Pulverised Fuel (G.P.F.), Limited, 
Canada House, Norfolk-street, Strand, London, W.C.2, 
have acquired the business and goodwill of the Holbeck 
Engineering Company, previously st by Messrs. 
Fraser and Chalmers Engineering Works, Erith, Kent. 
—Messrs. The Superheater Company, Limited, one 
removing their offices from 195, Strand, London, W.C.?, 
to the 7th floor, East Wing, Bush House,. Aldwyeh 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—The gross output of steel and steel pro- 
ducts is maintained at a substantial level, though the local 
industries show numerous weak patches, and the antici- 
pated improvement is slow in materialising. In the 
least favourable sections employment is believed to 
be at a lower ebb than a year ago, but elsewhere steady 
advance is recorded, and the outlook is not without its 
brighter features. Basic-steel manufacture continues to 
account for the major portion of the local output. Acid 
steel production is expected to improve when orders 
recently received on home and foreign railway account 
are put in hand: meanwhile it is much below capacity. 
Some of the foundries are working well, but forges 
and rolling mills are only employed intermittently. 
There is to be no immediate advance in steel prices. 
Despite increased costs, hard and soft basic-steel billets 
are each 2s, 6d. cheaper than a month ago. Hematite 
quotations are maintained, and order books are filling 
up. Foundry pig iron is a stronger market, and any 
movement in prices is likely to be in an upward direction. 
Quotations per ton are as follow: Hard basic-steel billets, 
7l. 158.; soft basic-steel billets, 62. 15s.; West Coast 
hematites, 88s. 6d.; East Coast hematites, 87s. 6d. ; 
Lincolnshire No. 3 foundry iron, 74s. 6d.; Lincolnshire 
forge iron, 71s. 6d. ; Derbyshire No. 3 foundry iron, 71s. ; 
Derbyshire forge iron, 67s. ; bars, 11/. 10s. ; sheets, 121. 
Despite keen competition .from the Continent, orders 
for railway rolling stock and stores are steadily being 
booked. One of the latest is for third-class passenger 
coaches for the Rhodesian railways. Steel tyres, 
springs and plates are to be supplied to the Crown Agents 
for the Colonies. The South India and Southern Mah- 
ratta Railways have been in the market for rails, plates, 
bolts, and structural steelwork...The Admiralty has 
ordered band saws locally, and the War Office has accepted 
local tenders for shell steel. The manufacture of cement 
works’ plant is a progressive feature. More plant of this 
description is to made for Australia. The order 
specifies a large rotary kiln and combination mill fitted 
with patent centre drive, and auxiliary equipment. 
Foreign rivals are pressing inland sales in wire rods, 
special steel for the automobile trades, and tool steel. 
Outputs of engineers’ and mechanics’ tools are at a fair 
level, but the file trade is working below capacity. 

South Yorkshire Coal Trade.—House-coal supplies are 
more than sufficient to meet the current demand. Busi- 
ness is circulating with greater freedom than was the 
case immediately after the advances notified at the 
beginning of this month, but there is no rush to place 
orders, despite the fact that further advances are antici- 
pated. Industrial coal meets with a fair demand on 
inland account, while exports are on an enlarged scale, 
and prices are stiffening. Steady sales are reported in 
furnace and foundry coke. Quotations : Best hand- 
picked branch, 26s, 6d. to 28s.; Derbyshire best bright 
house, 21s. to 23s. ; best house coal, 20s. 6d. to 21s. 6d. ; 
screened house coal, 18s. 6d, to 20s.; screened house 
nuts, 16s. 6d. to 18s. ; Yorkshire hards, 15s. 6d. to 17s. ; 
Derbyshire hards, 15s. 6d. to 17s. ; rough slacks, 9s. to 
10s, ; nutty slacks, 7s. to 8s. ; smalls, 3s. to 5s. 








THE INsTITUTE OF TRANSPORT.—-A number of 
premiums and awards, in respect of the 1928-29 session, 
have been made by the Council of the Institute of 
Transport. These include the Institute Triennial Gold 
Medal to Mr. R. Bell for his papers, ‘‘ Trade and Transport 
Prospects on the North-East Coast”? and “ Transport 
Developments in 1928”; the Railway Operating Gold 
Medal to Brig.-Gen. F. D. Hammond for his paper, 
“Some Transport Problems of the Empire”; the 
Railway Engineering Gold Medal to Mr. H. N. Gresley 
for his paper, ‘‘ The Froelich Hydraulic Wagon Brake at 
March Concentration Yard”; the Road Transport Gold 
Medal, given by the Commercial Motor Users’ Associa- 
tion, to Mr. A. Metral for his paper “‘ Fuels—-Alternative 
or Supplementary to Petrol, for Road Motor Vehicles— 
Gaseous Fuels”; the Road Transport Gold Medal, 
given by the Underground Railways and L.G.O.C. 
Group, to Dr. W. R. Ormandy for his paper, ‘‘ Fuels— 
Alternative or Supplementary to Petrol, for Road Motor 
Vehicles—Liquid Fuels”; and the Water Transport 
Gold Medal to Mr. J. F. R. Wiggins for his thesis, “‘ The 
Labourage Policies of Port Authorities.”’ 





Mopet Locomotive Drsiecn.—Though the model 
locomotive has for long ceased to be only a toy, there are 
still many engineers who do not realise that small scale 
work has a distinct educative value. An examination of 
the interesting set of blue prints of working drawings of a 
4-6-2 locomotive, which Tee. Percival Marshall and 
Company, Limited, 66, Farringdon -street, E.C.4, have 
recently published, should go far to dispel such a view. 
The drawings, ten in number, give full details for the 
construction of the 2}-in. gauge Pacific-type locomotive, 
Fayette, an engine which incorporates, with British 
passenger practice, some features of modern American 
design, such as the Baker valve gear, Vanderbilt tender, 
and so forth. It is such a feature as the first-mentioned 
that makes the model so instructive, inasmuch as it 
atiords an opportunity of studying a mechanism, but 
little known as yet in this country. It is conceivable that 
employees of railway companies with a taste for model- 
making would find the construction of the engine worth 
their while, As @ working model the little engine, though 
only 44 in. long overall, including the tender, is surpris- 
ingly powerful. It will haul a load of five passengers with- 
vut difficulty, and, carrying a single — r, equivalent 
in the full-sized engine to a train load of 600 tons, will 
run for half an hour continuously on one firing. The 
price of the set of blue prints is 10s. 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 
Scottish Steel Trade.—In the Scottish steel trade the 
demand is only fair at the moment, but the optimistic 
tone continues all round. General trade throughout 
the country seems to have taken a turn for the better, 


and steel makers are very hopeful that they will benefit | 


shortly. Shipbuilders have recently been ordering 
fairly steadily, and although a decided falling-off in 
demand has been looked for it has not so far been felt 
to any extent. The new tonnage on hand is a good 
deal short of capacity, and, as the monthly output has 
been in excess of bookings for some time, a quieter state 
is more than likely in the shipyards in the near future, 


unless fresh orders make their appearance very soon. | 


The black-sheet trade continues to show some slight 
signs of improvement, and orders from overseas have 
become rather more plentiful. The home demand is 
also rather better. The following are the current market 
quotations :—Boiler plates, 10/. 10s. per ton; ship 
plates, 8/7. 12s. 6d. per ton; sections, 8/. 2s. 6d. per ton ; 
black sheets, } in., 91. 
gated sheets (No. 24 gauge), 137. 10s. per ton, all delivered 
at Glasgow stations. 


Malleable-Iron Trade-In the West of Scotland 
malleable-iron trade, little change has taken place since 
last week. While one or two makers are rather more 
favourably placed at the moment, there seems little 
possibility of any continuity in demand. At the 
majority of the works rather quiet conditions prevail. 
Very stern competition is general for orders for re- 
rolled steel bars, and the prices being accepted show 
uttle margin. The current quotations are as follow :— 
Crown bars, 10/. 5s. per ton for home delivery and 
91. 15s. per ton for export; and re-rolled steel bars, 
71. 15s. per ton for both home and export lots. 


Scottish Pig-Iron Trade.—A quiet tone is general in 
the pig-iron trade of Scotland, and the current output 
is not heavy. There is, however, a certain amount of 
confidence in the future, but actual business is what is 
needed, and this is extremely poor at the moment, 
both on home and export account. Prices are un- 
changed, and are as follow :—Hematite, 80s. per ton, 
delivered at the steel works; foundry iron, No. 1, 
78s. 6d. per ton ; and No. 3, 76s. per ton, both on trucks 
at makers’ works. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour, for the week ending last 
Saturday, September 21, was only 478 tons. Of that 
total, 452 tons were shipped overseas, and 26 tons coast- 
wise. During the corresponding week of last year, the 
total shipment was 849 tons. 








THE DEVELOPMENT OF IMPERIAL MINERAL RESOURCES. 
—According to recent information received from 
Australia, the leading Broken Hill companies and the 
Electrolytic Zinc Company of Australia, Limited, will 
have financial interests in the new company registered 
in London under the name of the Imperial Smelting 
Corporation, Limited. One of the chief purposes of this 
Corporation is the development of mining, smelting, 
chemical and allied industries in the British Empire. 





THE RESTORATION OF WoRN METAL Parts.—Messrs. 
Fescol, Limited, electro-chemical depositors, of 101, 
Grosvenor-road, London, 8.W.1, have informed us that 
extensions to their plant were recently completed, and 
they are now able to undertake work on articles the 
external dimensions of which are 10 ft. by 6 ft. 9 in. by 
13 ft. 6 in. Rams, shafts, &c., can be treated by the 
electro-deposition process up to a length of 20 ft. 





ContTRacts.—Messrs. Thomas Robinson and Son, 
Limited, Railway Works, Rochdale, have supplied the | 
machinery in the woodworking section of the workshops | 
of the Benguella Railway, Angola, Portuguese West | 
Africa. The same firm has also received an order for | 


the installation of their vacuum dust-collecting system | 


at these workshops.—Messrs. Ruths’ Steam Storage, | 


Limited, Africa House, Kingsway, London, W.C.2, | 
have obtained a contract from Messrs. Ferguson Brothers, | 
Limited, for a steam accumulator to be installed at their | 
Holme Head Works, Carlisle.—The English Steel | 
Corporation, Limited, Openshaw, Manchester, have 

recently obtained orders for pumps for the Stoke-on- | 
Trent Corporation Sewage Works and for Messrs. John | 
Mowlem and Company, Limited, the latter being electri- 
cally-driven vertical sinking pumps used for unwatering 
foundations. Gill-t axial-flow pumps have been 
ordered from the Corporation by the Rotherham and 
Southampton Electricity Departments for dealing with 
circulating water, and by the Blackpool Corporation for 
sewage pumping. Other recent orders include eight 
electrically-driven portable pumping sets, mounted on 
caterpillar tractors, for the Anglo-Persian Oil Company, 
and steam-driven hydraulic pumps and accumulators 
for the hy Fleet Iron Company.—Messrs. Boving and 
Company, Limited, 56, Kingsway, London, W.C. 2, have 
secured the contract for the new 60,000 b.h.p. water- 
turbine plant for Messrs. Hidroelectrica Iberica, Spain. 
The turbine is of the Pelton type, working under a head 
of 345 metres (1,131 ft.). The new plant constitutes an 
extension of the existing 61,500-h.p. Rio Cinca installa. | 
tion, also supplied by Messrs. Boving. This firm has also | 
received the order for two large vertical-shaft Francis- | 
type turbiues for the New Zealand Government’s installa- | 
tion at Waitaki. Each turbine will have an output of 

23,000 b.h.p., at 125 r.p.m., under a head of 70 ft. 

Messrs Boving have also recently shipped, for the Jordan 

development scheme, two turbines with an output each 

of 8,500 h.p. at 250 r.p.m., under an 88-ft. head. 





r ton; and galvanised corru- | 





| NOTICES OF MEETINGS. 





| Instrrure or MaRINE ENGINEERS.—To-night, 6.30 p.m. 
| Shipping, Engineering and Machinery Exhibition, 
| Olympia, W. ‘“‘ Modern Tanker Practice,” by Mr. H 
Barringer. 
| | STAFFORDSHIRE [RON AND STEEL INstTITUTE.—Tuesday, 
| October 1, 7 p.m., Education Offices, Dudley. Presidential 
| Address by Mr. P. Jump. 
| INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday, 
| October 1, 8 p.m., Royal Automobile Club, Pall Mall, 
8.W.1. Presidential Address : ‘‘ The Member and the 
| Institution,”’ by Professor W. Morgan. 
| INstiruTIoN oF PrRopUcTION ENGINEERS.—Coventry 
| Section: Wednesday, October 2, 7.30 p.m., King’s Head 
| Hotel, Coventry. Annual General ection. * Proper 
| Use of High-Speed Steel and Cast Steel,” by Mr. J. A. 
Hopkinson. London: Thursday, October 3, 7.30 p.m., 
Society of Motor Manufacturers and Traders, 83, Pall 
Mall, S.W.1. Annual General Meeting. ‘‘ Production 
of the Babcock and Wilcox Boiler,”’ by Mr. J. K. Muir. 

INstTiITUTION oF WetpiIne EnGIneERS.—Thursday, 
October 3, 7.30 p.m., Caxton Hall, Westminster, S.W.1., 
‘Impressions of American Industries, including Welding,” 
by Mr. E, A. Atkins. 

DiksEL ENGINE Users’ Assocration.—Friday, Oct- 
ober 4, 6 p.m., Caxton Hall, Westminster, S.W.L., 
“ Indicating Oil Engines,” by Mr. G. B. Fox. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, October 
4, 7.30 p.m., 39, Victoria-street, S.W.1., ‘‘ Engineering 
— jlaaacen on a Tea Estate in Assam,” by Mr. C, J. 

ill. 

INSTITUTE oF British FouNDRYMEN.—Lancashire 
Branch : Saturday, October 5, 4 p.m., College of Tech- 
nology, Sackville-street, Manchester. Presidential 
Address by Mr. E. Longden, followed by open discussion 
on ‘‘ Coal Dust and Chaos,” by Mr. S, G. Smith. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—Conditions in the Welsh steam-coal 
trade are not satisfactory in spite of the fact that ship- 
ments as cargo foreign in the past week amounted to 
513,630 tons, which was 17,000 tons more than was 
dispatched in the preceding six days. Comparatively 
high freights for shipping cause exporters, where possible, 
to hold back their orders in the hope of securing their 
tonnage requirements on more favourable terms. This 
affects collieries for expected stems do not materialise 
| and salesmen have to find other buyers for coal in many 
| cases already sold, but of which shippers cannot take 
delivery until a vessel is chartered. Further, the demand 
for large coal is insufficient to keep collieries working 
regularly. At the same time there is a pressing request 
for sized products and small coal, but the slow movement 
of large, and consequent irregular working of pits, curtails 
the production of sized and small varieties. Conse- 
| quently, while large coal is freely available at minimum 
prices, colliery salesmen are able to command substantial 
premiums for sized and small coals, the production of 
which is insufficient to satisfy requirements. While best 
Admiralty large commands no more than 20s., best 
bunker smalls realise 14s. to 14s. 6d., and dry nuts up 
to 30s., while washed dry duffs range up to 17s., and 
washed bituminous duffs 18s. The Ebbw Vale Steel, Iron 
| and Coal Company, Limited, have given notices to 
| terminate contracts to about 3,000 men working at their 
| pits in the Abertillery district owing to the depression 
| in trade. This does not necessarily mean that the pits 
| will close down at the end of the fortnight, as they may 
| be worked on day to day contracts. Again, sectional 





| trouble is threatened in the Maesteg area, where the col- 


liery workers have been instructed to tender notices 
over the non-unionist question. Though there is a 
prospect of securing business from Canada, and shipments 
to Italy are likely to be increased in the near future, 
the outlook cannot be regarded as encouraging, though 
contracts for next year have been made at ls. to ls. 6d. 
per ton above the prices secured for running contracts. 
The questions of wages and hours of working after the 
end of the year,,are still in abeyance, so that the possibili- 
ty of a stoppage cannot be ignored. The result is that 
forward business is checked, asthere are many consumers 
who cannot see any object in buying ahead unless there 
is a good prospect of securing delivery. 

Iron and Steel.—Last week exports of iron and steel 
goods amounted to 17,676 tons, which was slightly more 
than was the case in the preceding week. Shipments of 
tin-plates and terne-plates increased from 7,849 tons to 
8,260 tons, and of galvanised sheets from 3,647 tons to 
5,671 tons, but those of black-plates and sheets decreased 
from 1,319 tons to 1,116 tons, and of other iron and steel 
goods from 4,502 tons to 2,629 tons. 





Proaress or SypNEY Harsour Bripce.—According 
to a statement made recently by Mr. F. R. Litchfield, 
supervising engineer of the Public Works Department, 
the total weight of the steelwork of the Sydney Harbour 
Bridge, erected up till the beginning of August last, 
was 19,200 tons. The work so far completed includes 
the five approach spans on the northern side and the 
five approach spans on the southern side, the deck 
steelwork through both pylons, and the first three panels 
of the arch span on the southern side. The building of 
the arch span on the northern side was commenced 
recently. ‘I'he total weight of the steel to be used in the 
five northern and five southern approach spans and in 
the main arch span amounts to 50,200 tons. 











EQUIPMENT FOR THE NEW DRY DOCK 


MR. FREDERICK PALMER, C.I.E., M.INST.C.E., 


2a 


(SEPT. 





27, 1929. 











TILBURY DOCKS. 


CONSULTING ENGINEER. 


(For Description, see Page 395.) 





~~ 7 ZS a 7 





Fig. 


Fig. a7. 
See leg = : p 


— —-— "SHE Woo 


Extreme Position of Elm lm Bearer.) 





See wal 


mA A" ~ 


: ae rai Oa 


££ == 


Oplift 15 to 20 Tons. 
~. Max wr. Sale aii Load 50 Tons. 









LeapinG-IN GIRDER AT EASTERN END OF 


7in30 





AAI heed 
1, a aa wer LET 


( es AZ. 


___ Extreme Position of 
cmp clit Bearer: 


ak Pr”. (| —~< 


——— = 
ee . 





Dock. 

































































IRON AND STEEL. 


PRODUCTION OF PIG 
According to the monthly report issued by the National 


BRITISH 


Federation of Iron and Steel Manufacturers, Caxton 
House (East), Tothill-street, London, 8.W.1, the number 
of blast furnaces in operation at the end of August was 
170, a net increase of three since the beginning of the 
month. The production of pig iron during 
amounted to 682,000 tons, compared with 671,900 tons 
in July, and 519,000 tons in August, 1928. The August 
output of steel ingots and castings amounted to 753,300 


August | 


tons, compared with 804,800 tons during July, and 648,300 | 


tons in August, 1928. 


60,000 Kvy.-a, 220,000 Votr TRANSFORMERS.——Four 


of what, we believe, are the largest transformers so far | 


constructed, have recently been completed by 
The Westinghouse Electric and Manufacturing Company, 
at Sharon, Pa., and delivered to Roseland, N.J. The 
transformers, each of which has a capacity of 60,000 
kv-a., is 35 ft. in height, and weighs complete about 
300 tons, will be located at the north-eastern end of the 
220,000-volt system, which connects the systems of the 
Pennsylvania Power and Light Company, the Phila- 
delphia Electric Company and the Public Service Electric 
onl Gas Company. Each transformer, as prepared for 
shipment, weighed 135 short tons, and their transport 
from Sharon to Roseland over the Erie Railroad inv - & ved 


Messrs. | 


the strengthening of bridges and the lowering of the track | 


by 18 in. at one 
clearance. 
for each transformer, was transported in separate tank 
cars, the air in the tanks being replaced with dry nitro- 
gen to preserve the a properties of the oil 
during transit. Although rated at 220,000 volts, the 
transformers were tested at 570,000 volts before delivery, 
the latter pressure, the makers state, being the highest 
test voltage ever applied to a power transformer. 


lace in order to obtain the necessary | 
The oil, of which 32,000 gallons are required | 


Fig. 52. 
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EMPIRE PLANNING. 


For many years it has been the endeavour in 
these columns to give expression to the view that 
our British Empire—now becoming so generally 
known as the British Commonwealth of Nations, 
almost following in this the Biblical expression 
“A Nation and a company of Nations,”—that 
this vast agglomeration of lands and peoples, is 
| worthy of consideration as an economic whole. 
For the purpose of the moment we are not con- 
| cerned, nor are we going to argue, about whether 
'a broad line of fiscal policy or one set by narrower 
' bounds would best serve such an end. The main 
| point for which we have always contended is that 
‘the varied resources of our component countries 
jare such that we are capable of supplying our 
| requirements, in practically all directions, if suitable 
‘organisation and development are called to our 
aid. 

Most people nowadays have travelled some dis- 
| tance from the position held formerly that freedom 
alone is required for a nation’s economic success. 
Such ideals do not always help to make the wheels 
of mills turn round, though it is still sometimes, 
argued that they should. If we desire an example, 
and that a striking one, of the manner in which a 
nation may be built up under artificial fiscal con- 
ditions, we have only to look across the Atlantic 
at the great Federation of the United States. Here 
is a great area stretching through dezrees of latitude 
which make possible a wide range of products, and 
reaching east and west over such. distances as 
embrace natural resources of all kinds, actual or 
potential; yet, lest the possessors should become 
too presumptuous, tempered withal with great 





| tracts of arid lands, where, so far as knowledge goes, 


little development is practicable, or where attempts 
have ended in no more than doubtful success. 
Inside this union the several States are virtually 


| independent, and though this gives rise to anomalies | F 


"| and even abuses, so that it is now recognised that 


4II 








co-ordination is desirable, the various components 
of the Union are extremely jealous of their individual 
rights. For external purposes, however, the Federa- 
tion acts as a single body, and, whatever there may 
have been in the way of incidental disadvantages, 
it was a Federal policy which lay at the root of the 
great constructive programme which has resulted 
in maintaining the whole country as a single 
internal market, from which external competition 
has been by degrees virtually eliminated. 

At long last the possibilities of our own vast 
g | Empire seem to be dawning upon our people, and 
parties of various political creeds are piping the 
same tune, with, of course, variations. It is a long 
while since we first alluded to the fact that greater 
Empire trade and development would reduce many 
of the troubles we are faced with at home. Within 
recent weeks not only has Mr. J. H. Thomas 
definitely ranged himself on the same side, but from 
so unpromising a sphere as a trades union congress 
there now comes a recruit in the form of Mr. Ben 
Tillett. We term such a congress unpromising, 
because none are so blind as those who will not see, 
and while the trades union movement is essentially 
protectionist, the individuals concerned in it 
usually illogically attempt to dissociate themselves 
from any such policies, save as affecting their own 


;|earnings, a lop-sided scheme incapable of with- 


standing careful scrutiny. Both Mr. Thomas and 
Mr. Tillett seem now to have got beyond this stage, 
and would appear to be on much the same ground 
as many others, though perhaps not yet committed 
to the same extent. 

We may hope, therefore, now we are largely 
agreed upon basic principles and have all arrived 
at the fact that Empire development would be a 
good thing, that these matters will be handled in a 
broad and non-party spirit and that they may be 
committed to a council or councils truly representa- 
tive of our varied industries, and of the countries 
involved. That they should likewise represent 
sound finance, and also science, the latter with a 
view to the finding of new openings, goes also without 
saying. Sometime ago Sir Robert Hadfield pro- 
posed such a board or council, pointing out that while 
we all went to considerable expense in the manage- 
ment of the affairs of the various sections of the 
Empire in which we lived, yet nobody was provided 
for control on broader lines save the Imperial 
Conference. Sir Robert also proposed the formation 
of an Imperial Development Fund, which could be 
used for developing overseas resources under agree- 
ment with our fellow citizens in the lands concerned. 

We are convinced that something on these lines 
will be essential if the greatest good is to come to us. 
At present we are all groping with difficulty in 
different directions. An economic mission points 
out certain things to Australia. Mr. Thomas 
makes a hurried trip to Canada. Both may do 
good. Certainly South Wales should be cheered 
by the prospect of getting more coal into the 
Canadian market, a prospect which, if advantage 
is taken of the reconstruction of the Welland Canal, 
should be still more favourable a year or two hence. 











This great work, of which so complete an account 
is now being given in these columns, is destined 
to assist Mr. Thomas’ plans, as we understand them, 
very considerably. Even to-day a certain amount 
of freight is carried from this side to inland Canada, 
by way of the canal, but the shipping units are re- 
stricted in size, and the trade is not considerable. 
When the Ship Canal is completed it will be possible 
for ocean-going vessels of 14,000 or more tons to 
operate between the ports on the great inland seas 
of the North American Continent and those of this or 
other countries. Mr. Thomas proposes, we believe, 
that vessels carrying grain from the upper lake ports 
should return with coal, and though this may not 
appeal to some there is more in the idea than may 
seem likely. 

&S Even at the present time traffic on the Great 
Lakes is operated in this fashion to some extent. 
Vessels working east from the Upper Lake ports, 
work west again with cargoes of coal from Buffalo, 
&c. This was fully discussed in these columns 
some time ago.* The chief difficulty is that the 
grain traffic is mainly seasonal, a great rush taking 
place in the late autumn to get the grain down to 





"© See ENGINEERING, vol. oxxvii, page 285 (1929). 
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sea ports before navigation on the lakes ceases 
for the winter. Whether it would be possible to 
extend, economically, at such times the length of 
voyage to ports in this country, is a matter for some 
discussion. Possibly it may not be, as things are 
at present, but there is no knowing that it might 
not be made so if conditions were adjusted to suit. 
This is one instance in which an Imperial Council 
could assist, and we are sure that even Mr. Thomas 
would feel relief at being in a position to call such a 
Council to his aid, instead of wrestling with the 
problem single-handed. 

The Ship Canal, planned on an imperial scale for 


the development of the great interior of Canada, | 


affords only one example of efforts in various parts 
of the Empire. Recently, the British Association 
has been meeting in South Africa, and it is signifi- 
cant of present feeling among us that half the 
papers read before Section G, devoted to engineering, 
dealt with problems of transport as affecting 
the development of our Dominions. It is also inter- 
esting to note that while papers, which dealt with this 
subject on broad lines, laid down rules for planning 
the opening up of new country, the practical papers, 
dealing with what is being done, revealed an 
apparent disregard of all such considerations. 

An article on the subject of regional development 
planning of colonies and Imperial development 
planning, appeared not long since in the Journal 
of the Royal Technical College, Glasgow, from the 
pen of Mr. W. H. M’Lean. M.Inst.C.E., who was 
responsible, under Lord Kitchener, for the planning 
of Khartoum. This article necessarily deals with 
principles, and, without wishing to detract in 
any sense from the soundness of those laid down, 
one’s mind instinctively pictures the exceptions 
everywhere apparent. It may be contended that 
it is these very faults that we want in future to 
keep clear of, but if the cases be looked into, it is 
too often evident that desirable rules have to 
make way for other factors in conflict with them. 


Even Mr. M’Lean, in the article referred to, has | 


to admit that Khartoum, for the planning of 
which he was called in, was not so good a site 
as Omdurman across the river. Thus departures 
from the ideal are forced upon us from the very 


beginning, and as we cannot re-make our earth and | 
distribute its population or its physical character- | 


istics to meet our present ideals of development, we 
have to make the best of the conditions we face. 

It is said that ports of call for ocean steamers 
should not be less than 300 miles to 500 miles apart 


on a coast. Railways built running inland at | 


such spacing can be fed by branch lines and roads 


so as to cover the whole interior for some distance | 


back—in theory. But in practice we meet the 
difficulty that better harbours may be possible 
200 miles to 600 miles apart perhaps, or that 


the interior makes it impossible to run a railway | 
cheaply inland at one point, and possibly worthless | 


to do so at another, and thus we are driven away 
from the principles we start out with. Then again 
some new development in transport, some new 
discovery of mineral wealth, some new turn of 
science which makes an economic commodity of 
something it was rot formerly worth troubling 
about at all, or some new financial or international 
combination, will force our rules to bend and give 


way before the insistent demand of the present, in | 


order that the practical advance of civilisation may 
continue. 

The case of a town may be relatively simple, 
and for a country whose possibilities are well 
established a definite programme may be feasible, 
though here again outsile causes such as inter- 
national markets may interfere with every well-laid 
plan. With a complex organisation such as a 
world-wide empire, however, schemes must be 
cast on flexible lines, since decisions become more 
intricate, and any council must be allowed a very 
considerable amount of latitude. The best men 
would be required to digest the masses of data 
involved. Mr. M’Lean points out that we already 
have a number of committees collecting facts on a 
variety of subjects, and suggests that they should 
co-ordinate this material, forming for the purpose 
an Imperial Development Planning Committee to 
put forward schemes of wide future economic 
development, and allocate expenditure. 
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This is much what Sir Robert Hadfield advocates, | of the conductors above the earth. Actually, the 
and while we feel that the ideals will usually be| value is somewhat less than this, owing to the 
unattainable, we cannot but think that under|time taken for the cloud to discharge. Even so, 
some such scheme of unification it would be! with a potential gradient of 50 kv. per foot the 
,all to the good were development considered | voltage induced on a line 40 ft. high may be of the 
on the broadest possible lines, and based on the | order of 2,000 kv., so that to deal with the maximum 
completest possible surveys—always with the | gradient mentioned above, the line would have to 
proviso that it be understood that we have not| be insulated to withstand an impulse flash-over 
reached finality in science, transport or any other | pressure of 4,000-kv. According to Mr. Towne’s 
matter affecting the existence of man on this | experience, 66-kv. lines on steel towers are usually 
earth. At present our disjointed limbs are | insulated, so that the r.m.s. flashover voltage at 60 
attempting to function independently. We are | cycles is about 6-5 times the pressure between the 
in need of bringing them together so that they | line and earth, while the lightning flashover voltage 
may work under the impulse of one heart and one | of the insulation is approximately 10 to 12 times 
'mind as an ordered whole. | the crest value of this pressure. On systems where 

| wooden poles are employed the latter values may 
|be considerably higher. The important result 

LIGHTNING AND TRANSMISSION is that lines working at low or medium voltages 

LINES. |may be subject to much higher lightning voltages 

Ix a recent leading article we discussed the |than the higher voltage systems, and that values 
progress that has been made during the last two | of 660 kv. to 1,100 kv. and even higher are reached 
hundred years in the protection-of buildings from|in some 10 per cent. of the cases. Researches 
lightning strokes and indicated that in future | with the cathode-ray oscillograph show that the 
practice might be modified by an increase in our | time taken to reach the maximum induced voltage 
knowledge of the theory of this phenomenon. Such | is seldom shorter than 1 or 2 micro-seconds, and is 
| changes as come about as the result of this increase | more probably of the order of 5 to 10 micro- 
are, however, likely to be more profound when the ‘seconds or more. These transient voltages are 
protection of transmission lines is considered.| superimposed on the normal power voltage and 
Since in the case of buildings not only are the means, | are greatest on the line that is farthest from the 
which should be adopted to secure immunity from | ground. In fact, the potential to which a line can 
damage well known, but their application is simpler. be raised by lightning depends directly on its height 
In the first place, a building is not a current- | and the cloud potential gradient and is independent 
carrying system, and to protect it from lightning | of its length. 
the main desideratum is to install conductors out- | A discharge of the kind we have described sets 
side it so that any stroke is directed to earth by | up a travelling wave along the line whose voltage 
the shortest path. A transmission line, on the! may be considerable and the shape of which may 
other hand, is carrying current at a high pressure, | produce very large potential gradients in the 
with the result that it cannot be permanently | conductor. The practical result of this is that the 
earthed and its protection must therefore depend on | ytility of the lightning arresters is mainly restricted 
special discriminatory apparatus. Moreover, the fact | to the place where they areinstalled. The discharges 
that such a line is already charged often causes excess | algo produce transient potentials, which may easily 
voltages to be generated in it by the lightning and | break down the insulation of such terminal equip- 
| produces surges which, unless precautions are taken, | ment as transformers. These voltages, however, 
may damage not only its equipment, but the attenuate fairly rapidly, due to corona, resistance 
more expensive plant in the power and sub-stations. | and other losses. For instance, a 1,000-kv. wave 

With the increasing mileage of transmission lines, will be reduced to 500 kv. in 6} miles. The 
which is now being erected all over the world, the problem of how to deal with these voltages is not 
problem of lightning protection is therefore one in the solved by increasing the line insulation. For if this 
solution of which both theory and practice may is done there is a tendency for an increased number 
well play a part. And although in this country of flashovers to occur near the station. This is 
| our comparative freedom from severe thunderstorms undesirable, for a part only of the wave is cut off, 
|renders the subject of less direct interest than it is and the result is that dangerous turn-to-turn 
elsewhere, it is one to which even our transmission gradients are caused in inductive apparatus or 
engineers must pay attention. We say this in harmful oscillations are generated. This difficulty 
spite of the fact that it is not proposed to use can, however, be overcome by the use of lightning 
|lightning arresters on the “grid” and in spite of arresters. 
the other fact that there is not universal agreement _— Before dealing with the design and rating of the 
about the utility of these devices. It must not latter apparatus, Mr. Towne has something to 
be forgotten that in this country a very high say on the vexed question of earthing or not earth- 
standard of continuity of supply is demanded and ing the neutrals of such systems. In his view, the 
‘that, as those who obtain their energy through number of flash-overs should not be affected by 
‘overhead lines know, there are occasions when earthing, though to adopt earthing means that 
lightning does lead to more or less prolonged inter- the power current will follow the flash-over, and that 
ruptions. For that reason we are glad to learn the risk of interruption of the supply is therefore 
that klydonographs are to be installed at certain greater. On the other hand, switching surges are 
|specially exposed points on the grid lines, so that less and arcing surges are eliminated entirely 
|the voltages, which are actually induced, may be when the neutral is earthed, thus causing less damage 
| measured. to the arresters, while better protection can be 
An idea of the extent of these voltages, and indeed obtained at a lower cost. In fact, the lightning stress 
| of the problem of guarding against lightning general- is limited to about 80 per cent. of that usual on 
| ly, may be obtained from a paper on “‘ The Lightning | non-earthed systems, 
| Problem in Power Transmission and Distribution” | As regards the arresters themselves, these 
| by Mr. H. M. Towne, which was published in the | apparatus are fundamentally voltage devices, and 
| July issue of the Bulletin of the Hydro-Electric | operate independently of the current, power and 
|Power Commission of Ontario. It is computed | size of generators supplying the system. The 
that during lightning storms potential gradients | voltages which have to be taken into account in 
| as high as 100 kv. per foot may exist in the air|their design are four: The normal operating 
| between the charged cloud and earth just prior to | voltage; the maximum system voltage; the surge 
‘a flash and that these reach their maximum in the | voltage due to switching operations under both 
|region directly under the cloud. The presence of | normal and abnormal conditions ; and the lightning 
| such a cloud causes charges of the opposite sign from | voltage. The first two of these govern the design 
|those on the cloud to be concentrated on the|of the arrester, since though excess or runaway) 
| transmission line, the earth below the line having | voltages may only exist for a few seconds, they ar 
|a charge of the same sign as that on the cloud. | quite sufficient to destroy any arresters that ma) 
| When the cloud discharges, the disappearance of|discharge during that period. It is therefore 
|its charge causes a potential to be generated in the | necessary for the arrester to prevent the flow of the 
|conductor whose theoretical value is equal to the| system current through it when these voltage= 
product of the potential gradient between the} occur, or to interrupt the flow of such current 
| cloud and earth before the discharge and the height | without damage. To do this directly means som 
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sacrifice of protection, and it is therefore advisable | 


to limit the runaway voltages by the use of over- 
voltage or over-frequency control on the generators. 
A further important point that must be taken 
into consideration in this connection is that where 
high-pressure and low-pressure lines are run close 
together, considerable voltages may be induced in 
the latter by a short-circuit in the former. In 
operation, the arresters should reduce the voltage | 
of the waves and absorb as much as possible of | 
their energy, so as to minimise the amplitude of | 
the reflected wave and its energy. These two| 
conditions are contradictory, but the first is the more | 
important, especially on low-tension lines, since it | 
is desirable that the lightning voltage should be | 
reduced to a value, which will give complete protec- | 
tion. 

In fact, it seems wisest, for three reasons, to | 
design the arrester for the lowest possible volt- 
ampere characteristic, thus providing the maximum 
voltage reduction which it is possible to obtain. 
These reasons are that the arrester is usually 
installed to protect a given piece of apparatus from 
surges, which means that its resistance must be 
low, so that voltage reflections of opposite sign 
from that.of the surge are given back into the line. 
Secondly, any reflected voltage wave will always be 
less than the incoming wave, and cannot therefore 
cause a flash-over, if the original wave does not do 
so. While thirdly, the difficulty of obtaining low- 
resistance earths ensures that there will be enough 
resistance in series with the arrester to absorb an 
appreciable amount of the wave energy. 

The positions at which the arresters are installed 
is another point of importance. In general, they 
should be placed as close as possible to the apparatus 
they are intended to protect, especially when this 
is in motion. Where, as in the larger stations, 
this is imposible, the intervening circuits should be 
shielded by several overhead earthed conductors, 
so as to decrease the potentials induced on the 
station side of the arrester and to minimise the 
reflections of the arrester voltage at the terminals 
of the equipment. Where the lines enter the station 
through a cable, the latter might be extended three 
or four spans along the pole, so that a portion of 
the wave energy is deviated from the exposed line 
to the cable sheath, which is earthed through a resist- 
ance. Though the protection of apparatus is the most 
important problem, a good deal is now being done 
to prevent flash-overs of the line insulators. There 
are four possible ways of doing this: The use of 
an overhead earth wire; the employment of arresters 
at frequent intervals along the line; the installation 
of a fused grading shield on the insulators ; or the 
Peterson earth coil. Theoretically, it is possible to 
design a line so that it is immune from flash-overs, 
though to do so is not often economically desirable. 

Of these methods, the earth wire has proved 
very successful, since if, by its means, the induced 
voltage can be cut down by half, the flash-overs 
will be reduced by 80 or 90 per cent. Its effective- 
ness depends on its height, configuration, and how 
frequently it is earthed, and it does not eliminate 
the need for arresters at the stations. To install 
arresters wholesale, along the lines, would, however, 
at present be costly, though since three earth wires 
cost from 300]. to 600/. per mile, and arresters 
would only be necessary on one phase, it is a 
policy worth considering. It has yet to be deter- 
mined, however, at what intervals they should be 
erected. A fused grading shield requires frequent 
patrol of the line. On the other hand, the Peterson 
reactance coil is being very much used on the 
Continent as an alternative to lighting protection, 
with good results. As is well known, when one line 
becomes earthed, this coil supplies the charging 
current to earth of the two non-earthed lines, the 
reactance being so proportioned that the full 


opening meeting was held in the hall of the Capito- | 
lium Palace, by kind permission of H.E. the Governor | in which the propulsive power might be reduced. 
of Rome. The chair was occupied by His Excellency | The speaker suggested there was a further way in 
Prince Boncompagni Ludovisi, Governor of Rome, | which a reduction might be obtained, namely, by 
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Fortunately, as the result of continued investiga- 
tions, they may, in future, expect a much greater 
immunity from failures due to this cause than is 
now usual. This result will be largely due to the use 
that is being made of the cathode ray oscillograph 
for determining the magnitude and shape of the 
lightning waves on actual lines, and it will also 
be assisted by the increasing knowledge of the 
theory of the subject to which we have drawn 
attention. 


THE INSTITUTION OF NAVAL 
ARCHITECTS. 


By the selection of Italy as the venue for the 
Summer Meeting of the Institution of Naval Archi- 
tects, members and their friends are being given 
an opportunity of studying some of the important 
developments that are now taking place in that 
country. Although these developments are by no 
means confined to engineering work, it is perhaps 
in this direction that they appear in their most 
striking form. Many important hydro-electric 
schemes have either recently been completed, or 
are in course of construction, and the Limentre 
scheme, recently described in our columns, may be 








| taken as typical of the work carried out in this direc- 


tion. Of more direct interest to the Institution 
as a body are the activities associated with port 
development and modernisation, and members are 
being afforded an opportunity of examining the 
new port works at Naples, Genoa, and Trieste in 
the course of their tour. Although Venice is not 
actually included in the itinerary, those members 
who make the slight detour involved in visiting this 
city will be well repaid, as the new port works at 
Porto Marghera are among the most interesting in 
the world, the port appliances for handling various 
classes of goods being in some cases unique. The 
majority of the important ports in Italy are exposed 
to the full force of the winter gales, and monolithic 
construction has been widely adopted for the main 
defence works. A typical example is afforded in 
the new works at Bari, which we also described 
recently. 

With regard to naval architecture, Italy 
reached an output of shipping second only to Great 
Britain in 1926, with a gross tonnage launched of 
220,021. Towards the end of that year, however, 
a depression in industrial activity began to be felt, 
resulting from too-rapid development, the revalua- 
tion of the lira, and other factors. This depression 
was accentuated in 1927, resulting not only in a 
diminution of ships launched, but also of those 
remaining on the stocks. Actually the tonnage 
launched in the latter year fell to 101,076, and in 
the following year, a further fall to 66,788 tons was 
recorded. There are indications that the position 
is now improving, the vessels building including 
22 motor ships with a gross tonnage of 64,685. 
The majority of these vessels are of relatively small 
size, and it would appear that shipowners in Italy 
are awaiting the results of extended experience 
with the Augustus, Saturnia and Vulcania, before 
again embarking on the construction of exceptionally 
large Diesel-engined vessels. Members will have an 
opportunity of visiting the Saturnia during their 


to the Roma, a 32,583-ton vessel built by the Soc. | 


Anon. Ansaldo. This vessel, completed in 1926, | 


is 705 ft. in length, and is propelled by eight steam 
turbines driving through reduction gearing on to 
four shafts. 


The members and their friends, to the number | 
of 156, arrived in Rome on the evening of Monday, 


menced at 10 a.m. the following morning, when the | 








voltage is generated. The result is that a low 
impedance path is provided for the charging current, 
thus shunting it away from the fault, while a path 
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the United Kingdom, but throughout the world. 
In extending a warm welcome on behalf of the. citi- 
zens of Rome, to the members attending the meeting, 
the Governor stated that they would have an 
opportunity of visualising the re-birth of Italy in 
the last decade, by visiting her dockyards and other 
important works. 

The Governor of Rome was followed by Admiral 
Sirianni, who also spoke in Italian. He said 
that it was the wish of the Head of the Government 
that the meeting should take place in the great hall 
of the Capitolium Palace, built upon the hill upon 
which so many great movements have been initiated 
for the benefit of humanity. He said that in its 
life of 70 years, the Institution had rendered great 
service to pure and applied science, and more 
particularly to the science of naval architecture. 
The Italian nation had always fully recognised the 
value of this work, and leading Italian naval archi- 
tects had long had the honour of membership of 
the Institution. He suggested that, apart from the 
official proceedings, the members might be interested 
to study the present life of Italy in a thoughtful 
and critical spirit. He believed that a true spirit 
of progress would be perceived in every field, thanks 
to the discipline inspired by the Head of the Govern- 
ment, himself a great constructor. 

In replying to the addresses of welcome, Admiral 

of the Fleet the Right Hon. Lord Wester Wemyss 
expressed the thanks of the Institution to the Italian 
Government, to His Excellency the Governor of 
Rome, and to all others who had done so much to 
ensure a successful visit. He referred to the wonder- 
ful spirit of enterprise which was manifest through- 
out Italy, and said that the Institution’s first visit 
to that country promised to be a truly historical 
oceasion. Italy and Great Britain had great 
community of interests in their sea-borne commerce, 
and shared the dangers of the seas in common. 
Continuing, he referred to a number of important 
papers which had been presented before the Insti- 
tution by Italian members, and concluded by a 
reference to the strengthening of the pre-existing 
bond between the two countries brought about by the 
great war. 
The next business of the meeting was the presen- 
tation of Sig. Ing. Nabor Soliani as an honorary 
member of the Institution. In declaring Sig. Ing. 
Soliani elected, Lord Wester Wemyss referred to 
the valuable papers which he had read, and men- 
tioned his close friendship with the late Sir William 
White and Sir Alfred Yarrow. Sig. Ing. Soliani 
made a suitable acknowledgment of the compli- 
ment paid to him. 


ATLANTIC LINERS. 


On the commencement of the technical pro- 
ceedings of the meeting, Lord Wester Wemyss 
took the chair and called upon General E. De Vito, 
Director of Naval Construction, Ansaldo Company, 
to read his paper, entitled ‘‘ Atlantic Liners.” 
This paper will be reprinted in a future issue of 
ENGINEERING. 

In opening the discussion General G. Rota referred 
to the author’s remarks on the Maier form. After 











examining the available data three years ago, the 


stay in Trieste, and a visit has also been arranged | speaker concluded that for ships of any size, and 


of moderate speed-length ratio, 7.e., less than unity, 
the Maier form required about 15 per cent. less 
power than an ordinary form. As the speed was 
raised, however, this advantage gradually dis- 
appeared. In Atlantic liners of large size, say 
40,000 tons, having a high speed and also a higher 
speed-length ratio, but still less than unity, it 


the 16th inst., and the official proceedings com-| appeared possible that some advantage might 


result from the adoption of the Maier form. In 
his paper, the author had mentioned several ways 


who, in an address of welcome, delivered in Italian, | the unequal distribution of power as between the 
referred to the bond of friendship uniting Italy and | various shafts. This was based on results obtained 


of high impedance is placed in the way of the fault Great Britain to the common advantage of the two , on model experiments carried out in the Spezia 
current. The line is therefore cleared without the peoples. In the course of his address, the Governor | tank. In vessels with four shafts, the power was 


switch operating. 

Sufficient has been said to show that trans- | 
mission engineers, in setting out to protect their | 
lines from the effects of lightning, are faced with 


| said that the sea still constitute the readiest means 
of traffic between the nations, and that their power , more power, say, up 
had been measured in every age upon this element. | advantage be concentrated in the two centre shafts. 
He paid a warm tribute to the value of the work | This principle had actually been applied in the case 
a problem which is both interesting ‘and difficult. | of the-Institution of Naval Architects, not only in ‘of the Italian battleship Dante Alighieri, and~her 


usually equally divided, and he would suggest that 
to 75 per cent., could with 
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sister ships. A further advantage resulted from a 


contra-rotation of the outer screws with respect 
to the inner. 

Sir Thomas Bell said that he only wished to refer 
to one point, and that was in connection with the 
temptation for naval architects to cut down weight 
in order to get a higher performance. He quoted 
a statement by the late M. A. Normand that, for a 
given design, every ton added to the weight of the 
hull or machinery, involved an addition of four tons 
to the total displacement for the same speed and 
draught. The author boldly advocated what he 
regarded as a modest and reasonable reduction in 
the machinery weight, but in every consideration 
of weight reduction, it must be borne in mind that 
modern tendencies were in the direction of even 
greater reliability and dependability than at pre- 
sent. Although it was no doubt very desirable to 
reduce the time occupied on the voyage, the time 
spent in port had also to be kept down and here 
the factors to which he had referred were of para- 
mount importance. 

Engineer Rear-Admiral W. M. Whayman, speak- 
ing on the same point, said that he thought the 
figure of 20 h.p. per ton for machinery and boilers 
advocated by the author was rather on the light side 
for Atlantic liners. He would venture to suggest 
that the factors of reliability and durability of 
machinery had been omitted by the author in sum- 
marising the features generally adopted in such 
vessels. Quoting from memory, the speaker gave 
a figure of 40 shaft horse-power per ton for the 
boiler installation only of a new vessel. He noticed 
that the authcr gave the weight of the machinery 
installation as smaller with electric transmission 
than with mechanical gearing, but he thought that 
this was not in accordance with the figures given 
in an earlier paper read before the Institution on 
this subject. In this paper, the cost, weight, and 
space occupied by a turbo-electric installation were 
all stated to be greater than with mechanical gear- 
ing. In addition to these disadvantages, an in- 
creased fuel consumption of 10 per cent. to 12 per 
cent. had to be accepted. So far as the Admiralty 
were concerned, they considered that turbo-electric 
machinery came out heavier than mechanical gear- 
ing, and he would be glad of further information on 
the point from the author’s experience. 

Professor M. Gleijeses, speaking in Italian, said 
that the author had considered stability at immer- 
sions corresponding to light and full displacement. 
The solution given in the paper for these two con- 
flicting conditions of choosing adequate breadths 
for light draught, and for moderate stability at 
full load displacement was certainly possible, and 
was studied and applied in Germany. The speaker 
had suggested the same solution in his work 
“Le forme al bagnaseinga, la disposizione dei carbonili 
e la stabilita durante la navigazione.”” This work had 
its origin in the important work of Peskett on the 
vessels of the Cunard Line, read and discussed before 
the Institution in 1914. There was, however, 
another solution, which was to leave the hull in its 
ordinary form, and to dispose of the fuel in such a 
way as to introduce only small variations in meta- 
centric height as it was withdrawn from the bunkers. 
This method was also discussed in the work cited, 
and he believed that it was adopted in the Beren- 
garia, ex Imperator. 

Mr. R. J. Walker agreed with earlier speakers 
regarding the author’s views of the weight of 
machinery. General De Vito had set out an ideal, 
but he personally did not think that this ideal 
could be attained without some sacrifice of reli- 
ability. He noticed that the author gave a fuel oil 
consumption for high-speed liners of about 0-65 to 
0-70 lb. per shaft horse-power per hour. With the 
advances made in high-pressure boilers, however, 
0-62 1b. per shaft horse-power per hour had already 
been achieved, and he thought that it was now 
possible to get a consumption of under 0-60 lb. 
per shaft horse-power per hour for all purposes in 
very large vessels. 

Mr. H. G. Williams expressed his appreciation of 
the manner in which the facts about existing 
Atlantic liners were presented and analysed in the 
paper. General De Vito had, in fact, standardised 
the available figures and expressed them in a non- 
dimensional form in which they became of real use 
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A good idea of the possi- 
bilities regarding the propulsion of liners at about 
28 knots could be obtained from a rapid inspection 
of Froude’s Iso ( K ) diagrams, given in his paper 
of 1904, although these diagrams refer to a form 
with a somewhat smaller midship section coefficient 
than would be adopted in a liner. Froude’s forms 
were slightly better than General De Vito’s examples 
from the point of view of propulsion, because their 
prismati¢ coefficients were slightly less. The appar- 
ent superiority of the Maier form from the point of 
view of propulsion indicated in the paper was very 
interesting. The form appeared rather like that of 
an exaggerated ice breaker, and the speaker had not 
found that such vessels were easier to propel. Sea- 
going results with the Maier form would be awaited 
with interest, but he thought that such vessels 
would be inconvenient as regards the shape of their 
holds, and they might also prove difficult to keep 
on a steady course. With the great engine powers 
now in use, the maximum power which could be put 
|through one propeller and one shaft became of 
great importance. Decreased shaft diameter could 
be obtained by increasing revolutions, but only at 
the expense of propeller efficiency—partly balanced 
by some gain in turbine efficiency. Very large 
shafts, with immense hull appendages, were, how- 
ever, a definite drawback to propulsive efficiency. 
It would appear to the speaker that internal strains 
in large propellers, referred to in the paper, could 
be overcome by appropriate metallurgical treat- 
ment. The installation of five lines of shafting in 
ships of the dimensions considered in the paper 
did not appear an attractive proposition, though 
it would have to be faced with powers much above 
160,000 shaft horse-power. The author had referred 
to increasing the ratios of length to depth in future 
high-speed liners. The speaker imagined that the 
Classification Societies would be cautious in approv- 
ing any great increase in this ratio. In cases of 
certain warships of extreme proportions, symptoms 
of weakness of the top and bottom members of the 
girder under compression had had to be remedied, 
and certain cases of weakness under tension of such 
members in liners were notorious. 

Sig.-Ing. C. Sacerdoti agreed with several earlier 
speakers regarding the practicability of cutting 
down weight without the sacrifice of reliability. 
Caution in this respect was certainly necessary, 
as the efficiency of both the machinery and boilers 
must be maintained throughout the life of the vessel. 
He thought that useless weight existed elsewhere 
in many vessels, but not in the machinery. Regard- 
ing the Maier form, he thought that in tank 
experiments the bulb form had given a 2 per cent. 
to 4 per cent. increase in propulsive efficiency. 

Mr. A. T. Wall said that he had calculated that 
the horse power required for a 1,000-ft. ship with a 
speed of 40 knots would be in the neighbourhood of 
520,000, which was, obviously, unobtainable from 
the point of view of machinery space. He thought 
that 40,000 h.p. per shaft was likely to be the limit 
for some time to come, and at this figure even five 
shafts only gave 200,000 h.p. He thought that 
the figures given in the paper reflected great credit 
on the designers of the Mauretania, as it did not 
appear that much power could have been saved in 
this vessel even in the light of the latest information. 
It was interesting to compare her with the four 
Munster class vessels, which were the fastest boats 
built with reciprocating engines. Had these vessels 
been built to-day instead of thirty years ago, some 
20 per cent. of the power used could have been 
saved. He was of opinion that there was a 
tendency to build vessels with too little stability ; 
|there did not appear to be any danger in 
| adopting an opposite tendency. Referring to special 
| hull forms, he considered that these had failed to 
show any real advantages unless the vessel was 
defective in some way, such as bad bossing or 
unsuitable propellers. He wished to refer in 
conclusion to the use of high elastic limit steels. He 
agreed that any normal development in this direc- 
tion was desirable, as both first and running costs 
were likely to be reduced. 

The Chairman, in proposing a vote of thanks to 
General De Vito, said that the reply to the dis- 
cussion would be communicated in writing. He then 
called upon Mr. A. T. Wall to read the second paper. 


to the naval architect. 
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PASSENGER ACCOMMODATION IN SHIPS. 

This paper, entitled “‘Ship Design and Arrange- 
ments from the Passengers’ Point of View,” by 
Messrs. A. T. Wall and Ashby Tabb, was reprinted 
in abridged form in our last issue (page 386, ante). 

In opening the discussion, Sir John Thornycroft 
said that there was a suggestion in the paper that 
the same type of accommodation could be made 
suitable for all services. That appeared to him to 
be hardly practicable, as such points as the preference 
to be given to large hall spaces or smaller sub- 
divided public rooms largely depended upon the 
length of the voyage and the countries served. 

Mr. W. J. Willett Bruce said that the question of 
decoration had given much anxiety to shipowners. 
The companies vied with each other in producing 
pleasing effects, and a stage of very elaborate 
decoration had now been reached. This resulted in 
very high upkeep charges after a few years, but he 
agreed with the author that ships must be made 
attractive. With regard to the arrangement of the 
public rooms, he preferred them on one continuous 
deck throughout. In these days of high-speed 
ships and liners, passengers got tired of only having 
the saloon tariff, and a restaurant might therefore 
be regarded as essential. This was run as a separate 
entity from the ship, and thus required very elabo- 
rate arrangements. It had, however, been success- 
ful with both British and German owners. Con- 
tinuing, he considered that card rooms were much 
appreciated, but that telephones in each room 
were not desirable, as they were difficult to maintain 
in an efficient condition on shipboard. Ventilation 
rarely appeared to be studied from the right stand- 
point, which was to take full advantage of natural 
ventilation before resorting to fans. On the question 
of vibration, a bad name in this respect was very 
serious, and too much attention could not be paid 
to the selection of the right type of machinery. 

Mr. W. Hamilton Martin, also speaking on the 
question of vibration, said that it would seem that 
more attention might be given with advantage to 
the accurate static balancing of turbines, gearing, 
and propellers. The arm of a possible unbalanced 
couple in such rotating parts was comparatively 
short, and too much importance has often been given 
to dynamic unbalance. Professor Haigh had 
recently given a case of a large liner in which the 
two forces constituting the dynamically unbalanced 
couple had to be eight times as great as a single force 
of static unbalance to produce the same vibration 
in the vessel. Any initial eccentricity of the rotor 
was liable to magnification by the elastic flexure 
of the shaft at the primary critical speed. This 
was usually designed 25 per cent. above the running 
speed, covering uncertainly in calculation of the 
true critical speed and an allowance for imperfec- 
tions in balance. The more the initial eccentricity 
was reduced, the closer could the shaft be run to 
the critical speed. The speed at which dynamic 
unbalance became evident lay far above the 
critical speed at which staticun balance produced 
dangerous effects. After referring to the influence 
of temperature on the critical speed, Mr. Martin 
said, with regard to preventable noises, which had 
been referred to in the paper, that the silencing of 
the engines on motor ships showed little advance 
on that of the first oil engines built. Improved 
methods should be considered and carefully investi- 
gated, with a view to increasing the operating 
efficiency and general comfort of such vessels. 
Commander G. Boselli asked for information 
regarding the value of gyro-stabilisers, and the 
Chairman then called upon the authors to reply to 
the discussion. Mr. Ashby Tabb, in the course of 
a short reply, said that the main requirement 0! 
passengers was continuity of comfort. Leaving 
their hotel or train on land, they expected equivalent 
comfort on the ship, and cared very little about 
anything else. 


THE RELATIONSHIP BETWEEN DRAUGHT, BREADTH 
AND METACENTRIC HEIGHT. 

The Chairman then called upon Professor M. 
Gleijeses to summarise his paper entitled ‘‘ Breadth. 
Draught and Initial Stability of Ships.” In thi» 
paper the author referred to the fact that, in designing 
a ship, if the ratio of draught to breadth was not 
selected within certain limits, the initial stability 
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tudinal dimensions in a ratio.A, the transverse in a 
ratio r, and the verticalin a ratio vy. By varying A,r 
and », an infinite number of hulls could be designed, 
all having the same ratios between the half-breadths 
at corresponding points, and hence the same co- 
efficients of fineness, the same distribution of volume, 
and so forth. The author took a standard hull, 
and deduced the mathematical relationship between 
the transverse metacentre and the draught and 
breadth, the deduction being based on the fact 
that the equation representing the height of the 
metacentre in terms of draught and breadth was 
that of a quadratic cone. It was stated that in the 
application of the results obtained to the design of 
a ship, the variations in the absolute value of the 
transverse metacentric height were not usually those 
which, from the sole standpoint of initial transverse 
stability, could lead to the preferential selection of 
certain values of the draught and breadth dimen- 
sions, or their ratio. The explanation given for 
this was that the length could only vary within 
certain limits if the type and displacement of the 
ship had been fixed, and, further, the height of the 
centre of gravity of the entire ship above the upper 
face of the keel, and the moulded depth, varied 
within rather narrow limits for every type and size 
of ship, and had a great influence upon the ratios 
of draught to breadth. 

This paper was not discussed, the Chairman 
suggesting that, in view of its very technical nature, 
all contributions to the discussion should be sub- 
mitted in writing. 

The meeting was then adjourned, and the mem- 
bers spent the afternoon in visiting some of the 
historic monuments in the city and neighbourhood. 
In the evening a dinner was given to the members 
and their friends by H. E. the Minister of Marine 
in the magnificent new Palazzo del Ministero on 
the banks of the Tiber. 


(To be continued.) 








THE SLUICE-DISCHARGE MEASURE- 
MENTS AT ASSOUAN. 
By J. H. Jones, A.M.I.C.E. 

In calculating the discharge from a large orifice, 
it is necessary to take into account the fact that 
the effective head differs from point to point. 
The theoretic velocity of a filament of the jet 
situated at a depth h below the free surface of the 


water in the reservoir is 2 gh, and the total theoret- 
ical discharge from a rectangular orifice of breadt}, 


into air, so that the 

pressure at both top and 

bottom is identical, being atmospheric in both cases. 
In the case of the discharge from a sluice such as is 
represented in Fig. 1, this is no longer the case, and, 
as indicated in Fig. 2, the bottom layer of water 
is under the pressure represented by h in the figure. 
The theoretical velocity here is therefore that due to 
a head H — h, and this theoretical velocity is the 
same for all filaments of the flow. 

The writer has analysed on this basis the figures 
in the recently published report on the twenty 
years’ work of calibrating the sluices of the Assouan 
dam. This undertaking was initiated by Sir 
Murdoch Macdonald, and continued by Dr. Hurst 
and Mr. D. A. F. Watt. The report provides the 
first set of reliable and exhaustive data on a highly 
important problem. 

In Fig. 2, assume the orifice, and the smooth 
channel confining the stream, to be of unit breadth, 
and the upper surface of the stream, which may be 
either guided by the shaped conduit or freely 
converging after passing the sharp edge shown 
dotted, to have reached the section of parallel 
uniform flow. The distribution of lateral pressure 
at plane ab is given by the triangle abc, and that at | 
plane AB by the triangle ABC, of which the portion | 
abC is opposed and cancelled by abc, so that filaments | 
(1), (2), (3) are expelled with a velocity 
due, not to corresponding heads y;, ¥2, ¥; - - 
but each with the same velocity due to a uniform 
head Y, which is the fall from free-surface to free- 
surface, i.e. (H — h). 

The discharge is therefore 





q=h /29(H—h), | 
or, since h = cD, where c is the coefficient of con- 
traction, 


q=cD 2g (H — cD) per unit breadth. 


Incidentally, it may be remarked that this 
argument may be logically employed to deal with 
the case of an orifice in a plane wall with no culvert 
downstream, provided the velocity at the vena 


contracta exceeds the critical y= ¥ gh, or in 
other words, provided 2 (H — h) > horH > 1-5h, 
since only under these conditions is it impossible 
for a downstream disturbance to be propagated in 
an upstream direction. 

There is a slight amount of difficulty in estab- 
lishing, even experimentally, the precise value of 








c, but it does not appear to differ very greatly 


from*two-thirds, so that we will take our discharge 
formula as 

q=%D J2g(H — 3D) x breadth 
and seek confirmation from the figures of the report. 

The Assouan sluices, speaking broadly, are of two 
types, one 3-5 m. deep, the other 7 m. deep, each 
being of 2 m. internal width, some of each type 
being situated at various levels in the dam. 

We will consider two general cases :— 

**(1) A 3-5-m. sluice, opened 1 m., and the head 
H varying from 2 m. to 13 m., which is the greatest 
given in the report, as shown in Fig. 3. 

(2) A 7-m. sluice with a constant head of 7 m. 
and the opening varying from 1 m. to 6 m., Fig. 4. 
We will compare the measured discharges with 
those calculated by the formula given above. 

It should be noted that “ full-culvert ” and “ weir” 
conditions of flow must be treated by other methods 
of calculation, which are discussed in the author's 
paper published in Enermgerine, of August 10, 17 
and 24, 1928. 

Example.—Shluice as shown in Fig. 3. H = 10-0m., 
D=1-0m., B = 2:0m., and g = 9-81 m./sec.? 
Q= 2x ¥ / 19-62 (10 — 3) 

= 18-1 cub. m. per sec. 

The measured discharge, in this case, was 18-3 
cub. m. per second, the discrepancy being — 1-1 per 
cent., but, as will be seen from the Figs. 3 and 4, the 
free-surface fall, owing to the existence of that 
archaic survival, the drop in the culvert floor, must 
be increased by that amount ; hence 

Qi = 2 x $4/19-62 {(10-15) — 

= 18-2 cub. m. per second, or — 0-6 per cent. 
discrepancy. 

The calculated discharges (both Q and Q;) with the 
measured discharges and corresponding discrepancies 
are tabulated in Tables I and II on page 146. 

Although only these tables are given, the writer 
has made the same comparisons for practically 
every measurement in the report, and finds that 
all combinations of head and opening are justly 
represented by these condensed tables. 

Three of the results in the tables are marked by an 
asterisk, signifying an undesirably large discrepancy 
calling for further investigation, but it is only fair 
to remark that the actual measurements themselves 
show certain singularities (see Paper 4475, Inst. 
C.E. 1920-1921), so that the precise discrepancy 
is hard to ascertain, inasmuch as a part of it may 
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be attributed to instability of flow regime, and it is 
most pleasing to hear that Dr. Hurst has started 
a systematic examination of these singularities 
by means of models, from which we look for valu- 
able assistance. 

The fact that the discrepancy in each table 
changes from negative at low heads or large open- 
ings to positive at high heads or small openings 
indicates error in assuming Qa D and Qa/ (H—hA) 
exactly, which is also shown to be wrong by a 
dimensional analysis, but the error is due to the 
influence of viscosity, and this effect, with water in 
large orifices, is very slight. 

The fact that the sluices at small heads or large 
openings discharge less than the calculated amount 


might be taken as proof that c is actually greater | 


than two-thirds, while the excess discharge at 
large heads (or small openings) might show c 
to be less than two-thirds, but, in the absence of 
experimental evidence, the writer is not prepared 
to accept either as a sufficient explanation of both 
discrepancies, or to consider c as variable. 

The influence of certain other factors may be 
shown by considering the worst case given, viz., 
the 7 m. sluice, 6 m. open, under 7 m. head. 




















TABLE I, 
3-5 m. sluice. 1-0 m. open. Head varied. 
| = 7 y a | es a “ 
Head | Q. | Q. | Discrep- Qi. | Discrep- 
r (meas.) (cale.) ancy. | (cale.) | ancy. 
M 
“ | M3/sec. | M3/sec. |Per cent.| M35/sec. | Per cent. 
| | | 
| | | | | 
20 | 6-8 6-9 | +1:9 | 7-2 | +6-0" 
30 | 88 | 90 [' +21] 9-3 | +5-5* 
4:0 | 10-6 10-8 | 1-9] 11-0 | +4-1 
5-0 =| 12-2 } 12-3 0-9 | 12-6 | +2-9 
6-0 | 13-7 } 13-7 | 0 | 138-9 | +1:3 
7-0 } 15-0 | 14-9 |} —0O-6] 15- | +0-°3 
8-0 | 162 | 16-0 | —1-:0} 16-2 | 0 
9-0 | 17-25 | 17-1 | —0-7| 17-25 | oO 
10-0 18-3 | 18-1 —1-1 18-2 | 0-6 
11-0 19-3 ; 19-1 —1:6 | 19-2 | —1-0 
12-0 20-4 | 20-0 —-2-2 |} 20-1 —1°5 
13-0 21-4 | 20-8 ~2-8 | 21-0 —2+1 
TABLE IT. 
7-0 m., sluice. 7°0m. head. Opening varied. 
| 
a ae Q. | Q. Discrep- Qi. Discrep- 
saa (meas.) | (cale.) | ancy. (calc.) | ancy. 
~ | MB/sec. | M3/sec. |Per cent., M3/sec. |Per cent. 
| | | 
——| ae ea oa 
1-0 15-2 14:9 | -—2-0! 15:1 | —0-6 
2-0 28-4 | 28-2 —0-7 | 28:5 | +0-2 
3-0 | 39-9 | 39-75 | -—0-5] 39-9 | 0 
40 | 49:0 | 49-2 | +0-4| 50-0 | 41-9 
5-0 56-0 56-6 +1-1 57°75 | +3-1 
6-0 | 56-7 61-3 +7°8 | 63-0 } +11-0* 
55 | 56-5 59-2 $45 | 60-7 | +7-2 
| (Inter- | 
| polated) | 











Had the calculated discharge of 63 cusecs., 
actually occurred, the velocity in the plane of the 
orifice would have been ; = = 5-25 m. per second, 
corresponding to a velocity head of 1-4 m. at a 
position where the total available fall is only 1 m. 
which is obviously impossible, and we reach our 
limiting condition under ideal conditions (H >1-5h) 
at rather less than 5-5 m. opening, with a calculated 
discrepancy of roughly + 7 per cent. 

This is undesirably high, but, at the plane of 
entry into the bell-mouth, about 7 m. x 3-1 m., 
the calculated discharge calls for a velocity of about 
3 m. per second with a velocity head of say 0-45 m., 
of which, most probably, one-third would be ex- 
pended in eddy losses, bringing the discharge down 
to say 59 cusecs, with a discrepancy of + 4-5 
per cent. Further, it is psobable that the effect 
of the drop in the culvert bed varies slightly with 
the head. 

It will be seen, therefore, that the proposed formula, 
while completely logical, must be applied with full 
appreciation of the effect of constructional details, 
but its superiority over the existing types with their 
variable coefficients (the Assouan report gives values 
of c from 0-664 to 0-785 and a value of F = 
0-8D in the formula Q = cD, / 2g (H — F)) which 
are strained and multiplied in an attempt to make 
a formula fit conditions of flow which its evolution 
does not include, justifies it fully. 

In conclusion, the writer hopes that engineers 
who are in a position to make accurate measure- 
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ments of the discharge of large sluices, will place us| Firstly, an appreciable difference in tensile strength 
in their debt by publishing them, with such details is a sure indication of dissimilarity of the metals ; 
as will enable the effect of “construction” to be | this is highly undesirable in any weld on account of 
correctly assessed, so that hydraulics may, in this = — - rg gg —_— ge yey — 
respect at least, free itself from the empiricism | may be of no suena ae a ce Ahad: han ihe 
which has for so long been its bane. surfaces machined level and is subjected to a pure 
tensile pull, the position is very different in a pressure 
vessel where highly localised stress is inevitable, 
NOTE. coments at bare welds. Here the elastic limit = 
, undoubtedly liable to be exceeded. This ma 
SPECIAL LIBRARIES. | brought pele by a combination of several Al 
Many engineering firms and individual engineers such as want of circularity, eccentric loading, bending 
are closely interested in the field which it is the due to breathing, undercutting, and sudden changes 
business of the Association of Special Libraries and | of sections at junctions. These positions of high 








Information Bureaux to till. Apart from the | stress almost always occur close to the junction of the 
obvious importance of libraries in general, to tech- | —- git Peperrebagh gpg ey gg 
nical as to other workers, special libraries are of | this aioe may be gathered from the fact = 
peculiar value to anyone concerned with subjects | we made no unfavourable mention of the weld shown 
of which much of the practice is based on recent | by Fig. 13 in the Report, which gave a tensile strength 
scientific discovery or invention. This condition | of 31-3 tons per square inch and an elongation of about 
applies both to the material and method of engi- | 25 per cent., measured on the weld. 

neering, and very much of the information with! The weld to which we took exception is shown in 
which a worker may at any time desire to get in| the Report by Fig. 14. This photomicrograph makes 
touch is likely to be of such recent origin that it | clear the marked dissimilarity in composition of the 


Z ae nial é ‘ . | two materials, which brings it under the category 
will not have got into the text-books which are | 5¢ our first objection. The test figures, which were 


the natural source of information in the ordinary | not named in the text but were given in Table I, 
general library. A special library can, however, | are as follows: Yield, 39-7 tons per square inch ; 
devote its attention to the collection of documents | ultimate, 42-8 tons per square inch; elongation on 
of all kinds which bear upon its particular subject. | weld, 13 per cent. on 1 in.; Izod, 23 ft.-lb. Though 
An index, both to libraries of this kind and to special | the weld is of first-class merit and pre-eminently 
collections of information in general libraries, in | sabetle for certain purposes, it is clear that the 
furnished by the Aslib Directory, published by | ¥ ield point is abnormally high compared with that 
the Association. The Directory is in no way} af a 30 ‘tons per squse> inch boiler pinto, and that 

Sitesi ic : 2 : ~ | the elongation is considerably lower than what would 
concerned with the presentation of engineering or | haye been obtained with a slight modification to 
other material. Its purpose is to record libraries | the constituency of the electrode, resulting in a lower 
and other sources of information where that material | tonnage. We have ample evidence that the same 
may be found. A Directory of this kind, particu-| maker can, by a sacrifice of tonnage, easily double 
larly in the field of science, will naturally demand | the elongation, and thus obtain a weld with a ductility 
: x | comparable with that of a boiler plate. 


revision or supplement from time to time, and this W : tee tiie ee ee : 
SER ERS SSR ee ‘ F e cannot emphasise too strongly that the property 
necessity is constantly before the attention of the vatnt dénisable ‘ai 5 ‘wold ta good dusliiity. sod text 


council of the Association. Clearly, the quicker | 44. ideal for a welded vessel is that it should be no 





the advance in the number of firms and individuals ' whit worse in quality than a riveted vessel, which, 


supporting the Association, the earlier is such a| jt is generally recognised, should be made of cold- 

supplementary edition likely to be possible. As | flanging boiler quality steel with an elongation of 

things are, members of the Association have full use | 23 per cent. on 8 in. or, for comparative purposes, 

of the extra information already collected but not | well over 30 per cent. on 1 in. It is useless to specify 

yet incorporated in the Directory. The Association | that the plate of a welded vessel is to show this 

has already won an important position in the | @ctility if the weld metal shows a ductility of only 
ee oa ? : | a fraction of the amount. 

scientific as well as in the purely library sphere,|/ Quy main desire is to stress the all-importance of 

and is supported by a large number of research |a good ductility being obtained, and to deprecate a 

associations and research departments of individual | strong tendency that exists for a maker to boost 

firms. Its scientific standing has, however, been | a weld on account of its high strength and to disregard 

emphasised by the acceptance of the presidency by | entirely the remaining properties. 

Sir J. J. Thomson, which was announced at the Yours faithfully, F 

sixth annual conference at Cambridge, held from the For British Engine, Boiler and 

20th to the 23rd inst., over which he presided. Miectrical ee ee » Limited, 

A number of papers bearing on the work of the} fanchester. lia aaa naat 

Association were read at the conference, to some of September 18, 1929. 

which we hope to have occasion to refer in more 

detail at a later date. 


LETTERS TO THE EDITOR. 








SUPERSATURATION. 


To THE EpIToR OF ENGINEERING. 
With reference to the leading article in ENet- 














Sir, 
NEERING, June 21, 1929, dealing with supersaturation 
WELDED WORK. | of steam, I have the following observations to offer :— 
| (1) I do not hold the view, ascribed to me in the 
article, that the heat losses in actual turbines (whatever 
Srir,—Your editorial draws attention to our attitude | these may be, collectively) are entirely due to the 
in being unfavourably disposed towards weld metal | physical fact of restrained condensation. My position 
with a strength higher than that of the plate, and | is simply this :—In the case quoted in the article, in 
states that a further explanation is called for on our} which dry saturated steam at 165 lb. per square inch 
extending this objection to a certain weld which | (absolute) is supposed to expand down to | Ib. per 
showed good ductility. In view of your point being square inch, the usual theory of adiabatic expansion 
well made, and the reply involving what we consider | in thermodynamic equilibrium gives 180-88 C. heat 
to be important principles, we should welcome space | units as the available heat drop, whereas, if the steam 
in your columns to make our position clear. | expands in circumstances in which supersaturation 
In general, our objection lies in the fact that, with | persists, this number should be 175-16 C. heat units. 
a high-tensile weld, even though it shows a relatively | Thus, the engineer need only account for 175: 16 
good ductility, there is inevitably a sacrifice in ductility. | C.H.U.’s, instead of the 180-88 C.H.U.’s with which 
The words ‘good ductility,” applied by us to the/ he has previously burdened himself. 
weld in question, were only intended to imply that| If he finds that he still cannot account for this 
the ductility was good relatively to its high strength. | figure, but would require a figure of 0-9341 x 180-88 - 
We refer later in this letter to the properties of this | 169-0 C.H.U.’s to balance his accounts, it seems to 
particular weld. | me he has a discrepancy of 6-16 C.H.U.’s. to account 
We are in complete agreement with your contention | for. He could account for this by :— 
that, providing the elastic limit is not exceeded, no | (a) Seeking unsuspected possible losses. 
concentration of stress will occur with a weld made | (6) Scrutinising his experimental results upon which 
of harder material than the plate. Even so, apart | he builds his heat balances, and, in particular, exami- 
from questions of ductility, we do not, as a general | ning the numerous small losses that are usually allowed 
proposition, consider it desirable that a weld in a| for without direct measurement, in actual turbine trials. 
pressure vessel should have a tensile strength con- | For it is evident that the discrepancy to be accounted 
siderably higher than that of the plate. This for| for is not a very large one in itself. These are matters, 


To THE EpiTror OF ENGINEERING. 





two reasons. however, for the engineer rather than the physicist. 
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My experiments show that he may attribute no more 
than 5-72 C.H.U.’s to the occurrence of supersaturation. 


ENGINEERING. 


20r+3R 


Hr ) is defined as the ratio of 


The factor ( 


(2) I claim that the explanation of the Mellanby--| the actual measured maximum stress in the dished 


Kerr experiments is a far more direct check on my 
results than a comparison with tests of actual turbines, 
such as are suggested in the article. 


* a) both 


| end to the nominal spherical stress (F 
| It appears to 


| are stresses at the meridian line. 


(a) An elaborate heat balance was not in question in | follow that the maximum stress at the meridian of a 


these experiments of Mellanby and Kerr. One plain 


fact to be explained was that the discharge of steam | 


20r+ 3R 
“20r+R 


pR 


2¢ 





dished end would be given by ( ( ) 


) x 


was actually more than it ought to be on the usual | and it is not obvious at first sight how the factor R can 


theory of the expansion of steam, 
were apparently negative. 


(6) Mellanby and Kerr’s experiments presented a | equation. 
This meemnened| 


quite unexpected discontinuity. 
is explained satisfactorily by my results. 

(3) In your article, the suggestion is apparently 
made that an unsuspected loss to which actual tur- 
bines may be subject is the emission of radiation 
capable, like gravitation, of penetrating all material, 
and so giving rise to a complete loss of energy, which 
cannot be prevented even as an ideal. It is only in 
these circumstances that an ideal ‘ adiabatic’ expan- 
sion of supersaturated steam, in which all the energy 


leaving the steam is accounted for by the useful work | 


done, would be impossible. Even if we admit that the 
condensation of vapour from the supersaturated con- 
dition is accompanied by the emission of radiation, 
this radiation can only lead to an increase in the 
conduction losses, because infra-red radiation is 
absorbed in a minute thickness of cast-iron. 

I can, however, find no evidence to support the 
view that in the condensation of a vapour the latent 
heat is liberated as infra-red radiation. In particular, 
this view is by no means “a necessary deduction from 
Wilson’s experiments,” as is stated in your article. 
It is true that Wilson’s experiments on mixtures of 
air and water vapour showed that successively greater 
expansions produced a rapidly increasing number of 
drops once the value for cloud-limit expansion has 
been passed. Wilson’s explanation, which seems 
completely adequate to explain all the facts, is that 
there was no appreciable condensation of the vapour 
until after the end of the expansion, in spite of the 
fact that each expansion took as long as ;},, sec. for 
its completion. The greater the size of the expansion, 
the greater was the supersaturation produced in the 
vapour at the end of the expansion. The reason for 
this delayed condensation is simply that, in Wilson’s 
expansion chamber, for every water molecule present 
there were 100 air molecules, and the condensation 
was, therefore, controlled by the comparatively slow 
process of diffusion. This view is confirmed by the 
experiments of Andrén and also by those of the writer. 

It is for these reasons that I conclude that my figures 
give the limiting values for the heat losses which may 
be attributed to the occurrence of supersaturation in 
steam. 

Yours faithfully, 
C. F. Pow t. 

University of Bristol, 

September 23, 1929. 


| 
o> Sane Ge eae | logically be replaced by a k 


2 
| $ in the first quoted 
Possibly an empirical allowance for bending 


stress, expressed as a function of R, a and k& has been 
made, which transforms the equation, but one would 
have expected this to vary as @. 

In any case it appears a little surprising that for 


given values of a and zn the stress should vary inversely 


as 6. I find that for given values of a and R b falls 


to a minimum at a particular value of R and then 
increases. It follows that there is a particular 
value of R which makes the stress a maximum 





| [if = 0°15 (approx.), this occurs when R = 2 a, the old 


practical boiler rule] and either increasing or decreasing 
R will decrease the stress. 

It would be a satisfaction, at least to the writer, 
if M. Hoehn would be kind enough to clear up these 

ints. 

This letter is not written as a considered criticism 
of the work of M. Hoehn, to which the writer is unable 
to refer, but with the hope of obtaining further en- 
lightenment on a practical question which sadly needs it. 

Yours faithfully, 
E. J. Satmon. 


11, Victoria-street, London, 8.W.1, 
September 19, 1929. 








THE ARCHITECTURE OF ENGINEER- 
ING STRUCTURES. 
To THE EpiTror OF ENGINEERING. 


Srr,—Your article on the above matter has set me 
thinking with regard to bridge spans, even or uneven 
in number. There must be some reason why the 
uneven spacing is more pleasing, as, in my judgment, it 
undoubtedly is. The bridge, being required to cross a 
river with as little obstruction to the stream as may be, 
seems best to fulfil this requirement with an opening in 
mid-stream; to put a pier, which obstructs, in this 
position is clearly to offend one’s sense of fitness. 
When, however, an island already offers such mid- 
stream obstruction, the three-span arrangement would 
be so obviously inappropriate as to discount what 
might otherwise be the more desirable layout. This, 
| however, does not account for the common preference 
| for an uneven number of spaces in the case of a valley 
| viaduct, or in the spacing of the panels of a bridge 

parapet. Whatever reason there may be for this 





[It would be of interest if our correspondent would | preference is somewhat obscure. 


explain how it is that condensation can occur unless 
the energy represented by the latent heat is, in the 
first instance, liberated as radiation. Each molecule, 
as it condenses, liberates enough energy to raise its own 


| It may be that the specific marking of the centre of 
| such a structure by a vertical member breaks the sense 


| of continuity, and is thus open to question. If, however, 


the number of divisions is considerable, this objection 


temperature by, say, 540 deg. C. How is it possible | disappears, with loss of the sense of centrality. It is 
| odd, but uneven numbers have through the ages been 


for the droplets, observed in supersaturated expansions, 
to be built up if this energy is liberated as heat ? 
The other points raised by our correspondent were 
fairly set forth in the article he criticises, including 
the explanation of the Mellanby-Kerr effect, and the 
possibility of other losses in turbines, besides those due 
to supersaturation.—Ep. E.] 








THE STRENGTH OF DISHED ENDS. 
To THE EpiTor OF ENGINEERING. 


Sir,—I am a little puzzled over the theory and 
formula for the dished ends of cylindrical shells given 
by M. Hoehn, and reviewed in your issue of July 5, 
1929, page 1. M. Hoehn’s formula (page 4) for ends 
with no manholes, and presumably no joints, simplifies 
to 
yar Pak 207r+3R 

t= 1°65 ,- rtR 
Where R is the radius of the dishing, r that of the 
iP a is the half diameter of the 


cylindrical shell, 6 is the depth of the dishing (a and 6 
are the semi-major and semi-minor axes of the curve). 

“rom the values given, f; appears to be a large 
fraction of the ultimate strength of the material ; 
It is certainly not the safe working stress. The coeffi- 
ciont 1-65, therefore, includes a factor of safety. 
Before applying the formula in practice one would | 
like to know its magnitude, for it cannot be intended | 
to use one same factor for all conditions and for all 
maceria Ss. 





(k> 2) 


transition curve, k = 


| 
i 


most esteemed. The Graces are three in number, the 
senses are said to be five. There were seven world’s 
wonders, and nine muses, and on lyrical authority we 
learn “there is luck in odd numbers.” By way of 
exception to this quite satisfactory evidence—thirteen 
is an unlucky number. ‘ Evens,” on the other hand, 
are treated with scant regard. The tendency of our 
species to consort in pairs may even be thought by the 
cynic to furnish a case against “‘ evens.” 

John Ruskin left as a legacy to engineers the accusa- 
tion of a deplorable want of taste, overlooking the fact 
that much of his criticism applied just as forcibly to 
many of the artists of his time. Taste was then, in 
fact, at rather low ebb. 

The attempt to make a modern structure * match” 
another of great antiquity is perhaps a mistake—it 
should be sufficient if it does not offend, being itself 
true to its own time. There is virtue in well considered 
contrasts. In the case of the Tower Bridge, though it 





co 





has a noble appearance, the consciousness one has of 
false construction cannot fail to be objectionable to 
those who know that the uprising masonry does not 
support the spans, but is itself supported by the hidden 
skeleton. That skeleton, however, being of somewhat 
ungainly form, is perhaps best covered up. The Doric 
columns of Waterloo Bridge have been criticised ever 
since the bridge was built. In evidence there is a 
legendary distich, in which column speaks to column, 
us :— 

‘“‘ Brother dear! What do we here ? 

Indeed! I know not. Ask the Engineer.” 


Yet the result is quite good—reason or no reason. 
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It may be relevant here to advance an opinion 
respecting the piers of the new Lambeth Bridge, now 
under construction. As shown in the daily press— 
perhaps incorrectly—these have, rising from the out- 
waters, a “something” which seems to be a buttress. 
In old time masonry structures, having deep earth 
filling over the piers, this may be a proper feature, but 
in a modern structure, with no such backing, appears to 
be quite out of place. 

Yours truly, 
W. H. TuHorpe. 

London, September 24, 1929. 








THREE-CYLINDER DOXFORD 
OPPOSED-PISTON AIRLESS-INJEC- 
TION MARINE OIL ENGINE. 


To tHe Eprror oF ENGINEERING. 


Str,—On referring to the interesting article which 
appears in your issue of September 6 describing 
the three-cylinder Doxford opposed-piston airless- 
injection marine oil engine, I was_ particularly 
impressed by the very high thermal efficiencies obtained 
in the series of tests made under the supervision of 
Professor C. J. Hawkes. 

Apparently the fuel oil was elaborately pre-heated 
with the aid of gas jets and a Sharples centrifugal super- 
heater. It would be interesting to know whether this 
heat energy was taken into account when calculating 
the thermal efficiencies. If no such allowance were 
made, should not the figures be reduced by approxi- 
mately 1 per cent. ? 

Yours faithfully, 
E. S. Everirr, 

83, Kingsway, London, W.C.2. 

September 6, 1929. 

[The above letter was referred to Professor C. J. 

Hawkes, whose reply is subjoined.—Eb. E.] 


To THE EpiTror OF ENGINEERING. 

Sir,—In reply to the point raised by Mr. Everitt, 
heated oil from the fuel storage tank, after passing 
through a Sharples centrifugal separator, was led 
to the fuel measuring tanks. The measuring tanks— 
which were unavoidably placed at a considerable 
distance from the engine—were also heated by gas 
jets. The arrangements provided for heating the 
fuel were necessarily somewhat crude, but they served 
their purpose. The fuel oil temperatures recorded 
were 122 deg. F. for the full-load trial of Series A, 
and 110 deg. F. for the full-load trial of Series B, 
which indicate that the oil was not “ elaborately 
pre-heated.” Moreover, these temperatures were 
taken on the discharge side close to the fuel pumps, 
and not at the fuel valves. The heat units required 
to raise the fuel oil to the temperatures recorded 
were not taken into account when calculating the 
thermal efficiencies. Had this heat energy been 
taken into account the efficiencies would have been 
reduced by about one-tenth of 1 per cent. 

I am, &ce., 
C. J. HawKEs. 
Armstrong College, Newcastle-upon-Tyne, 
September 18, 1929. 








THe PertuH-ApeLaIpe ArrR Mat Service.—In our 
issue of July 5 last, on page 31, we gave particulars of the 
Perth-Adelaide passenger and mail air service. We 
now learn that the service is operating satisfactorily 
and that mail from Perth arrives three days earlier, 
than was formerly the case, in Adelaide, Sydney and 
Tasmania, four days earlier in Melbourne, and one day 
earlier in Brisbane. 


GuIDE TO OFFiciAL Statistics.—Volume VII of The 
Guide to Current Official Statistics, relating to the year 
1928, has now been issued. This publication gives a 
list, arranged under departments, of volumes containing 
statistical information, and also provides a detailed 
index of subjects, which gives various particulars of 
the statistics themselves. Special devices are employed 
to facilitate the use of this index, and to enable the 
appropriate reference on any subject to be readily traced. 
The volume contains 312 pages, and the price is ls. net, 
or post free 1s. 4d. The Guide and the official publica- 
tions mentioned in it are obtainable from H.M. Stationery 
Office, Adastral House, Kingsway, London, W.C.2. 


CarBon MonoxipE Gas Masks IN CoLLIeRIES.—The 
success attending the use of carbon monoxide masks and 
self-rescuing appliances, in conjunction with oxygen 
apparatus, in coal-mine explosions and fires in the 
United States, has aroused considerable interest in 
England and other European countries. In this connec- 
tion, it is interesting to note that Dr. S. H. Katz, formerly 
chemist in charge of the gas-mask laboratory of the 
United States Bureau of Mines, at the Pittsbught 
Experiment Station, has been in Sheffield for the past 
year to assist in developing a gas mask for possible use 
in English mines. In order to study the whole question, 


a gas-mask laboratory has been established at the Safety 





in Mines Research Board laboratories in Sheffield. 
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CITY DEVELOPMENTS AT 
MELBOURNE. 

THE growing demand for new building areas in 
great centres of population has been met, in many 
cities, notably in the United States, by roofing over 
the railway stations and yards, which were con- 
structed in earlier days when land values were low, 
and erecting buildings on the sites thus created. 
This policy has generally proved successful in the long 
run, in spite of the fact that to carry it through has 
often meant considerable expenditure on excavation 
and similar work, since it provides additional accom- 
modation in districts where the population is dense, 
or the demands of the business community are pressing, 
while the revenues obtained more than meet the 
high cost of development. In addition, the judicious 
planning of the new site has often contributed con- 
siderably to the solution of the traffic problem. 

It is not surprising, therefore, that the suggestion has 
been made to treat the Jolimont railway yard in the 
centre of Melbourne, Australia, in this way. This 
yard is closely adjacent to the Flinders-street rail- 
way station, in the centre of the city, and to the 
Princes Bridge across the River Yarra, which is the 
principal means of communication for road traffic 
between the north and south. It is not too much to 
say, in fact, that the area in which it it situated forms 
the virtual focus of Melbourne’s road and railway traffic, 
and that its opening up in the way proposed would add 
greatly to the amenities of a district in which most of 
the important Government and commercial buildings 
are situated. Fortunately, the work should be much 
facilitated by the lie of the land at this point, and, in the 
proposals put forward by Mr. J. A. Smith, a past- 
president of the Victorian Institute of Engineers, as 
long ago as 1922, full advantage is taken of this cireum- 
stance. 

To make the proposal clear, it may be said that on the 
north the area involved is bounded by Flinders-street 
and Wellington-parade, the levels of which vary from 
El, + 62-37 to + 27-38, the highest point being near the 
centre of the boundary. From these streets southward, 
the ground falls away abruptly to the Jolimont yard, 
which is practically flat, its levels varying from 17-0 to 
14-0. This yard covers some 80 acres, and its shape 
is roughly that of a trapezium, the shortest, or western, 
side being bounded by the Prince’s Bridge, which is on 
the Flinders-street level. The eastern side is bounded 
by Yarra Park, though Jolimont-road extends about 
half-way across the site, falling from 27-46 at its 
northern end to 16-14 at its termination. The southern 
boundary is formed by Batman-avenue, which lies 
between the yard and the river. This avenue falls 
from 35-52 at its junction with Prince’s Bridge to 7-23 
at the south-east corner of the site. Roofing over the 
yard in the way suggested would, therefore, give two 
areas, of approximately 80 acres each, at the Flinders- 
street and Batman-avenue levels, respectively. This, it 
is stated, could be effected without interfering with the 
railway traffic, which, it may be added, is already 
operated electrically. 

As regards the utilisation of the sites thus formed, it 
is suggested that that part of the low level which is 
bounded by Flinders-street and Swanston-street (the 
northern approach to Prince’s Bridge) should be 
employed as a central suburban station, and that the 
remainder could be used for garages, cold-storage 
plants and other commercial purposes. Approach to 
this portion would be facilitated by a low-level bridge, 
which it is already proposed should be constructed above 
Prince’s Bridge. In order that the upper area may be 
effectively utilised, it is proposed to continue Spring 
and Russell-streets and Collins’-place, all of which now 
enter Flinders-streei from the north, across that 
thoroughfare to an elevated road parallel with and 
above Batman-avenue. This road would connect with 
Swanston-street at its present level, just before the 
northern entrance to the bridge, and with Batman- 
avenue at the south-east corner of the site, by an easy 
gradient. Connections between it and Batman-avenue 
would also be made at intermediate points. Moreover, 
Jolimont-street would be extended to join the new road, 
giving a total length of new streets of about two miles. 

It is further proposed tat the rectangular sites thus 
formed should be occupied by steel-framed and rein- 
forced-concrete buildings, the supporting columns of 
which would be carried down to the lower level without 
interfering with the development of the latter. In fact it 
is considered that the scheme could be carried through 
with a minimum of heavy civil-engineering work, in 
great contrast, for instance, to the erection of the New 
York Central Terminus, in the construction of which a 
site of 40 acres was excavated to a depth of about 60 ft.* 
This excavation was partly in rock and partly in silt 
in which deep piling was necessary, while considerable 
tunneling had to be undertaken in order that the rail- 
ways might be run on the lower level. 

This being so, it would seem that the proposal has much 





* See ENGINEERING, vol. xcv, page 725, et seg. (1913). 
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to recommend it, and we are therefore pleased to learn 
that, after many years’ consideration, the Government 
Department concerned is at last moving in the matter, 
being stimulated thereto by considerable public agita- 
tion in its favour. We may say that the scheme is 
being supported by such bodies as the Victorian Insti- 
tute of Engineers, the Royal Victorian Institute of 
Architects, the Victorian Institute of Surveyors, and 
the Town Planning Association. 








THE CENTENARY OF REULEAUX. 


AmonG the many notable German professors of 
engineering who by their work in the nineteenth 
century did much to raise the standard of construction, 
not only in that country but throughout the world, 
few were better known than Franz Reuleaux, who 
was born at Eschweiler, near Aachen, on September 30, 
1829, and who died in Berlin on August 20, 1905. 
Reuleaux, it may be presumed, inherited his taste 
for mech«nics, for he came of a family long known in 
the technical world, while his father was one of the 
first to establish an engineering works in Germany. 
Trained as a youth in the shops, Reuleaux, between 
1850 and 1854, was a student at Karlsruhe, Bonn and 
Berlin, and then, for two years, was a works manager 
at Cologne. His life’s work as a teacher and writer of 
text books began with his appointment as Professor 
of Mechanics and Technics at the Ziirich Polytechnic 
School in 1856. From Ziirich he went, in 1864, as a 
Professor to the Berlin Technical Institute, of which 
he was for many years the director, and, in 1879, he 
became a professor in the Charlottenburg Technical 
High School. As a student, he had collaborated in 
writing a paper on The Strength of Materials, in which 
he called attention to the molecular stresses of metals 
and also to the importance of taking into account the 
limit of elasticity together with the breaking strain, 
and thus laid the foundation of scientific engineering 
design. In 1865, he published a handbook for machine 
design, ‘“‘ Der Konstrukteur,” and eleven years later, in 
1875, his work “‘ Theoretischen Kinematik,”’ an English 
translation of which, under the title «‘ The Kinematics 
of Machinery,’’ was published the following year by the 
late Sir Alexander Kennedy, then professor at Univer- 
sity College. Reuleaux, by that time, had served on 
the juries of the international exhibitions of London 
(1862), Paris (1867) and Vienna (1873), and, in 1876, was 
appointed the representative of the German Govern- 
ment at the Centennial Exhibition at Philadelphia. His 
reports appeared in pamphlet form in 1877, and it was 
in these that he characterised the German exhibits as 
‘* billig und schlecht,” a criticism which raised a con- 
siderable outcry at the time but which forcibly brought 
home the need for improvement. He afterwards served 
on the juries of the exhibitions at Sydney and 
Melbourne. An untiring worker, a member of many 
associations, Reuleaux, both by his teaching and his 
writings, did much for engineering in Germany when 
that branch of industry was rapidly expanding, and 
his views as a mechanical engineer justly carried great 
weight. 








ASBESTOS IN SouTH AUSTRALIA.—During 1928, the 
value of asbestos goods imported into Australia totalled 
135,0007. In view of the fact that there are asbestos 
deposits at Robertstown, South Australia, which are 
not fully exploited, the Development and Migration 
Commission is conducting an inquiry into the matter. 
The possibilities of placing the South Australian product 
upon the market are being investigated. In a recent 
report, the deputy Government Geologist of South 
Australia stated that there was every indication that the 
asbestos deposits at Robertstown were considerable. 


PusBLic LecTURES aT UNIVERSITY COLLEGE.—Among 
the public lectures which have been arranged for the 
Christmas term at University of London, University 
College, are three by Mr. E. T. Elbourne, on ‘“ Engineer- 
ing Management,”’ on Tuesdays, November 12, 19, and 
26, at 6.30 p.m. Another public lecture on ‘‘ Some 
Administrative Difficulties of Mechanisation,” by Colonel 
D. C. Cameron, will be delivered at 5.30 p.m. on Tues- 
day, November 19. Particulars of these and other 
public lectures may be obtained on application to The 
Secretary, University of London, University College, 
Gower-street, London, W.C.1. 





BusINEss PRrorits AND INCOME Tax.-—A book entitled 
Business Profits, Professions and Employments, by 
Mr. C. H. Tolley, has been published recently by Messrs. 
Waterlow and Sons, Limited, Great Winchester-street, 
London, E.C.2. It shows how profits are computed and 
assessed for income-tax purposes. The whole subject of 
business profits is dealt with, and, in particular, the 
questions relating to what profits are or are not assess- 
able, and what expenses will be allowed. A section on 
the assessment of emoluments derived from employ- 
ments and offices is included. The manual, price 2s. 6d., 
or — free, 2s. 74d., is obtainable from the publishers 
or from Mr. C. H. Tolley, 107, Tierney-road, Streatham- 





hill, London, S.W.2. 
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ENGINEERING TRAINING AND 
EDUCATION. 


Imperial College, Department of Aeronautics.—A 
pamphlet containing the syllabus of the course to 
be held during the 1929-30 session in the Department 
of Aeronautics of the Imperial College of Science and 
Technology, South, Kensington, London, S.W.7, has 
just been issued. The course is, in the main, a post- 
graduate one, and students are expected to have 
passed through a systematic training in physics, 
or in one of the branches of engineering, preferably 
mechanical, and to have reached a fairly high standard 
in mathematics. The subjects dealt with comprise 
aerodynamics, mathematics, aircraft design, materials 
for aircraft construction, construction and strength: 
of aircraft, engine design, airships, air navigation 
and aircraft instruments, and meteorology. The 
director of the Department is Mr. L. Bairstow, C.B.E.., 
F.R.S., Zaharoff Professor of Aviation. 

Heriot-Watt College, Edinburgh.—The calendar for 
the 1929-30 session of the Heriot-Watt College, 
Edinburgh, has just reached us. The college provides 
day and evening instruction in mechanical, electrical, 
mining and oil engineering, applied chemistry, build- 
ing, and printing. Diplomas and Associateship of the 
College are granted for full-time day study, while 
course certificates are awarded in the various sections 
of evening study. The College courses also form an 
essential part of the training of students for the 
Edinburgh University degrees in civil, mechanical 
and electrical engineering, and in mining and 
metallurgy. Students preparing for the examinations 
of the Institution of Civil Engineers, or for the 
examinations for National Certificates in mechanical, 
electrical, or gas engineering, or chemistry, will find 
the evening classes specially suitable for their purpose. 
The calendar, price 1s., is obtainable from the 
Principal, Heriot-Watt College, Edinburgh. The 
evening courses began on September 23 last, while 
the day courses will commence on October 15 next. 











British INDusTRIES Farr, BIRMINGHAM.—As already 
announced, the British Industries Fair, Birmingham 
Section, will take place in the Exhibitions Buildings, 
Castle Bromwich, from February 17 to 28, 1930. Among 
the improvements in the heavy section is an entirely 
new building, now in course of erection, on the north 
side of the present ll-acre grounds. This will comprise 
dining rooms and a large conference hall. Two passages, 


‘each 72 ft. by 40 ft., connecting the new block with the 


main building, will be arranged and furnished as lounges 
for exhibitors and visitors. In order to permit of expan- 
sion year by year, as circumstances demand, a further 
15 acres of land, immediately adjoining the exhibition 
site, is being acquired. We are informed, in fact, that 
negotiations for the acquisition are practically com- 
pleted. It is gratifying to note that nearly the whole of 
the accommodation, including the present year’s exten- 
sions, has been booked six months in advance of the 
opening date. A matter of interest is that, this year, for 
the first time in Birmingham, an advance catalogue will 
be issued, giving particulars of the principal new or 
improved products to be displayed. This will be issued 
early in December, it being supplementary to the full 
classified catalogue available at the opening of the Fair. 





THE THOMAS AND GILCHRIST JUBILEE.—As already 
pointed out in our columns, the current year marks the 
fiftieth anniversary of the introduction of the basic 
process. The names of the joint inventors of the process, 
Sidney Gilchrist Thomas and Percy Carlyle Gilchrist, 
are well known, but it is sometimes forgotten that, in the 
final development of the process on a commercial 
scale, a good deal of credit is due to Mr. E. Windsor 
Richards and Dr. J. E. Stead. The former was manager 
of Messrs. Boleckow, Vaughan and Company, Limited, in 
1878, and took the initiative of bringing the two inven- 
tors to the Cleveland Works at Middlesbrough, while it 
was Dr. Stead who first suggested after-blowing the 
charge, which became an indispensable part of the pro- 
cess. The story of the early struggles of the inventors 
and of the series of experiments made at the Cleveland 
Works, culminating in the success of the basic process, 
is ably told in an attractive little book, issued to mark 
the Thomas and Gilchrist jubilee, by Messrs. Bolckow, 
Vaughan and Company, Limited. The book was pre- 
sented to each member of the Iron and Steel Institute 
who visited the works of the company on the occasion 
of the recent meeting of the Institute at Newcastle- 


| upon-Tyne. 


PROGRESS IN ELECTRICITY GENERATION IN CANADA.—- 
According to figures issued recently by the Canadian 
Bureau of Statistics at Ottawa, the average daily output 
of electric power stations in Canada, during June last, 
was nearly 11 per cent. higher than during the corre- 
sponding period of 1928. The average daily output 11 
June, 1929, was 45,906,000 kw.-hours, as compared wit!) 
41,411,000 kw.-hours in June, 1928. The aggregrte 
output from the power stations during the first six months 
of 1929 was 8,567 million kw.-hours, which figure 's 
10-6 per cent. more than that for the first half of 1925 
and 28-2 per cent. in excess of the production for the 
first six months of 1927. The electricity generated |) 
water power during the first half of the current yeu! 
was over 98 per cent. of the total output. 
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ARMAMENT AND PROTECTION OF 
CRUISERS. 


The Relation between Aimament and Protection in the 
10,000-ton Cruisers and the Ersatz-Preussen.* 
By Professor WILLIAM HovGAaRD. 

THERE has been a great deal of discussion and 
criticism of the 10,000 ton cruisers now built or building 
by the naval Powers signatory to the Washington 
Treaty for the Limitation of Naval Armament, and 
these ships, which .will be here referred to as the 
‘treaty cruisers,’ have been compared with the 
German armoured cruiser Ersatz-Preussen. A com- 
parison is difficult to make, because it must be based 
largely on inaccurate or incomplete information. 
While the speed and armament of most of these vessels 
have been given out more or less officially, the protec- 
tion is in no case known with certainty; in fact, a 
significant silence has been maintained on this point. 
In several instances the comparison has been made in a 
sensational spirit; some elements have been singled 
out for comparison without regard to the design as a 
whole, and often an exaggerated importance has been 
given to certain features of the construction. It is 
proposed here to compare these vessels in the light of 
fundamental principles, in particular that governing 
the relation between armament and protection, which 
will be referred to as the ‘“‘ Principle of Corresponding 
Protection.” 

The Principle of Corresponding Protection.—We 
include in the discussion all ships in which artillery 
is the principal weapon : battle-ships, battle-cruisers, 
armoured cruisers, light cruisers, and gunboats, and 
refer to them as artillery ships as distinct from torpedo 
vessels, airplane carriers, and mine-laying vessels. It 
may be stated as an axiom that a ship cannot be pro- 
tected in an absolute sense. It is easy to imagine 
exceptional circumstances, such as firing at close range 
and normal impact of projectiles, against which any 
armour, which it is practicable to give a ship, is 
insufficient. We must accept the risks attendant on 
exceptional conditions, and rest satisfied with a system 
of protection which renders a ship fairly secure under 
what may be described as ‘“ probable average con- 
ditions of fighting,” an expression which will be defined 
in detail hereafter. In order to arrive at a rational 
design of the protection, it is necessary to make 
assumptions as to the armament of the adversary 
which the ship is destined to fight, in particular as to 
the calibre of his guns. Evidently it is impossible or 
impracticable to provide protection against attack 
from a ship of far superior gun-power. It would not be 
reasonable to protect a light cruiser against the heavy 
guns of a battleship, although she may at times be 
exposed to such attack. Here, again, the design 
should provide for the circumstances most likely to 
occur, not for exceptional conditions. On the other 
hand, any warship should be prepared to fight ships 
of its own class and size and carrying the same arma- 
ment, and hence should be protected against attack 
from guns of the same calibre as those carried by the 
ship itself. It will therewith also be adequately pro- 
tected against all ships of inferior gun-power. We see, 
then, that armament and protection should not 
be considered separately and as being independent of 
each other, but rather as organically associated. The 
thickness of the armour should be a function of the 
calibre of the guns. 

Evidently by basing the design of the protective 
system on a fight with an adversary of identical 
armament, we shall provide for all ordinarily occurring 
circumstances, including actions with lighter vessels, 
and we shall now examine what protection will be 
appropriate in such case. Assume that one ship, A, 
armed, for instance, with 8-in. guns, and unprotected 
or protected by very light armour, is matched against 
another ship, B, of the same size and class, likewise 
armed with 8-in. guns, but of slower speed, and carrying 
an armour which under average fighting conditions 
will offer adequate protection against the fire from 8-in. 
guns. Then, other things equal, the former ship will 
almost certainly be destroyed, sooner or later, perhaps 
at the very beginning of the fight, while the latter has 
good chances of sustaining a long continued battle. 
The ship A has one advantage, that she can with- 
draw and thus avoid action, but in that case she will 
generally be unable to fulfil her mission. Even when 
A falls in with smaller ships, carrying lighter guns, for 
instance of 6-in. calibre, she will not be exempt from 
the risk of being destroyed or of suffering serious 
injury, since conditions of visibility may be such as 
to necessitate fighting at close range. The protected 
ship B will be at an advantage under all circumstances. 
We refer to her protection as “ corresponding,” that is, 
the armour corresponds to or matches the guns which 
she herself carries. 








* Paper read at the summer meeting of the Institution 
of Naval Architects in Rome, September 18, 1929. 
\bridged. 





It remains to consider a special case, where all ships 
of a certain class, belonging to different navies, are of 
the same size and carry guns of the same calibre, and 
where all are more or less deficient in protection, that is, 
they fall below the standard of “ corresponding ” 
protection. This case is quite exceptional, and would 
hardly be worth discussing were it not that it actually 
occurs in the treaty cruisers. For the purpose of dis- 
cussion, let us assume that all these ships are identical. 
It might then be supposed that since all are on equal 
terms, the deficiency in protection would be un- 
objectionable; one ship would be as likely to be 
destroyed as another. But in a fight between two 
such vessels both are exposed to immediate destruction 
by a lucky salvo from the opponent, and the issue 
becomes a matter of chance. This is contrary to military 
principles. The strategy and tactics of all great 
military and naval leaders have been to leave as little 
as possible to chance. It is always sought to bring 
superior force to bear at the point of contact and to 
provide ample reserves so that a long continued battle 
may be sustained. Exposure to complete destruction, 
even if this danger is shared by the enemy, is generally 
avoided, as evidenced by the fact that fighting ranges 
between warships have increased about in the same 
proportion as the ranges of guns and torpedoes. Com- 
manding officers prefer to fight at ranges where 
sustained fighting becomes possible, and where skill in 
handling ships and guns takes the place of mere chance. 
In a fight between two treaty cruisers, the commanding 
officers can avoid destruction only by overwhelming 
the enemy at the beginning of the action. Hence the 
tendency to over-gunning of these ships. The state of 
such vessels may be likened to one of unstable equi- 
librium, where a small irregularity is apt to disturb 
the balance. If any of the Powers concerned should 
break away from the vulnerable standard type now 
established, all will have to follow, and existing cruisers 
will be at once depreciated in value. The appearance 
of the Ersatz-Preussen, in which not only the protection 
but also the armament has been improved as compared 
with the treaty cruisers, threatens to bring about this 
condition. The existing artificial balance, created by 
artificial conditions, has been destroyed. We shall 
discuss the design of the Ersatz-Preussen later; for 
the present it is merely desired to point out that the 
particular solution represented by the treaty cruisers 
is unsatisfactory. It is seen that the under-protected 
ship, whether she meets ships armed with heavier 
guns, guns of the same calibre as her own, or lighter 
guns, is always at a disadvantage, and always liable 
to destruction or serious injury. The over-protected 
ship all agree to be unsatisfactory. We find no resting- 
point except in the principle of corresponding protec- 
tion, assuming that the adversary is a ship of the same 
class carrying guns of the same calibre, and designing 
the system of protection accordingly. 

It remains to explain what is meant by the expression 
‘probable average conditions of fighting.” The 
principal factors which affect an artillery action are 
the range and the angle of impact of the projectiles 
with the normal to the armour. This angle depends 
on the position of the plane of trajectory relative to 
the ship, on the angle of fall of the projectile, and on 
the rolling and pitching of the ship. It also depends 
on the position of the armour relative to the ship, 
whether vertical, horizontal, or sloping. The range 
as well as the angle of impact are subject to changes, 
and have to be selected in each particular case, but we 
shall not here enter into a detailed discussion of these 
points.* The designer must determine the figures 
which to him seem most plausible as representing 
average conditions, but it is clear that in any case 
a rational design of the protection must be based on 
some fairly well-defined assumptions. Summing up, 
the principle of corresponding protection may be thus 
formulated: An artillery ship should be so protected 
that it can keep up a sustained fight under average 
conditions with a ship of similar size and type carrying 
the same armament. 

This principle was propounded by the author in 1904f 
in connection with a study of the sea-going battleship, 
and it was pointed out that it must hold good for all 
artillery ships. In 1905,{ the author discussed its 
application to cruisers, and especially emphasised its 
importance for a new type which he then proposed 
and called the ‘“ battleship-cruiser,” afterwards known 
as the “ battle-cruiser.”” This new type was conceived 
as virtually a battleship of high speed, with some 
reduction in the number but not in the calibre of the 
guns, and practically the same armour protection. By 
refinements in hull construction and machinery, it 
was expected that it would not need to be very much 
larger than the battleship. The principle did not, 
however, find general acceptance, although it was 

* See paper by the author, “‘ The Cruiser,” Am. Soc. 
Nav. Arch. and Mar. Eng., 1905. 

t “ The Sea-Going Battleship,”” Am. Soc. Nav. Arch. 
and Mar. Eng., 1904. 

t ‘** The Cruiser,” zbid., 1905. 








always followed in most battleships. In 1907, the 
first battle-cruisers, the British Invincible class, were 
launched, but their protection fell far short of that 
“corresponding ’’ to the guns. The same was true, 
but to a smaller degree, of later British pre-war battle- 
cruisers, and the first ship of this class in the British 
Navy to be protected fairly in accordance with that 
principle was the Hood, as redesigned after the experi- 
ences of the battle of Jutland. The German battle- 
cruisers, on the other hand, had a protection corre- 
sponding to their armament. The light cruisers that 
took part in the war, British as well as German, were 
practically provided with corresponding protection, 
having 3 in. to 4-in. armour and 4 in. to 6-in. guns. 
These vessels showed a remarkable power of resistance 
under fire. Admiral Jellicoe, in The Grand Fleet, 
says :—‘‘ The relative values of protection and gun- 
power had frequently engaged my serious attention. 
It was also a subject of much discussion amongst 
writers on naval matters, some of whom went to the 
length of suggesting that all available weight should 
be put into gun power, and that ships should be left 
practically without armour. Their views were based 
on the argument that ‘the best defence is a powerful 
offensive.’ Although this argument is very true when 
applied to strategy, the war has shown its fallacy as 
applied to matériel. The loss of the Good Hope, 
Monmouth, Queen Mary, Indefatigable, Invincible, 
Defence, and Warrior, and the considerations to which 
these losses gave rise convinced naval officers afloat, 
even if they did not convince others less intimately 
associated with the Fleet during the war that ships 
with inadequate defensive qualities are no match for 
those which possess them to a considerably greater 
degree, even if the former are superior in gun-power. 
The conviction was strengthened by the knowledge we 
obtained, that German ships, far more frequently hit 
by gunfire, torpedo, or mine than many of our ships 
that sank, were yet taken safely into port, owing 
partly to their defensive qualities, but partly to the 
limitations of our armour-piercing shell at that time.” 
But even after the experiences of the war, and in spite 
of opinions clearly expressed by leading officers with 
war experience, the principle has not yet been accepted, 
as evidenced from the design of the treaty cruisers. 
The Treaty Cruisers—The displacement of these 
ships is limited by the Washington Treaty to 10,000 tons 
in the light condition, that is, fully equipped, but 
without fuel and feed-water. This gives a normal 
displacement of about’ 12,000 tons, and a full-load 
displacement approaching 14,000 tons. The calibre 
of the guns is limited to 8 in. There seems to have 
been a general agreement among the leading naval 
officers in the countries concerned that the speed of 
these vessels should be the highest consistent with a 
powerful armament, and actually the speed is from 
about 32 knots to 36 knots. Speed and armament 
dominate the design, in some cases almost to the 
exclusion of protection. In most vessels, armour is 
provided for only locally, or where it can be utilised 
as part of the strength hull. It is argued that although 
these vessels are liable to be used in fleet actions, 
their principal duties are scouting, support of destroyers, 
protection of commerce, and attack on enemy sea 
communications, and, apparently, it is contended that 
for these duties, hard and long-continued fighting is 
not required. Yet it must be admitted that while such 
vessels can generally avoid action with capital ships, 
they cannot always avoid serious action with ships of 
their own class, or with smaller cruisers and armed 
merchant vessels. The 8-in. gun has been adopted 
tor the primary battery in all these vessels, and seems 
very appropriate, being at once the largest permissible 
gun, and probably also the heaviest that can be 
efficiently worked in ocean-going ships of this size and 
speed. The number of 8-in. guns is from eight to ten 
in each ship, generally mounted without protection. 
The requirement of great steaming endurance was 
easily complied with, since no limitation was imposed 
on the weight of fuel, and we find therefore the unusually 
large allowance of 35 per cent. to 40 per cent. of the 
light displacement for fuel and reserve feed-water. 
With such extreme requirements of speed and armament, 
associated with the necessity for high freeboard in 
order to secure good sea-going capability at high 
speed, the weight available for armour was necessarily 
small. Thus, the designers have been forced to accept 
thicknesses of armour which are out of proportion 
with the powerful weapons which they carry. The 
result is a very vulnerable type of ship, the protection, 
as far as known, consisting of a side belt or an armour 
deck, or both, varying in thickness from 1} in. to 3 in.* 
The British Suffolk class, ordered in 1924, is believed 
to represent the most conservative and best-protected 
type, the designed speed being only 31-5 knots. The 
freeboard is very high from end to end, and bulges are 
provided against submarine attack. Later British 





* Most of the data here given are obtained from 
Brassey’s Naval Annual, 1928, or from Jane’s Fighting 
Ships, 1928, but are believed to be partly unofficial. 
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cruisers seem to have been designed more for speed, 
and the power is increased from 80,000 s.h.p. to 
90,000 s.h.p. The French commenced with a designed 
speed of 34-5 knots in the Tourville, which is said to 
have very little protection, but in the Suffren, the 
power was reduced from 120,000 s.h.p. to 90,000 s.h.p., 
giving a speed of 32 knots. The saving in weight so 
effected was used to increase the armour protection.* 
The American ships of the Pensacola class, with a 
designed speed of 324 knots, were originally intended 
to carry twelve 8-in. guns,f but this number was 
reduced to ten and, in later cruisers, to nine. The 
Italian Trieste class is credited with a speed of 36 knots. 
The Japanese Nachi class is said to have a speed of 
33 knots, and the battery comprises ten 8-in. guns. 
On the whole, the speed seems higher than necessary 
for the performance of the principal duties, since only 
few warships of superior gun-power and no merchant 
vessels have a speed of more than 28 knots. The 
number of 8-in. guns also seems unnecessarily great, 
and, as explained below, it appears that a more satis- 
factory and harmonious solution can be obtained by 
a reduction in speed and in the number of guns, whereby 
weight is saved for improved protection. 
Ersatz-Preussen.—Again, in this vessel the standard 
displacement is limited to 10,000 tons, but a calibre of 
11 in. is allowed for the heavy guns. The strategical 
purpose of this ship has not been announced officially, 
but it may be conjectured that it is intended partly 
for service in the Baltic and partly for raiding or com- 
merce-destroying on the ocean. Evidence of the former 
purpose is seen in the heavy battery of 11-in. guns, 
which is especially suitable for a ship of that size 
operating in narrow seas. In fact, with the armament 
of six ]l-in. guns and a secondary battery of eight 
6-in. guns, this ship is superior in artillery power to 
any warship in the Baltic, excepting the Russian 
battleships. On the other hand, the speed which is 
26 knots, and the radius of action, which is 10,000 miles 
at 20 knots, seem to show that the ship is also intended 
for long continued and distant ocean service. Under 
ordinary circumstances it might well be questioned 
whether it is wise to build ships for two such widely 
differing purposes. In Holland, due to financial re- 
strictions, a similar compromise was adopted in the 
Piet Hein class (1894). which was a ship d double 
usage, to be used both for home defence and for service 
in the East India colonies, but the result was not 
satisfactory. In the Ersatz-Preussen the armament is 
unusually heavy for a lightly-built sea-going cruiser 
of 12,000 tons normal displacement, having a speed 
of 26 knots. Earlier armoured cruisers of good design 
and of the same size, such as the Scharnhorst, were 
armed with 8-in. guns, and had a speed of only 23 knots. 
As a platform for ll-in. guns the Ersatz-Preussen 
may be found rather wet and unsteady for service on 
the ocean. For service in the Baltic the high speed and 
great endurance are unnecessary, and a good protection 
would be of greater value. Thus the Ersatz-Preussen 
must be regarded as a compromise adopted under 
compelling limitations, but the exceptional circum- 
stances under which it appears are remarkably favour- 
able. In the Baltic she will be supreme, except for 


certainly in a better position to take such a step than 


this respect than the constructors in other countries 
‘cannot be known until further details are disclosed. 
|It is not known, for instance, whether welding is 
| applied to strength members in the Ersatz-Preussen, 
| but, if so, it must again bé regarded as an experiment. 
The employment of armour as part of the strength 
hull is believed to have been introduced on a large 
scale first in the British Arethusa, built just before the 
war; it is not unobjectionable, as it is difficult to 
obtain an effective transition between the armoured 
and the unarmoured parts of the structure without 
special precautions, which may require the expenditure 
of a great deal of extra material. If these precautions 
are omitted serious structural weaknesses are apt to 
develop. 

As seen from Figs. 1 and 2, the general design is in 
principle the ideal one adopted by Sir William White in 
the old Royal Sovereign class ; one heavy gun turret at 
each end beyond the machinery spaces and a powerful 
scattered secondary battery between the heavy gun 
stations. This arrangement is indeed similar to that 
adopted in most of the treaty cruisers, but by the use 
of heavier guns and triple turrets the high super- 
firing installations are avoided. There is only one mast 
and one funnel, and the conning tower is given a 
well-isolated position. On the whole, the design is 
characterised by a harmonious simplicity which can- 
not fail to lead to economy of weight. Judging from 
the sketch, the freeboard seems rather low for an 
ocean-going ship of such high speed.* 

As regards the protection, nothing of a reliable 
nature is known, but a comparison of estimated weight 
schedules for the Ersatz-Preussen and the treaty 
cruisers throws some light on this question. Two such 





Fig. 7. ERSATZ-PREUSSEN. 


available for improvement in protection, additional 
to that already utilised for this purpose in the average 
treaty cruiser. Based upon this estimate, which is 
explained in more detail in the article referred to, 
Mr. Bates presents a conjectural lay-out of the armour 
protection in the Ersatz-Preussen. The principal 
features in this system are a belt of 5 in. to 3 in. thick- 
ness, an armour deck of thickness varying from 14 in. 
to 3 in., and a 1} in. torpedo bulkhead on each side 
abreast of machinery spaces and ammunition rooms. 
This lay-out of the armour seems plausible, and is 
probably as near the truth as it is possible to arrive on 
the basis of the available information. Assuming that 
some of the armour is worked into the hull as an 
integral part of certain strength members, and allowing 
for two armour decks, an independent weight cal- 
culation seems to show that the total weight of armour 
arranged as assumed by Mr. Bates is about 2,700 tons, 
agreeing closely with the German estimate given in 
Table I. It is, of course, possible that greater thick- 
nesses of armour are actually fitted, especially on the 
sides, but in such case the belt must be of smaller 
height or extent than here assumed. However this 
may be, the weight given to armour, although a con- 
siderable percentage of the displacement, is yet small 
if considered in the light of the principle of correspond- 
ing protection. The A.P. projectile of the 11 in. gun 
at 10,000 yards is estimated to have a penetrative 
power of at least 8 in. of Krupp armour under normal 
impact, so that even allowing for obliquity of impact 
the armour of the Ersatz-Preussen will not be “ corre- 
sponding” to the guns. So also the 8 in. gun at a 
range of 8,000 yards has a penetrative power of 5 in. to 
6 in. of Krupp armour against which attack the pro- 
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estimates have been made, one published in Werft 
Reederei Hafen,+ the other, by James L. Bates, of 
the Design Division, U.S. Bureau of Construction 
and Repair, published in the American Marine Engi- 
neering.t The German writer gives the following 
comparative weight schedules for the Ersatz-Preussen 
and the British Suffolk, which latter, it must be noted, 
was designed some four years before the German 
ship :— 
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tection of the treaty cruisers is inadequate. Hence, 
comparing the Ersatz-Preussen with the treaty cruiser, 
it is seen that while the former excels in armament, 
the latter excels in speed, but both are about equally 
deficient in protection in relation to the armament which 
they carry. It is of interest to note that the Scharn- 
horst (1906), 11,400 tons, 23 knots, which was armed 
with 8 in. guns, carried 6 in. armour on the sides ; and 
the Swedish battleship, Gustaf V (1918), 8,000 tons, 


the presence of a few relatively slow Russian battle- Taste I. = 4 i ep of the eg — as the Ersatz- 
ships, and on the ocean she will be either much more years ire Cra ee aaiens edi Protecti 
powerful or else much faster than any other vessel, = Ersatz- Suffolk With 2d eaainPaicleaeins Beenie aie orrespo yp rotec ee i 
with the sole exception of a few battle cruisers. Pro- Preussen. ; - ome —— a . “ee ro ee 
tection of commerce against the depredations of such | ——————___— — - =e " - neh ys pelle ith — —- 4 
vessels can only be obtained by the convoy system. Tons. Tons: a 9 4 po ie . es rae a ae he neasibie 
Technically the Ersatz-Preussen presents several | Hull without armour - 3,700 4,400 or ot einai ys eS eee ee a geieagy 
interesting features. The radius of action, which at | ATmour on ships and guns...) 2,700 2,000 to obtain under these circumstances. Based on the 
: ae . Yarious auxiliary machinery - 480 ) are 
ordinary cruising speeds far surpasses that of the treaty . ro gory a - . rr sagemncnt Chat anni RaMNEe aE BRUNER Guan ote 
. : | Equipment and stores wae 480 £30 preferable to a greater number of unprotected guns 
cruisers, has been made possible by the use of Diesel | Propulsive machinery ; = 1,150 1,930 oe 5 : age d 
engines. This type of engine is here tried for the first | Atmament and ammunition without — — = — figting, it is Se i 
: : othe : : armour... +. + .- 1,700 1,000 to reduce the number of 8 in. guns to six, carried in 
tame in larger warships, and the maximum power, | 7 jgnt displacement .. By 10,160 10,160 | two armoured triple turrets, a one ieeend and 
50,000 s.h.p., is at least twice as great as that of any| Fuel .. %3 Re at ss 3,500 3,460 | — > ‘ 
other ship driven by Diesel engines. This must be | Reserve feed-water Gi a 40. | 380 one = Leaving the a battery the same 
ae ESAS SS 0 ee 6 = — s in the treaty cruisers, we reckon a saving on guns 
regarded as an experiment, but the Germans are | » ais Ninaiaenaiel ats 37 — ty near é ; 
8 pe | Full load displacement, totals 13,700 14,000 and mounts with ammunition but without armour of 


anyone else. If the engines prove to be reliable in 


long continued service, if they do not cause excessive | 
vibrations, and provided also that the unit weight is | 


not greater than that of recent steam plants of similar 


This table indicates a saving of 700 tons on the 
hull and 780 tons on the machinery of the German 
| ship as compared with the British cruiser, while there 
}is an excess of 700 tons in the weight of armour, 


275 to 550 tons as compared with this weight group in 
treaty cruisers carrying eight or ten guns respectively in 
superfiring installations. In order to determine what 
would be the corresponding protection, we adopt the 
following ‘average conditions of fighting’: For 











power, they must be regardod as a remarkable achieve- aaah aay Sra : 
ment and a great step in advance in marine engineering. | 700 tons in the armament group, and 80 tons in the | 8 i. 55 calibre guns the fighting range is assumed to = 
General Gréner, German Minister of Defence, has | auxiliary machinery. If the weight assigned to armour | b¢ 8,000 yards. The angle of impact of the penpectibee The 
stated officially that by improved methods of design | in the Suffolk is correct, it indicates a very substantial with the normal to the side armour is reckoned 25 deg. big 
and construction a saving in hull weight of 550 tons | system of protection. Mr. Bates makes a comparison and the average angle under which the flat wee as 
has been effected. This presumably refers to a com- | between the Ersatz-Preussen and what he considers a | 8*™0ur is struck 10 deg. to 15 deg., taking into apaaer’ pe 
parison with earlier German ships, and is said to be | general average of the treaty cruisers. He estimates the combined effect of the angle of fall and the — hentr 
attained by an extensive application of welding and | the saving in total weight of machinery in the German | of roll of the ship. The penetration of 8 in. guns “a rita 
of special high-grade steel as well as light alloys. The | ship to be about 1,100 tons, and in hull weight about | 8,000 yards under normal impact is reckoned to be tor} 
armour is worked into the hull structure wherever | 350 tons. He adds to this a saving of 150 tons on hull | #b0ut 6 in. of Krupp armour, so that under the yer earn tha: 
possible, so as to co-operate with the strength members. | fittings and outfit, making a total saving of about | COMditions of oblique impact 5 in. armour shoul: of 
All of these methods are, of course, used in other navies, | 1,600 tons as compared with the typical treaty cruiser. afford a reasonable protection. W 7 er ger bp, 
and are undoubtedly resorted to in all treaty cruisers ;| On the other hand, he allows for an excess weight of | that the armour belt is of 5 in. thickness abreast wa of tl 
but whether or not the Germans have gone farther in | ammunition of 200 tons, so that there remains 1,400 tons |machinery and ammunition rooms and 3 in. at ht tag 
ESL AE SIE te ES |ends. The deck armour should have an average thick- exp 
* Moniteur de la Flotte, January 7, 1929. | ™ Werft Reederei Hafen, January 22, 1929, page 36. ness of about 2 in., not including the ordinary thicknes= esti 
+ Admiral A. P. Niblack, Brassey's Naval Annual,| + February 7, 1929, page 54. | of deck-plating, but may be so disposed as to give beli 
1926, page 408. | { April, 1929, page 185. jincreased thickness over ammunition rooms an‘ the 
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on the latter, and underneath the stand is the air 
bottle which is used for cleaning the columns. At the 
back of the apparatus is arranged a small air pump 
which is convertible either into a vacuum pump or a 
compressor. It is driven by belt from a small motor of 
7, h.p. The controlling devices are seen in front 
and consist of switches for the heater and motor, 
with a lever handle for altering the pump connections. 
| Machinery Exhibition at Olympia in our issue of | When working, the dirty oil is drawn through the 
September 13 included references to some appliances | columns from the top tank, and is delivered to the 
for the separation of impurities from oil by mechanical | clean oil tank by the action of a vacuum set up by 


| have a speed superior to all battleships, most existing 

| battle-cruisers and all ocean-liners. It would be a 
dreaded enemy of the present treaty cruisers and of all 

smaller light warships as well as all merchant vessels. 
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methods. We may now supplement these by a descrip- 
tion of the filtering plant exhibited on the stand of Me ssrs. 
the Stream-Line Filter Company, Limited, 45, 4Vorse- 
ferry-road, §.W.1. Typical examples of plant “or the 
reconditioning of lubricating oil from internal-co mbus- 
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transformer oils and freeing them from water, are shown, 


| tion engines, as well as for reconditioning switch and | 


the pump. The impurities are left adhering to the 
outside of the columns, which thus periodically require 
cleansing. This is effected by the discharge of com- 
pressed air introduced inside the columns, which air, 
passing in a reverse direction to that of the oil when 
the filter is working, effectually blows off the mass of 
During 





| impurities, leaving the columns quite clean. 





| three of which examples are illustrated in Figs. 1 to 3| the cleansing process the columns are lifted out as a 
|on this page. The principle employed in the stream- | Whole by the detachable top of the renovator, and, 


| line filter, i.e., that of passing the liquid to be cleaned | the air being supplied through a flexible connection, 
steering gear, and may be distributed over two decks. | between numerous closely-packed discs of fibrous | the unit may be placed in a bucket or other suitable 
material, when the impurities are deposited on the | receptacle. The operation may thus be carried out 
edges of the discs as the liquid enters the interspaces, | VeTY expeditiously. The air bottle is charged by 
has already been described in detail in these columns, | Connecting it to the outlet side of the small pump. 
so that, beyond stating that no change in the method has| The renovator shown in section in Fig. 2 is of a 
obtained approaches closely to that at which we! been made in the present exhibits, no further comment | much larger capacity, the example exhibited being 
arrived in the Ersatz-Preussen, except that armoured | is necessary, The application of the principle, how- | suitable for dealing with oil from a Diesel engine of 
torpedo bulkheads are not included. It is estimated | ever, is wid ening, and in Fig. 1 is shown a new type | from 150 to 400 brake horse-power. The apparatus is 
that this protection can be carried on the displacement | of apparatus specially designed for renovating the | mounted on a trestle-stand in a similar manner to the 
of 10,000 tons, taking into account the saving in | lubricating oil from small plants, such as small Diesel small plant just described, but differs in several other 
weight of the armament group and provided the power | engines, or that from small fleets of motor transport | particulars beyond that of size. The filter columns are 
of t} machinery is reduced to about 75,000 shaft horse- | vehicles. This type will deal with about a pint of | not portable, on account of the weight of the unit, and 
power. At this power a speed of about 29 knots is | lubricating oil per hour. the oil container in which they are situated is immersed 
expected under ordinary conditions of loading. The| The renovator, containing three filtering columns, | in a casing forming a water jacket. The water is 
estimate here presented is admittedly crude, but is| is seen at the right hand of the figure. It is electri-| heated by two electric immersion heaters in separate 
believed to be sufficiently accurate to indicate that | cally heated by coilsat the bottom. At the left hand are | casings having top and bottom connections with the 
the intermediate type at which we have arrived would | the dirty and clean oil tanks, the former superimposed ! jacket, so that a continuous circulation, ensuring 
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The guns and barbettes are assumed to be protected by a 

weight of armour corresponding to an average thickness 
of 4 in., distributed according to the relative importance | 
of the various parts. The system of protection so | 
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uniform heating of the oil, is provided. This arrange- 
ment enables the filtering surface to be increased by 
about 30 per cent., for the same bulk of renovator, 
over the earlier pattern with heaters in the oil between 
the columns. Another difference from the small plant 
lies in the fact that in this size the dirty-oil container 
is not embodied on the frame. This carries the clean- 
oil container only, while the connections to the vacuum 
pump are somewhat different. Cleansing is carried out 
by first draining the renovator and then blowing 
through the columns with the compressed air from the 
bottle, when the impurities, which generally amount to 
about 1 per cent. of the oil treated, fall in a mass to 
the conical bottom of the container and are removed 
through the orifice shown. The figure shows the manner 
in which suitable pressure is applied to the columns of 
discs by means of adjustable springs at the top. 
Contrary to what might have been expected, the 
filtering discs do not suffer either from use or from the 
cleaning process. Columns which have been in 
continual use for over two years show no signs of 
deterioration. Gas or steam can be used for heating 
the oil, if preferred to electricity. 

The plant illustrated in Fig. 3 has at the present time 
a particular interest of its own, inasmuch as it gives 
some idea of the stream-line plant as arranged on the 
stand to represent the internal lay-out of a filter-house 
on the Central Scotland scheme of the Central Electricity 
Board. There are 13 transforming stations so equipped, 
the filter-house being situated in the centre of the 
station and containing both the oil storage and purifying 
plant. The stream-line filter has proved very satis- 
factory in use in reconditioning switch and transformer 
oils, as it removes not only coarse impurities but 
colloidal carbon and all trace of water. The plant has 
an output of 300 gallons of clean oil per hour, with 
oil transfer pumps of 1,000 gallons capacity, as these 
may be used independently of the filter. The used oil 
is re-delivered with a break-down voltage considerably 
in excess of the 45 kv. specified, and that without any 
necessity for chemical treatment or blotter presses. 
The filter itself is on the standard principle, but the 
vil is heated before passing into it in a horizontal 
chamber fitted with internal electrical immersion heaters 
regulated by a thermostat to a degree of temperature 
not exceeding that normally obtaining in the trans- 
former. The filter is seen in the background of the 
figure and the heater at the right hand. Behind the 
heater is a vacuum chamber, the upper part of which 
is fitted with a number of spreading trays. This is 
also electrically heated. 

As the space between adjacent discs in the filter 
columns is of microscopic dimensions, the thinness of 
the film of oil resulting is an important factor in the 
vaporisation necessary to get rid of the moisture. 
The filtered oil passes from the filter to the vacuum 
chamber in a state of froth. Any contained moisture 
is liberated from the froth in the form of water-vapour 
and is drawn off by a dry vacuum pump along with 
entrained air, while the cleaned oil settles in the lower 
part of the chamber, whence it is drawn by a wet 
vacuum pump. These pumps can be clearly made out 
in the figure near the vacuum chamber, the remaining 
apparatus being the transfer pumps for clean and dirty 
oil respectively and the control gear. The apparatus 
in the foreground is a duplex strainer for intercepting 
any large-sized material in the oil before it passes to 
the filter proper. The streamline oil separator for bilge 
and ballast water is, at this exhibition, only repre- 
sented by a model. As, however, this type of filter 
was fully described and illustrated in ENGINEERING, 
vol. cxxv, page 150, all that need be said about it is 
that the initial plant then referred to has been added to 
by a considerable number of repeat orders from the 
Japanese naval authorities. 





THE CREEP OF 80: 20 NICKEL- 
CHROMIUM ALLOY AT HIGH TEM- 
PERATURES.* 

By A. Gitynne Lostey, M.Sc., and C. L. Berrts, 
Ph.D. 

Wiru the increasing use of nickel-chromium alloys 
in electric furnaces, both for resistors and for con- 
structional purposes, more complete knowledge of 
their mechanical properties at high temperatures has 
become very desirable. It has long been known that 
metals at high. temperatures are slowly and _per- 
manently deformed by loads lower than those which 
will produce a fracture when applied rapidly. Whilst 
there appeared to be no published data in the case of 
nickel-chromium alloys, it was generally believed that 
the nickel-chromium alloys, known to possess excep- 
tional strength at high temperatures, would not 
“creep” unless subjected to a stress having a value 
comparable with that required to produce permanent 





* Paper read before the Institute of Metals, Diissel- 
dorf, Germany, on Tuesday, September 10, 1929. 
Abridged. 





deformation in a short space of time at that tempera- 
ture. In other words, at any particular temperature 
there existed a definite “ creep” value, loads of lower 
value producing no movement, however, long the 
period of application. 

One of the authors observed, some years ago, that 
slow deformation of nickel-chromium alloys took -place 
under exceedingly small loads, and decided to carry 
out experiments to ascertain the extent to which 
“creep” occurred under low loads, and whether a 
limiting “creep” value really existed. The preli- 
minary experiments showed that ‘“‘ creep” occurred 
with even the lightest loads (down to 50 lb. per square 
inch) that could be applied, but that the apparatus 
was not sufficiently sensitive to enable reliable figures 
to be obtained. Moreover, it was seen that the results 
varied with the thickness of the wire. More complete 
and accurate apparatus was therefore designed and 
used by the present authors, with the results given in 
this paper. 

The preliminary experiments were carried out with 
wires 0-036 in. in diameter under loads equivalent to 
4,500 lb. per square inch, 1,120 lb. per square inch, and 
280 lb. per square inch, respectively. The rate of 
“creep” was observed daily with the aid of a low- 
power glass, comparison being made with an unloaded 





The various specimens of wire and rod had all been 
annealed together after drawing at the factory, and, 
in addition, as stated later, all were raised to the 
temperature required in the experiment, and kept at 
that temperature for some hours before applying the 
stresses. At the commencement of the experiments, 
the specimens can be taken as being in the same state 
of heat-treatment. The tensile strength of the 0-0625- 
in. diam. wires was found to be greater than that of the 
0-25-in. diam. wires, and this was also the case at the 
end of the experiments. It is difficult to find a satis. 
factory explanation of this. 

Apparatus.—A battery of six vertical furnaces, each 
having an alundum tube 12 in. long and 2-in. bore 
externally wound with nickel-chromium wire, were 
mounted on a special stand as shown in Fig. 1, the 
current being supplied from a tapped auto-transformer, 
fine regulation being obtained by means of adjustable 
series resistances in each circuit. The voltage was 
kept constant by a variable choke in the primary 
circuit, automatically motor-controlled by a voltage 
relay connected to the secondary side of the trans- 
former. With this regulator temperature was main- 
tained constant to within + 3 deg. C. 

Four of the furnaces were used in the tests on the 
above material, a fifth was kept as a spare (actually 
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wire. These tests were carried out at temperatures 
ranging from 700 deg. to 1,000 deg. C. Elongation 
took place rapidly with the stress of 4,500 lb. per square 
inch, even at 700 deg. C., breaking occurring after a 
few days. With an 1,120 1b. per square inch stress, 
‘creep ” was still fairly rapid, breaking occurring after 
a much longer space of time. With a stress of 280 lb. 
per square inch, the “creep” was not accurately 
measurable at the lower temperature, but nevertheless 
was taking place. Further preliminary work was done 
with loads of 50 lb. and 100 lb. per square inch on 
0-036 in. and 0-116 in. wires at 1,000 deg. C. “ Creep” 
was slow under these conditions, and only detectable, 
in the case of the 50-lb. load, at longer intervals. It 
was, however, clearly taking place, and, moreover, was 
much more rapid with the 0-036 in. wire than with the 
0-116-in. wire. 

These experiments were sufficient to show that 
“creep”? would occur under very light loads, and 
more accurate apparatus capable of dealing with more 
wires at a time would be required to measure relative 
rates of ‘creep’? under various loads. It was also 
desirable to have wires of widely differing cross-section 
under test simultaneously. In order to eliminate the 
effect of varying composition, the whole of the tests 
were made with wires manufactured from the same 
ingot, having the following composition :— 


Per cent. 
Carbon 0°15 
Iron 0-68 
Manganese 0-58 
Chromium . 21-00 
Nickel Remainder. 


not required), and the sixth used for certain other tests 
outside the scope of this paper. The test temperatures 
were 700, 800 900 and 1,000 deg. C., each furnace 
taking 13 wires, consisting of one standard wire 
(0-125 in.) unloaded, four wires or rods 0-25 in. diam., 
four wires 0-0625 in. diam., and four wires 0-018 in. 
diam., each gauge being stressed with weights equiva- 
lent to 50, 100, 200 and 400 Ib. per square inch respec- 
tively. Specially-designed plates fastened to a heavy 
channel across the top of the furnaces were employed 
for rigidly holding the upper ends of the specimens, 
great care being taken in the lining up of the frame- 
work, the placing of the furnaces, and the arrangement 
of the specimens, to ensure that a direct downward 
pull was exerted on all test-pieces. The loads were 
applied directly by weights attached to the lower ends 
of the specimens, hanging freely over carefully-spaced 
pulleys supported by a framework below the furnaces. 
The influence of the pulleys can be taken as practically 
negligible, and equal in all cases. 

Before any “creep” tests were made, careful 
measurements of the temperature gradient throughout 
the length of the heating chamber were made. In 
addition to the resistor wound on the alundum tube, 
the semicircular inner end-pieces at each end of the 
tube were also fitted with heating elements. ‘These 
were supplied with current from different tappings of 
the transformer, and, by adjustment, as even a tem- 
perature as possible was obtained from end to end of 
the tube. It was not possible to have a perfectly even 
temperature in the case of the higher temperatures, 
but for the purpose of this work, it was felt that over 
|a length of 10 in., the temperature was sufficiently 
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9. CoNsTRUCTION OF HIGH-LEVEL CULVERT IN SoutH WALL OF LOCK. 
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uniform. In any case, it was hoped that, knowing the 
shape of the temperature gradient, it would be possible 
to make corrections in the final figures. Actually, it 
has not been found possible to do this with any degree 
of reliability. 

The furnace were each brought up to their proper 
temperature before any stress was applied to the 
specimens. Extension measurements were made by 
means of a cathetometer, with vernier scale capable of 
reading to 0-002 cm., and the telescope of which was 
focused on fixed indicators on the specimens. In the 
case of the two larger gauges the indicators consisted 
of sharp-edged rings turned on the rods in the lathe, 
whilst with the fine wire thin glass tubes were threaded 
on and fixed in position with an adhesive cement. 
Extension measurements were taken daily, comparison 
being made with the standard unloaded rod. In 
this way the effects of ordinary thermal expansion were 
eliminated. Temperature measurements were taken 


Fig.8. TOTAL CREEP-TEMPERATURE Fi 


RELATIONS. 0:25-IN. SPECIMENS. 
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0-25 in., 0-0625 in., and 0-018 in. diameter, appeared 
to be the minimum. 

A few of the fine wires broke at an early stage, and 
the behaviour of certain other specimens appears to be 
exceptional, but definite information has, nevertheless, 
been obtained, and it is believed that a new light 
has been thrown on the effect of stresses on nickel- 
chromium alloy at high temperatures. Moreover, whilst 
the actual rates of creep can only apply to the particular 
alloy in question, many conclusions, such as those 
relating to the effect of sectional area, almost certainly 
have a general application. 

The general results may be stated as follows : 

Effect of Temperature.—Under the higher stresses 
there is a definite increase in the rate of creep with the 
temperature, but with the lower stresses there is no 
evidence of any definite increase in creep until a tem- 
perature in the vicinity of 900 deg. C. has been ex- 
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ceeded. See Fig. 8.* 


tg.9. TOTAL CREEP -STRESS RELATIONS. 
0:25-IN. SPECIMENS. 
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Fig.10. TOTAL CREEP- DIAMETER RELATIONS 
AT 800°C. 
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at frequent intervals through the day by means of 
an accurately calibrated platinum/platinum-rhodium 
thermocouple, inserted into a sheath which extended to 
the mid-point of the heated zone. 

The results do not show the consistent and steady 
tates of movement which might be expected. Owing 
to the great care which was taken with the setting up 
of the apparatus and the making of the measurements, 
it is not possible to attribute more than a very small 
amount of this to experimental error. In certain 
cases, especially where the fine gauge wires have broken 
under light loads, the irregularities may possibly be 
ascribed to differences in the material. Undoubtedly, 
Somewhat more definite results would have been 


AT 900°C. 
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| Effect of Stress.—Increased stress produces increased 
| creep under the same conditions of temperature and 
gauge. This increase of creep is roughly proportional 
to the stress at the low loadings, but the highest 
loading produces a much greater ratio of creep to stress 
than the low loadings. There is possibly some evidence 
of a limiting creep value at the lower temperatures, 
but no sign of any such value at the higher tempera- 
tures. See Fig. 9*. 

Effect of Sectional Area.—The smaller the cross- 
section the greater the creep. The increase in rate of 
creep does not take place definitely until the diameter is 
less than 0-0625 in. At the highest loading there 
appears to be a slight but definite decrease in creep 
from 0-25 in. diameter to 0-0625 in. See Figs. 10 
and 11, which show relation at 800 deg. and 900 deg. C. 

Effect of Time.—The rate of creep is most rapid at 











procured had each test been duplicated. It was, 
however, thought, at the time of commencing the 
work, that the greatest information would be obtained 
by having the largest possible number of different 
tests carried out simultaneously. It was desirable to 
Measure the creep at a range of temperatures from 
700 deg. C. to 1,000 deg. C., under different loads | 
and with different gauge specimens; and four ~~ 
peratures, four loadings, and three gauges, namely, 





the commencement, falling to a more moderate rate 
after the first few days (under the stress conditions in 
this experiment). According to the daily measure- 
ments, this flow does not proceed at a perfectly uniform 
rate, but takes place in a series of small steps. This 
fact has been noted by previous investigators, such as 
French and Tucker, who ascribed this phenomenon 





* Figs. 8 and 9 deal with 0-25-in. specimens. 





eS 


to a “progressive and repeated strain-hardening of 
the metal.” The steps, however, are so small that it is 
not safe to conclude definitely that they are due to a 
property of the metal. 

Magnitude .of Creep.—Creep is definitely observed 
under stresses very much lower than have hitherto 
been thought capable of producing sustained creep. 
In certain cases where the specimens have broken, 
there is an increased rate of flow near the end. This 
phenomenon has been described by many previous 
workers. The increased rate of flow with decrease 
diameter was also found in the preliminary experi- 
ments previously referred to, and appear to afford 
strong support for the views expressed by Thompson 
and Millington. These investigators gave reason 
for believing that the deformation in a single crystal 
would be different from that occurring in a fine- 
grained aggregate, owing to the restraint imposed by 
the crystal boundaries in the latter case. They 
developed the idea further with respect to fine surfaces, 
arguing that deformation could take place more easily 
at the surface owing to the absence of crystal boundaries. 
In this way more deformation would be expected with 
finer diameter wires, owing to the increase in the ratio 
of surface area to cross-sectional area. 

It might be suggested that oxidation of the specimens 
accounted for the increased creep of the fine wires by 
decreasing the effective diameter. In answer to this 
it may be stated that the rate of oxidation with this 
alloy is very small after the first layer of oxide has 
been formed—a process which had already taken place 
before the experiments commenced. Attempts were 
made to ascertain whether a measurable amount of 
oxidation had occurred. It was not possible to 
detect any change in diameter with the micrometer 
in the case where there had been little creep, and in 
other cases only the amount which could be accounted 
for by the stretching of the specimen. Determination by 
weight did not appear to be practicable, and change of 
electrical resistance would be no indication owing to 
the effect of the changes of physical condition brought 
about by the experiment. Moreover, the differences 
in the behaviour of wires of different diameters was 
apparent from the commencement—that is, long before 
oxidation could have any appreciable influence, even 
if its effect were appreciable in the later stages. 

The possibility of carrying out the experiments 
in an inert gas was dismissed as adding an undue 
complication to the work. A gland would have 
introduced a possibility of impeding the creep, and, 
further, unless it were certain that the atmosphere 
were absolutely free from oxygen no useful purpose 
would be served. 

In addition to the main points touched upon above 
the following may be noted :— 

That the increase of total creep with temperature in 
the case of specimens tested at 700 deg., 800 deg., and 
900 deg. C., is entirely due to an increased rate of flow 
during the initial stages, the subsequent or secondary 
creep being little changed. Negative initial flow is 
observed in certain 0-25-in. diameter specimens. 
There is no evidence as to whether this is real or 
due to the unloaded comparison specimen (which was 
only 0-125-in. diameter) elongating more rapidly. 

At the conclusion of the test, which lasted approxi- 
mately 4,000 hours, the 0-25-in. and 0-0625-in. speci- 
mens were subjected to tensile tests. It was found 
that even the low stresses employed very appre- 
ciably affected the mechanical properties. The higher 
the temperature and the greater the stress applied 
during the creep experiments, the lower the tensile 
strength of the material tested in the cold. 

Conclusions.—({1) Above 900 deg. C. there is no 
evidence of a creep stress limit, a slow but definite 
flow taking place with loads as low as 50 lb. per square 
inch. 

(2) Below 900 deg. and above 700 deg. C. there is 
no evidence of a creep stress limit in the case of fine 
wires (of the order of 0-018 in.). In the case of 
thicker wires the evidence is not conclusive, as the 
duration of the experiment was probably not long 
enough to prove that the movement would not eventu- 
ally cease. It can be said, however, in the case of 
wires or rods thicker than 0-06 in., that whilst loads 
up to 200 lb. per square in. produce an almost pro- 
portionate rate of flow, greater loads produce a more 
than proportionately greater flow. From this it might 
be deduced that in this range of conditions there is a 
kind of creep stress limit between 200 and 400 Ib. per 
square inch. 

(3) Except under the above range of conditions 
the ratio of creep to stress increases with the stress. 
(4) Flow commences at a comparatively rapid 
rate and then falls to a more moderate and steady 
value, and there is some evidence that this secondary 
movement takes place in a series of small steps. 

(5) The rate of flow increases with decrease of 
diameter below 0-06 in. (1-5 mm.). This result is a 





strong verification of Thompson and Millington’s 
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theory of the effect of free surfaces on the deformation | 
of materials. | 

Whilst these experiments show that movement 
takes place under very small stresses, they also indicate | 
the limiting stresses which may be imposed in practice | 
without appreciable distortion occurring. The present | 
paper only deals with the 80 : 20 nickel-chromium alloy, | 
but some investigation of other similar alloys has | 
been made though at present it is incomplete. This | 
alloy has been chosen for investigation, in the first | 
place as being superior to most others in resistance to | 
oxidation at high temperatures. It is known that | 
other alloys exist having greater strength at high | 
temperatures, but which are much less resistant to | 
oxidation. | 

It has already been stated that the use of nickel- | 
chromium in furnaces, electric and otherwise, has | 
made very desirable an increased knowledge of the 
mechanical properties of these alloys at high tempera- | 
tures. When used in a rolled or drawn form the 80 : 20 | 
is the most generally used alloy, and this is an addi- | 
tional reason for selecting it for this investigation. | 
It is believed that the information contained in this 
paper will be helpful in the design of nickel-chromium | 
parts for use at high temperatures. 








AN IMPROVED DIFFERENTIAL | 
DILATOMETER.* | 


By Max Haas, Dr.-InG., and Denzo Uno, 
Dr.-Ina. 


Tue dilatometric method of investigation has 
aroused much attention during the last few years. | 
Improvements on the so-called ‘ classical methods ” 
have resulted in new information being obtained in 
the scientific examination of the non-ferrous metals and 
their alloys. At the same time improvements were 
naturally made in the apparatus itself. The present 
work relates to mechanical improvements in the 
optical differential-dilatometer of Chevenard, which 
have been developed during many years of research 
at the Institut fiir Metallhiittenkunde der Technischen | 
Hochschule, Aachen. | 

The underlying principle of the optical and differ- | 
ential dilatometer of Chevenard remains unaltered. | 
The alterations made concern: (1) A construction 
which eliminates vibration. (2) A suitable type of 
furnace. (3) A different form of dilatometer tubes. | 
(4) A new dilatometer head. (5) The projection screen. 
(6) Standardisation of test-pieces. | 

(1) Vibration-Free Construction and the General | 
Arrangement of the Apparatus.—In the design adopted | 
by H. Esser, the aim had been to produce a universal | 
dilatometer in which, with the aid of accessories, con- | 
ductivity and magnetic measurements could be made ; | 
the present authors have intentionally abandoned this | 
universal purpose and confine themselves to differential | 
thermal expansion measurements. H. Esser had | 
insulated the dilatometer casing from vibration by | 
oil-damping. The furnace with its casing was placed | 
at right angles to the axis of the camera. The authors | 
adopt the well-known method of vibration-free mount- | 
ing as used for metallurgical microscopes, for use | 
with the differential-dilatometer. The furnace, the | 
dilatometer casing, the camera, and the projection | 
screen are all mounted in the same axis on the triangular | 
rails of the vibration-free suspension. 

(2) The Furnace.—The underlying principle of a| 
suitable furnace has already been described in a paper 
on “The Dilatometric Study of Light Metals.’’+ 
The rigid co-axial mounting makes it possible to close 
both ends of the heated space of the furnace, thus 
minimising heat losses from the ends. For continuous 
work on a series of specimens it is desirable to use two 
furnaces alternatively. 

(3) The Dilatometer Tube.—The authors began by 
using a tube of transparent silica closed at one end, 
and in this they cut a semi-cylindrical opening to allow 
of the insertion of the specimen. It has been found 
best to use in place of two separate tubes a single 
large silica tube, which is cut so as to leave a semi- 
cylindrical opening. Through this is first inserted a 
semi-cylindrical piece cf silica, the rounded part of 
which fits the large tube, while on the flat face two 
grooves are cut into which the specimen and com- 
parison bar are laid. A groove is also provided to 
allow of the insertion of a thermocouple. In order to 
provide a good abutment for the bars, the large silica 
tube is closed by a flat end, at right angles to the 
axis, instead of the usual hemispherical end. This 
arrangement permits of the use of machined or cast 
test-pieces as well as ceramic materials; the tube is 
easily cleaned and, when it is desired to work in inert 
atmospheres, the gas can be led directly into the 
closed furnace. 











* Paper read before the Institute of Metals, Diissel- 
dorf, Germany, on Tuesday, September 10, 1929. 
(Abridged. ) 

t See ENGINEERING, vol. exxv, p. 337 (1928). | 
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(4) The New Dilatometer Head.—The chief draw- 


back in former designs was the spring for holding 
the mirror. The most perfect construction is one in 
which the strength can be adjusted according to the 
individual strength of the material to be examined 
(at higher temperatures). Experiments to this end 
were only partly successful, especially when working 
with light metals. The authors gave up the idea of 
the use of a spring, and put into the head of the 
dilatometer a solenoid and a steel rod between the 
mirror and the expansion rods. This magnet-coil 
system results in a constant bearing pressure, which 


IMPROVED CHEVENARD 
DILATOMETER HEAD. 


























A-Magnetic Coil B=Brass Part of Conductor Rods, 
(1601) C- Steel Part of Conductor Rods, 
D-Marror. 


could be adjusted by means of current regulation, 
according to the specific qualities of the material under 
examination ; the above figure shows the design. 

(5) The Projection Screen.—The projection screen 
is placed in the axis of the apparatus beyond the 
camera; thus, when the dark slide is removed from 
the camera the spot of light falls on the screen and its 
position can then be easily adjusted. The screen itself 
consists of ground glass with a sheet of clear glass in 
front of it. It is easy to place a piece of photographic 
paper between the two sheets of glass and to change 
this paper when required. 

(6) Standard Measurements.—In order to standardise 
the dilatometer curves, the authors proposed the use 
of a fixed length, shape, and cross-section for the test- 
pieces, a standard material for comparison purposes, 
and a fixed distance for enlargement. 





Rattway Rouiine-Stock For CHrna.—According to 
a recent issue of The Chinese Economic Bulletin, an 
agreement, which is subject to the sanction of the 
National Government, has been concluded between. the 
Chairman of the Shanghai-Nanking Railway and the 
Anglo-Chinese Corporation for a loan of 156,000/. The 
agreement provides that 9 locomotives, 24 steel 
passenger coaches, and 100 40-ton steel covered goods 
wagons shall be bought from a British manufacturer 
following upon the invitation and receipt of public 
tenders for the rolling-stock. 





FRENCH YEAR Book OF QUARRIES.—The second edition 
of L’ Annuaire des Carriéres et des Industries Annexes, 
which has just been issued by the publishers of Mines, 
Carriéres, Grandes Entreprises, the French journal 
dealing with the quarrying industry, is intended to be a 
guide for building contractors, architects, manufacturers 
and farmers. The book is divided into three main 
sections, the first of which contains general information, 
the second, a general list of French quarries, and the 
third, a list of stone hewers and cutters in France. The 
first section, which comprises 152 pages, is mainly 
devoted to legislation affecting quarries, but lists of 
professional associations and a good deal of technical and 
scientific information are included. The second and 
main section of the book, namely that containing the 
general list of French quarries, is again subdivided into a 
number of sections respecting dealing with building and 
ornamental stone, cements, lime and plasters, bricks 
and other artificial building materials, road-making 
materials, and products used in industry and agriculture. 
The firms are classified according to the département in 


| which they are situated and, in all cases, the full name 
| and postal address of the firm or individual, the nature 


of the materials quarried, and the nearest railway 


| station, are furnished. The list of stone cutters and 


hewers is also classified geographically. The offices 


Paris (15e). 
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CATALOGUES. 


Condensers.—Messrs. Newton Chambers, Thorncliffe, 
near Sheffield, have sent us an illustration of some large 
condensers which they erected recently for the Glasgow 
Corporation. 

Electric Motors.—Messrs. Lancashire Crypto Motors, 
91, Petty France, London, 8.W.1, have sent us a copy of 
their monthly list of induction motors in stock, including 
machines from }-h.p. to over 80 h.p. 

Iron Castings.—A catalogue of interest to foundry- 
men, dealing with melting furnaces and a process for 
producing grey iron castings true to specification has 
been issued by Messrs. The Pittsburgh Electric Furnace 
Corporation, Pittsburgh, Pa, U.S.A. 

Steam Turbines.—Messrs. Siemens Schuckert, Mulheim, 
Ruhr, Germany, have issued a handsomely-printed series 
of views of their turbine works, showing machine and 
erecting shops, completed turbines and separate parts, 
and a reprint, in German text, of a paper on the subject 
by Dr. Melan. 

Lubricants.—Messrs. The Vacuum Oil Company, Lid., 
Caxton House, Westminster, London, S.W.1, have sent 
us @ copy of one of their Gargoyle Technical Series of 
handbooks, dealing in detail with the lubrication of Diesel 
engines and explaining the most suitable lubricants for 
the various working parts. 

Heat Insulation.—Messrs. S. T. Taylor and Sons, 
Limited, Scotswood, Newcastle-upon-Tyne, have issued 
a circular explaining the qualities of their Tynos and 
Acolite coverings for boilers, pipes and other surfaces at 
ordinary temperatures, and also at the very high steam 
temperatures now coming into use. 

Steel—A pamphlet discussing the effects of very 
high steam temperatures and pressures on the materials 
used for steam plant has been issued by Messrs. Hadfields, 
Limited, Sheffield. The suitability of their Era and 
Hecla steels for various parts is pointed out, and the 
results of tests at the working temperatures involved 
are given. 

Air Hammer Drills —Messrs. The Hardy Patent 
Pick Company, Limited, Sheffield, have issued a special 
catalogue describing their air hammer drills for working 
in hard ground and rock. They are of specially light 
weight and of the dry and wet types, the latter form 
conveying water through the steel bit to the bottom 
of the hole. 

Lifts.—Messrs. Waygood-Otis, Limited, 54—55, Fetter- 
lane, London, E.C.4, have sent us a copy of a pamphlet 
giving a historical account of the firm, and also dealing 
with the development of their products, viz., lifts and 
escalators. Some excellent illustrations of their work- 
shops and machinery are included and the text is of quite 
unusual interest. 

Electric Cables.—Messrs. British Insulated Cables, 
Limited, Prescot, Lancs., have sent us copies of new issues 
of their catalogues of Copperweld conductor wires, 
cab-tyre sheathed cables and flexibles, a circular letter 
describing their pliable armoured cables for use in 
coal mines, and a copy of their handbook of wire tables 
with a voltage-drop calculator (marked price 5s.). 


Lubricating Greases.—Messrs. W. H. Willcox and 
Company, Limited, 38, Southwark-street, London, 8.E.1, 
have issued a descriptive folder regarding the Willcox- 
Fiske range of greases produced by them. These are 
refined from a pure petroleum base and are free from 
loading or filling matter. The greases are intended for 
bearings, gears and cogs on crushers, mills, mixers and 
other heavy machinery. 

Instruments.—We have received a number of new leaf 
catalogues from Messrs. The Drayton Regulator and 
Instrument Company, Limited, West Drayton, Middlesex, 
describing a liquid-level regulator, a double-relay pressure 
regulator for air and water operation, a time-temperature 
regulator to control temperature in manufacturing opera- 
tions in accordance with a pre-determined cycle, and the 
Union recording calorimeter. The illustrations and 
descriptive text are very clear. 

Machine Tools.—Messrs. The Butler Machine Tool 
Company, Limited, Halifax, have sent us copies of two 
catalogues describing their general-purpose lathes and 
crank-type shaping machines. The lathes range from 
8 in, to 13 in. centres, and the shapers from 12 in. to 32-in. 
stroke, A number of improvements have been made, 
both in the machines and the accessory equipment, and 
these are fully described with detailed illustrations, 
making the catalogues very interesting reading. 


Valves.—Messrs. The Bryan Donkin Company, Limited, 
Chesterfield, have issued @ new edition of their catalogue 
of valves for gas, air, liquor, &c. The range of patterns 
is very considerable, as is required for the great variety 
of conditions in which these valves are operated ; a list 
of sizes is given for each pattern. Low, medium and high 
pressures are provided for, and dimensions and fitting 
particulars are given. Pipes, connections, pillars, 
surface boxes and other necessary fittings are dealt with. 


Gas Plant.—A catalogue of vertical retorts for gas 
making is to hand from Messrs. The Woodall-Duckham 
Vertical Retort and Oven Construction Company, 
Limited, 136, Victoria-street, London, S.W.1. A clear 
description is given of the retorts and the mechanism for 
feeding in the coal and discharging and cooling the coke, 
as well as of the general construction. The capital cost 
is said to be low, and the control of output and of the 
calorific value of the gas is simple. It is stated that 
the cost of gas production is now independent of the 
size of the plant. When every allowance necessary to & 
fair comparison is made, the figure given in the catalogue 


| of the publishers are at 109-119, Boulevard Lefebvre, | indicates that a highly-mechanised process may result in 


very economical production even on a small scale. 
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THE KEMPTON PARK PUMPING 
STATION OF THE METROPOLITAN 
WATER BOARD. 


As the name of the Kempton Park Pumping 
Station will no doubt already be familiar to many, 
the original works there dating from 1902, this ac- 
count may be prefaced by the statement that it deals 
with an important addition consisting of a complete 
pumping plant, and a set of primary filters. The 
relation of these extensions to the original lay-out 
is shown in Fig. 1, below. The old works, which 
were constructed by the New River Company, 
consist of two storage reservoirs containing a total 
of 300,000,000 gallons of water when full, a 


Fig./. 
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pumping: station and 12 slow sand filters, each 
three-quarters of an acre in area. The pumping 
station contains five triple-expansion steam engines 
driving single-acting plunger pumps. Two of these 
pumps raise raw water from the Staines aqueduct, 
seen at the right of the figure, into the reservoirs or 
direct on to the slow sand filters as may be required. 
Each has a capacity of 15,000,000 gallons per day 
against a head of 32 ft. The remaining three pumps 
deliver filtered water to Finsbury Park Reservoir 
and Cricklewood Reservoir, from the latter of 
which a supply is repumped to Fortis Green 
Reservoir. The capacity of each of these high-lift 
pumps is 8,000,000 gallons per day against a head 
of 170 ft. 

The water for these works is derived from the 
River Thames and may be taken direct from it or 
from the aqueduct from the Staines Reservoirs above 
mentioned. As soon as the new primary filters 
are completed, however, the Kempton Park works 
will be supplied with water either from the river or 
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from the Queen Mary Reservoir, Littleton,* by 
means of a reinforced-concrete conduit 6 feet in dia- 
meter, constructed by the Metropolitan Water Board 
in 1923 and 1924. These primary filters, which are of 
the rapid type, may be seen at the bottom of Fig. 1, 
and will be described in detail later; they are 
still under construction, though the additional mains 
necessitated by the increased output of the pump- 
ing station have been completed. This increased 
output is required for augmenting the water supply 
to the northern portion of the Board’s area. The 
new pumping station is completed and will therefore 
be dealt with first. In connection with our account 
we wish to acknowledge the courtesy of Mr. Henry E. 
Stilgoe, M.Inst.C.E., Chief Engineer to the Metro- 
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boiler house ; the second has been built to match it, 
and is connected to it by a flue. Both are of 
brickwork, and are 135 ft. high. The new engine 
and boiler houses are built of brickwork with 
Southwater brick facing and Portland stone 
dressings. The engine house has a very handsome 
appearance as seen from the public road, and its 
main entrance is approached by flights of steps 
leading to each of the two sides of a projecting 
vestibule. Internally the engine room is lined 


from floor to ceiling with glazed bricks, the same 
treatment being carried out in the boiler room up 
to the level of the dado. The total cost of the 
buildings and appurtenant works, roadways and 





drainage, &c., is 164,000/. 





politan Water Board, who has kindly supplied us 
with drawings and data, and who is, of course, 
responsible for the specifications and design of the 
whole of the new works. 

The general arrangement of the new pumping 
station is shown in Figs. 2 to 5, Plate LIV. To 
the left of Fig. 2 is seen the old station with its 
five engines ranged longitudinally init. To the right 
is the new station, with two engines arranged 
transversely in the main house, with sufficient 
space between them to accommodate a third set 
at some future date. The boilers are accommodated 
in a lower building, to the rear of the new engine 
house, which also contains space for future 
extensions. A corridor connects the new and old 
buildings, and along this are situated the in- 
duced draught fan chamber, sanitary offices, mess 
and store rooms, &c. Of the two chimney stacks 
in the centre of the figure one belongs to the old 





* See ENGINEERING, vol. cxix, page 593 et. seq. 





Dealing with the boiler house first, a reference 
to Figs. 3 and 4 will show that it contains six 
water-tube boilers in a central group, and has 
space for four more, two at each side. The 
whole of the boiler installation, inclusive of the 
coal and ash-handling plant, has been supplied 
by Messrs. Babcock and Wilcox, Limited, Farring- 
don-street, E.C.4. The boilers, in three batteries 
of two, are of Messrs. Babcock and Wilcox’s double- 
drum type, and each has a total heating surface of 
2,690 sq. ft., with a chain grate stoker of 72 sq. ft. 
in area. The working pressure is 200 lb. per 
square inch, and the superheat is 150 deg. F. 
A view of the interior is given in Fig. 6, page 426. 
At the top of this figure are seen the overhead 
bunkers from which the coal reaches the stoker 
hoppers through steel chutes, having been weighed 
before entering the chutes by the automatic weighing 
machines seen below the bunkers. A view of the rear 
of the boilers is given in Fig. 7, on the same page, 
and shows the tops of the economisers. These are 
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made by Messrs. E. Green and Son, Limited, of 
Wakefield, and have electrically-driven scraper gear. | 
Each economiser has a heating surface of 960 sq. ft. | 
Attention may be drawn to the thorough manner in 
which the lagging of the steam pipes has been | 
carried out and the way in which expansion has 
been provided for, these points being clearly illus- 
trated in both the views of the boiler house. 

The arrangement of the bunkers and of the coal 
and ash-handling plant is best understood from an | 
inspection of Figs. 2, 3, and 4, and it may be) 
noted, at the outset, in this connection, that the 
whole station has been designed with the object 
of reducing the labour needed in transport, &c. 
Thus, the coal, from its entry into the works to 
its exit as ashes is not touched by hand. The 
bunkers are filled by a gravity bucket conveyor, | 
fed from a hopper situated beneath the station | 
siding. The railway wagons are shunted by a petrol | 
locomotive into position in an electrically-operated | 
wagon tippler discharging into the hopper. The | 
conveyor runs horizontally for some distance in an | 
underground passage before ascending to the top of 
the bunkers, over which it is carried for the full 
length of the boiler house. The ashes and clinker 
pass continuously over the backs of the chain- | 
grate stokers into hoppers from which they gravi- | 
tate down chutes into cast-iron water tanks. | 
The ends of the chutes enter the water and are | 
thus sealed. The ashes are lifted from the water | 
tanks and deposited on to a belt conveyor, by 
inclined cast-iron wheels having vanes on their 
peripheries. The conveyor runs the whole length | 
of the boiler house basement, and, passing into the 
underground tunnel continues along it parallel to | 
the coal conveyor, finally delivering the ashes to | 


a bucket elevator. The elevator discharges into a | 
storage bunker provided with a hopper, from which | 
carts can be loaded. At present, there is a local | 
demand for the ashes sufficient to keep the plant | 
clear. The drainage water from the ash-sealing tanks | 
is pumped to waste by a small centrifugal pump | 
operated by a water turbine, which is driven by water | 
from the pumping main as it passes on its way to 
the tank supplying water to the ash-sealing tanks. 

The auxiliary equipment of the boiler house, as 
regards feed pumps and heaters, is much on the same 
lines as at the Walton pumping station, described 
in ENGINEERING, vol. exxii, page 9, et seq. The 
recording instruments, however, deserve mention. | 
Access is had to the boiler room from the engine 
room main platform from the balcony seen on the | 
left hand of Fig. 6. This balcony contains the | 
instruments, which can thus be readily consulted | 
from both rooms. An automatic electrical CO, 
recorder gives a continuous reading in three colours, 
each boiler having a separate colour. It also indi- 
cates the CO, reading at any particular moment 
for any one boiler, this indicator being automa- 
tically changed from boiler to boiler every 20 
seconds, the number of the boiler concerned being 
displayed. In addition, there is on each _ boiler, 
and visible from the stokehold floor, a CO, 
indicator, a CO + H, indicator, a draught gauge, 
and a temperature recorder, these all being con- 
nected to the individual uptakes. The instru- 
ment panel also bears a 20-point electrical pyro- 
meter, indicating the temperature in the downtake 
of each boiler and in the outlet from each economiser. | 
Three steam-pressure recorders are also provided. 
The quantity of feed water passing to the boilers is 
recorded by a Rheograph V-notch flow recorder. 
For convenience, the V-notch tank is installed in 
the boiler house, and connections are made to the 
instrument panel in the eagine room. An indicator 
is supplied showing the rate of flow, and is situated 
in the boiler house for the use of the stokers. 


(J'o be continued.) 


EXPORT REBATES IN GERMANY. 

Tuer relations existing between the engineering 
industry on the one hand, and the primary iron and 
steel industry on the other, are much closer in 
Germany than they are in this country. In 
Germany, the engineering trades have benefitted 
considerably during recent years from the rationali- 





sation which has taken place in the iron and steel 
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industry, the latter having not only allocated con- 
siderable expenditure to finance extensions and 
renewal of its own plant, but having also spent 
substantial sums in bringing the coal mining and 
coke oven operations under its control to a high 
pitch of efficiency. Outward evidence of the close 
connection between the engineering and iron and 
steel industries is to be found in the so-called AVI 
agreement, about which there has been considerable 





Back BoitER PLATFORM. 


discussion in the German Press recently, in view of 
the possibility of some modification being made in 
the existing regulations. 

The AVI Agreement is an arrangement where} 
German manufacturers of engineering goods obtain. 
at world market prices, the steel products they use 
as raw material for manufactures which are subse- 
quently exported. Bridge builders, boiler makers. 
machinery manufacturers, locomotive and wago? 
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builders, and similar workers-up of rolled steel 
products are enabled to get the raw material they 
use for export purposes as cheaply as if there were 
no duty in Germany. Export rebates are only 
granted on basic products which are to be trans- 
formed and subsequently exported in the form of 
finished goods. The world market prices of basic 
products, on which the rebates are to be calculated, 
are determined every month by a committee com- 
posed of representatives of the Rohstahlgemein- 
schaft and of the Arbeitsgemeinschaft der Eisen- 
verarbeitenden Industrie (AVI). These world 
market prices are based on the ruling f.o.b. Antwerp 
price. The difference between the domestic market 
price and the world market price, thus determined, 
represents the amount of the export rebate to be 
paid. 

This export rebate agreement, now commonly 
known as the AVI Agreement, was concluded in 
July, 1925, between representatives of the Roh- 
stahlgemeinschaft (Ingot Steel Association) on the 
one hand, and of the Arbeitsgemeinschaft der 
Kisenverarbeitenden Industrie on the other. The 
AVI Association is composed of various associations 
of manufacturers such as the Verband deutscher 
Maschinenbauanstalten ; Verband der Lokomotiv- 
fabriken ; Verband der Waggonfabriken ; Vereini- 
gung der deutschen Kessel- und Apparate Industrie, 
and the Eisen- und Stahlwarenindustriebund Elber- 
feld. The agreement was only signed after pro- 
tracted discussions which dated from the autumn 
of 1924. Simultaneously with its negotiations with 
the domestic engineering industry, the German iron 
and steel-industry was also conducting pourparlers 
with the French iron and steel industry, with a 
view to coming to some understanding regarding the 
international position. This was rendered im- 
perative by the fact that on January 10, 1925, 
the period ended during which Lorraine, Luxemburg 
and the Saar were able, under the provisions of the 
Treaty of Versailles, to send goods duty free into 
Germany. The German manufacturers were in 
consequence proposing the erection of a tariff 
wall to keep out foreign iron and steel goods. 
During the course of these negotiations with France, 
the iron and steel consuming industries of Germany 
became apprehensive regarding the reactions on 
their business of a highly protected home market 
for iron and steel. They claimed that the interests 
of the manufacturing industries demanded either 
duty-free privileges for the primary iron and steel 
products, or at most only a low tariff barrier. The 
differences between the steel producing and con- 
suming interests in Germany seemed likely to prove 
serious, but the objections of the consumers were 
finally overcome, and the following arrangement 
was accepted by both parties. In return for the 
withdrawal by the consumers of their opposition 
to the protective duties, the producers undertook : 

(1) To give special consideration to the interests 
of the finishing industries in the Commercial Treaty 
negotiations with France, which were then proceed- 
ing, and 

(2) To grant to the consumers price rebates on 
taw material used for export, sufficient to bridge 
the gap between the world and home market 
quotations. 

The method of operation adopted under the 
scheme is as follows :—The manufacturers for export 
purchase their raw material, such as girders, plates, 
bars, &c., at the ruling inland prices, and obtain 
the appropriate rebates, not in cash, but in the 
form of a Claims Certificate entitling the holder to 
draw his next supply at the ruling inland prices 
reduced by the amount of his current claim. The 
Supporters of the agreement claim that the AVI 
scheme must not be confused with subsidies. It 
1s a scheme to ensure that the export competitive 
capacity of the finishing industries in Germany, 
as far as their raw materials are concerned, shall 
not he prejudiced by the prevailing customs duty. 
It enables the export finishers in Germany to obtain 
their raw materials at the same price as their 
competitors in England, France, Belgium and other 
countries. 

It is claimed that, from the economic point of 
view, the AVI Agreement has been justified. The 
finishing industries appear in the main to be recon- 
ciled to the idea of a protected home market as 


ENGINEERING. 





ment of their export business, and to be willing 
to aid the primary industries to operate at a high 
level, as they consider it more advantageous in the 
long run to be able to draw on their own national 
supplies rather than sacrifice their future for the 
sake of transitory cheapness. The expanding 
home market, which the German industry has en- 
joyed in recent years, has been a very considerable 
factor in the development of both the engineering 
and iron and steel industries. The progress made 
in Germany in the output of engineering pro- 
ducts of every kind has been most pronounced, 
and the activity of the industry has been con- 
ditioned to a large extent by the expansions and 
replacements which have been a feature of the iron 
and steel industry and of Germany’s industrial 
development as a whole. 

In spite of the substantial rebates which have 
been paid, however, the export finishers contend 
that, if the finishing industry continues to be 
burdened with high taxation and heavy social 
contributions, it will be unable in the long run 
to compete effectively on the export market. The 
finishing industry has repeatedly expressed its 
strong opposition to the general industrial policy 
of the Government, as reflected in the compulsory 
arbitration awards, and in this opposition, of course, 
it is at one with the primary iron and steel industry. 
The AVI rebates certainly entail a heavy burden 
on the home market, and, in some cases, are unfair 
in their incidence. For example, it is stated that 
there are certain sections of the finishing industry 
concentrating on specialities and quality products, 
which are able to secure better prices on the export 
than on the home market, and therefore, are not 
in need of the support which the AVI rebates give. 
Nevertheless, such firms reap the benefit of these 
rebates, which are available for all raw material 
used for export purposes. 

Both the primary and finishing industries have 
benefitted from the stability and feeling of security 
which has been promoted by the AVI Agreement, 
but there is no doubt that at times considerable 
difficulty has been experienced in bridging the 
gap between inland and world market prices. 
Both these price levels directly affect the amount 
of the rebate to be paid, which is dependent on the 
margin between the two. In many cases very 
substantial rebates have been paid, in view of the 
low world market prices ruling in recent years, and 
the comparatively high inland prices in Germany. 

Some idea of the rebates which have been paid 
under the scheme may be gathered from the 
table below, which shows the rebates for certain 
typical products ruling in June of this year, com- 
pared with the corresponding figures for the three 
previous years. It will be seen that the present 
rebates for ingots, blooms, billets and sheet billets 
are substantially lower than those ruling at the 
middle of the three previous years. This is due to 
the fact that the upward trend has been more 
pronounced in the case of general world market 
prices than in the case of German domestic prices, 
with the result that the margin between the two 
price levels has been reduced :— 





(Marks per ton). 








tinuance to allow it to be dissolved without a 
struggle. It is worthy of note that the president 
of the Association of German Iron and Steel In- 
dustrialists, in his speech at a recent meeting, 
referred to the friendly relations existing between 
the engineering trades and the metallurgical 
industry, and expressed the hope that these friendly 
relations, as exemplified in the rebates agreement, 
would continue. It is not unlikely, however, that 
the agreement will be subject to certain modifica- 
tions suggested by past experience. The AVI Com- 
mittee has already considered the question of the 
renewal of the agreement, but has decided that it 
can come to no final decision until some definite 
statement has been made by the primary industry, 
regarding the future of the domestic iron and steel 
associations. 








THE PEIPIAO EXTENSION OF THE 
CHAO YANG BRANCH OF THE 
PEKING-MUKDEN RAILWAY. 


By H. Srrineer, A.M. Inst.C.E. 
(Concluded from page 404.) 


Cuxvert and bridge work in this heavily gulched 
country was naturally heavy. There were 118 
culverts and 29 bridges on the 37-mile section, 
giving a total opening per mile of 137 ft. Arch 
culverts were very extensively used as headway 
was, in most cases, ample. The majority of these 
were in concrete, and where this material was 
employed they were of the usual type, but all cul- 
verts over and including 8-ft. span were provided 
with contraction joints in the arch for which two 
thicknesses of a coarse tough oiled paper were used, 
this being pasted over the concrete surface where it 
was desired to form a joint. 

In the neighbourhood of the coal mines a hard 
burnt shale brick was obtainable, and this was used 
for all arches here in conjunction with coarsed 
sandstone rubble or limestone rubble. 

Heavy calls on the railway bridge works for 
renewals and double tracking also entailed the 
adoption of arches in plain concrete for spans of 
30 and 34 ft. The 34-ft. spans were all in a viaduct 
of 8 arches crossing a gulley at a maximum height 
of 55 ft. on a three-degree curve. The foundation 
was in hard clay which was tested up to a load of 
2 tons per square foot, and loaded with a maximum 
load of a ton and a half in the finished structure. 
The arches were designed for Cooper’s E 50 loading, 
and were made 2 ft. 6 in. at the crown with 3 ft. of 
cover at that point. Pier thickness was 6 ft. at 
the springing of the arch, and in the case of the 
abutments, which were of the buried wing type, 9 ft. 
at the springing of the arch. The general details are 
given in Figs. 6 and 7, on page 428, while Fig. 8 
is a view of the finished viaduct. 

There are four contraction joints per arch, made, 
as in the case of the culverts, with oiled paper. The 
arch, from springing upwards, was in 1:2:4 
concrete, with the exception of the key block, which 
was made in 1: 1:2 concrete to admit of striking 
centres after seven days. The arch was only water- 
proofed with pitch over the joints, a V-shaped groove 
with 1-in. sides being cut in the concrete over these 
and pitch poured in. Elsewhere, the arch was 
waterproofed with a rich mortar worked over and 
over till nearly set. 








June, | June, | June, June, 

1926. 1927. | 1928. 1929. 
Ingots | 23 | 2 | 18 12 
Blooms F | 23 | 23 18 14 
Billets e ata ne 26 26 18 11 
Sheet billets --| 26 |+ 26 ig | 12 
Heavy plates Py 27 24 22 25 
Boiler plates | 26 | 26 24 «CT 27 








Since June, there have been some modifications 
in the AVI rebates, in accordance with changes in 
the margin between world and inland prices. For 
September, the rebate on ingots has been left un- 
altered at the previous level of 12 marks per ton; 
but the rebates on blooms, billets and sheet billets 
have all been increased to 17 marks per ton, on 
heavy plates to 17 marks per ton, and on boiler 
plates to 29 marks per ton. 

The scheme has now been in operation for over 
four years, and, while it is true that certain aspects 
have been criticised in some quarters, it does not 
seem likely that the agreement will be allowed to 








long as they are not handicapped in the develop- 


lapse, as both parties are too interested in its con- 


As regards constructional details, the whole of the 
concrete was hand mixed, and in the case of the piers 
was carried up on inclined ways made of sleepers 
and planks. The arches were all cast from one 
end, the raw material being carried up and mixed 
on platforms built over the arch haunches, these 
platforms being moved forward as the arches pro- 

The arch centres were supported on 
cornices 1 ft. thick, which were reinforced with 
scrap pieces of 60-Ib. rail at 4-ft. centres—the spacing 
of the arch centres. Four sets of centres were 
used and no centre was struck, no matter the age 
of the arch concrete, until the two arches ahead 
had been keyed in. The centres were supported 
on hard wood wedges 2 ft. in length by 8 in. wide, 
with a taper of 2 in. on a minimum thickness of 2 in. 

Table III shows the total settlement which 
occurred. This was only serious in the case 
of the south abutment, where an undiscovered 
soft patch in the foundation caused both vertical 
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settlement and motion at right angles to the railway. 
As a consequence of this, a longitudinal crack 
developed in one wing wall and the contraction 
joints opened up in the two arches closest to the 


Taste III.—Total Settlement of Viaduct During 


Construction, 
South abutment 0-32 ft. Pier No. 4 0-03 ft. 
Pier No.1 ... 0-01 ,, » No. 5 0-02 ,, 
» No. 2 0:06 ,, » No. 6 ove POL os 
» No. 3 0:03 ,, ase soo) DOL 5 
North abutment 0-06 
settlement. This was remedied by keeping in the 


centres of the last two arches and pushing forward 
the filling to counteract the backward tilt of the 
abutment, the burying up of this being also expected 





to stop the sideways motion. Expectations were 


442:02 


In the case of the 30-ft. arches the same procedure 
was adopted, but in this case the centres were either 
supported on sleeper stacks where there was not 
much risk of flood, or, in doubtful localities, by single 
tiers of sleepers which rested on the footings and 
were secured by walings bolted through bolt holes 
used in the casting of the structure below springing. 

The general plan details were exactly as for the 
34-ft. arches. For the foundations, however, wells 
were very largely employed, as the streams crossed 
were full of boulders and quite unsuitable for 
piling. Most of these streams were dry during the 
winter and early spring and it was found possible, 
in all these cases to get the wells down to a safe 
foundation using 4-in. barge pumps only ; as many 
as four per well being employed in porous ground at 
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Fie. 8. Viapuct or Erent 34-Fr. Spans. 


realised in this respect and the resulting opening up 
of the arch joints was made good by grouting. 
The striking of the last two sets of centres was also 
delayed for two months. 

The structure contained about 7,000 c. yds. of 
concrete, 6,900 drums of cement being used ; con- 
crete was proportioned as follows :—In foundations 
and plinths, 1:4:8; in piers, spandrels and 
copings, 1:3:6; in arch, as previously stated, 
mainly 1:2: 4. 

Concreting of the fcundations began on March 31, 
1923, the piers and abutments to springing being 
completed on June 5. The first arch was keyed on 
June 18, the last on July 29 and the viaduct was 
opened for traffic on October 5. Up to springing 
level the placing of the concrete was done by con- 
tract, above that point the work was done entirely 
by day labour, about 140 concrete coolies and twenty 
carpenters being employed continuously. The time 


shallow depths and at the greater depths in clay, 
where such sinking was carried to a maximum 
depth of 22 ft. In general two sizes of wells were 
used for all cases, 9 ft. internal diameter under the 
piers and a combination of 9 ft. and 6 ft. wells 
under the abutments as shown in Fig. 12. These 
wells were all in 1:2:4 plain concrete, with a 
shell 1 ft. thick, the bottom 3 ft. being widened out 
to 1 ft. 3 in. thick, with a 45-degree cutting edge 
at the bottom. The lifts put on, as sinking pro- 
ceeded, varied from 3 to 9 ft. No trouble at all 
was experienced from excessive leakage or cracking. 
On reaching a satisfactory bottom the wells were 
sealed off under water with a 2-ft. thickness of 
1:2:4 concrete. When this had set the well was 
baled out, and the well filled to footing level with 
1: 4:8 concrete. 

Wells were also adopted in three cases where water 





was flowing freely on the surface to a maximum 








depth of about 13 ft. in one case, 15 ft. in. the other. 
In the last case the river bed was sand as far{as 
hand-boring tackle was able to go, and in this case 
it was considered that with the opening provided 
17 ft. of sinking would place the foundations out of 
all reach of scour. 

In the above cases it was, of course, necessary to 
use steam pumps for unwatering, and for this 
purpose the direct-driven 6-in. centrifugal pump was 
found to be the most satisfactory on account of its 
lightness. Two such pumps were always found 
sufficient to cope with the water. These pumps had 
a 6-in. cylinder by a 6-in. stroke and were run at 
about 500 revolutions. For winter work in Man- 
churia these pumps should be fitted with drain 
cocks to avoid damage to casings as happened in 
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one instance when the pump was not drained after 
stopping work. 

On reaching rock the rotten surface was cleaned, 
and a sump cut in the middle of the well for the 
pumps. A circular wooden drum 4 ft. 6 in. diameter 
by 2 ft. high was then sunk in the middle of the well, 
and a concrete sealing layer for the edge of the well 
placed under water between the well shell and the 
outer surface of the drum. This concrete was 
1:1:2 mixture. This sealing layer in some cases 
was tight enough to admit of baling out the well 
and cutting out a clean key of rock 4 ft. 6 in. 
diameter in the centre of the well, in other cases it 
was necessary to put back one centrifugal pump 


|for cutting this key. The key was then sealed 


taken for casting an arch was 3}days. The casting | depth of about 2 ft. under low water conditions. | with concrete under water and the well filled with 


of concrete was carried on without interruption 


| The river beds in two cases were composed of gravel 
between joints of arch. The cost of the structure; and sand in alternate layers mixed ik nage 


| 


1:4:8 concrete to footing level. ; 
Pier wells were tied together with a heavy rail 


was 199 dol. (23/. 14s.) per foot of arch opening. | boulders, overlaying a rock bed of hard basalt at a/ reinforced footing as shown in Figs. 9 and 10, 
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Where it was not possible to sink this with sheeting 
or horizontal planking in the usual way a rectangular 
concrete caisson was used for these small depths of 
about 5 ft. This was made 1 ft. thick and was 
reinforced with cement drum strips 4 in. wide, 
or better with bamboo. These footing caissons 
were 34 ft. long by 18 ft. 6 in. wide, and were 
stiffened centrally by two short beams at the top 
and bottom of the caisson, these beams being 
1 in. sq. in section. 

On the pier wells for 100-ft. spans the total 
pier foundation—two 9-ft. diameter wells—provided 
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masonry 18 in. thick for the middle 10 ft., and 
where banks were higher than this the backing 
was extended to 20 ft. in length. 

One experimental 48-in. concrete pipe was tried. 
This was reinforced with rings of }-in. sq. iron 
at 3-in. centres and }-in. longitudinal bars spaced 
8-in. centres. The pipe was cast 4 in. thick in 
lengths of 8 ft. and proved quite a satisfactory job. 

Concrete pipes gave uniform satisfaction and as 
compared with the small concrete culvert were 
more quickly laid and at the same time cheaper. 





Only double pipes were allowed. Pipes and culverts 














Fie. 11. 


Piers AND WELL FounpDATIONS FOR BRIDGE oF Six 60-Fr. Spans. 
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Fie. 13. Ark Lock anp Catsson oF Ta Line Ho Bripes. 


was 192 sq. ft., giving a foundation pressure 
without any skin friction of 3 tons per square foot 
approximately. Cost of well sinking was about 
22 dols. or 21. 13s. per cub. yd. displaced. Fig. 12 
shows a half span of the wells for the abutment for 
a bridge of 60 ft. deck spans. Fig. 11 is a view of 
the same bridge, showing in the foreground the 
wells for the abutments being sunk. 

Considerable use was also made of concrete 
pipes of 2-ft. and 3-ft. diameter for drainage 
areas up to 14 acres. These had a reinforcement 
of telegraph wire, and were 3} in. and 4 in. thick, 
of 1: 2:4 concrete cast in 3-ft. and 6-ft. lengths. 
Where these pipes were used in banks under 





10 ft. in height they were backed with rubble 


were contoured wherever this was found feasible 
in order to save length, a heavy rubble drain being 
inserted at the lowest part of the bank to cope 
with the resulting undrained pocket. 

The biggest bridge on the extension was that 
crossing the Ta Ling Ho at mile 59. This crossed 
the river at a height of 32 ft. above low water, 
low water at a maximum being about 4 ft. in 
depth. The river bed was 3,300 ft. wide at the 
crossing, and it was decided to bridge this with 
16 100-ft. spans. The normal unrestricted flood 
level in the river was some 12 ft. over low water 
level. 

With the exception of the wings of the south 
abutment, which was protected by a rock spur, all 


the foundations were placed on steel caissons which 
were sunk by compressed air. These caissons, one 
of which, with air-lock, is stown in Fig. 13, were 
elliptical in shape with a base area of 228 sq. ft., and 
a working chamber height of 7 ft., in which six men 
could work with comfort. Their weight was about 
9 tons unfilled, the skin filling being of 1:2:4 
concrete. Borings indicated that a layer of silt 
and sand of varying coarseness overlay a thick 
bed of very hard clay. The caissons were sunk 
into this clay to a depth of about 10 ft. in all 
cases. 









Normal Sub Surface 
Water Levelt: 350°5 


(152.F) 
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Four tandem horizontal 12-in. by 12-in. by 24-in. 
air compressors working at 75 r.p.m., were used 
for which ten, 10-h.p. boilers plus two spares, were 
required. The compressors were placed in two 
40-ft. by 40-ft. engine-houses directly opposite piers 
6 and 12. These engine-houses were built of 2-in. 
planks, covered inside with straw matting and also 
papered at the joints, this precaution being taken 
to limit as much as possible the admission of the 
very fine silt which formed the river bed top surface, 
and which the slightest breeze raised in clouds, 
while the wind storms prevalent in winter masked 
the whole countryside in impenetrable red-brown 
fog. For the same reason, the air intake of the 
compressors was placed inside the engine-houses, 
and this had the disadvantage of causing the occa- 
sional freezing up of the air intake tees to the air 
\locks; a preferable choice of evils, however, com- 
| pared with damaged compressors. Ten of the 
| standard air locks with five separate winch boilers, 





| were employed. The main 2}-inch air line running 
| parallel to the bridge axis was from 15 ft. to 20 ft. 
| from the bridge centre, the connections to the air- 


locks off this being made with armoured rubber hose. 
Pressures during construction never exceeded 
20 lb. per square inch, and not more than three 
caissons were under air at any one time. 

The construction scheme aimed at getting all the 
sinking in the low-water channel of the river—about 
500 ft.—done during the winter when this was 
frozen to a depth of at least 2 ft. and capable of sus- 
taining with ease the weight of an air-lock of about 
4 tons. Here the caissons were unloaded on to the 
ice and hauled over to the pier sites, where they were 
erected on previously-prepared islands built of a 
rubble shell with a heart of small ballast and mud. 
They were then sunk empty to water level when 
they were filled with concrete to 2 ft. above the top 
of the working chamber preparatory to air-sinking. 
The caissons above low water were erected in holes 
dug down to the ice level. The first lift of concrete 
was, as stated above, 2 ft. over working chamber 
top, thereafter the lifts were 8 ft. The normal 
rate of sinking in sand or coarse gravel without 
boulders of such a size as to necessitate the use of 
the man lock, was 8 ft. in the 24 hours. In the 
hard clay this fell to 1 ft. 6 in. in the same interval. 

All the air work was carried out without incident 
of moment, the only serious difficulty encountered 
being the jamming of most of the caissons after pene- 
trating about 5 ft. into the clay. This may have 





been due to “swell” of the clay. This difficulty 








was overcome in the usual way by weighting the 
caissons with about 30 tons of rails and then remov- 
ing the pressure as rapidly as possible. This caused 
delay to the sinking programme which was further 
accentuated by an unusually warm spell in February, 
which caused the river to burst through the ice 
above the bridge and flow over the frozen surface 
for about a week, after which cold weather again 
supervened. The engines and air receivers in the 
engine-house, which was in the channel, were placed 
on a wooden base which rested on piles, and the air 
line in the channel was also pile supported. This 
turned out to be a very necessary precaution, as, 
owing to delay in sinking, this engine-house was 
exposed to the heavy scour due to the freshet 
resulting from the break up of the ice in March. 

Protection work for the larger bridges-was a heavy 
item. In the case of a big bridge, as above, where 
opening was restricted, the approach banks were 
pitched to 2 ft. above the expected new flood level, 
and a berm of heavy stone provided as in the case 
of the river protection work previously described. 
The berm of heavy stone was not so wide as in the 
case cited, being 25 ft. in the case of the Ta Ling Ho 
Bridge and 12 ft. in smaller bridges where river condi- 
tions were not so severe. Further in the case of all 
bigger bridges, up stream and down stream training 
banks were provided to throw the eddies resulting 
from conflicting currents away from the abutment. 
Up stream training banks were made at least a span 
and a half in length down stream, a minimum of 
50 ft. These were carried about 5 ft. above ex- 
pected flood, built of first-class material heavily 
pitched and provided with an apron of heavy stone 
5 ft. thick. All culverts were also provided with 
an apron of heavy stone at least 10 ft. in length 
below where the invert ceased, the down-stream 
apron having specially heavy stone. The top mini- 
mum width of training banks was 10 ft. with slopes 
1} to 1. 

Through track laying began on October 7 from 
mile 39, and was pushed on without a break till 
mile 67 was reached on January 16. Six stations 
were laid in, and seven deviations with temporary 
bridges. The track is of 60-lb. rails, 30 ft. long, 
laid on Oregon sleepers, fourteen to the rail. 

It should be stated here that with the exception 
of the work on the Ta Ling Ho Bridge, the work 
described here was of necessity almost entirely 
completed ahead of rails. All plant for the tunnel, 
and all cement for those structures considered 
vital was handled by native carts over the un- 
metalled roads of the country. The disturbance 
resulting from the civil war of the autumn of 1922 
caused great delay to the preliminaries of con- 
struction and recruiting in the spring and summer 
of 1923, when construction was in full swing, was 
responsible for a serious labour shortage at a most 
critical period. 

The work was under the general supervision of Mr. 
W. O. Leitch, M.Inst.C.E., Senior District Engineer, 
and was carried out under the direction of Mr. L. J. 
Newmarch, M.Inst.C.E.,  Engineer-in-Chief and 
General Manager of the Peking-Mukden Railway, to 
whom the author is indebted for permission to make 
use of the plans from which the diagrams in this 
paper have been prepared. The author acted as 
resident engineer-in-charge from October, 1922, to 
April, 1924. 

Throughout this article the rate of exchange 
from dollars to sterling has been taken at 8-40 dols. 
The Chinese cubic measure of 1 fang (100 c. ft.), 
has been converted to cubic yards at the rate of 
4 yards to the fang. The line being still in an 
incomplete condition, ‘t is not possible to give 
costs with any certainty, but an indication of the 
probable cost is given by that of an almost com- 
pleted section of 12 miles from mile 33 to mile 45. 
This worked out at 77,839 dols. per mile, or 9,2501. 
approximately, without engineering or head office 
charges. 








Evectric-Arc WELDING,—An Operator’s Handbook, 
dealing in simple language with electric-are welding, has 
recently been issued by Messrs. Alloy Welding Processes 
Limited, Ferry Lane, Walthamstow, London, E. 17. £ 
description of the electrodes supplied by the firm and of 
the method of using them is given, and diagrams 
illustrating the preparation of joints of all types, and 
illustrations of the firm’s welding plant and of examples 
of welded work are included. 
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THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Continued from page 415.) 


CoNTINUING our account of the summer meeting 
of the Institution of Naval Architects in Italy, the 
members, before reassembling in the Capitolium 
Palace on Wednesday morning, September 18, 
for the reading and discussion of further papers, 
paid homage to the Unknown Soldier at the Altare 
della Patria. 


THE 10,000-Ton CRUISERS AND THE “ ERSATZ- 
PREUSSEN.” 

Upon assembly at the Palace for the morning 
session, Lord Wester Wemyss took the chair, 
and called upon the Secretary to read the paper on 
“The Relation between Armament and Protection 
in the 10,000-Ton Cruisers and the Ersatz-Preussen,” 
the author of this paper, Professor William Hov- 
gaard, being on his way to take part in the World 
Power Congress in Japan. The paper was reprinted 
in abridged form on page 419 of our issue of last 
week. 

In taking part in the discussion, Commander G. 
Boselli said that the deductions made by the 
author were based on the assumption that the 
vessel was in a calm sea, whereas it was obviously 
desirable to make provision for all weathers. From 
this point of view, it appeared undesirable to aim 
at too high a speed, the aim should rather be to 
produce a good sea vessel with all guns capable of 
being fired in moderate weather. Continuing, he 
said that he would be glad of more information 
regarding the possibilities of gyroscopic stabilisa- 
tion. The published results on vessels fitted with 
gyro stabilisers appeared to be good, and the 
only drawbacks appeared to be the extra weight 
of the apparatus and the possibility of the flywheel 
breaking loose. 

General E. De Vito said that he was responsible 
for the design of the standard cruiser Trento, built 
seven years ago, when no data of similar foreign 
vessels were available. This vessel, together with 
the Trieste, was completely successful, and was 
among the fastest in the world, and it was gratifying 
to find, now that data for foreign types were avail- 
able, that the general characteristics of the two 
vessels were similar to those of vessels built by other 
countries. With the standard displacement of 
10,000 tons, or better, with a normal displacement 
of 12,000 tons, and a full-load displacement of 
14,000 tons, many types of ship could be built, 
from the battleship to the light cruiser. In fact, it 
might be that in the future, even submarines might 
approach this tonnage. He agreed with the author 
that the problem before the designer was to secure 
the best possible technical solution in each particular 
case. At the end of the war the opinion prevailed 
that ships should be designed primarily for offence. 
The author had stated that the principal duties 
of cruisers were scouting, supporting destroyers, the 
protection of commerce, and attack on eneniy sea 
communications. With this he agreed, but he could 
not agree as to their use in fleet actions. If battle- 
ships were required, a better solution could be 
found than the 10,000-ton cruiser, even the battle 
cruisersemployed byAdmiral Beatty being inadequate 
to engage the enemy fleet. Ten years after the war, 
the principle of protection is again favoured, and 
he would conclude by stating that the problem of 
constructing the most suitable vessel, under a 
weight limitation, varied as between country and 
country. 

Mr. H. G. Williams said that the paper echoed 
a controversy which raged fiercely forty or more 
years ago. Lord Charles Beresford was then one 
of the most eloquent British protagonists of the 
unarmoured ship with an overwhelming armament, 
and he was supported by a strong body of naval 
opinion, while on the other hand, practically all 
the British naval constructors, and a considerable 
body of naval opinion, took the view put forward 
by the author in his paper, and for similar reasons. 
The Italians had produced the Italia and Lepanto, 


4 | armed with about 16-in. guns, and with no protec- 


tion except turtle-back armour decks carried on a 
cellular structure. The latter was filled with material 
which was intended to exclude water if the side 
plates were penetrated. The controversy embraced 
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not only cruisers, but also capital ships. At the 
present time a “harmonious” arrangement, as 
outlined in the paper, was generally accepted as 
correct. The Ersatz-Preussen was a capital ship 
as defined by the Washington Committee, and the 
ratio of armour protection to penetrative power of 
the heaviest guns carried appeared to fall little 
short of that for fully-armed capital ships. The 
author’s principle of corresponding protection was 
apparently based on a hypothesis of actions at 
short range, but with modern methods of range 
finding and fire control, actions between ships 
armed with 8-in. guns might be over before they 
approached within 8,000 yards. It might therefore 
be that the principle of corresponding protection, 
should be based on a much greater angle of impact 
than the 10 deg. to 15 deg. assumed by the author. 
Projectiles from aircraft should also be taken into 
account, and this would suggest putting more 
weight of protection into decks and less into side 
armour. Carried to its limit, this argument led back 
to the Italia arrangement, and it appeared to the 
speaker that this was the most logical solution for 
light cruiser protection, in combination with special 
protection of the comparatively few gun positions 
installed in modern cruisers. 

In closing the discussion, Lord Wester Wemyss 
said that the paper brought into prominence the 
men who had actually to use the material placed in 
their hands by the constructor. As was so clearly 
brought out by the author, a vessel generally 
represented a compromise between conflicting 
requirements. Sir Alfred Chatfield’s remark, quoted 
in the paper, that the naval officer had got to take 
his share of the responsibility for design was very 
apt, but the line of demarcation between the 
theoretical and practical man was very difficult to 
get over. The difference in point of view was very 
interesting, as circumstances often occurred in 
practice which negatived theoretical data. He 
might say that no naval officer was an admirer of 
the 10,000-ton cruiser, agreement being general that 
she was a relatively useless ship. Whether this 
came of a treaty being made by impractical men 
might be left an open question. The British Navy 
had suffered in the past from the overwhelming 
offence theory, and the speaker had always dis- 
agreed with Lord Charles Beresford on the point. 


DissotveD AIR AS A Factor IN PROPELLER 
EFFICIENCY. 

The Chairman then called upon Ing. Giorgio 
Rabbeno to read his paper entitled “‘ The Separation 
of Dissolved Air caused by Propeller Action.” In 
this paper the author suggests that the formation of 
foam from heavily loaded propellers may be com- 
pared to gaseous emulsions, caused by ebullition, 
when a sudden decrease of hydrostatic pressure 
takes place in a liquid in which gases are dissolved. 
In the case of a propeller, a relatively large fall of 
pressure takes place on the fore side of the blades 
near the tips, and the flow of water is rapidly 
accelerated, resulting in an emulsion with aqueous 
vapour building up a foamy wake. In order to 
estimate the effect, the Experimental Laboratory 
at Spezia made a series of tests with sea water at 
various temperatures. The apparatus employed 
consisted simply of a flask containing the water 
and connected to a pneumatic pump and to a 
manometer. By means of successive approxima- 
tions, the initial points were found at which the 
rising bubbles were visible to the naked eye. If the 
points were plotted, a linear curve was obtained 
which could be represented by the equation p = 0-9 
— 0-011 t where p was the fall in pressure in kg. per 
sq. cm. and ¢ the temperature in deg. C. Over 
various measured miles in Italian waters the tem- 
perature ranged from 13 deg. C. in February to 25 
deg. C. in August, hence it was evident that trial 
runs on which foam was created would give different 
results at different times. The author suggested 
that propeller action might be divided into four 
stages, proceeding from lower to higher speeds, 
as follows :—(1) A normal stage, with no ebullition, 
closely corresponding to the result obtained in tank 
trials, except for the usual corrections. (2) A 
stage with a low degree of emulsion, with a tendency 
to a propulsive efficiency a little higher than that 
of the model. (3) A stage of equivalence between 
the energy required to expand the fluid and the 
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energy saved from screw friction, giving a coinci- 
dence between the actual and rated efficiencies, 
with a slight decrease of the thrust deduction. 
(4) A stage of decreased propulsive efficiency caused 
by a marked increase in the work absorbed in the 
production of foam, accompanied by a reduction of 
thrust deduction. In concluding his paper, the 
author suggested a formula to foretell the number of 
propeller revolutions at which the water becomes 
foamy, and compared the results obtained by using 
this formula with those obtained by a graphical 
method devised by Dr. Schmidt, and given in the 
Jahrbuch der Schifzbautechnischen Gesellschaft for 
1926, page 306. 

In opening the discussion, General E. Ferretti 
said that since the first application of the screw 
propeller no effort had been spared to enhance its 
efficiency, but very little progress had been made. 
A point to which research had not been directed, 
however, was that of changing the physical character 
and state of motion of the fluid in which the propeller 
moved. The low efficiency of the propeller was in 
part due to the complicated shocks, eddies, &c., 
which occurred in the surrounding water, particularly 
in the annular zone where the blades were connected 
to the boss. He asked whether it might be possible 
to adjust the conditions of the surrounding medium 
in such a way as to reduce the density of the water 
in the region of minor propelling action, as it would 
appear that some improvement in efficiency might 
be obtained in this way. 

Sir John E. Thornycroft referred to the question of 
increasing the efficiency of the propeller, as a result 
of the lubricating effect of the air mentioned by the 
author. He said that the point was a very inter- 
esting one, but that the results obtained appeared 
to be very contradictory. Continuing, he said that 
the location of the screw bracket in front of the 
the propeller, as employed in America, gave good 
results, but the majority of the British coastal motor 
boats had the bracket behind the propeller. The 
American practice involved rather larger propellers. 
The suggestion of lubricating the blade with air had 
previously been made in England, but no gain had 
resulted in experiments carried out by his firm on 
behalf of Mr. Tutin. The propellers were made very 
thin in America for very high speeds, and the results 
of this practice were somewhat surprising. The 
effect of cavitation was very marked, and in some 
cases, after a relatively short time, the effects were 
similar to those usually resulting from several 
years’ work. Pitting occurred to a depth of % in., 
the pits being of } in. diameter. In addition, the 
blade was actually curved forward, and not back- 
ward as might have been expected. 

The Chairman stated at the conclusion of the 
discussion that the author would reply in writing. 


Tar THEORY OF LUBRICATION. 


The next paper to be read and discussed was 
entitled ‘‘Oil Films and Bearings,” the authors 
being Monsieur H. Brillié and Mr. A. M. Robb. The 
first part of this paper consisted of a mathematical 
consideration of bearings with complete and incom- 
plete films, the method of approach being very 
similar to that given in an article on “‘ The Theory of 
Lubrication,” appearing on page 101, ef seq., of 
vol. ¢ of ENGINEERING.* In their conclusions, the 
authors stated that the consideration of the oil film 
given was very incomplete, no account being taken 
of the effect of restricted length of bearing on the 
distribution of pressure along the direction parallel 
to the axis, of the effect of oil loss from the bearing, 
or of the effect of variation of viscosity with increase 
in oil temperature. It was suggested that the 
character of the equations would not be appreciably 
altered by taking these factors into account, and on 
this assumption the authors drew some practical 
conclusions from the theory given. Amongst these 
conclusions, it was pointed out that it is impossible 
to reduce resistance, and thus the amount of heat 
generated, by increasing either the diameter or the 
length of a bearing. It would be necessary, on the 
contrary, either to reduce the length of the bearing 
surface, or to increase the play, both these solutions 
were generally inadmissible. Dealing with pressure 
distribution, the authors pointed out that outside 





* Reference may also be made to The Theory of Film 





Lubrication, by R. O. Boswall, published by Lanquens | 


Green and Co, 


approximately the bottom third of the circum- 


ference, the oil in the lower half of the bearing 
exerts pressures, whose vertical components have 
comparatively low values. On the other hand, the 
resistance for the upper two-thirds of the bearing is 
very nearly the same as for the load-carrying bottom 
third. In addition, the initial pressure on the upper 
portion is much less than the initial pressure on the 
lower portion, and these considerations indicate the 
desirability of a considerable reduction in the surface 
of the upper portion of the bearing. It would appear 
that a partial film offers several advantages over a 
complete film, and the authors stated that all 
theoretical considerations pointed to the adoption of 
basins in the bearing connected with appropriate 
nozzles, and separated by surfaces 2 to 5 cm. in 
length, each surface between the basins forming in 
normal conditions a boundary of a perfect film of oil. 
The paper concluded with a suggested arrangement 
for a turbine bearing based on the above considera- 
tions. 

Mr. Hamilton Gibson, who opened the discussion 
said that the authors, by a commonsense arrange- 
ment of oil basins, had reduced friction and wear. 
Some sixteen years ago, he had found by experience 
that the accepted arrangements of oil grooves in 
bearings were wrong, and that fresh oil should be 
introduced only at points of minimum, or even 
negative, pressure, such as occurred at the sides of 
a journal bearing. Mr. Hamilton Gibson con- 
tinuing, discussed the theory of the Michell bearing 
and mentioned that bearings of this type, 9 in. in 
diameter by 4 in. long, loaded to 600 lb. per square 
inch of projected area and running at 1,850 r.p.m., 
had been in British Admiralty service for ten years 
with no signs of wear. He regretted that very 
little actual experience based on the authors’ work 
was recorded in the paper. Referring to the authors’ 
statements that the so-called wedge formation was 
not essential to the maintenance of a perfect film, 
and provided that the film was properly fed, it could 
maintain itself between parallel surfaces under high 
pressure, he said that the latter term was relative. 
He knew from actual experience that a Michell 
thrust or a journal would run astern, i.e., on parallel 
surfaces, up to 400 lb. or 500 lb. pressure per square 
inch, but only if the surfaces were short and well 
fed with oil. Under “ahead” conditions, such 
bearings would run sweetly up to 4,000 or 5,000 Ib. 
per square inch. Concluding, he said that the 
British Admiralty had applied the Michell single- 
collar thrust during the war to machinery totalling 
10,000,000 h.p. Michell journals followed as a 
natural solution, and he felt justified in saying 
that the system was ideal for marine purposes. 
For existing installations, however, fitted with 
ordinary bearings, the authors’ system was a vast 
improvement. 

Mr. R. J. Walker said that a new type of bearing 
was proposed in the paper, in which practically all 
the bearing surface was cut away with the exception 
of about 30 per cent. at the bottom, or load carrying 
portion. The whole object of the arrangement 
described appeared to be to reduce the effective 
bearing surface, and consequently the frictional 
resistance. The same result would be obtained by 
reducing the length of the bearing to one third, and 
it would be difficult to say, without experimental 
tests, which arrangement would give the best 
results. The provision of basins in the effective 
bearing surface appeared to be merely the reintro- 
duction of oil grooves discarded many years ago. 
{t was known that journal bearings would carry 
very much higher pressures than those adopted in 
practice, but there must be a reasonable margin 
of security, and it would be a very unwise policy to 
endeavour to reduce the latter in whatever way this 
was done. The figures quoted in the paper to show 
how great the saving might be were difficult to 
reconcile with actual practice. 

Replying to the discussion, Mr. Robb said that 
the answers to the questions raised would be given 
in writing, but he would like to refer to one small 
point. Mr. Hamilton Gibson had commented on 
the absence of records of actual experience in the 
paper, but this was due to the necessity for abridge- 
ment for publication. Records were available 
extending back to 1921, and it might be possible to 
give these in a subsequent paper. 

At the conclusion of the session, Sir Archibald 
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J. C. Ross moved a vote of thanks to His Excellency 
the Governor of Rome, for the facilities which had 
been placed at the disposal of the Institution. The 
vote was seconded by Mr. H. Ruck-Keene, who said 
that he would like to include the names of Admiral 
Sechi, and of all others who had done so much to 
ensure the success of the meeting. 


(To be continued.) 








36-IN. REFLECTING TELESCOPE FOR 
EDINBURGH OBSERVATORY. 


(Continued from page 373.) 


THe driving clock and the correcting gear, by 
which is obtained the high degree of accuracy 
in the movement about the polar axis referred to 
at the commencement of this article, on page 288 
ante, are illustrated on pages 432 and 433. It should 
first be pointed out that the motion must be con- 
tinuous, so that a driving clock controlled directly 
by a pendulum or balance wheel, which necessarily 
produce an intermittent movement, cannot be 
employed, although a very high degree of accuracy 
in the average rate of movement might be obtain- 
ed by these means. Actually, the clock used 
employs a centrifugal governor to regulate its 
speed, and this can be made to drive the telescope 
with sufficient accuracy for comparatively short 
visual observations without any correcting device. 
The minimum error in rate of such a clock, however, 
is of the order of 1/600th of the normal rate, so 
that if used to drive a telescope in a long photo- 
graphic exposure, the star images produced would 
appear as streaks instead of as points, and, in the 
case of spectrographic work, the image would pass 
off the slit so rapidly that no useful result could be 
obtained. It is therefore necessary to employ, in 
connection with the uniform-motion clock, a device 
which will detect and correct any error at its incep- 
tion, and this is done, with the aid of an accurate 
seconds pendulum, in a very interesting and inge- 
nious manner which will be described below. 

The clock for the Edinburgh telescope, which, as 
previously mentioned, is located in the pedestal 
casting of the instrument, is illustrated in Figs. 41 
to 43 on page 432. Of these illustrations, Fig. 41 
is a vertical section through the governor axis and 
Fig. 42 a sectional plan, while Fig. 43 has been 
reproduced from a photograph of the completed 
clock before it was placed in position in the pedestal. 
It is driven, as shown, by a weight suspended by a 
roller chain, which forms a Huygens’ loop, passing 
round sprockets on the weight, on a shaft driven by 
worm gearing from a ;5-h.p. electric motor, on 
a smaller weight used to keep a uniform tension on 
the chain, and on a short shaft which also carries 
a quick-pitch worm wheel driving the vertical 
spindle on which the governor is mounted. With 
this arrangement, a constant torque, proportional 
only to the difference between the main weight 
and the tensioning weight, is applied to the shaft 
on which the worm wheel driving the governor 
spindle is mounted. The function of the motor is 
merely to wind up the main weight at the rate at 
which it would descend if free to do so, and the speed 
of the motor is adjusted, by the rheostat shown in 
Fig. 43, so that the weight normally remains prac- 
tically stationary. If, however, the speed of the 
motor should increase for any reason, the weight 
will be raised, and vice versa, and any movement of 
the weight in the vertical plane is communicated by 
a link to a lever, clearly shown in Figs. 41 and 43. 
The free end of this lever carries a contact which 
moves over a series of fixed contacts, shown on the 
right in Fig. 41, and in this way the resistance in 
the armature circuit of the motor is automatically 
increased or decreased so as to keep the speed 
reasonably constant. 

More accurate speed control is, of course, obtained 
by the governor, the pivoted weights of which are 
fitted with rubbing pieces which bear against a ring 
mounted above them, as shown in Fig. 41. The 
rubbing pieces are always in contact with the ring 
while the clock is in motion, but the pressure, and 
consequently the frictional resistance, varies greatly 
with any variation in speed above or below the 
normal. The ring can be raised or lowered to 
adjust the speed, by means of the set screws shown 
in Figs. 41 and 43. The governor, of course, has 
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DRIVING CLOCK FOR 36-IN. REFLECTING TELESCOPE. 


CONSTRUCTED BY MESSRS. SIR HOWARD GRUBB, PARSONS AND COMPANY, NEWCASTLE-ON-TYNE. 
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considerable inertia, and will continue to run, 
driving the worm-wheel shaft, after the motor has 
been switched off and the chain has come to rest. 
To prevent any damage from this cause, the sprocket 
on the worm-wheel shaft is fitted with a Villiers 
free-wheel clutch, as shown in Fig. 42, so that the 
back drive from the governor is not transmitted to 
the chain. 
From the top of the governor spindle, the drive 
is taken, by a shaft provided with universal joints 
of the ball-and-pin type, to the gear plate, by means 
of which any error in the movement of the telescope, | 
in comparison with the siderial clock of the ob- | 
servatory, is detected and corrected. This device | 
is by no means new, having been employed by | 
Sir Howard Grubb over forty years ago, and having | 
been described by him in a paper read before the | 
Institution of Mechanical Engineers in July, 1888. | 
It is, however, a particularly interesting and inge- | 
nious piece of mechanism, and as, we believe, | 
engineers are not generally familiar with it, it may | 
not be out of place to describe it here. The gear 
plate is illustrated in Figs. 44, 45 and 46, on page 433, | 
and, as will be seen, it comprises two parallel shafts, | 
mounted as shown in the figures, and coupled at | 
the left-hand end, in Fig. 44, by a pinion and spur 
wheel. The lower shaft, which, for the moment, | 
we may regard as continuous, is driven from the | 
clock by a worm and worm wheel shown on the | 
right in Figs. 44 and 46, making one revolution in | 
24 seconds and driving the upper shaft at the rate of | 
one revolution in 80 seconds. Formed integrally 
with this shaft, which is of hard Bessemer steel, 
is a worm cut to a high degree of accuracy by 
Messrs. Bryant, Symons and Company, and this | 
worm engages with the driving circle on the polar | 
axis. The worm, we may mention, has a pitch 
diameter of 2 in. and was cut with a single right- 
hand thread of 4-mm. pitch; its actual length is | 
1? in., but it was first cut to a length of 3 in., to | Fic. 43. CLock ASSEMBLED. 
allow for lapping, and afterwards turned down at | 
each end. The shaft runs in plain ground bearings, | 
and the thrust is taken on steel balls fitted into | double-epicyclic gear, shown on the right of the lower | mounted on a short length of shaft which can 
hardened-steel plugs let in at each end, as shown in | shaft in Fig. 44, and also visible in Fig. 46. Of the | rotate independently of the main shaft. The short 
Fig. 44. |four sun wheels of this gear, the two outer, each | length of shaft, it will be seen, is turned down 2* 
The automatic control of the rate by means of the | of which are cut with 160 teeth, are secured to the |each end and fitted into bearings formed on the 
observatory pendulum is obtained by means of the | shaft and the two inner, each having 164 teeth, are | ends of the main shaft. Two pairs of planet whee’ 
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CONTROL GEAR FOR 36-IN. REFLECTING TELESCOPE. 


CONSTRUCTED BY MESSRS. SIR HOWARD GRUBB, PARSONS AND COMPANY, NEWCASTLE-ON-TYNE. 
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Fic. 46. Gear PLatE For CoRRECTING SPEED VARIATIONS. 














Fig. 48. RELAY ror AUTOMATIC SPEED 
REGULATION. 


each having 36 teeth, are mounted on pins‘carried 
by dises, which are free to rotate on the hubs of the 
outer sun wheels. If both pairs of planet wheels are 
free, the drive will be transmitted as if the shaft 
were solid, but if the pair on the right is fixed, by 
clamping the disc on that side, the speed of the 
shaft to the left will be reduced in the ratio 164 : 160; 
similarly, by clamping the disc on the left, the speed 
of the shaft will be increased in the ratio 160 : 164. 





For clamping the discs carrying the planet wheels, 


the edge of the disc is cut with fine teeth (25 per inch) 
and a segment, cut with similar teeth and mounted 
on a hinged arm, is made to engage with them by 
means of an electro-magnet, the arrangement being 
most clearly shown on the right of Fig. 45. 

Which disc must be clamped depends, of course, 
upon whether the shaft has advanced in front of, 
or fallen behind, its correct position, and this is 
determined automatically by means of the detector 
shown near the centre of the shaft in Figs. 44 and 46. 
The detector consists of three brass rings mounted 
on the rim of a wheel and separated from each other 
by rings of ebonite; the brass rings, however, are 
all in electrical connection. The central ring is 
cut with 24 narrow projections, or teeth, which come 
into contact with a wiper once per second, since the 
shaft”makes one revolution in 24 seconds, while the 
side rings are each formed with projections the length 
of which is nearly half that of the spaces between 
the projections on the central ring. Of the two side 
rings, that on the right is located so that the projec- 
tions on it are immediately in advance of those on 
the central ring, while the projections on the left- 
hand ring are behind them, as will be clear from 
Fig. 47, in which the arrangements are illustrated 
diagrammatically, 

Referring now to the electrical connections shown 
in Fig. 47, and considering, in the meantime, only 
those near the centre of the diagram, it will be 
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seen that the observatory seconds pendulum is 
connected in series with a battery, with a wiper 
which makes a continuous contact with the face of 
one of the brass rings on the detector, and with 
three wipers making contact with the projections 
on the edges of the rings. The wipers are each 
separately connected to one of the magnet coils of 
a relay, the other ends of the coils being connected 
together and to the top of the pendulum, as shown. 
A wire at the lower end of the pendulum passes 
through a blob of mercury as the pendulum swings, 
so that the circuit is momentarily completed once 
every second, and, if the speed of the shaft is correct, 
the circuit will be completed in the very brief 
interval (about ;'; sec.), during which one of the 
short projections on the central ring of the detector 
is in contact with its wiper. Current will then flow 
through coil a of the relay, and as the function of 
this coil is merely to hold the arm of the relay, 
shown in Fig. 48, in the central position, no correc- 
tion will be applied to the drive. If, however, the 
detector is in advance of its correct position by any 
amount up to half a second, the wiper working in 
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conjunction with the left-hand ring of the detector 


will be in contact with some part of one of the long 
projections on that ring at the instant that the 
circuit is completed by the pendulum and current 
will then flow through coil c of the relay. The 
arm of the relay will then be moved so that a 
circuit containing the electro-magnet operating the 
brake of the retarding gear is completed. The 
driving shaft will then be slowed down, as described 
above, the action continuing until the shaft has been 
restored to the correct position, when the arm of the 
relay will be pulled into the central position by the 
contact made through the wiper working with the 
central ring of the detector. Similarly, if the shaft 
has fallen behind its correct position, the relay coil b 
will be energised and the brake will be applied to the 
advancing gear, so that the shaft is speeded up. 
In normal working, it may perhaps be pointed out, 
the variation of the driving shaft from the correct 
position hardly exceeds the time interval corre- 
sponding to the length of the short projections on the 
central disc of the detector, which, as already 
stated, is about 5 sec. 

In addition to the automatic control gear just 
described, provision is made to allow the observer 
to increase or decrease the driving speed by hand, in 
order to bring a star into the desired position. For 
this purpose, a second double-epicyclic gear is 
provided on the left of the driving shaft, as shown 
in Fig. 44. This gear is in principle exactly similar 
to that described above in connection with the 
automatic control, except that the discs carrying the 
planet wheels are held stationary, when required, by 
electro-magnets controlled by hand switches. These 
switches are conveniently placed so that the astro- 
nomer can operate them while observing a star 
through the guiding telescope. For the more rapid 
movement required in setting the telescope on a 
star, a small electric motor, driving a pinion which 
engages with the fine teeth on the edge of the disc 
carrying the planet wheels of the hand-retarding 
gear, is provided. The motor, shown on the right 
in Fig. 46, drives, through a universally-jointed 
shaft, a spur-reduction gear, on the slow-speed 
shaft of which the pinion is mounted. The reduction 
gear is mounted on a swinging frame, and is moved, 
to bring the pinion into engagement with the edge of 
tlie disc, by means of an electro-magnet, shown at 
the top of Fig. 45, and also visible in Fig. 46. This 
gear can be used independently of the clock drive, 
and, when so used, will rotate the telescope at the 
rate of one revolution in about 2 days. 

Having now completed the description of the 
telescope itself, we may call attention to an interest- 
ing feature of the design, although this will probably 
have been already noticed. We are referring to the 
extensive use of ball bearings to support the moving 
parts of the instrument, particularly the heavy polar 
and declination axes. With but few exceptions, 
it has been the general practice to mount the main 
axes of large telescopes in geometrical bearings, in 
order to obtain the high degree of accuracy which is 
essential in the rotation of the parts about these 
axes ; special devices were then necessary to relieve 
the bearings of the greater part of the load. The 
durability and precision now obtainable with 
modern ball bearings, however, are sufficient to meet 
the exacting requirements of this special application, 
and have consequently enabled the older practice 
to be superseded. 


(Z'o be continued.) 








THE DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL 
Researcu,-——Dr. F. E. Smith, F.R.S., Director of Scien- 
tific Research at the .\dmiralty, has been appointed 
secretary to the Committee of the Privy Council for 
Scientific and Industria) Research, on the resignation 
of Mr. H. T. Tizard, F.R.S. 


THe Watrorp By-Pass Roap.—The opening, on 
October 1, of the new bridge carrying the Watford 
by-pass road over the main line of the London Midland 
and Scottish Railway, near Selvage Lane, north of 
Mill Hill, marks the completion of an important scheme 
of road development in North-West London, initiated 
by the Ministry of Transport in 1923. The scheme 
which was carried out by the County Councils of Hert- 
fordshire and Middlesex comprises two highways, 
namely, the Watford and the Barnet by-pass road. 
The former is intended to afford relief to the Great 
Midland route (A.41), and the latter to ease the Great 
North Road (A.1) from Highgate to a point north of 
Hatfield. 





THE INTERNATIONAL EXHIBITION 
OF INVENTIONS. 


Tue International Exhibition of Inventions, which 
was opened in the Central Hall, Westminster, on 
Wednesday, October 2, and which will remain open 
until Saturday, October 12, is repeating the success 
of former years, in which it justified its existence. 
Like its predecessors, it has been organised by the 
Institute of Patentees (Incorporated) and, also, as 
before, is divided into two main sections, the upper 
hall containing trade exhibits, that is, patented articles 
which have already reached the manufacturing stage, 
some well known, others again shown for the first 
time ; and the lower hall being set apart for inventions, 
which though patented, have not yet been made in 
quantity or marketed at all. The inventor, of the 
class outside that of the skilled designer on the staff 
of established firms, has often a somewhat lop-sided 
psychology which illustrates, in a marked way, the 
ancient Oriental proverb, to the effect that even a 
beetle is beautiful to its own mother, and, further, 
some inventors suffer from the indiscriminating par- 
tiality of friends. Many an inventor, placed in either 
of these situations, is the better of the wholesome 
corrective afforded by a public exhibition, which may 
turn his talent and energies into more practical 
channels. On the other hand, those whose hands and 
brains have placed their invention beyond criticism 
have, in an exhibition, opportunities of getting in 
touch with persons whose sole business it is to make 
existing ideas marketable. 

It must not be overlooked, however, that both 
these functions of criticism and assistance in developing 
an invention, are, along with others, a part of the 
normal activities of the Institute of Patentees, the 
Exhibition being a periodical extension of these 
activities, as well as a means of displaying recent 
inventions to the public. The opening of the exhibi- 
tion synchronises with the publication of the first 
number of The Inventor, which is to be the official 
journal of the Institute. This initial issue is both 
interesting and informative, and, provided it keeps on 
its present lines, should prove of service. Two features 
in particular may be mentioned, one a list of what 
inventions are needed, the subject being varied each 
month. The present list is of what is wanted in 
connection with wireless apparatus, and contains 31 
separate items. The second noteworthy feature is a 
very lucid article by the Librarian of the Patent 
Office, Mr. A. A. Gomme, F.L.A., on past and present 
methods of obtaining patents. 

In the exhibition itself the main items of interest to 
engineers are to found in the lower room. The 
examples here assembled include a larger number of 
mechanical devices than in previous years, many of 
which merit attention. Limitations of space however, 
prevent anything like an extended account. A new 
device for improving conditions of combustion in 
Lancashire, Cornish and other boilers with cylindrical 
flues, is shown by Messrs. The Wimbledon Foundry 
Company, 93-97, Kingston-road, 8.W.19. This consists 
of a circular cast-iron framework set in a vertical plane 
and bearing on the interior of the furnace at four points 
only. It is provided with blocks of refractory material 
which are pierced with four or five conical holes. The 
baffle thus formed is placed at a distance of from 
4 ft. 6 in. to 6 ft. behind the existing firegrate bridge, 
the exact distance being determined by the class of fuel 
used and draught conditions. A combustion chamber 
is thus formed, its end consisting of the incandescent 
baffle. It is claimed that the presence of the baffle in 
a horizontal flue results in a condition of turbulence 
favourable to thorough combustion, while the gases are 
evenly distributed over the surface of the flue beyond 
the baffle both top and bottom, by their passage 
through the annular spaces round the flue, as well as 
through the conical holes. 

Amongst the variable speed gear devices the Planeto 
reduction gear shown by Mr. C. F. Archer, M.I.Mech.E., 
6, Handen-road, S.E. 12, is notable as providing a very 
large step down in speed within a small space. 4s its 
name implies, the gear recalls the old sun and planet 
motion, but there are some important differences ; for 
instance, in the new device the driving wheelisinternally 
geared, is only slightly larger than the driven wheel 
inside it, and makes a ratchet-like movement only. 
The driving wheel, which is in effect a square plate 
with a toothed hole in the centre, is carried on four 
small cranks one at each corner, the rotation of one of 
which causes the wheel to describe a circular path, 
but not to rotate. As the wheel travels round in this 





path the teeth engage consecutively with those on the 
periphery of the driven wheel, and so a uniform motion 
is transmitted. The form of the gear can be altered 
to suit the particular work it is engaged upon; thus, 
for low transmissions the driven wheel may be a plain 
rubber disc, and the driving one only needs serrations 
and not shaped teeth. The gear occupies remarkably 
little room, and the fact that the driving shaft need not 








be in line with the driven shaft may prove a useful 
feature now that electric motors are so much used. 
Both fixed ratio and infinitely variable speed reduction 
machines are made, the latter being effected by altering 
the length of the small cranks. A reduction of 1,000 
to lis possible. 

A simple and effective clutch called the Gerard 
free-wheel clutch is shown by Mr. D. G. Wassell, 
54, Torrington-square, W.C.1. This is difficult to 
describe clearly without a drawing, but the driving 
shaft may be said to be encircled by a pair of rings 
which receive the fulcrum pins of short levers the 
ends of which are recessed in the driving shaft. A 
cam formation on the outer end of the levers forces 
a shoe with a heavy radial pressure against the inner 
surface of the driven member. There is no radial 
pressure between the driving shaft and the levers. 
There are a number of inventions bearing on motor 
car construction. Among these may be mentioned 
a device for maintaining air-cooled cylinders at a con- 
stant temperature. A small fan circulates air through 
a gilled chamber covering the cylinder, the volume 
of the flow being automatically regulated by a valve 
actuated by a thermostat. Two new forms of exhaust 
gas silencers are noteworthy. One of these splits 
up the gases into a number of thin sheets all following 
air-cooled paths of different lengths. The hot gases are 
mixed with cold air before release. It may be men- 
tioned that the catalogue gives a list of 97 exhibits 
in the mechanical section, but the other sections con- 
tain quite a number of inventions embodying devices 
not without interest to the engineer. 





LAUNCHES AND TRIAL TRIPS. 


** BRIMANGER.’’—Twin-screw cargo motorship ; single- 
acting, four-stroke-cycle, enclosed trunk-piston type, 
Harland-B. & W. Diesel engines. Launch, September 21. 
Main dimensions, 415 ft., by 54 ft. 10 in. by 28 ft. 9 in. 
Built for Messrs. Westfal-Larsen and Company A/S, 
Bergen, Norway, by Messrs. Sir W. G. Armstrong, 
Whitworth and Company (Shipbuilders), Limited, 
Walker-on-Tyne. 


““SHEAF CROWN.’’—Grain-carrying steamer; quad- 
ruple-expansion engines. Trial trip, September 27. 
Main dimensions, 418 ft. 4in. by 54 ft. 6 in. by 27 ft. 10 in. 
Built by Messrs. William Gray and Company, Limited, 
West Hartlepool, for Messrs. Sheaf Steam Shipping 
Company, Limited, Newcastle-upon-Tyne. 


“* WitLIAM CasH.’’—Single-screw, self-trimming steam 
collier; triple-expansion engine supplied by Messrs. 
North-Eastern Marine Engineering Company, Limited, 
Sunderland. Trial trip, September 30. Main dimen- 
sions, 234 ft. by 36 ft. by 16 ft. Built by Messrs. R. and 
W. Hawthorn, Leslie and Company, Limited, for Messrs. 
nn Clarke and Associated Companies, Limited, 

ondon. 


* KnicHT or Matta.”—Single-screw mail and pas- 
senger steamer for service between Malta and Syracuse ; 
triple-expansion engine. Launch, October 2. Main 
dimensions, length 270 ft., beam 37 ft., deadweight 
carrying capacity 2,000 tons. Built by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Newcastle- 
on-Tyne, for Messrs. Cassar and Company, Limited, 
Malta. 








PreRsONAL.—Professor A. Stodola of the Federal 
Technical University, Ziirich, has recently retired and 
Dr. G. Eichelberg has been appointed his successor as 
lecturer on thermodynamics and internal-combustion 
engines. Dr. Eichelberg was formerly in charge of the 
research department of Messrs. Sulzer Brothers, Win- 
terthur, Switzerland.—In order to cope with increased 
orders, Messrs.. R. A. Lister and Company, Limited, 
Dursley, Gloucestershire, are erecting a new foundry 
on mass-production ylines with a view to supplement 
their existing production. Several new machine shops 
are also to be built. The new works will enable the 
firm to double its output.—Messrs. James Gordon and 
Company, Limited, Windsor House, Kingsway, London 
W.C.2, have appointed Messrs. Norman Hope and 
Partners, of 61, Wind-street, Swansea, to be their 
representatives in South Wales.—Mr. S. A. Knight has 
left Messrs. Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, to join The Harland 
Engineering Company, Limited, Alloa, Scotland. He 
is shortly proceeding to Calcutta to take charge of the 
company’s business in India; his Calcutta address will 
be P.O. Box 189.—An organisation named Messrs. 
British Toledo Scales, Limited, has been formed to take 
over the sales and service facilities of Toledo scales and 
all scales made under Toledo patents. In addition to 
the company’s headquarters at Bush House, Aldwych, 
London, W.C.2, service will be given from_ five 
branches, namely, 68, Shude-hill, Manchester ;_1, Cook- 
ridge-street, Leeds; 68-71, Dunlop-street, _ Glasgow ; 
53, Victoria-street, Bristol ; and North and Wine Tavern 
streets, Belfast. Showrooms have also been opened at 
38, Kingsway, London, W.C.2.—Messrs. The Crypto 
Electrical Company, Limited, of Willesden, London, 
N.W.10, who recently acquired the business of 
The Langham Gears, of Slough, have now completed 
the equipment of a new factory adjoining their present 
works in Acton-lane, Willesden. This factory has been 
built expressly for the purpose of manufacturing 





Langham gears. 
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LABOUR NOTES. 


AccorpD1NG to the official report of the conference 
on the wages question between representatives of the 
railway companies, the National Union of Railwaymen, 
the Railway Clerks’ Association and the craft unions, 
Sir Ralph Wedgwood said that while the railway 
companies were carrying more passengers, they were 
actually earning less revenue, and although more freight 
traffic was being transported, it was at substantially 
lower rates. The Railway Rates Tribunal, he said, 
had fixed charges as high as the traffic would bear, 
but during 1927 the deficit between net revenue and 
the standard net revenue recognised by the Government 
was over 7,000,000/., and in 1928 over 9,000,0001. 
With regard to gross traffic receipts, for the first 26 
weeks of the present year there was a decrease of 
329,0001. compared with 1928, and a decrease of 
5,144,2001. compared with 1927. For the railway 
financial period up to September 8 of this year (36 
weeks), the gross railway traffic receipts had shown an 
increase compared with 1928, but compared with 
1927, which itself was a bad year, there was a decrease 
of over 6,500,0001. 





The railway companies’ wages bill during the last 
few weeks had been, Sir Ralph went on to say, actually 
higher than the expenditure under that head during 
the corresponding weeks of last year, so that the net 
revenue position for the second half of the present 
year was hardly likely to be so good as the first half. 
If the present 25 per cent. arrangement were not con- 
tinued, the position of the railways, he declared, would 
be undeniably difficult. ‘* But it must not be supposed,” 
Sir Ralph added, “‘ that the improvement in net revenue 
removes the companies from serious dangers. Their 
position remains critical, and although their credit 
will not be shaken if the agreement is to end on Nov- 
ember 13, I do say, if the unions can see their way to 
agree to its continuance, railway credit will be strength- 
ened, and the companies given power to develop the 
railway industry in the way that everyone who has 
its interests at heart considers it should progress.” 





Mr. John Beard has been elected chairman of the 
General Council of the Trades Union Congress for 
the ensuing year. On the formation of the Workers’ 
Union in 1898, Mr. Beard became a member, and in 
the following year, he was appointed organiser for 
the agricultural section. In 1913, he was elected to 
the position of full-time president of the union, in 
which office he has remained ever since. 





The Chief Registrar of Friendly Societies states in 
his annual report that decreases of membership occurred 
during 1927 in nearly all groups, and were especially 
noticeable in Transport (80,000), Mining (58,000), 
General and Miscellaneous (46,000) and Metals, &c. 
(32,000). In the metals group the chief losses of 
individual unions were the Amalgamated Engineering 
Union, 16,000; the British Iron, Steel and Kindred 
Trades’ Association, 15,000, and the United Society 
of Boilermakers and Iron and Steel Shipbuilders, 
6,000. Among the transport unions the membership 
rose steadily from 1922 to 1925, but during 1926 and 
1927 was reduced by 109,000, or one-sixth of the total 
membership at the beginning of 1926. Of this decrease, 
81,000 occurred in 1927, and was attributable mainly 
to unions of railway employees. In the two years, the 
National Union of Railwaymen lost 87,000 members, 
the Associated Society of Locomotive Engineers and 
Firemen 12,000, and the Railway Clerks’ Association 
16,000. 





The total income of registered trade unions, during 
1927, was 10,100,0001. Of that sum, 7,400,000. was 
derived from members, 2,100,000/. from the Ministry 
of Labour for unemployment allowances, and 600,000/. 
from other sources. The total included 145,000/. 
ear-marked for political purposes under the Trade 
Union Act, 1913. The income from members, although 
340,0001. more than in 1926, was still very much below 
the figure for any other recent year. At the end of 
1927, none of the large groups had entirely regained 
the funds lost in 1926. 





At the end of August, 11,526 members of the Boiler- | 
makers and Iron and Steel Shipbuilders’ Society were | 
signing the books, as compared with 11,222 at) 
the end of July. The number of members in receipt 
of superannuation benefits was 4,524, as compared 
with 4,545, and the number in receipt of sick benefit 
2,380, as compared with 2,458. In August, when 
there were five weekly payments, the expenses were 
12,1711. 178. 7d.; in July, they amounted to 
10,1101. 0s. 10d. The General Secretary of the Union, 
Mr. Hill, states that complaints have been received 


ENGINEERING. 


435 











practice of working systematic overtime. ‘‘ There is 
neither sense nor reason,” he declares, ‘‘ in most of the 
overtime worked.” ‘‘ A few ‘ royals,’” he says, ‘‘ are 
asked to work continuously, day and night, until a 
job is finished, while others are left standing idle month 
after month. This system, if such practices are worthy 
of the name of ‘ system,’ is demoralising to the men who 
work; but it is ten times more demoralising to the 
men who starve in idleness. It is inhuman, and it 
must be remedied. It is, however, as well to 
be quite honest and admit that employers are not 
alone to blame for excessive overtime. There are 
some men who would work all the hours God sends them, 
without thinking of the brother who, in consequence, 
goes idle all the time. The latter point is a domestic 
matter, which we can deal with, and which we must 
deal with more severely than hitherto. We will do 
all that can be done by agreement and by statute, but, 
thereafter, we will not allow one glutton for work to 
take the bread out of his brother’s mouth.” 





On September 23, 1929, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain was 1,162,900. Of these, 826,900 were 
wholly unemployed, 261,600 were temporarily stopped, 
and 74,400 were persons normally in casual employ- 
ment; 889,200 were men, 35,400 boys, 206,200 women 
and 32,100 girls. Of 1,147,519 on the registers on 
September 16, 1929, 814,845 were wholly unemployed, 
258,167 were temporarily stopped, and 74,507 were 
persons normally in casual employment; 875,183 
were men, 36,017 boys, 203,751 women, and 32,568 
girls. The number of unemployed persons on Sep- 
tember 24, 1928, was 1,295,234, of whom 1,001,677 
were men, 39,476 boys, 217,644 women, and 36,437 
girls. 





The Industrial Review, an organ of the Trades Union 
Congress General Council, states that ‘‘in its accept- 
ance of the General Council position with regard to the 
Melchett-T.U.C. discussions, in its sympathetic attitude 
towards the difficulties of the Labour Government, no 
less than in its decisive repudiation of the charges 
brought against leaders in connection with the inquiry 
into disruption,” the Belfast Congress ‘“ indicated 
plainly enough its desire to consolidate the position 
held at the moment while making every preparation 
for the new developments to be anticipated as the 
programme matures,” “It seemed to be clearly 
understood,” the writer says, ‘that trade unionism 
had entered upon a phase where constructive policies 
were first in demand, and that patience—a prime 
ingredient in all really progressive notions—was no 
less needed than vigilance.” 





Continuing, The Industrial Review’s contributor 
says :—‘‘ That there was no intention of relaxing the 
traditional vigilance of the movement—that it was 
intended, for that matter, to keep a critical though 
friendly, eye on the doings of the Labour Government— 
was made clear by the resolutions, carried generally 
with acclamation, which demanded redress for legis- 
lative and administrative evils. The demands for 
prompt action by the Government with regard to the 
Trade Disputes and Trade Unions Act, for tbe drastic 
overhaul of the Acts relating to Unemployment Insur- 
ance, and for a frank and courageous policy in connec- 
tion with Russian affairs were emphatic, and un- 
doubtedly expressed the mind of the working masses 
of the country. Nor was there anything equivocal 
about those resolutions which seek the redress of 
evils and injustices suffered by thousands of workers 
in factories, shops and offices as a result of the workings 
of an antiquated social and industrial system.” 


In the discussion on the Parliamentary Report at 
the annual meeting in Brighton of the Labour Party, 
Mr. Kelly M.P., objected to the statement which it 
contained that the Minister of Labour had had no 
opportunity to deal by administration with grievances 


| arising out of unemployment allowances. He demanded 


that the administration should be humanized in respect 
to the statutory requirement “genuinely seeking 
work.” Mr. Clynes, M.P., said that the abuses to 
which reference had been made had evoked the sternest 
protests of many members of the Labour Party when 
they were in opposition, and that feeling was maintained 
now that they were in office. They desired to remove 
the grievances, but they had to descend from generalities 
to facts of individual cases numbering about 1,000,000 
a week. The Minister of Labour had endeavoured, by 
administrative service and by the formation of a Com- 
mittee, to bring to a basis of real fact the merits of the 
complaints that were received. When the facts were 
before them, he was sure that the Government would 
not hesitate to take action, by legislation or adminis- 





from officials and branches against firms who make a 


tratively, to remove the grievances. 


A summary of a long article on rationalisation in 
Germany appears in a recent issue of the weekly official 
organ of the International Labour Office. According 
to the writer, Franz Dinnebier, the greater the extent 
of ‘rationalisation in an undertaking, the lower is the 
cost of production per unit produced. For that reason, 
he says, smaller undertakings, which cannot be 
rationalised to the same extent as larger ones, have 
to pay much higher relative amounts in wages. As 
illustrations, he cites the cases of certain paper-making 
firms. The most efficient factory for printing paper 
in Germany is the Feldmiihle in Odermiinde, near 
Stettin, which produces 100,000 kg. of paper per day 
with one paper machine and employs at most 100 
workers for this purpose. On the basis of the existing 
wage agreement, this factory, which happens to be 
in the cheap district of Pomerania, pays lower wages 
than a small paper factory in Saxony which can produce 
only 5,000 kg. per day on one machine and yet has 
to employ at least 50 workers. This example is 
typical of the wages problem produced by rationalisa- 
tion. The great differences which were frequently 
found in the relation of wage costs and manufacturing 
costs per unit of production, in various undertakings 
in the same industry, have assumed enormous propor- 
tions during the rapid spread of rationalisation. This 
can be still more clearly seen if the example given 
above is examined in detail, assuming for the sake 
of simplicity that the average hourly wages in each 
undertaking are 100 pfennigs. In this case, the wages 
costs for the Feldmiihle, per 100,000 kg. of paper, 
would be 100 (workers) multiplied by 8 marks (8 hours’ 
work)=800 marks; consequently the wages cost per 
kilogram of paper would be 0-008 marks. The small 
Saxon paper factory would show the following wages 
costs: 50 (workers) multiplied by 8 marks = 400 
marks, 7.e., 0-08 marks per kilogram. The cost here 
is thus 10 times that in the Feldmiihle. In reality, 
however, the difference is still greater, since the 
Feldmiihle pays lower wages than any paper factory 
in Saxony. 3 Sie) 

The author of the article goes on to compare the 
effects on an undertaking before and after rationalisa- 
tion. A medium-sized cellulose factory before ration- 
alising employed, he says, 100 workers, paid 23,400 
marks monthly in wages and produced on the average 
400 tons per month. The undertaking was rationalised 
and has now 132 workers, pays 21,000 marks for 
wages every month (although in the meantime wages 
have risen by 24 per cent.) and has an average output 
of 1,050 tons. This development took place in a 
period of four years. The wages costs before rationali- 
sation were therefore 58-5 marks and after rationalisa- 
tion only 20-1 marks per ton, despite the rise of 24 per 
cent. in wages. As a result of the uniform and binding 
wage rates agreed upon for a whole industry, the large 
rationalised undertakings save a very considerable 
amount in wages as compared with the others. In 
the writer’s opinion, the trade unions, with the assist- 
ance of well-informed works councils, should endeavour 
in various undertakings to compile statistics of the 
changes in production, in the number of workers 
employed and in wages cost. These figures would 
provide the necessary basis for the trade unions in 
demanding differentiation in wages according to 
undertakings. There must, however, be no tampering 
with the agreed wage rate as a minimum; according 
to the economic success of the individual undertaking, 
the employer would have to grant works supplements 
to his employees. 





The shipyard joiners who are on strike at Belfast 
in support of a claim for an advance of 3s. per week, 
have rejected the provisional agreement to refer the 
matter to arbitration, arrived at by the Executives 
of the Shipbuilding Employers’ Federation and the 
Amalgamated Society of Woodworkers. Only 223 
members voted for the agreement, while the vote cast 
against it was 1,278. 


The annual report of the German Trade Union Com- 
mission states that, in 1928, the number of affiliated 
organisations decreased from 38 to 35. Amalgamations 
accounted for the reduction. The membership in- 
creased from 4,415,673 to 4,866,226, nearly 15 per cent. 
of whom were women workers. The total income of 
the affiliated unions was 221,696,295 marks, and the 
total expenditure 189,363,911 marks. 





The General Manager of the Roumanian Railways 
has issued an interesting circular on the subject of 
working hours. The normal working day for time 
workers is stated to be eight hours, except on Saturdays, 
when only four hours are to be worked. Hours worked 
outside these limits are to be paid for at overtime 
rates, and “every worker is required to complete the 
standard hours.” Exemptions will only be granted 
in cases of illness. 
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draught vessels, from one side of the dam to the other 
that the present scheme has been worked out. 

Briefly, a railway of 5-ft. 6-in. gauge has been laid 
down on one bank of the river, in the form of a V, 
to find that the solution of a particular problem may | having outwardly curved sides. The apex of the V is 


RAFT-TRANSPORTING WAGON AND 
LOCOMOTIVE. 


Ir is not an unusual experience in engineering practice 


be afterwards successfully applied to more general | approximately in line with the dam and is well inshore 
cases. It would appear, for example,‘that the raft- | above flood level. The ends of it, by reason of their 
transporting equipment now to be described, though | curvature, enter the river and run under water in a 
designed for the special purpose of transporting timber | direction approximately parallel to the banks on both 
round the shore end of a river dam, might have some | the up-stream and down-stream sides of the dam. 
bearing on canal practice as regards locks and so forth, | The whole of the railway line is laid on gradients of 
and the usage may therefore have a wider interest | 1 in 22. It will be readily realised that, although the 
than at first sight appears. The equipment, which wagon is coupled to the locomotive and is thus moved 
consists of a long wagon carried on two four-wheeled | about upon the higher parts of the ground, it could not 
bogies and propelled by : four-wheeled petrol loco-| be so pushed into the water to a sufficient depth 
motive, is illustrated by Figs. 1 to 10, on this and | to enable the rafts or barges to be floated on to it, 
the opposite pages and or page 440. It has been | without submerging the locomotive. The method 
constructed for Messrs. Perak River Hydro-Electric | of immersing the wagon is that of lowering it by gravity 
Power Company, Limited, by Messrs. the Drewry | down the inclines, its descent being controlled by brakes 
Car Company, Limited, River Plate House, 13, South- | and by a wire rope between it and the locomotive. 
| The rope is wound on a winch barrel on the locomotive, 


place, E.C.2, at the firm’s Burton-on-Trent works. | 
The consulting engineers responsible for the design are | the winch being actuated by the propelling engine, and 


Messrs. Rendel, Palmer and Tritton, 12-15, Dartmouth- | it is paid out or hauled in according to whether a barge 
street, Westminster, S.W.1. It will be common know- | is being deposited in, or withdrawn from, the river. 
ledge that large quantities of teak and other timbers are | The locomotive, then, moves about in the region of the 
floated down the Perak River for shipment at its | apex of the V lines, and is direct-coupled to the wagon, 
mouth, and, that in order to provide a working head | which it has withdrawn from the water, in order to 
of water for the Perak River Hydro-Electric Power | move it across the points by which it is diverted from 
Company, a dam has been constructed across it which | one arm of the V to the other. When the wagon and 
blocks fairway. It is to effect the transference | locomotive are in the position for returning the wagon 
of the rafts of timber, as well as barges and other shallow | to the river, the latter is uncoupled from the locomotive 
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and attached to the winch rope. It is then lowered 
down the slope into the water and the raft floated off. 

The general design of the wagon is clearly shown in 
Fig. 6 on page 440, and the details of construction in 
Figs. 7 to 10, below it. The main frame consists of 
four longitudinal H-section members, 10 in. by 6 in. in 
section, connected by eight cross-girders formed of 
plate and angle. The lower end of the wagon is 
carried on a four-wheeled swivelling bogie with a wheel 
base of 5 ft. 6 in., while the upper end, in order to 
maintain a level surface of the wagon bed, is suspended 
from a substantial crossbeam, the centre of which is 
carried upon a similar bogie. The two middle longi- 
tudinal frames are terminated at the eighth cross-girder 
to accommodate the upper bogie. The two bogies 
are generally similar in structure. The wheels are 18-in. 
in diameter on the tread, and revolve on the axles, 
which are fixed. The weight of the frame and load 
is transmitted to the bogies by rollers which move in @ 
casting on top of the bogie frame. This arrangement 
can be made out in Fig. 7. The bogie pivot is bushed 
with lignum vitae in view of its frequent immersion 1n 
water. The lower bogie has longitudinal tie rods with 
spring connections to take the end-on thrust. 

The upper bogie is arranged with block brakes on all 
four wheels, and, in addition, with a special brake 
normally just clear of the rails. This latter is applied 
by causing a pair of jaws to close in a lateral direction 
and to grip the head of the rails. Both sets of brakes 
are operated by wheels mounted on pedestals which 
are carried on a small platform well clear of the water 
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PETROL-DRIVEN LOCOMOTIVE FOR RAFT TRANSPORTING WAGON. 


CONSTRUCTED BY MESSRS. 


THE DREWRY CAR COMPANY, LIMITED, ENGINEERS, BURTON-ON-TRENT. 


























Near SipE oF Locomotive. 


Fig. 5. 


when the wagon is submerged. This elevation of the centrally over the front pair of wheels and is readily 
brakesman is rendered imperative by the presence of | accessible from both the sides and the top of the 
crocodiles in the river. The ends of the cross-girders| bonnet. The cylinders are 6 in. in diameter and 8}-in. 
are terminated by sockets into which are shipped | stroke, and are grouped in three pairs. The radiator 
stanchions of channel section. These are for the|is fan-cooled and is of the “Still” type with finned 
purpose of guiding the timber rafts into place on the| tubes. Two features of the locomotive which are 
wagon and of mooring them thereto. There is a clear | particularly noticeable in Fig. 5 are the great depth 
width between them of 15 ft., while a length of 40 ft. | of the main frames and the high degree of finish both 
can be accommodated. The weight of a raft of|of the working parts and of the paint work. The 
approximately these dimensions is about 20 tons. The| hauling winch, it will be seen in Figs. 1, 2 and 4 
total weight of the wagon itself is 11 tons. In addition | is situated at the rear of the locomotive cab, and the 
to the rafts, flat-bottomed barges can be carried, but | controls for it and for the propelling motion are conve- 
when transferring contoured craft, such as launches, | niently grouped near the driver’s seat. The engine is 
it is necessary to provide bilge chocks to receive them. | coupled to a central shaft by means of a cone clutch 
TheseYchocks are permanently attached to wooden | in the usual manner, but the central shaft does not 
baulks, so that they can be readily shipped. The | terminate in a gear-box, as customary. It is, on the 
method of holding the baulks in place is shown in| contrary, continued through the gear-box proper, 
Figs. 6 and 10, from which the self-adjusting nature | and terminates in a worm which drives the winch 
of the chocks themselves will also be seen. | through suitable reduction gearing. The worm gear- 

The locomotive is shown in Figs. 1 and 2 on page| box is shown to the left of the winch barrel in Fig. 4 
436, and in Figs. 3 to 5 above. It is of the 0-4-0| along with the controlling clutch handle and band 
type with the driving wheels coupled to a jack-shaft| brake. The central shaft is provided with adequate 
The engine is a vertical six-cylinder petrol engine of | flexible couplings on each side of the main gear-box. 
@ normal horse-power of 125, and is of the company’s | When the engine is used for propelling the locomotive 
standard design and manufacture. It is disposed | the winch is disconnected from the shaft by means of 














Fie. 4. Havrine Wincn at Rear or Locomotive. 


a sliding clutch, and the power is transmitted through 
the gear-box and the reverse bevel gear, shown in 
Fig. 3, to the jackshaft. There are three speeds 
in the forward motion and also in the reverse. The 
variation of speed is not required to meet different 
gradients, for, as already stated, the whole of the rails 
are laid on a uniform gradient of 1 in 22, but it is 
provided on account of the varying loads arising from 
the differences in the craft handled. 

It will be realised that, owing to the peculiar nature 
of the working conditions, special precautions to 
prevent the slipping of the locomotive on the rails must 
be adopted ; accordingly, sanding gear is fitted to all 
four wheels. This gear is of the Lambert type, in 
which the sand is sprayed by water under pressure, 
the necessary pressure being derived from a small 
air compressor driven by a chain from the engine shaft. 
All four wheels are provided with block brakes operated 
by the usual screw handle from the cab. In addition, 
the rear buffer plate of the locomotive is provided with 
two pairs of grips, which are secured to the rails as 
shownin Figs. land2. Thesegripsaretightened by hand, 
and in Fig. 4 appear as secured when stowed out of the 
way. They will be used or not as the conditions require, 
when the locomotive is hauling up or lowering the 
wagon by means of the winch. At a test, witnessed at 
the maker’s works, the wagon was moved both ways 
on the correct gradient and with the equivalent of 
the full load without any anchoring of the locomo- 
tive other than by the application of the ordinary 
brakes on the wheels, the rails being, however, 
sanded. The rope has a total length of 200 ft. and is, 
of course, guided round the curves of the lines by means 
of tethered pulleys in suitable positions. The drawbar, 
for use when the wagon is out of the water, presents no 
special features. The total weight of the locomotive 
is 17 tons. In conclusion, we think it will be admitted 
that both the consulting engineers and the contractors 
have dealt with an unusual problem in a practical and 
instructive manner. 








La Revue pe Mératturcm.—The twenty-fifth 
anniversary of the foundation of the Revue de Métallurgie 
was celebrated on January 26 last. The ceremony, it 
will be remembered, took the form of a luncheon in 
Paris, an account of which will be found on page 143 of 
our issue of February 1 last. A special 25th-anniversary 
number of the Revue has now been published, in order 
to form a permanent memento of the occasion. This 
contains a complete account of the luncheon and of the 
subsequent speeches. A number of congratulatory 
letters received from leading metallurgists, including 
Sir Robert Hadfield, Dr. W. Rosenhain, Mr. F. Giolitti, 
Colonel N. T. Belaiew, and Professor C. Benedicks, are 
also reprinted. The number contains several interesting 
illustrations. .The offices of the Journal are at 5, Cité 
Pigalle, Paris," 9e. 
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ENGINEERING WAGES ON THE 
CONTINENT. 

As is well known, the engineering and allied trades 
in this country have for some time past been suffering | 
from the effects of the war. While, however, hours and 
general conditions of labour have remained without much 
alteration, wages have suffered considerable reduction. 
About twelve months ago, when the Amalgamated 
Engineerin Union approached the Employers’ Federa- 
tion on the point, the case they presented was not 
considered sufficiently strong to justify any advance 
being conceded. Negotiations are now about to be 
renewed, and the following figures of wages and condi- 
tions in the engineering and shipbuilding trades in 
Germany and the principal towns of the Netherlands 
have, therefore, a special interest at this time. 

In October of last year the German Federal Statistical 
Office conducted an inquiry into the actual earnings 
and hours of labour in the metal and engineering 
industries of Berlin. The first results have recently been 
published. Twenty-nine undertakings, having 81,146 
employees, were covered, 76 per cent. of the workers 
being engaged in electrical engineering, and 12-8 per 
cent in boilermaking and general engineering. The 
remaining 11-2 per cent. were concerned with the 
construction of vehicles, aircraft, and railway rolling 
stock ; iron and steel and other metal goods; con- 
structional ironwork ; and with scientific and optical 
instrument manufacture. 

The workers were classified under four headings :— 
skilled, semi-skilled, and unskilled workmen, and 
women. About 35 per cent. were time-workers and 
65 per cent. on piecework. The average earnings per 
hour came out as follows, 100 reichspfennigs being 
approximately 11-8d.:—Timeworkers, skilled men, 
113-6 rpf. (say, 1s. 1}d.); semi-skilled, 89 rpf. (103d.) ; 
unskilled, 81-8 rpf. (94d.); women, 58-9 rpf. (7d.). 
Pieceworkers, skilled, 124-8 rpf. (1s. 24d.); semi- 
skilled, 105-4 rpf. (1s. 04d.) ; unskilled, 95 rpf. (114d.) ; 
women, 65-5 rpf. (74d.). These figures are exclusive 
of overtime, and do not take into account the increase 
in agreed rates, ranging from 4-7 rpf. to 5-7 rpf. per 
hour, granted in April of this year. 

The average working week, including overtime and 
making allowance for short time, &c., for all classes 
of worker was 47} hours, the constructional ironworkers 
averaging 493 hours and those employed in the manu- 
facture of iron, steel, and other metal goods, 45} hours. 
Overtime came out at three-quarters of an hour per 
week in the case of piece-workers and varied from 1 to 
2} hours, according to group, for time-workers. 

The inquiry is being continued, and reports for other 
centres of the industry and also for Germany as a whole 
will be published by the Federal Statistical Office in 
due course, 

Particulars of the wages and hours of labour prevailing 
in 1928 in the metal, engineering, and shipbuilding 
industries of the Netherlands were published in the 
April and May issues of the journal of the Netherlands 
Central Bureau of Statistics. The details relate to 
40,997 employees and 97 undertakings. The chief 
towns are graded by the Metaalbond, an association 
of employers, into three classes, while the less impor- 
tant centres form Class IV. The report gives the average 
earnings of workers between the ages of 26 years for 
unskilled, 28 for semi-skilled, and 30 for skilled men 
up to 65 years of age. 

In Class I towns, the average hourly earnings during 
the latter half of 1928 are given as 80 c. (say, Is. 4d. ; 
100 cents being approximately 1s. 8d.) for skilled workers; 
72 c. (1s. 2$d.) for semi-skilled, and 60c. (1ls.) for 
unskilled. The Class II figures are 75 c. (ls. 3d.), 
64 c. (1s. 1d.), and 56 c. (11}4d.); and for Class III 66 ec. 
(ls. 1}d.), 56 c. (11}d.), and 46c. (9}d.), respectively. 

The highest average hourly earnings for all classes of 
workers were obtained in Amsterdam, with Rotterdam 
and Schiedam next in the list. Earnings varied consi- 
derably in various trades. Turners in Amsterdam 
averaged 92c. (ls. 64d.) per hour, including bonuses, 
overtime, &c, ; coppersmiths in Haarlem, 86 c. (1s. 5}d.) 
but in Kinderdijk 71 c. (1s. 2}d.); boilermakers in 
Hengelo, 82 c. (1s. 4}d.) ; patternmakers in Rotterdam, 
80 c. (1s. 4d.) ; hand moulders in Utrecht, 75 c. (1s. 3d.) ; 
and turners in Wisch and Geadringen, 61 c. (1s. 0}d.). 

In 122 undertakings, having 36,929 adult workmen, 
23 per cent. were employed for 50 hours per week 
and 62 per cent. 48 hours; while 6-7 per cent. had a 
week of more than 50 hours and 8-3 per cent. one of 
less than 48 hours. 








REPAIRS TO BREAKWATER AT CHILEAN SEAPORT.— 
H.M. Consul at Antofagasta, Chile, has reported to the 
Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1, that the breakwater of the Antofagasta 
artificial harbour was recently almost completely des- 
troyed by heavy seas. It is possible that tenders for 
the repair work will be called for, meanwhile British 
firms desirous of receiving further details should com- 
municate with the Department, at the above address, 
quoting Ref. No, A.X.8611. 





TENDERS. 


We have received from the Department of Overseas 


| Trade, 35, Old Queen-street, London, S.W.1, particulars 
|of tenders invited by various bodies in the British 


possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Telegraph Material.—The supply of telegraph posts’ 
insulated copper wire, telegraph insulators, galvanised- 
iron supports, and copper binding wire. ‘The Public 
Telegraph Service, Tetuan, Moroeco; October 10. 
(Ref. No. B.X. 5706.) ; 

Railway Weighbridge.-—The supply of a railway 
weighbridge. A firm in Sarajevo, Jugo-Slavia; Octo- 
ber 8. (Ref. No. A.X. 8579.) 

Switchgear.—The supply and delivery of totally- 
enclosed, metal-clad, 6,600-volt, three-phase switch 
gear. The Chairman, Electric Supply Committee, 
Town Hall, Melbourne; November 27. (Ref. No. 
B.X. 5708.) 


Pelton Wheels and Pumps.—The supply of two 
Pelton wheels, two ram pumps, steel piping, &c. The 
India Store Department, New Delhi; November 8. 
(Ref. No. A.X. 8594.) 


Rolling-Stock.—The supply of 1,102 covered wagons, 
398 flat wagons, 500 half-box wagons, and 60 guards’ 
vans. The Argentine State Railways, Buenos Aires ; 
November 18. (Ref. No. A.X. 8595.) 


Bridgework.—The supply of steel superstructure and 
accessories for a bridge across the Muidersraatweg and 
the Muidertrekvaart. The Netherlands Railways; 
October 8 (Ref. No. A.X. 8600.) 


Road Roller and Stone Breaker.—-The British Legation 
at Durazzo, Albania, states that there is an opening 
for the sale of a motor road roller and motor stone 
breaker in connection with road construction at Durazzo. 
(Ref. No. A.X. 8586.) 


Water Tower.—The supply and erection of a steel 
water tank on a steel framework tower, to be complete 
with the necessary piping and fittings, and an electric 
water-level indicator. The Egyptian Ministry of the 
Interior, Cairo; November 20. (Ref. No. A.X. 8597.) 


Locomotives.—The supply of three locomotives. The 
Ministry of Railways, Sofia, Bulgaria; October 28. 
(Ref. No. A.X. 8605.) 

Sewage Pumps.—The supply and installation of two 
complete sewage pumping units at Locarno sewage 
pumping station, Vancouver. The Vancouver Sewage 
Authority, British Columbia ; October 29. (Ref. No. 
A.X. 8607.) 

Locomotive Boiler Tubes.—The supply of 300 weldless 
steel locomotive boiler tubes, 45 mm. (1-77 in.) inside 
diameter, and 50 mm. (1-968 in.) outside diameter. 
A company in Lisbon, Portugal; October 20. (Ref. No. 
A.X. 8609.) 

Centrifugal Pump.—The supply of a high-pressure 
centrifugal pump with a capacity of 1,500 litres per 
minute. A firm in Sarajevo, Jugo-Slavia ; October 10. 
(Ref. No. A.X. 8617.) 








BOOKS RECEIVED. 


United States Bureau of Mines. Economic Paper No. 4. 
Strontium from a Domestic Standpoint. By R. M. 
SanrMEyYeERsS. [Price 5 cents.] Bulletin No. 298. 
Methods, Costs, and Safety in Stripping and Mining 
Coal, Copper Ore, Iron Ore, Bauxite, and Pebble Phos- 
phate. [Price 70 cents.] No. 290. Bibliography of 
Petroleum and Allied Substances, 1922 and 1923. By 
H. Brrirron. [Price 1 dol.] Washington: Govern- 
ment Printing Office. 

Aeronautical Research Committee. Reports and Memo- 
randa No. 1211. The Effective Torsional Rigidity of a 
Crank. By R. V. SovTHweELy, [Price 9d. net.] 
No. 1220. The Age-Hardening of Some Aluminium 
Alloys. By Dr. M. L. V. Gaver and G. D. Preston. 
[Price 2s. net.] London: His Majesty’s Stationery 
Office. 

Depariment of Overseas Trade. Economic Conditions in 
Estonia, June 30, 1929. Report. By C. B. JERRAM. 
London: His Majesty’s Stationery Office. [Price 9d. 
net. ] 

Rapporten en Mededeelingen van het Rijksbureau voor 
Drinkwatervoorziening. No. 9. Bijdrage tot de Kennis 
van den Invloed van de Getijbeweging op de Slijghoogte 
van het Grondwater. By J STEGGEWEUTZ. 
Gravenhage : Rijksbureau voor Drinkwatervoor- 
ziening. 

Egyptian Government. Ministry of Public Works. 
Annual Report for 1924-1925. Part I. Cairo: 
Government Press. [Price P.T. 20.] 

La Brique Armée Homogéne dans la Construction Générale. 
By L. AtrHEenout. Paris: Ch. Béranger. [Price 
90 francs net. } 

Tokyo Imperial University. Faculty of Engineering. 
Journal Vol. XVIII. No. 2. On the Leakage of 
Water through Clearance Space. By 8S. Suzuxt. Tokyo: 
The University. 

Tokyo Imperial University. Aeronautical Research 
Institute. Vol. IV. No. 7. On the Stability of Kirmdn 
Vortex Street in a Channel of Finite Breadth. 1. By S. 
Tomotika. Tokyo: The University. 

Proceedings of the Imperial Academy of Japan. Vol. V. 
No. 7. July, 1929. Tokyo: Offices of the Academy. 

Air Defence. By Major-General E. B. AsHMORE. 
London: Longmans, Green and Company. [Price 
8s, 6d, net, ] 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Outputs of Cleveland pig 
iron continue to be well taken up and stocks remain very 
low, but customers state they experience no difficulty in 
satisfying their requirements, and that they no longer 
have to pay above the fixed minimum figures, for prompt 
parcels. Ironmasters refuse to grant price concessions, 
but second hands are reported to have accepted below 
the recognised market rates. Merchants’ holdings are 
not large, however, and makers are understood to have 
arranged further home contracts for delivery up till the 
end of the year at prices that have ruled for some consi- 
derable time past. Inquiries from abroad lead to few 
transactions, overseas firms being as reluctant as ever 
to pay the figures named. A little foundry iron from 
other home areas is still being used in this district. 
No. 1 Cleveland pig is 75s.; No. g.m.b., 72s. 6d. ; 
No. 4 foundry, 71s. 6d.; and No. 4 forge, 71s. 


Hematite.—Marked further upward tendency in east 
coast hematite quotations is welcome, but the terms 
producers are able to obtain are still altogether unre- 
munerative, and more iron is being stocked by certain 
makers, who refuse to accept prices which they declare 
entail a loss of several shillings per ton. ‘The economic 
situation is causing grave anxiety, particularly as there 
appears little likelihood of an early change for the better 
as production costs are still increasing as a result of 
rising prices of raw material. Home and Continental 
customers are in the market at round about present figures, 
but they are not prepared to follow substantial advance. 
Quotations are not definitely fixed, but ordinary qualities 
are in the neighbourhood of 76s. 6d. ; and No. 1 grade of 
iron is at a premium of 6d. 


Foreign Ore.—Little effort is made to put through 
new business in foreign ore. Long contracts are made, 
and sellers are not in a position to offer parcels of moment 
except for delivery well ahead. Nominally, market 
rates remain on the basis of best rubio at 24s. 6d. c.i.f. 
Tees. 

Blast-Furnace Coke.—The situation as regards Durham 
blast-furnace coke is perturbing. Supply is inadequate, 
and scarcity threatens to be more acute, though output is 
tobe muchenlarged. Needsare growing. Good medium 
qualities are quite 23s. 6d., delivered to local consumers. 


Manufactured Iron and Steel.—Producers of nearly all 
descriptions of manufactured iron and steel have good 
contracts to execute, and aggregate output is heavy, 
but buying is quiet. Prices are well maintained. Com- 
mon iron bars are 101. 15s. ; best bars, 11l. 5s.; double 
best bars, 111. 15s. ; treble best bars, 12/. 5s. ; iron rivets, 
11/7. 10s.; packing (parallel), 8/.; packing (tapered), 
101. ; steel billets (soft), 62. 17s. 6d. ; steel billets (medium), 
7l. 12s. 6d. ; steel billets (hard), 81. 2s. 6d. ; steel rivets, 
11l. 5s. ; steel ship plates, 8J. 12s. 6d.; steel ship angles, 
81. 2s. 6d. ; steel joists, 81. 2s. 6d. ; heavy sections of steel 
rails, 8l. 10s. ; black sheets, 107. 7s. 6d. ; and galvanised 
corrugated sheets, 131. 10s. 


Iron and Steel Shipments.—Shipments of iron and steel 
from the Tees last month fell short of expectation, total- 
ling only 76,882 tons of which 18,860 tons were pig iron, 
4,223 tons manufactured iron, and 53,799 tons steel. 
Of the pig iron cleared, 10,349 tons went to foreign ports 
and 8,511 tons went coastwise; of the manufactured 
iron loaded, 1,813 tons went abroad and 2,410 tons 
coastwise, and of the steel shipped, 42,452 tons went 
overseas, and 11,347 tons coastwise. Scotland was again 
the largest buyer of pig iron, taking 8,071 tons, while 
Belgium accepted 1,860 tons, Denmark, 1,831 tons, 
France, 1,442 tons, Norway, 1,005 tons, and Italy, 
1,000 tons. The Cape, with an import of 1,035 tons, 
was the best customer for manufactured iron. Among 
the principal receivers of steel were: Argentine, 8,966 
tons; India, 7,659 tons; Australia, 4,536 tons; South 
Africa, 2,956 tons; The Cape, 2,937 tons; Japan, 2,280 
tons; Kenya, 2,017 tons; Natal, 1,725 tons; Canada, 
1,421 tons; and Norway, 1,383 tons. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The rise of the Bank rate has occurred 
at an inopportune moment so far as industry is concerned, 
and at a time when revival was slowly maturing. It is 
feared, particularly in the heavy trade, that the increase 
will result in higher interest and loan charges, which will 
be reflected in a rise in the costs of production, and so 
give foreign competitors a further chance to underquote 
British firms in the world’s markets. Business in bulk 
steel is varied. Basic sorts form an active section, 
and account for nearly half the total output. With the 
railway rolling-stock departments still occupying a some- 
what unsatisfactory position, it is not surprising that 
makers of acid steel are finding difficulty in attracting 
sufficient orders to keep plants operating at the recent 
level. Users of forge and foundry iron are booking ahead. 
Though orders for railway rolling-stock have not been 
received in anything like the quantity desired, more 
inquiries are beginning to circulate. The South Indian 
Railway is in the market for points and crossings and 
spare parts for carriages and wagons, while the Madras 
and Southern Mahratta Railway require four locomotive 
boilers. The India Store Department is inviting tenders 
for cast-iron pipes and for duplicate parts for locomo- 
tives. Sheffield makers of different kinds of machinery 
are successfully combating foreign competition. A local 
firm specialising in cement works plant has received & 
contract from Australia for a large rotary kiln and com- 
bination mill fitted with patent centre drive, together 
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with sundry auxiliary equipment. Good business con- 
tinues to be done in stainless steel, rustless iron, and 
automobile steel and fittings. Makers of electrical 
apparatus are meeting a fair demand, while mining 
equipment is in better request, especially on over- 
seas account. Engineers’, mechanics’, and stone and 
woodworking tools are active lines. There has been 
@ seasonal decline in the call for agricultural implements. 


South Yorkshire Coal Trade.—The call for most classes 
of fuel is somewhat steady. Industrial fuel is fairly 
active, and a further improvement is anticipated. 
Export requirements are on about the same level as 
that of former weeks. The decision of district coal 
owners to increase house coal by 10d. per ton from 
yesterday has not had the effect of stimulating a better 
demand. The coke market has been maintained. 
Gas coke is firm, while blast-furnace sorts are more 
active. Foundry and furnace varieties are steady at 
238s. to 24s. Quotations: Best hand-picked branch, 
26s. 6d. to 28s. Derbyshire best bright house, 21s. to 
23s. Best house coal, 20s. 6d. to 21s. 6d. ; screened house 
coal, 18s. 6d. to 20s. Screened house nuts, 16s. 6d. to 
18s.; Yorkshire hards, 15s. 6d. to 17s.; Derbyshire 
hards, 15s. 6d. to 17s. ; rough slacks, 9s. to 10s.; nutty 
slacks, 7s. to 8s.; smalls, 3s. to 5s. 








NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 


The Coal Trade.—The position of the coal trade is 
unsatisfactory. The demand for large is insufficient to keep 
collieries working regularly and pit stoppages are frequent 
owing to wagons being held up under load. At the same 
time prices are maintained on the basis of the schedule. 
With respect to sized and small varieties the opposite 
is the case. These classes are in urgent request with 
prices at relatively high levels. Dry washed nuts com- 
mand up to 30s., washed dry duff 17s. 6d., and best steam 
smalls 14s, 3d., but the poor position of large restricts the 
make of sized and small varieties with the result that 
colliery owners are behind in their deliveries while buyers 
find it extremely difficult to obtain their requirements. 


Minimum Coal Prices Raised.—Though there is 
insufficient demand for large coal to enable colliery 
owners to keep pits working regularly, the minimum 
price of iarge steam coals was raised by 3d. per ton to 
a basis of 20s. for best Admiralties, on Tuesday, in con- 
formity with a decision reached by the Marketing 
Association some weeks ago. Colliery owners have also 
been asked to give their consent to a scheme for the 
regulation of output and prices in respect to both anthra- 
cite and steam coal. For the past eighteen months 
minimum prices have been in operation for steam coals 
under “a gentleman’s agreement ” but the new scheme 
suggests a penalty of 2s, 6d. per ton for coal sold under 
the minimum and coal produced in excess of a quota 
which is to be fixed, while compensation of 2s. per ton 
is to be paid to collieries producing less than their quota. 
The output is to be fixed on an annual basis which is to be 
divided into quarterly amounts and individual concerns 
will be allocated their quantities in proportion, the 
output being increased or decreased in each quarter 
according to the estimated demand. The scheme is 
subject to the consent of members representing 70 per 
cent. of the output in the last June quarter. 


Heavy Coke Shipments.—The only gratifying feature 
in the export returns for August is the fact that ship- 
ments of coke foreign from South Wales amounted to 
17,046 tons, the largest quantity cleared in any month 
during the past three years. The reason for the improve- 
ment is, however, the reverse of gratifying as the increase 
is due to the activity of the Continental iron and steel 
works. In contrast to this the great Ebbw Vale steel 
works have given notice to the 5,000 men employed there 
and already several of the collieries belonging to the 
Ebbw Vale Steel, Iron and Coal Company, Limited, 
have tendered notice to their workmen. As the Ebbw 
Vale works consumes over 1,000,000 tons of coal a year, 
drawn almost exclusively from collieries in the district, 
the closing of the works will mean a considerable increase 
in unemployment in Monmouthshire. The reason for 
shutting down the works arises from foreign competition. 
Shipments of coal from South Wales in August amounted 
to 2,21§§482 tons only, or 505,236 tons less than in July. 
Part of"this heavy decline was due to the holidays and 
the fact that the July totals were the best for any month 
of this year. Even after taking these factors into con- 
sideration the reduction in clearances cannot be regarded 
as satisfactory, especially as foreign cargo exports of 
coal fell by 466,732 tons to 1,795,392 tons, foreign 
bunkers by 11,057 tons to 291,352 tons, and coastwise 
cargo by 27,447 tons to 123,738 tons. 








Low-TEMPERATURE COKE IN PULVERISED-FUEL IN- 
STALLATIONS.—The fact that low-temperature coke is 
not as strong as the high-temperature product has 
prompted the United States Bureau of Mines to conduct 
an investigation into the possibility of using low- 
temperature coke in pulverised-fuel installations. The 
experiments were conducted at the Pittsburgh Experi- 
ment Station of the Bureau. It was found that while 
the rate at which a flame travels through a cloud of 
low-temperature coke dust is less rapid than is the case 
with coal dust, it is still rapid enough to permit ready 
ignition of the coke dust in a furnace. Furthermore, it 
was ascertained that the rate of burning, after ignition, 
of the coke particles is quite comparable with that of 
coal particles under similar conditions. A definite 
advantage is claimed for the pulverised coke; this is 
that it is less liable to spontaneous ignition than coal 
dust and can, therefore, it is stated, be stored with 
greater safety. 





NOTES FROM THE NORTH. 


Guiascow, Wednesday. 


Scottish Steel Trade.—Little change has taken place 
in the state of the Scottish steel trade this week. Makers 
are fairly well supplied with orders, but only some are 
having an output equal to present capacity. Specifica- 
tions from the shipyards continue fairly satisfactory, 
and the general inquiry is also quite good at the moment. 
In the black-sheet trade there has been a much-desired 
improvement in business. Home buyers have been 
more prominent of late, and the demand from the East 
has expanded considerably. The lighter gauges are 
most in demand, but the heavier sorts remain dull. Prices 
are as follow :—Boiler plates, 10/. 10s. per ton; ship 
plates, 87. 12s. 6d. per ton ; sections, 8/. 2s. 6d. per ton ; 
black sheets, 4 in., 9/. per ton; galvanised corrugated 
sheets (No. 24 gauge), 137. 10s. per ton, all delivered at 
Glasgow stations. 

Malleable-Iron Trade.—Rather dull conditions prevail 
in the malleable-iron trade of the West of Scotland, 
and although one or two makers have a fair amount of 
business on hand, the general average is poor. Inquiries 
do not give any indication of an improvement in the 
near future. The re-rollers of steel bars are quiet, and 
competition for business is extremely keen. The follow- 
ing are the current quotations :—‘‘ Crown bars, 10/1. 5s. 
per ton for home delivery, and 9/. 15s. per ton for export ; 
and re-rolled steel bars, 7. 15s. per ton for both home and 
export lots. 

Scottish Pig-Iron Trade.—In the Scottish pig-iron trade 
there has been no change in the position. The demand 
continues on restricted lines, and the output from the 
small number of furnaces now in blast seems quite 
ample to meet all requirements. Prices are unchanged, 


and are as follow :—Hematite, 80s. per ton, delivered at | & 


the steel works; foundry iron, No. 1, 78s. 6d. per ton ; 
and No. 3, 76s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments——The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, September 28, amounted to 415 
tons. Of the total, 321 tons went overseas, and 94 tons 
coastwise. For the corresponding week of last year 
the figures were 250 tons overseas and 10 tons coastwise, 
making a total shipment of only 260 tons, 

Wages in the Scottish Manufactured Iron Trade.— 
Messrs. James C. Bishop and Owen Coyle, joint secre- 
taries of the Scottish Manufactured Iron Trade Concilia- 
tion and Arbitration Board, have received intimation 
from Sir John M. MacLeod, Bart., C.A., Glasgow, that 
he has examined the employers’ books for July and 
August, and ascertained that the average net selling 
price was 10/. 10s. 10-70d. This means that there will 
be no change in the wages of the workmen. 

Scottish Shipbuilding.—The outlook in the shipbuilding 
industry in Scotland is not improving, and the new 
contracts fixed up recently do not represent a large 
amount of work. During the past month, 27 new con- 
tracts were reported, but of that number, no fewer than 
18 were of the trawler class, and three were tugs. The 
vessels booked by Clyde builders were two twin-screw 
motorships of 9,000 tons gross each ; two cargo steamers 
of 3,650 tons gross each; and one large sand pump 
dredger for abroad. During the month, 19 vessels, of 
a tons were launched, and the following are the 
details :— 


Vessels. Tons. 

The Clyde Ae aaa -- 10 27,968 
The Forth ... <a a ine 6 4,810 
The Tay “ce are eae eo a 
The Dee and Moray Firth ... ase 3 695 
Total 19 33,473 


The Clyde total is disappointing, as it is the lowest 
month’s output this year, and does not compare favour- 
ably with the month of August, when the tonnage 
launched was 49,194. For the year to date, the total is 
now 401,101 tons, which, although very good, has been 
exceeded on four occasions since the war. Work on hand 
is gradually dwindling, but inquiries are in the market 
for several important contracts, and it is hoped that 
these may be placed with Clyde builders, 








A Locomotive Stay-Bott StreL.—The increasingly 
high temperatures and pressures which obtain in the 
modern locomotive boiler impose very severe stresses 
upon the boiler and firebox stays. Wrought-iron stays 
have been used for many years, and have given satis- 
faction, provided that the tensile stresses to which the 
material is subjected are maintained at a comparatively 
low figure. A material which is stated to possess the 
reliability of wrought iron, but, in addition, to have a 
higher resistance to fatigue and to impact, has recently 
been placed on the market, under the name DuNiC 
stay-bolt steel, by Messrs. Steel Peach and Tozer, 
Limited, Sheffield. The material is a low-carbon 
ductile nickel steel made by the open-hearth process, 
and is particularly free from sulphur and phosphorus. 
It is claimed to be inherently a tough and ductile shock- 
resisting steel, and not to harden to an appreciable 
extent, nor lose its toughness, when quenched in water. 
It is suitable for welding, as it is said not to harden 
under the application of the oxy-acetylene flame. In 
the as-rolled condition, the material is stated to show an 
elongation of 34 per cent. on 8 in., a maximum stress 
value of 25-3 tons per square inch, a reduction of area of 
62 per cent., and an Izod impact value of 94 ft.-lb. The 
steel is supplied in any of the usual sections, both in 
solid and in hollow bars, and in either the black-rolled 
or reeled condition. Fuller particulars regarding the 
steel may be obtained from the United Steel Companies, 
Limited, Publicity Department, Sheffield. 


NOTICES OF MEETINGS. 





AssoclaTIon.—To-night, 
“ Indicating 


DresEL ENGINE USERS’ 

6 p.m., Caxton Hall, Westminster, S.W.1. 
Oi Engines,” by Mr. G. B. Fox. ; 

JuNIoR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria Street, S.W.1. ‘* Engineering Experi- 
ences on a Tea Estate in Assam,” by Mr. C. J. Hill, 
Friday, October 11, 7.30 p.m. ‘‘ Coal and Coal Cleaning,” 
by Mr. R. H. Allen. 

InstitTuTE oF British FounpRyYMEN.—Lancashire 
Branch : Saturday, October 5, 4 p.m., College of Tech- 
nology, Sackville-street, Manchester. Presidential 
Address by Mr. E. Longden, followed by open discussion 
on “ Coal Dust and Chaos,” by Mr. 8S. G. Smith. 


INsTITUTION oF AUTOMOBILE ENGINEERS.—Bristol 
Centre: Monday, October 7, 6.45 p.m., Merchant Ven- 
turers’ Technical —- Unity Street, Bristol. Presi- 
dential Address ‘‘ The Member and the Institution,” by 
Professor W. Morgan. Also at Coventry Centre : Tuesday, 
October 8, 7.30 p.m., King’s Head Hotel, Coventry. 

INSTITUTION OF THE RusBBER INDUSTRY.—Monday, 
October 7, 7.30 p.m., Engineers’ Club, Coventry-street, 
W.1. “ Anti-Oxidants,” by Dr. W. J. S. Naunton. 

BrapFrorp ENGINEERING SocreTy.—Monday, Octo- 
ber 7, 7.30 p.m., Technical College, Great Horton-road, 
Bradford. Exhibition of Kinematograph F¥ilms— 
“‘Hadfields’ Steel Works, Sheffield.” ‘‘ A Chain of Circum- 
stances,” Hans Renold’s Works, Manchester. “‘ The 
Panama Canal.” 

INsTITUTE oF MARINE ENGINEERS.—Tuesday, Octo- 
ber 8, 6.30 p.m., 85-88, The Minories, E.C.3. ‘‘ Electric 
Propulsion as Applied to Passenger Liners,” by Mr. 

rg. 
ILLUMINATING ENGINEERING SocreTY.—Tuesday, Octo- 
ber 8, 6.30 p.m., Lighting Service Bureau, 15 Savoy- 
street, Strand, W.C.2. Report on Progress in Illuminat- 
ing Engineering. : 

InNstITUTION oF HEATING AND VENTILATING ENGI- 
NEERS.—Tuesday, October 8, 7 p.m., Swedenborg Hall, 
20, Hart-street, Bloomsbury, W.C.1. “Hydraulic Head 
Losses in Forced Circulation Heating Equipment,” by 
Mr. W. E. W. Millington. 


InstituTE or Metats.—North-Hast Coast Local Section : 
Tuesday, October 8, 7.30 p.m., Armstrong College, New- 
castle-upon-Tyne. Chairman’s Address, by Mr. S. G. 
Homfray. Swansea Local Section: Wednesday, Octo- 
ber 9, 7 p.m., Thomas Café, High-street, Swansea. 
Chairman’s Address, by Mr. J. H. Grant. Birmingham 
Local Section : Thursday, October 10, 7 p.m., Chamber of 
Commerce, New-street, Birmingham. Joint meeting 
with Birmingham Metallurgical Society, and Staffordshire 
Iron and Steel Institute. ‘‘ Metals in Aircraft Structures,” 
by Mr. J. D. North. London Local Section : Thursday, 
October 10, 7.30 p.m., Society of Motor Manufacturers 
and Traders, Limited, 83, Pall Mall, S.W.1. Chairman’s 
Address, ‘“‘Some Factors in Solidification,” by Dr. 
8. W. Smith. Sheffield Local Section : Friday, October 11, 
7.30 p.m., The University, Sheffield. Chairman’s Address. 
“Some Notes on the Selection of Suitable Metals to 
resist Corrosion,” by Mr. F. C. Robinson. 


Royat AERONAUTICAL Soctety.—Thursday, Octo- 
ber 10, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘“‘ The Range of Aircraft,” by Mr. C. R. 
Fairey. 

Orticat Socrety.—Thursday, October 10, 7.30 p.m. 
Imperial College of Science and Technology. South Ken- 
sington, 8.W.7. ‘‘ The Development of the Telescope 
mostly after documents in the Court Collections, (1675— 
1830),” by Mr. T. H. Court and Mr. M. von Rohr. “A 
Chromatic Method of Making Null Indications,” by 
Dr. D. S. Perfect. 

Royat Sanirary InstituTe.—Friday, October 11, 
4.30 p.m., The Castle, Shrewsbury. “Some Notes on 
Recent Bridges over the River Severn,” by Mr. A. W. 
Ward and Mr. W. H. Butler. Saturday, October 12, 
10 a.m., “ Reconditioning of Houses under the Housing 
(Rural Workers) Act, 1926,” by Mr. W. H. Purslow. 
“The Scope of a House Property Management Depart- 
ment,” by Miss B. Thrupp. 

INSTITUTION OF ENGINEERING INSPECTION.—Friday, 
October 11, 5.30 p.m. Royal Society of Arts, John-street, 
Adelphi, W.C.2., “‘ The Chemical Laboratory in Inspec- 
tion,” by Mr. E. F. Law. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
October 11, 7.15 p-m., Engineer’s Club, Albert-square, 
Manchester. Presidential Address. “‘ Developments in 
Power Production,’’ by Mr. J. A. Robertson. 

Society or CHEMIcAL InDusTRY: CHEMICAL ENGI- 
NEERING GRrouP.—Friday, October 11, 8 p.m, Burlington 
House, Piccadilly, W.1 ‘‘ Rationalisation—Its Meaning 
and Application,” by Mr. J. D. Pratt. 








Map or Naturat-Gas Pire Lines 1n U.S.A.—A map 
showing the location of natural-gas pipe lines, and of 

trol and carbon-black plants throughout the United 
Btates has been prepared by the Bureau of Mines, 
Washington, D.C. Copies may be obtained on applica- 
tion to the Bureau. 





InstrTuTE or Metats: Ergatum.—In our account of 
the recent meeting of the Institute of Metals, which 
appeared on page 369 of ENGINEERING for September 20, 
we reported Sir Henry Fowler as saying that firebox 

lates “containing 0-5 per cent. of sulphur had now 
n produced.” This should have read, 0-05 per cent. 





of silver. 




















O! bry 











‘HOVIg NI SHOOHD LYOG HIIM NOOVM ‘9 ‘OI 





ENGINEERING. 


— 4 








oe 
eS eee 
“4 ~~ 


i 


a 


ay 








440 








“AWAHHOS 


(‘9¢% 2bvg o0e ‘uondssosagq 407) 
“INGULNO*NOLYUNG “‘SHAUNIONA ‘GALINIT ‘ANVdWOO UVO AUMANYG AHL “SUSSHW AG CAALONUALSNOO 


UaMOd OLALOXTTOUGAH UAAIN WVUAd 





——+ 


: OW 
SSA 140 O51 

















‘NOOVM YONILYOdSNVUL LIVE 








ENGINEERING, Ocr. 4, 1929. 





| PUMPING STATION AT KEMPTON PARK OF 


MR. H. E. STILGOE, MenCE. 
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Fig. 2. SECTIONAL ELEVATION OF OLD ENGINE HOUSE 








Fig. 3. SECTIONAL ELEVATION SHEWING BOILER HOUSE AND COAL HANDLING PLANT. 
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THE TRANSMISSION LINE 
AGITATION. 


In nothing are human beings so individualistic 
as in matters of taste. To one person the swell- 
ing cadences of the G6tterdimmerung open up 
fresh vistas of the inner meanings of the most 
sacred things, while in another they simply induce 
an overwhelming desire for sleep. The same is 
true in other fields. To some Epstein’s statuary 
appeals as a new method of expressing old ideas, 
while its impression on the consciousness of others 
is little more than that of meaningless and unneces- 
sarily crudely fashioned blocks of stone. Such 
divergencies, however, must be accepted as part 
of the eternal nature of things. They exist and 
they cannot be changed. It is, in fact, waste of 
energy to attempt to change them. If a man holds 
that perpetual motion is a basic phenomenon of 
mechanics it is possible, though it may be difficult, 
to dissuade him, because after all, facts are involved. 
But if he thinks that the latest production of the most 
modern school of painting is worthier of admiration 
than the Sistine Madonna nothing can be done, 
because that opinion may be held equally with that 
which asserts the contrary. It is a matter of taste. 

For these reasons, we are able to appreciate, 
though we cannot agree with, the arguments of 
those who hold that the erection of the steel towers, 
which form an essential part of our national electri- 
city scheme, will destroy the amenities of the rural 
landscape. For that opinion is also a matter of 
taste. That taste, we are, however, bold enough 
to think, will be modified by fact and, without sug- 
gesting that it is necessary to clothe the towers with 
rambler roses, as has been proposed, we do feel 
that when once they are erected, those who have 
been most stridently opposed to them will admit 
that they do little harm to the scenery. Only time, 
however, will show whether this supposition is 
correct. For the moment those who argue that 
these erections will destroy some of our most 





charming rural landscapes and those who contend 
that they will do no such thing have found little 
common ground. For a period, therefore, we are 
likely to be favoured with, if not entertained by, 
the publication of the several opinions of the 
disputing factions. 

This game of arguments, like any other pastime, 
imposes, however, certain rules on the participants. 
What facts there are must be duly regarded and, 
though opinion may be introduced, it must not 
be allowed to masquerade as anything else. It is 
permissible, for instance, to hold that the erection 
of transmission lines on 80-ft. lattice steel towers 
placed 300 yards apart, will irretrievably damage 
the amenities of the Sussex downs, but it is not 
allowable to take photographs of the district as it 
now exists, and superimpose on them caricatures of 
these towers and of the lines running between them. 
That is not argument, it is misrepresentation. Yet 
such a course, we regret to say, has been followed 
by The Times, a journal which, for some reason or 
other, has shown considerable opposition to the grid 
scheme. In its issue of Friday last, our contempo- 
rary of the daily Press published views which were 
stated to “have been prepared by the opposing 
authorities to show the disastrous effect an overhead 
cable would have on the charm of the Downs.” 
These productions can only be described as in the 
highest degree misleading, for, as pointed out by Mr. 
B. C. Holding, Editor of The Electrician, in a letter 
published subsequently, the lines had been drawn in 
without any regard for perspective or scale, the result 
being that the diameter of the conductors worked 
out at 15 in., instead of the } in. which it actually 
is. Itis not surprising therefore that the imaginary 
conductors are visible in these fictitious pictures 
for a distance of two miles, though all those who 


454 | have had any experience know that their true limit 


of visibility is not more than a quarter of that 
distance, even on the skyline. The proportions of 
the towers have also been distorted and the fanciful 
erections thus evolved have been placed in positions 
other than those chosen as the result of recent 
negotiations. 

Engineers must, indeed, be both startled and 
distressed at such an attempt to distort facts. 
Unfortunately, such falsification will not be so 
evident to the large body of lay readers, who may 
be led to believe that these gargantuan products 
of the imagination are soon to form a feature of the 
scenery of our southern counties. Fortunately, if 
fortuitously, our contemporary has gone some little 
way to make the amende honorable, for on Monday 
last, in quite another connection, it published a 
panorama of the Pentland Hills. A _ diligent 
search of the foreground of this photograph will 
disclose, to those interested, one of the towers, 
which actually forms part of the Central Scottish 
scheme. We cannot think that even the most 
virulent opponent of overhead transmission will 
hold that it is a blot on the landscape. In truth, 
it is almost invisible. Indeed, the object of repro- 
ducing the picture is to show that this part of the 
countryside is worth preserving from its natural 
beauty, in spite, inferentially, of the presence of the 
transmission lines. We hope that this is a real, if 
somewhat subtle, attempt on the part of The Times 
to correct an error, which should never have been 
made. Such actions indeed are liable to generate 
annoyance rather than to secure support. 

While dealing with this unfortunate side of the sub- 
ject, may we recommend an inspection of the 
view last mentioned to that coterie of political, 
literary, artistic and social talent, which registers 
its protest against the disfigurement of the English 
landscape in yesterday’s Times. This will show 
them that, whatever may be the case in Sussex, 
against the Scottish landscape the towers are 
neither prominent nor distressing. Perhaps, how- 
ever, they will ascribe this to the difference in the 
climate or to the fact that the second sight, with 
which so many Highlanders are imbued, may 
reveal things that are hidden to the Sassenach. 
Our protestants might also take the trouble to 
see the towers for themselves. This course was 
recently followed by two members of the Oxford 
Preservation Trust, and the result, as they them- 
selves admit, was surprising. The scenery, they 





reported, would'not be seriously marred. 
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We have already given it as our opinion that 
this opposition is ill-conceived; possibly also 
it is not all so single-minded as might appear. 
Agitations of this kind often form happy hunting 
grounds for those who have interests of their own 
to further, and it must be admitted that the idea 
of universally available electricity supply does not 
appeal to everyone. But without fishing in such 
troubled waters, it may be as well to state why 
such lines are necessary, and why the objects that 
it is desired to attain by their use can be attained 
in no other way. The main object of the “ grid,” 
which has been stated over and over again, is to inter- 
connect certain selected generating stations, so 
that the plant in them can be more economically 
utilised than it is at present. To render that 
possible, transmission lines are necessary, and 
careful investigation of the engineering factors has 
shown that these lines can be erected and worked 
most economically, if they are designed to carry 
50,000 kv.-a. at 132,000 volts. In the present 
state of the art that pressure can only be used if an 
overhead system is employed. It is true that 
experiments have been, and are being, made with 
cables working at this pressure, but it cannot yet 
be contended that it would be wise to use them freely 
on such an important link as, say, the line between 
Brighton and Hastings. Assuming, however, that 
it were possible, the cost of these cables would be 
very much greater than that of the overhead lines. 
The third alternative is, of course, to use cables 
working at a lower pressure, say, 66,000 volts. 
With the amount of power involved, this would be 
the most costly expedient of the three, and, if 
adopted on a portion of a link only, as might be 
necessary to meet views with regard to rural 
amenities, would also mean the expenditure of 
several thousand pounds on additional and unneces- 
sary sub-station equipment. From the point of 
view of both engineering and economics, the system 
selected has therefore the most to recommend it, 
and there seems no reason why it should be radically 
changed. This, it may be added, is admitted by 
the two members of the Oxford Preservation 
Trust, to whom we have referred. 

Finally, a word must be said about the way the 
Central Electricity Board is carrying out the 
duties imposed upon it by Parliament. It has 
been accused of riding roughshod over the rights 
of landowners and the wishes of the community. 
On the contrary, it has listened patiently to all 
representations, and has shown no lack of sympathy 
with the views that have been put forward. But 
the work which it has been established to do 
must be performed, and there comes a time in 
operations of this kind when steps have to be 
taken to remove obstruction. That time came in 
Sussex after many months of negotiation, when it 
was found that the deadlock could only be solved 
with the help of the Minister of Transport. An 
enquiry was therefore held and, though the result 
has not yet been published, we may point out 
that the opposition arose mainly from individual 
landowners and that it appeared that what may 
be called the preservation societies had actually 
assisted the Board in the choice of route. Most 
of the local authorities, too, took the view that if 
the scheme had got to come, the route suggested 
was the best that could be followed. This in itself 
is highly significant. In fact, all things considered, 
we do not think the Minister can well do otherwise 
than approve the scheme as it now stands. 

If futher proof is required of the desire of the 
Board to meet all reasonable arguments, it may be 
mentioned that modifications have been accepted 
in Sussex, which will increase the cost of that 
part of the South-East England scheme from 
76,0001. to 94,0007. The Board has, in fact, no 
desire to run counter to public sentiment. Indeed, 
it desires to have the public on its side, but it 
cannot afford to be swayed by every gust of 
agitation, neither is it in the general interest that 
it should. There may be cases where transmission 
towers will really interfere with an amenity, though 
these are neither so numerous, nor so widespread 
as some would have us believe. In such cases 
the interests affected may rest assured that their 
representations will be received with sympathy, 
the best proof of which statement is that in one 





area it has already been decided to put a part of 
the line underground. A well-documented repre- 
sentation covering a particular place is, however, 
a very different thing from a wholesale agitation, 
especially when that agitation calls to its aid propa- 
ganda of the type noticed above. That is-a lesson 
that might well be learned by those who have been 
so ill-advised as to conduct their affairs in a way 
calculated, we believe, to antagonise right-thinking 
people of every shade of opinion. 








TRANSPORT BY TRAIN FERRIES. 


THE train ferry is a form of transport across 
waterways, which has been more developed else- 
where than in this country, though it must be added 
that it owed its inception to British engineers. In 
fact, the earliest ferries were those built for service 
on the Nile by Robert Stephenson, while others 
were in use in the ‘fifties of last century on the 
Firths of Forth and Tay. The latter, of course, 
disappeared with the construction of the well-known 
bridges across those estuaries, and, until the port of 
Richborough was opened during the war to convey 
military stores from this country to France, accu- 
rately speaking, we possessed no train ferry. Even 
now the service between Harwich and Zeebrugge is 
the only one which operates from our shores. The 
train ferry is, however, no novelty in other countries, 
where the existence of wide estuaries or the presence 
of channels across the natural line of traffic gives 
this form of transport great advantages, if waste 
of time and expensive and uncomfortable tranship- 
ment of passengers and goods is to be avoided. 
The result is that many such services are now in 
operation on the Great Lakes and other parts of 
America and between various places in Germany, 
Sweden, Denmark and Japan. The distances 
traversed are, however,comparatively short. Indeed, 
it is generally held that the advantages of train 
ferries, which we have just outlined, vary inversely 
as the length of the voyage they have to perform. 
This theory lends considerable interest to a report, 
which has been prepared by the Board of Adminis- 
tration of the Swedish State Railways, on various 
proposals for improving communication by sea 
between England and Sweden. As the report itself 
is highly favourable to the use of train ferries for 
this purpose, it may not be unprofitable to consider 
its contents in detail, especially as, if its conclusions 
are accepted, they might be worth consideration in 
connection with our cross-Channel traffic. 

It appears that the Swedish Lloyd Steamship 
Company recently entered into a contract for the 
construction of two new ships, with a view to estab- 
lishing a weekly service in each direction between 
Gothenburg and Tilbury, and applied to their 
Government for a subsidy to enable these ships to 
be operated. The Board of the State Railways 
was instructed to report on this application, 
and as a result states that it is not satisfied 
that the sacrifices that would have to be made, if 
this scheme were supported, would be compensated 
for by the advantages obtained. The reason lies 
in the difficulty of combining passenger and freight 
traffic by ordinary steamships on such a route as 
that between England and Sweden, since the 
former is not sufficient by itself to be remunerative, 
while the latter, if it reaches any volume, will 
necessitate considerable time being spent in the 
terminal ports. The Board, however, state that 
they are fully aware of the need of frequent, fast, 
cheap and direct sea communication between the 
two countries, and have therefore recommended the 
establishment of a train ferry service, which was 
first proposed in 1919. 

Their conclusions are based on a detailed scheme 
for a train ferry service between Gothenburg and 
Immingham, which has been prepared by Mr. H. G. 
Hammar, Managing Director of the Gétaverken, 
Gothenburg. This proposes the use of either two 
or three ships with a speed of 16-5 knots and a dis- 
placement of 9,100 tons. These ships would be 
445 ft. long overall and 64 ft. beam, the depth to 
the train deck being 30 ft., and they would be driven 
by turbines with an output of 7,200-h.p. Accommoda- 
tion would be provided for 200 first-class and 100 
third-class passengers, together with 64 railway 
wagons of 14 tons capacity, giving a maximum 





effective freight of from 850 to 900 tons. The length 
of track would be 576 metres, 432 metres of which 
would be on deck and the remainder in the hold. 
These ferries, the estimated cost of which is 330,0001. 
each, would be considerably larger than any that 
have yet been built and would also be bigger than 
the majority of passenger ships, which now operate 
between this country and Sweden. They would 
enable the passage between the two ports to be 
effected in 314 hours and allow easy train connec- 
tion to be made with the principal towns in each 
country. Ferries operating at higher speeds were 
also considered, but it was found that it would be 
difficult to arrange time-table schedules, unless a 
figure of 22 knots were adopted. This would in 
many ways be ideal, as not only would it compete 
with the present times by air, but would enable 
each vessel to make the round trip twice a week. 
Nevertheless, the report is entirely based on a speed 
of 163 knots, which would allow two ships to main- 
tain a total of three round trips per week. If only 
two ships were built, as is suggested, the service 
would have to be restricted at certain periods of 
the year to enable the necessary repairs to be 
undertaken. 

Some interesting figures are given regarding the 
passenger and freight traffic, which such an enterprise 
might be expected to attract and by whose develop- 
ment it must, of course, stand or fall. On the 
basis of the figures for past years and of special 
investigations, it is estimated that the service 
proposed would soon carry some 21,000 passengers 
per annum, especially if, as is proposed, the fares 
were reduced by amounts varying from 20 to 50 per 
cent. below those on the existing routes, and that the 
total revenue from this source would be about 
88,000/. per annum. As regards cargo, it is con- 
sidered that a total tonnage of 133,000 would 
be handled, from which a revenue of 116,000). 
would be obtained. To enable this to be done some 
expenditure on railway rolling-stock would be 
necessary, since though English wagons could be 
used on the Swedish railways after some modifica- 
tion had been made in the brakes, the reverse is 
in general not true, owing to the difference in the 
loading gauges. It is therefore suggested that about 
400 wagons should be built at a total cost of 137,664. 
specially for this service, though they could also be 
used domestically in the two countries. It is fur- 
ther estimated that, in addition to the cost of the 
ferries themselves, about 30,000/. would have to 
be spent at Immingham and 45,000/. at Gothenburg 
for alterations in the landing stages, though this 
expenditure could be met from the port dues, 
which are said to amount to 11,000/. per annum. 
As regards operating costs, two ferries making 
148 round trips per annum, would require 192,0001., 
while three ferries making 156 round trips would 
need 251,000/. This has to be set against a total 
revenue of from 204,000/. to 214,000/. per annum, 
so that with two ferries it is considered that the 
balance should be well on the right side. Even 
with three ferries the natural increase in traffic 
would before long bring about an equally favourable 
result. It is considered as an essential preliminary 
to this development that there should be British 
participation, preferably by the London & North 
Eastern Railway Company. 

It is generally held with some truth that the 
principal advantages of a train ferry is that it 
enables freight to be carried without transhipment- 
and therefore saves time and reduces the risk of 
damage. The first of these gains becomes of less 
and less importance as the length of the sea passage 
is increased, and on such a voyage as that between 
Immingham and Gothenburg might, it may well be 
argued, disappear altogether. This contention is not 
evaded in the report. But the reply is made that 
not only would the loading and unloading costs be 
saved, but that the time spent in port would be 
greatly reduced, since the ferries would be ready to 
leave again as soon as one set of wagons had been 
run off, and another taken on board. A frequent 
service of the kind suggested could, therefore, be 
given with a small number of vessels, and both 
passenger and freight traffic could be dealt with in 
the best possible way. A more vital point is that 
to transport a paying cargo of 850 to 900 tons 2 
deadweight of some 450 tons in the shape of 
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wagons would have to be carried, while the ideal 
that every wagon shall be fully loaded, is not 
likely invariably to be attained. Indeed, it is 
admitted that on the voyage between England 
and Sweden a proportion of the wagons will be 
empty, and it is stated that the percentage of such 
wagons now carried on the ferry between Triilleborg 
and Sassnitz is of the order of 6 per cent. Again, 
the space factor with a cargo in wagons is not so 
favourable as when it is loaded in the holds in the 
usual way. These are points which must be taken 
into consideration in determining the freight charges, 
and, if these are fixed at the resulting economic 
level the services may not prove so attractive 
to traders as the compilers of this report would have 
us believe. The estimates are, moreover, based on 
the rates charged by existing steamship lines, so 
that no account is taken of the altered method 
of working, and it does not seem to be realised 
that in the case of much of the cargo now dealt with 
celerity of transport is of no great advantage. 
These are financial questions which for good and 
sufficient reason might be ignored by a State 
Department, but they cannot be disregarded by a 
railway company. 

It would, nevertheless, be interesting, should it 
prove possible to make the experiment, and we, in 
common we feel sure, with many others, will await 
the results attained with interest. In any event, 
those who are supporting the proposal cannot be 
accused of lack of courage. If it prove a failure 
they will have the satisfaction of knowing that 
they have attempted to conduct maritime trans- 
port on new lines. If on the other hand, success 
results from their efforts they will have done much 
to establish better trade and closer social relations 
between the two countries. 








MECHANICAL ASPECTS OF 
AERONAUTICAL RESEARCH. 

Tue development of aircraft is naturally full of 
new problems of its own, many of them only 
remotely analogous to those of other arts and prac- 
tice. Nevertheless, the elements of many or most 
of these problems are similar to those involved in 
the problems of other branches of mechanical design 
and operation, and progress of aeronautics must be 
watched with attentive interest even by engineers 
who prefer to fly with at least one foot on the 
ground. The more impressive stages of that 
progress, indeed, include extremes of speed and 
temperature which are not met with on land or at 
sea, and the overall achievements by which aero- 
nautics becomes most conspicuous, such as the 
attainment of fabulous speeds, may be followed by 
land and marine engineers with admiration, but 
without any intention of trying to emulate them. 
These results, however, do not come by themselves, 
nor as the consequence of some single inspiration. 
They are the resultant of a vast number of experi- 
mental investigations, many of them guided and 
controlled by mathematical theory, and some of them 
addressed to problems of the same kind as occur in 
the practice of all kinds of mechanical conveyance. 
Perhaps the chief difference between mechanical 
flying and transport by land or sea is that conditions 
in the air are necessarily more exacting. The airman 
has a more urgent need to obtain the utmost 
mechanical value from materials, the utmost 
assurance of their uniformity, the least risk of wear 
and breakdown, and the greatest economy of fuel. 
All these objects are common to other forms of 
mechanical transport, and it will be strange if at 
some time, locomotion on land and by sea is not able 
to apply to its own use results or suggestions 
obtained in the course of investigations of which the 
primary object was aeronautical. 

Such reflections arise naturally on reading the 
Report of the Aeronautical Research Committee 
for the year 1928-29, which has recently been issued 
by the Air Ministry (H.M. Stationery Office, 2s. net). 
This describes the chief results obtained during the 
year with the most important work that is in 
Progress, and, in a supplement about half as large 
again as itself, gives somewhat fuller details of the 
more important problems and matters dealt with 
by its various sub-committees. As would be 
expected, the progress of the work on aerodynamics 








and various branches of aeronautical practice, has 
led to the institution of a considerable number 
of sub-committees to deal with its several aspects, 
and the report gives evidence of both achievement 
and prospects in these divisions of the work, which 
must be stimulating in a high degree alike to those 
who are engaged on it, and to those who hope to 
turn the attained and expected results to profitable 
account. It has been found possible, for instance, 
to institute a comparison between the head resistance 
to which aeroplanes of current design are subjected 
and that which would be offered to a machine by 
skin friction alone, and means have been devised 
by which it is expected in various ways to reduce 
the excess of resistance actually incurred. 

Research into such problems as that of reducing 
the propelling or tractive power required for a given 
speed involve the consideration of many collateral 
matters, and it is gratifying to learn that there is 
reason to hope for valuable results from the investi- 
gations on this important subject by which the 
successes of preliminary work are being followed up. 
The stability and control of aeroplanes, including 
their lateral control at low speeds, the phenomenon 
of wing flutter, and a large variety of questions 
relating to aeroplane design, the efficiency of air- 
screws, and the efficiency of wing sections are a few 
among very many problems with immediate 
practical applications in view. The studies directed 
by the Interference Sub-Committee into the causes 
by which serious breakdowns of stream-line flow are 
promoted, are examples of other researches which, 
when completed, should lead to important practical 
results, though for the moment they are not expected 
to have quantitative application to practice. The 
equipment for aerodynamical experiment on a 
larger and, at the same time, more economical scale 
illustrates the energy with which the aerodynamical 
work is being pursued. Yet it is noteworthy that 
not far short of half the report and its supplement 
is devoted to engines, alloys, elasticity and fatigue 
and noise; that is to say, to problems which, in 
principle, are allied directly to those of other forms 
of mechanical transport. 

The researches into noise, including its cause’ 
and the means of reducing it, are only just being 
begun. The experiments will require means of 
measuring noises, which have yet to be developed, 
and, for the moment, the most important circum- 
stance to be reported is that the subject is engaging the 
Committee’s active attention. In each of the other 
lines with more than aerodynamical interest, results 
of importance have already been obtained, and 
have suggested further investigations, which are in 
progress. It has been found that by the use of a 
flow meter devised for the purpose, the indications 
of which are unaffected by any changes of density 
due to temperature variations within the range 
likely to be met with in flight, a general mean 
decrease of about 25 per cent. was obtained in the 
fuel consumption of Service machines. On the 
strength of the results obtained in the investigation, 
of which the figure just quoted indicates the effect, it 
is being again attempted to develop a carburettor 
which will automatically provide correct mixture 
strength over the full range of flying conditions, a 
problem on which promising practical work was 
done some years ago, and a new theoretical study 
has been made. A number of important results on 
four-cycle and two-cycle compression-ignition engine 
units with sleeve-valves have been obtained by 
Messrs. Ricardo, and it is believed that a complete 
engine of this type may now be developed success- 
fully. In addition to several investigations on other 
types of engines with various fuels, which are still in 
progress, considerable work has been done by Mr. H. 
Constant, at Cambridge University, on the stiffness of 
crankshafts, both in and out of bearings. Rational 
formule have been obtained for the stiffness out 
of bearings and for its ratio to the stiffness in 
bearings, and these results have been verified 
experimentally with reasonably close agreement. 
To enable predictions of resonant speeds to be 
made from drawing-office data, the observed 
synchronous speeds of as many engines as possible 
will be compared with those computed on the 
basis of these formule, and further experiments 
will be made if serious discrepancies are found. 
The work on alloys done at the National Physical 





Laboratory, includes a continuation of Dr. Marie 
Gayler’sstudy of theage-hardening of some aluminium 
alloys, the co-ordination of results from mechanical 
tests, physical properties, and X-ray analysis. A 
comparison has been made of the results of chill-cast 
and sand-cast aluminium alloys, on which further 
work is now to be done to a sufficient extent to 
enable the British Engineering Standards Associa- 
tion to substitute sand-cast for chill-cast test pieces. 
Dr. Gough has carried further his investigation into 
the fatigue properties of single crystals of metals, 
and, in Professor Jenkin’s laboratory, at Oxford 
Mr. Lehmann has investigated fatigue effects 
produced in various metals by alternations of 
stress up to frequencies of 20,000 per second. 
Intercrystalline corrosion has been studied at the 
Royal Aircraft Establishment, especially in regard 
to magnesium and its alloys, and a joint programme 
of further work is to be carried out at that institu- 
tion and at the National Physical Laboratory. 

These are some among the many directions in 
which the Committee is causing work to be done 
which will be of interest to a wider body than those 
for whom it is intended. The list falls very short 
of indicating the large number of workers who 
are engaged in it, who are too numerous to be 
mentioned in this place. The report gives evidence 
of co-operation with the Society of British Aircraft 
Constructors, which should be to the advantage of 
both sides. Close and cordial relations seem, 
moreover, to be maintained with the National 
Advisory Committee for Aeronautics of the United 
States, and in several researches information and 
apparatus have been exchanged. 








NOTES. 


THE OPENING OF THE NEw ENTRANCE LOCK, 
Tirpury Docks. 


THE ceremony of inauguration, on September 26> 
of the new entrance lock to Tilbury Dock, a descrip- 
tion of which works formed the subject of a compre- 
hensive article of last week’s issue of ENGINEERING, 
was attended by an incident providing an apposite 
illustration of the utility of the improvement scheme 
as a whole. When the guests invited to the cere- 
mony reached Tilbury, they found that the Orient 
Liner Oronsay, on which they had to embark, was 
only then discharging her overseas passengers, from 
a berth in Gravesend Reach, by means of tenders. 
The vessel had that morning arrived from Australia, 
and had been delayed at the Nore by fog. When the 
new floating landing stage is completed, the tedious 
and often uncomfortable transhipment by tender 
will be abolished, and the large liners frequenting 
the port will be able to moor alongside. Passengers 
can then proceed directly to a waiting train. The 
vessel will then be able to pass into dock for dis- 
charge, calling at the landing stage for passengers on 
the outward voyage, when embarkation can be made 
in comfort. After discharging the passengers the 
Oronsay, with the guests on board, proceeded to the 
new entrance, admission to which was obtained by 
the raising of the bascule road and railway bridge 
which spans the entrance. An electrical connection 
with the vessel enabled Lady Ritchie of Dundee, 
to control the bridge from the deck of the steamer. 
The exit from the lock into the basin was marked 
by the severance of a ribbon stretched across the 
outlet, on passing which the vessel proceeded to 
her berth to discharge cargo. Prior to the 
opening ceremony the guests were entertained to 
lunch by Messrs. the Orient Steam Navigation 
Company, the Chairman of which company, Sir 
Alan Anderson, in proposing the health of Lord and 
Lady Ritchie and the Port of London Authority, 
gave a brief review of the growth of the Orient 
line ships, and of the Tilbury Docks. Sir Alan 
also pointed out that in the forty-three years that 
had elapsed since the S.S. Garonne entered the dock, 
as the first of the Company’s ships to use it, 
the trade of London with the world had advanced 
in value by 250 per cent., the trade of Australia 
with the United Kingdom by 178 per cent. the 
population of Australia by 135 per cent., and the 
population of London by 59 per cent. Increases 
on such a scale postulated such an effort as the 
Port of London Authority had made in restoring 
Tilbury to the front rank of Great ports. Lord 
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Ritchie, in replying to the toast, remarked that he it might almost be called irresponsible, behaviour 


had previously stated that there would be a pause in | 
the Authorities’ capital expenditure, as even future | 
necessities had been provided for, but since then | 
an appeal had been made to them to review the | 
position so that they might help in dealing with | 
the great problem of unemployment. Mr. J. H. | 
Thomas, Lord Privy Seal, stated that there was | 
no solution of unemployment except by trade. 
He took an optimistic view of the future if the 
qualities exhibited by all classes during the great | 
war were exerted in the present difficulties. 





displayed at times by this material. 

The dam, which is known as the Eildon Weir, 
was constructed primarily for the irrigation of the 
Goulburn Valley, but provision was also made for 
a hydro-electric station drawing its water supply 
from the reservoir and capable of generating 
20,000 h.p. Construction was started in 1912, but 
was completed only in 1927, the reservoir being filled 
for the first time in October of that year. The cost 
of the works to that date was 1,500,0001. A typical 


| cross-section of the dam in its then state is 


represented in Fig. 1. The total volume of water 


Tue Arrsuip R.101. 


Technical development, like Nature, does not 
usually act per saltum, but in a series of stages, 
and the course taken by the Air Ministry when 
in 1924 it decided to construct two rigid airships, 
nearly twice as large as the largest that had been 
built up to that date, was unusually enterprising. 
The design of these vessels had to take account 
of the many new conditions involved by the 
immense increase in size over any previous practice, 
by the introduction of heavy-oil engines instead of 
petrol engines for the first time in the history of 
airships, and by the more exacting conditions of air- 
worthiness attached to the intended use of the 
ships as air liners. To deal with the problems thus 
raised, a large volume of experimental work has 
been undertaken to verify the soundness of the 
assumptions and calculations that appeared applic- 
able. In various technical papers much interesting 
information has been published both in regard to the 
designs themselves and the experimental methods 
by which the data required for them were obtained, 
and in our issue of November 30 last we gave a 
detailed account of the methods of manufacture 
employed in constructing the framework of the 
hull. For the most part the result of the experi- 
mental work has been to confirm the assumptions 
on which the designs were made, and though it has 
taken considerably longer than was hoped at the 
outset, the R.101 is now completely ready to 
take the air as soon as the weather allows it to be 
carried from its hangar and taken to the mooring 
tower. The chief deviation from the original 
design has been in the horsepower developed by the 
five Beardmore Diesel engines, which will now be 
585 h.p. each, as at the speed originally intended 
resonance effects were found in the shaft, which 
made it necessary to run them somewhat slower, 
and so make some reduction in the horse-power 
and the speed of the ship. At present, moreover, 
the development of a variable pitch propeller to 
enable all the engines to be reversed is not complete, 
and one of the power units is therefore arranged to 
go astern, so that for the time being the top speed 
of the ship will be 70 m.p.h. instead of 80 m.p.h., 
as it will be when more forward power is available. 
The separate trials of the five units under test | 
conditions simulating those of the air, have been 
entirely satisfactory. The trials which will now 
be begun will serve to verify the useful load the ship 
can carry and the actual fuel consumption. It 
appears probable that the combined weight of the 
engines and fuel will compare favourably with what 
would be required for a petrol-driven ship designed 
for the same time of flight (50 hours). Much has 
doubtless to be learnt before the place of airships in 
air practice can be estimated, and in the construction 
of the R.101 and the deliberation with which it has 
been worked out, the Air Ministry appears to have 
made an important step towards attaining the 
necessary knowledge. 








THE EILDON DAM FAILURE IN 
AUSTRALIA. 


An extraordinary failure of a reservoir dam, 
fortunately unaccompanied by any loss of life, 
is reported from Victoria, and has formed the 
subject of debate in the legislative assembly of 
that State. The dam was a rock-fill structure of 
considerable length, having a core wall of reinforced 
concrete which was backed by a thick wall of clay, 
for the most part 90 ft. high, and still more where 
it crossed the river bed. It is this clay that was 
immediately responsible for the accident, which 
illustrates yet once more the utterly disconcerting, 





impounded up to the crest of the spill-way is 
306,000 acre ft., but the plans provided for raising 
the crest level by 40 ft. at some later date. In this 
way the capacity of the reservoir would be increased 
to 700,000 acre ft. 

On April 20 last the rock filling on the upstream 
side subsided over a length of 1,200 ft., exposing 
the concrete core wall to a depth of 26 ft., and subsi- 
dence was still proceeding on May 30. This alarm- 
ing state of affairs led to the immediate appoint- 
ment of an expert committee of three to inquire 
into and report on the cause of the accident and 
to advise as to what steps should be taken to repair 
the structure and to secure, in the meantime, the 
safety of dwellers down-stream. The members of 








Matthews, M.Inst.C.E., described an experience of 


his own, in which a long trench, in boulder clay, was 
opened up overnight ready for laying a sewer next 
day. It was 3 ft. wide, and was heavily timbered 
from end to end, but in the morning it was found 
that the whole of the timber was broken, and the 
sides had come together, so as to reduce the width 
by 6 in. Other trenches also in boulder clay gave 
no trouble. Again, Mr. Basil Mott has stated that 
in constructing the Metropolitan Tube railways, the 
London clay was, in general, so firm that, if it 
could be protected from the air, great lengths of 
tunnel would require no lining, whilst elsewhere, a 
hole made by driving a bar into it would close up 
completely in the course of an hour. 

Although, as these instances show, the behaviour 
of clay may be very erratic, it may be suggested that 
at the Eildon weir, an earth bank on the upstream 
side would have been preferable to the rock fill 
actually used. Possibly suitable material was not 
available. Being less porous an earth bank affords 
better protection against the drying out of the clay 
during periods of low water. 

Probably the accident to the Eildon Weir is 
related to certain phenomena which have been 
investigated experimentally by Mr. A. 8S. E. 
Ackerman, Assoc.M.Inst.C.E. In one of his experi- 
ments, a sharp-edged disc was laid on a mass of wet 


TYPICAL CROSS-SECTION OF DAM BEFORE SUBSIDENCE. 
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the committee were Professor R. W. Chapman, of 
Adelaide University, Mr. H. H. Dare, of the New 
South Wales Water and Irrigation Commission, and 
Mr. E. Ritchie, water-supply engineer to the 
Melbourne and Metropolitan Board of Works. A 


| series of drill-holes sunk through the filling on the 
| upstream side disclosed the state of affairs repre- 


sented in Fig. 2. This shows that whilst the rock 
filling has subsided 26 ft., the clay wall, which was 
originally level with the concrete core wall, has 
sunk 51 ft., and in so sinking has pushed out the 
toe of the upstream bank 55 ft. The consequent 
back-thrust on the core wall has forced it out of 
plumb by, in two places, as much as 4 ft. 8 in. 
The result has been both vertical and horizontal 
cracks, four of the latter being found at a depth of 
40 ft. from top level, and there were also indica- 
tions of cracks near the bottom of the wall. An 
examination of the materials used, showed that 
these were excellent throughout, and the committee 
of inquiry accordingly attribute the failure entirely 
to the misbehaviour of the clay, which, however, 
they state appeared to be of good quality for its 
intended purpose. They remark that engineering 
knowledge as to the behaviour of clay in large 
masses is by no means profound and that no 
standard tests exist. Nevertheless, they add, no 
material has been used more extensively in dam 
construction, and its value has been demonstrated 
by long experience. 

In the debate in the legislative assembly, there 
was some tendency to attribute blame to the 
engineers, but not a few instances of clay behaving 
in unaccountable ways are on record. Thus, in 
our issue of November 14, 1924, Professor E. R. 
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clay and subjected to gradually-increasing loads. 
Whena certain critical pressure was attained, the disc 
started to sink, through the clay, and continued to 
move with no further increase of load. When the 
clay contained 29 per cent. of moisture, this “ pres- 
sure of fluidity ’’ was found to be about 0-547 tons 
per square foot, but fell to less than ,-ton per 
square foot when the moisture content reached 
38 per cent. With less moisture than 29 per cent., 
the critical pressure rose very rapidly as the dryness 
of the clay increased. 

In order to secure the safety of the Eildon Weir, 
the committee consider that it will be necessary to 
add material not only to make good the subsidence, 
but also to the down stream slope, about 350,000 
cubic yards being required in all. They recommend, 
further, that the spillway should be lengthened. 
This, as it stands, is 682 ft. long, but on one occasion, 
the flow over it has been 4 ft. 2 in. deep, and still 
heavier floods are possible. Other minor repairs 
and improvements are also suggested. The time 
for completing the work recommended is estimated 
at two years, and the cost as at least 250,000/. The 
committee advise that, pending further experience. 
no attempt should be made to heighten the dam. 








Tue InpusTRIAL APPLICATIONS oF TrN.—A body 
known as the Tin Industrial Applications Committee 
has been recently formed to co-operate with the British 
Non-Ferrous Metals Research Association in the 
investigation of the industrial adaptability of tin. 
Among other lines of research, it is intended to test 
processes for spraying the metal. Recent exper- 
ments go to show that pure tin sprayed upon 4& 
metal structure renders it proof against corrosion. 
If completely successful the process might be used on 
a wide industrial scale. 
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LITERATURE. 


A History of Mechanical I ti By A. P. Usuer. 
London. McGraw-Hill Publishing Co., Ltd. [Price 
25s. net.] 

INVENTION has been applied to food, clothing, 

dwellings, communication, transport, warfare, tor- 

ture, surgery, games, music, and a thousand things 
good or evil; and as Macaulay said, “Its law is 
progress. A point which yesterday was invisible is 
its goal to-day, and will be its starting point to- 
morrow.” To some extent our museums assist us 
in tracing development from age to age; we search 
continually in all parts of the world for memorials 
of the past and every calling and industry has its 
historian. Yet} much remains unknown. Every 
study, therefore, which increases our knowledge of 
invention, helps us to understand the process of 
invention or presents us with new views on the 
place of invention in history, is welcome, and 
engineers—all of whom are, or should be, inventors 
—will read with pleasure this history of mechanical 
invention written by Professor Usher, associate 
professor of Economics in Harvard University. 
Driven, in the course of his teaching, to the belief 
that a systematic study of technology is necessary, 
if the significance of technical innovation is to 
become an integral part of the historic analysis of 
economic phenomena, Professor Usher has given 
us within the compass of_a single volume a thought- 
ful and scholarly review of the place of technology 
in economic history; of the psychology of the 
process of innovation and of the history of certain 
branches of invention and engineering. Much of 
the historical material is, of course, to be found 
elsewhere, but Professor Usher has consulted the 
recognised authorities, and the result of his work 
is a textbook which for many years, we believe, 
will form the best available general introduction to 
the study of some of those great inventions which 
have changed the face of the world. Not too 
technical for the general reader, he will find its 
statements unbiassed, its criticisms suggestive, 
while its index and bibliography make it a valuable 
book of reference. The letterpress runs to nearly 

400 pages and there are about 150 illustrations. 
Within the limits of our space we can little more 

than indicate the scope of Professor Usher’s survey, 

but we would first call attention to the chapter 
in which he deals with the process of mechanical 
invention, analysing the mental activities which 
are called into play in the act of innovation. He 
distinguishes between the process of invention and 
the process of discovery; traces the interdepen- 
dence of individual inventions upon each other and 
differentiates between those inventions which 
involve highly novel synthesis and those which 
exhibit extensive critical revision. Though, as he 
says, in nearly all cases the experience of the inven- 
tive individual is richer than usual along the lines 
of his special interests there have been many excep- 
tions to the rule. Following this chapter come those 
dealing with the early history of the pure and 
applied mechanical sciences and with the mechanical 
equipment of pre-Christian antiquity. Of the nine 
succeeding chapters two are devoted to clocks and 
watches, one to Leonardo da Vinci, whose scientific 
and mechanical work was as notable as his work in 
the realm of art, one each to the history of printing, 
the textile industries up to 1800, and to machine 
tools and quantity production, and three chapters 
treating of power obtained from animals, water, 
wind, steam and oil. A limitation in the range of 
subjects was obviously necessary and therefore the 
student must turn elsewhere for the history of 
agricultural implements, mining machinery, metal- 
lurgical processes, firearms and ordnance, electrical 
instruments and the like. Every industry provides 
ample material for a volume on invention but little 
fault can be found with Professor Usher’s choice. 

Of the subjects Professor Usher deals with, 
we propose to touch upon but two: time-keepers 
and power production. We have selected these 
because clocks and watches are the most widely 
used mechanisms of precision, while power is of 
universal application. In clocks and watches we 
see a most remarkably ingenious adaptation of means 
to an end ;,one combining the fruits of invention, 
discovery and fine workmanship. It was clock and 
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watch making which led to a development of the 
lathe, the drill and the wheel cutter, and the methods 
of the clockmaker have been applied to a thousand 
intruments familiar to the engineer. Power pro- 
duction, on the other hand, gave birth to mechanical 
engineering. In water-wheels and windmills is 
seen some of the finest work of the old millwright, 
while it was the steam engine which led to the 
invention of the boring and planing machines, the 
working of masses of metal and the introduction 
into machinery of the accuracy of the clockmaker. 
Both in early power plants and in time-keepers, 
toothed gearing is found, and as Professor Usher 
says, “the early history of power machinery 
centres around the development of the geared 
grinding mill. The refinement of mechanical design 
and the complete facility in the use of geared wheels 
centres around the invention and perfection of 
mechanical clocks and watches.” 

Though the history of clocks is more adequately 
documented than any phase of mechanical de- 
velopment during the middle ages, events down 
to 1300 have been misunderstood and difficulties 
have grown out of the confusion between water 
clocks and mechanical clocks. The mechanical 
elements of the early clocks with geared wheels 
had long been known, but the history of mechani- 
cal clocks begins with the invention of an escape- 
ment to regulate the falling of a weight. 
The earliest drawing of such a contrivance dates 
from about 1250, but there is no clock movement 
whose general characteristics are known till 1344. 
Professor Usher gives a list of the early clocks and 
then goes on to trace the history of the foliot 
balance and verge escapement, the introduction of 
the spring for driving and the invention of the 
stackfreed, the fusee, the balance wheel and spring, 
the use of the pendulum, the invention of many 
forms of escapement and the construction of the 
marine chronometer, which has been so ably reviewed 
by Lieut.-Commander R. T. Gould. 

Professor Usher’s study of inventions connected 
with power production is divided into three sections, 
the first treating of the development of water 
wheels and windmills from 150 pB.c. to a.p. 1500, 
the second reviewing the prime movers of the 
sixteenth century and the development of the 
atmospheric engine and the reciprocating steam 
engine, while the third is a short sketch of the 
history of hydraulic and steam turbines and the 
central power station. The early history of water 
wheels and windmills is difficult to unravel, but 
the first application of these was to the grinding 
of grain, after which they were used for fulling 
cloth, for crushing woad and tan bark, and in the 
fourteenth century we see the first power-driven 
saw mill. The introduction of the steam 
engine was bound up with the demand for power 
for pumping from mines and for water supply for 
cities. At the beginning of the sixteenth century 
the known modes of raising water were scarcely 
different from those known to Hero of Alexandria. 
The invention of the atmospheric beam engine, 
says Professor Usher, “was the greatest single act 
of synthesis in the history of the steam engine, and 
must be regarded as one of the primary or strategic 
inventions. The important work of Watt and his 
contemporaries was critical rather than synthetic 
and though new devices had to be invented they 
are, after all, improvements of the Newcomen 
machine, which can scarcely be rated as greater 
inventive achievements.” Just as in the history 
of the steam engine, Professor Usher lays stress on 
the invention of Newcomen, so in his chapter on 
the production and distribution of power since 
1832 does he emphasise the perfection of the turbine 
water wheel by Fourneyron. Fourneyron was a 
student under Burdin at St. Etienne in the years 
1817-19, and we are reminded that the name 
“turbine” was first used by Burdin in 1824-25. 
Fourneyron began active work on the turbine in 
1823 ; by 1827 he had produced a small turbine 
of about 6 h.p., and in 1832 a 50 h.p. wheel. This 
turbine was at Fraisans (Doubs). Another wheel 
set up at St. Blasien in the Black Forest worked 
under a head of 354 ft. and though only 1-8 ft. in 
diameter developed 40 h.p. No hydraulic motor 
had hitherto been capable of developing so much 
power under such diverse conditions. From the 


hydraulic turbines of Fourneyron, Girard, Jonval, 
Thomson, Francis, the author turns to the steam 
turbines of de Laval, and Parsons, and concludes 
his interesting book with an all too short sketch 
of the development of the electric generating 
station and the internal combustion engine. 





Stores Accounts and Stores Control. By J. H. Burton. 
Sir Isaac Pitman and Sons, Limited, Parker-street, 
Kingsway, London, W.C.2. [Price 5s, net.] 

THE ordering, receipt, checking, storage, and 
issue of the goods necessary in manufacture and 
in the upkeep of a works, are questions of consider- 
able importance, slackness in any one of these 
carrying the seeds of serious troubles. In Stores 
Accounts and Stores Control, the author sets out 
to lay down what he considers is necessary from the 
accounting side. He states nothing new, nor 
anything which should not already be in operation 
in any works where the books are properly audited. 
At the same time, instances have been brought to 
light where, owing to the incomplete, unsatisfac- 
tory nature of stores records, dishonesty has been 
engendered and considerable financial loss incurred, 
and it is useful, perhaps, to have the routine set 
down for the guidance of people standing in need 
of such information. The object underlying all 
stores accounting should be to see that the material 
received, quality, quantity, and price, is as 
ordered ; that such material when issued, is charged 
to the appropriate accounts, and that the issues 
and the quantities remaining in stock, balance 
previous stocks plus purchases; that obsolete 
stock is either sold or written off, and that the book 
values represent, at stocktaking periods, actual 
market values. Most of these items are dealt with 
in the book, and forms are given illustrating the 
steps necessary to ensure those links being made 
which will enable the receipt, use, and expenditure, 
to be suitably recorded and checked. 

Among the questions discussed are weights vary- 
ing from invoiced quantities; the addition of a 
handling charge on stores issued ; and stocktaking— 
whether this latter should be continuous, by snap 
checks or at special periods, with or without the 
works being closed. The application of machinery 
to store accounting is dealt with, particulars of 
a number of machines being given. The book is 
well indexed, the letterpress being also interspersed 
with suitable sub-headings ; it contains 144 pages 
and is printed with easily read type. 





Cours d’Electricité Industrielle. Vol. 1: L’ Electricité 
dans la Science de VIngénieur. By A. DEFRETIN. 
Paris: Hermann et Cie. [Price 95 fr.] 

Txis book—Electricity in Engineering Science— 
is the first volume of a three-volume work entitled 
A Course of Industrial Electricity for Engineering 
Students, and deals with the properties of circuits, 
the characteristics of machines, and the generation 
and transformation of electrical energy. In the 
second and third volumes the subjects of distribu- 
tion and utilisation, telegraphy and telephony, 
transients, harmonics and transient phenomena, 
design and testing, and general rules for installation 
and maintenance, will be given. The book is 
addressed to students of industrial electrical engi- 
neering in technical colleges, and to engineers in 
practice who have to tackle the various problems 
involved in the installation and maintenance of 
electrical equipment. The work is based on the 
lectures given by the author at the Institut Industriel 
du Nord de la France, at Lille. 

The standard aimed at is high. Numerous 

examples are worked in the text, most of which 

have some industrial application. A feature of the 
introductory technological matter in Part I, which 
comprises nearly one-half of the book, is its compre- 
hensive treatment. No artificial distinction is made 
between direct- and alternating-current phenomena, 
such as is common practice in this country. For 
example, inductive and capacitive circuits are dealt 
with as a complete unity, whether direct, varying, 
pulsating or sinusoidal currents are concerned. Again, 
the subject of alternating-current power measure- 
ment is treated as an entity for pulsating, sinusoidal, 
two-phase, and three-phase currents. What is, 





perhaps, even more important, philosophically, 
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is the treatment of the induction of electro- 
motive forces from a fundamental standpoint, 
thereby emphasising the principles common to all 
types of dynamo-electric machinery. The modifica- 
tions and expressions suitable to the individual types 
(e.g., commutator and non-commutator windings) 
are then developed. This method of treatment is 
rather unusual, and yet so eminently rational that 
the result is attractive to the logical mind. For 
advanced students there seems no valid reason 
against this general treatment, but it is doubtful 
whether it is really simple enough for beginners. 
There is, however, something to be said for its 
wider use, since the average student, who is first 
introduced to self-induction in connection with 
direct-current working, has often to start again 
when the properties of alternating-current circuits 
are encountered. 

Part II, dealing with the characteristics of 
electrical machines, follows more usual lines. Space 
is devoted to alternating-current commutator motors 
as well as to batteries, boosters, and the more 
common machines, 

The illustrations are*simple and clear, but the 
book ends with a series of 66 indexed half-tone blocks 
illustrating parts of machines, views of works 
interiors, &c., many of which are of little value. 
The book can be recommended. 








EFFECT OF TEMPERATURES 
ATTAINED IN OVERHEAD ELEC- 
TRIC TRANSMISSION CABLES.* 


By A. v. ZEERLEDER, Dr.-Ing., and P. BourGEotrs, 
D.Se. 

As every specialist in the matter is aware, hard- ! 
drawn copper wire, after several years’ service in over- | 
head transmission lines, generally becomes soft, owing | 
to the Joule effect of the electric current, and to the 
effect of the solar heat absorbed by the cable. Cone 
sidering this important problem from a metallurgical 
point of view, it seems logical to assume that wires 
which have been cold-worked only—such as copper 
wires—will lose their mechanical qualities more easily 
than wires which, after cold-working, have undergone 
annealing—such, for example, as most of the light 
aluminium alloys, the annealing temperatures of which 
range generally between 100 deg. and 200 deg. C., and 
more particularly between 150 deg. and 170 deg. C. 
It seemed, therefore, interesting to determine the 
increase of temperature produced by current and solar 
heat in transmission cables of various materials, and to 
observe the variations of the mechanical properties 
occurring if the cables were exposed to the resulting 
relatively low temperatures for periods of several 
months. 

Measurements of the temperatures produced in 
cables which are exposed to the direct radiation of the 
sun, but with no electric current being passed through 
them, are stillin progress. Such a series of experiments 
has to be extended over a period of at least one year, in 
order that all possible conditions may be taken into 
account, but the results already obtained show clearly 
that the temperatures reached by copper cables are 
always higher than those reached by aluminium or 
aluminium-alloy cables, even if all the cables are new | 
and bright. The difference is increased after a certain | 
period of service, the surfaces of the copper cables | 
becoming black with the passage of time and absorbing | 
naturally more heat, according to their smaller reflec- | 
tiveness in comparison with that of the light metal | 
cables, the surfaces of which will always remain more | 
or less bright. In the present paper only the tem- | 
perature increases produced by the passage of a current 
of electricity will be considered. 

In order to obtain, for the measurement of these 
increases of temperature, conditions as similar as 
possible to those occurring in overhead transmission 
lines, cables of about 4 metres in length were stretched 
freely in undisturbed ai., and a direct current of 
determined intensity was passed until the temperature 
of the cables had become vonstant. The temperature 
was measured by means of thermocouples (copper- 
Constantan) fixed to the centre of each span of the 
cables, both in the core of the cable and also on its 
surface, with an asbestos string. This asbestos insu- 
lation had a thickness equal to the diameter of the 
cable; the temperatures determined on the surface 
did not differ, by more than about 7 deg. C. in any case, 
from those taken in the core of the cable. As a rule, the 
difference in temperature did not exceed 5 deg. C. 

Four typical materials were tested—copper, alu- 
minium, stee] aluminium, and “ wire alloy 3” or Aldrey. 





* Paper read before the Institute of Metals, Diisseldorf, 
Germany, on Wednesday, September 11, 1929. Abridged. 





The last-mentioned was taken as a typical aluminium 
alloy, owing to its increasing use for overhead trans- 
mission lines on the Continent.* In France a very 
similar alloy is produced under the designation of 
Almelec. Aldrey contains 0-4 per cent. magnesium, 
0-5 to 0-6 per cent. silicon, and less than 0-3 per cent. 
iron, the remainder being aluminium. After heat- 
treatment (quenching, cold-drawing, and annealing) it 
has the following properties (average values), measured 
on wires of from 2 to 3 mm. diam. (0-8 to 1-2 in.). 


Kg. per Tons per 
square square 
millimetre. inch, 
Tensile strength ck sie 33 21 
Yield stress (0-3 per cent. residual 
elongation) eee mae ant 29 18 
Elastic limit (0-03 per cent. per- 
manent elongation) a 22 14 
Modulus of elasticity ee ... 6,500 4,100 
Number of right-angle bends over 
10 mm, (0-4 in.) radius -. 8told 
Number of torsions, on length of 
10cm. ... oa os -- 10 to 12 
Coefficient of heat expansion 0 -000023 
m. 


Electric conductivity at 20 deg. C. 31 ———————— 
ohm sq. mm. 


Temperature coefficient of con- 
ductivity ... : 0: 0036 per deg. C. 
The resistance to atmospheric corrosion is equal to 

that of 99-3 per cent. pure aluminium. Table I 

contains some of the results obtained. It is evident 

that the different specific conductivities determine only 


TABLE 





figures are of no practical value whatsoever. In the 
course of years a transmission cable is liable. to be 
exposed, intermittently, but on the whole for thousands 
of hours, to a temperature which, in the usual, relatively 
short laboratory test, produces no alteration of the 
material, but which in course of time may nevertheless 
affect the mechanical properties of the cable. ; 

In order to elucidate this point and to get reliable 
figures, hard-drawn wires of copper, pure aluminium 
and Aldrey were exposed to relatively low temperatures 
for periods ranging over several months up to one year. 
It was found that copper and pure aluminium, if kept 
at 80 deg. C. for 41 days (1,000 hours), were completely 
annealed, whereas Aldrey was not in the least affected 
by temperatures up to 100 deg. C., even if applied for 
one year (8,760 hours). A marked diminution of the 
tensile strength could be observed only at temperatures 
of 120 deg. C. and over. To illustrate the practical 
conclusion which can be drawn from this result, there 
may be considered three cables of copper, aluminium, 
and Aldrey, respectively, each of 300 sq. mm. (0-456 
sq. in.) cross-section, stretched in an atmosphere of 
40 deg. to 50 deg. C. (the temperature of a hot summer 
day, measured in the sun), the current density being 
2 amperes per square millimetre on the aluminium and 
Aldrey cables, and 3 amperes per square millimetre 
on the copper cables, as the current density is always 
maintained about 60 per cent. higher on copper con- 
ductors than on light metal conductors, according to the 
difference in electrical conductivity. If the increase in 
temperature produced by the radiation of the sun be 
neglected, which increase, as already mentioned, would 


I.—TEMPERATURE INCREASES PRODUCED BY PASSAGE OF ELECTRIC CURRENT. 











Average Cross-Section - . c 
Number of Diameter of of Cables as Current Applied. Current Density. Increase ol 
Material. : “ Amperes per Temperature. 
Strands. the Wires. Measured. Amperes, Sq. Millimetres Deg. C 
Millimetres. Sq. Millimetres. Me P — 
Copper 19 | 2-51 94-0 145 1-54 7°5 
(1 + 6 + 12) | 250 2-66 24-5 
| 350 3-725 46-0 
| 525 5-58 107-0 
Pure aluminium =| 37 2-88 | 150-0 130 0-86 7:0 
(1 + 6 + 12 + 18) | 270 1-79 24-0 
| | 325 2°15 34-0 
400 2°65 51-0 
Steel-aluminium 7 + 30 2-695 214-5 145 0-675 5-0 
(1 + 6/ + 12 250 1-165 16-0 
+ 18) | 350 1-63 32-0 
| | 510 2-375 70-0 
Steel-aluminium 7+ 12 2-5625 99-85 130 1-31 15°5 
(1 + 6/ + 12) 270 2-72 61-0 
| 325 3°255 2-0 
| | 400 4-01 136-0 
| | | 
Aldrey .. | 61 2-8 | 376-0 237 0-63 6°5 
(1+ 6+ 12 | 310 0-847 11-0 
} +18+24) | | 400 1-064 17-0 
| | | 520 1-385 29-0 
| 720 1-915 57-0 
| | 
Aldrey ar 19 2-8 117-0 130 1-11 9-5 
| +6412) 270 2-30 36-0 
| | | 325 2°77 56-0 
| | 400 3°41 84-0 
' ! 








changes in the scale of the applied current densities, 
but do not alter the relation between cross-section 
and increase of temperature. The relative current 
densities to be applied to cables of the same cross- 
section, but of different materials, in order to give the 
same increase of temperature are (reckoned on the 
current density on an Aldrey cable) as follows :— 


Aldrey 1-00 
Copper 1-34 
Pure aluminium 1-03 
Steel-aluminium : 
20-2 per cent. steel 0-918 
37-8 oe a 0-844 


if, for example, the cross-section of a given cable be 
200 sq. mm. (0-31 sq. in.), then the current density 
which will produce a temperature rise of 50 deg. C. 
will be as follows in the case of certain cables :— 


Amperr 
per squae 
millimetres. 
Aldrey es sae gs wy. was SRO 
Copper wee oe oem oo. 3°00 
Pure aluminium ... mee see «we §=622°30 
Steel-aluminium : 
With 20 per cent. steel sas soe Sel 
40 ns ‘ 1-9 


” ” ” 


There is another question to be answered: To what 
temperature may cables be heated without ultimately 
losing their mechanical strength ? The temperatures 
at which the annealing of hard-drawn metals takes 
place after an exposure of several minutes or hours have 
already been determined, but in the present case these 


* At the beginning of this year Aldrey transmission 
lines, having a total length of 4,000 km. and weighing 
2,200 metric tons, were installed or projected in Switzer- 
land, Germany, France, Austria, Italy and Bulgaria. 





be greater in the case of the blackened copper cable 
than in that of a bright light-metal cable, the cables 
will be heated under these conditions to the following 
temperatures : 


Copper, 3 amperes per sq. millimetre 

(40 deg. to 50 deg.) + 63 deg. = 103 deg. to 113 deg. C. 
Aluminium, 2 amperes per square millimetre = _ 
(40 deg. to 50 deg.) + 46 deg. = 86 deg. to 96 deg. C. 
Aldrey, 2 amperes per square millimetre 7 

(40 deg. to 50 deg.) + 50 deg. = 90 deg. to 100 deg. ©, 
Copper, 2 amperes per square millimetre . 

(40 deg. to 50 deg.) + 30 deg. = 70 deg. to 80 deg. C. 


This means that copper and aluminium, in spite of 
their lower increases in temperature due to the current, 
are heated to a degree which will seriously diminish 
their tensile strength, whereas Aldrey, under the same 
conditions, remains absolutely unaffected. The copper 
cables will reach their annealing temperature even if 
loaded only with the same current density (2 amperes 
per square millimetre) as the light-metal cables. The 
lower electrical conductivity of the heat-treated alu- 
minium alloy as compared with copper is thus counter- 
balanced not only by the lower specific gravity of the 
light-metal alloy, which will allow the use of larger 
cross-sections of the cables, but also by the fact that it 
will support higher current densities without being 
annealed, provided that it has undergone previously an 
appropriate heat treatment, as is the case with Aldrey. 








PanaMa CANAL OPERATION.—August 14 last was Ue 
15th anniversary of the opening of the Panama caer. 
During the 15 years of operation, 54,021 commercial! 
vessels have passed through the canal, aggreyat ng 
237,603,786 net tons, and carrying a cargo totalling 
249,777,467 tons. Tolls amounting to nearly 224 million 
dollars have been levied. 
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PRISMATIC WINDOW GLASS. 


THE height of the new buildings, which are now 
becoming so prominent a feature of our large towns, 
though providing increased accommodation, imposes 
some disabilities on the owners of adjacent premises. 
This particularly applies to the supply of natural 
light, which may be interfered with to such an extent 
that the constant use of its artificial substitute is 
necessary, at least in the lower rooms of houses facing 
or abutting on the new structures. In fact, if the latter 
subtend an angle of more than 45 deg. from the 
windows on the other side of the road, a serious loss 
of daylight will result. This disability can be partially 
overcome by increasing the window area of the buildings 
affected. It does not, however, provide a complete 
solution, since the light still only penetrates a short 
distance into the room. 

A better way out of this difficulty, which is one that 
architects must face, seems to be provided by the use 
of prismatic glass, and we are therefore interested to 
learn that Messrs. Holophane, Limited, of Elverton- 
street, Westminster, London, S.W., have succeeded in 


Holophane 
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designing a glass of this type, which is intended for use in 
the natural lighting of such rooms as only receive their 
sunlight and skylight from restricted and high angles. 
We are informed that tests with this new glass, which 
have been conducted at the National Physical Labora- 
tory, show that it transmits 73 per cent. of the incident 
light from a restricted sky, subtending an angle of 
45 deg. from the vertical. Under similar conditions, 
polished plate transmits 77 per cent., while, what is 
known as 45-deg. prismatic does not let through more 
than 55 per cent. to 66 per cent. As regards refraction, 
it is found that the new glass alters the angle of maxi- 
mum illumination from approximately 35 deg. to 
between 55 deg. and 70 deg. from the vertical, with 
very little reduction in intensity, whereas with ordinary 
glass, the value of the latter falls considerably. This 
valuable property has been further increased by suit- 
ably curving one face of the prisms, so that the emergent 
rays are widely diffused, as shown in the accompanying 
figure. This enables the room to more evenly 
illuminated. A point of practical importance about 
the new glass, that may be mentioned, is that the 
prisms are spaced more widely apart than is usual, so 
that cleaning is facilitated. 

It may be added that, as the result of numerous 
experiments in the Department of Glass Technology 
of the University of Sheffield, and in their own research 
laboratories, the same firm have devised a glass which 
has good ultra-violet transmission properties, and at 
the same time is reasonably easy to manufacture in 
flat sheets, so that it can be used for window panes. 
This glass has been named Holviglass. 








THE Smnvan Dam, NEAR MELBOURNE, AUSTRALIA.— 
A dam which will augment the water supply of Melbourne 
by the storage of the surplus winter flow of the Upper 
Yarra and O’Shanassy Rivers and of the Coranderrk 
Creek, is being built at Silvan, a small township some 
32 miles from Melbourne. The work was commenced, 
three years ago, by the Melbourne and Metropolitan 
Board of Works, and is expected to be completed in 
1931, The earth dam, which has a concrete core of 
the cellular type, has a length of 2,100 ft., a height of 
140 ft., and a width at the base of 730 ft., and at the top 
of 20 ft. The storage capacity of the reservoir will be 
8,850 million gallons and the area of the water impounded 
will measure 803 acres. The dam will contain 1,700,000 
c. yds. of earthwork. Stone and timber are obtained 
locally. The estimated cost of the work is 800,000. A 
cableway, 200 ft. high and 2,000 ft. long, is employed 
for placing concrete in the core wall, while an aerial rope- 
way conveys sand and cement to the works site from 
Mount Evelyn, some 3} miles distant. The work is 
one-third finished. 





THE CERAMIC SOCIETY. 
REFRACTORY MATERIALS SECTION. 


Tue 2lst meeting of the Refractory Materials Section 
of the Ceramic Society was held on September 18 and 19, 
at the Midland Grand Hotel, London. The president 
of the Society, Mr. W. J. Gardner, occupied the chair. 


Dryine Cray Goons. 


The first paper was read by Mr. G. Lavelle, B.E. 
and was entitled “‘ Drying Clay Goods.” The author 
outlined the usual processes employed in drying wares, 
including the modern method in which conditioned air 
was used. The air was conditioned by being drawn 
through automatically controlled heaters and water 
sprays, and a great saving in fuel was made by the utili- 
sation of return air. Large quantities of heat were 
involved in the process of drying. The conditioned 
air supplied to the drier had to furnish sufficient heat to 
provide that which became latent in evaporation, and 
had to carry or sweep away quickly the saturated water 
vapour from the evaporating surface, so that further 
evaporation could occur. 

The rate of evaporation of moisture from different 
materials depended largely on : (1) The vapour pressure 
of the moisture in the material corresponding to its 
temperature. (2) The vapour pressure of the moisture 
in the air corresponding to its dew-point temperature. 
(3) The effective velocity of the air over the surface 
of the material. (4) The physical and chemical pro- 
perties of the material. The first two factors could be 
controlled by controlling the difference between the 
wet and dry bulb temperatures of the conditioned air. 
With reference to (3), the presence of still air retarded 
the rate of evaporation. If too dry air was used at first, 
evaporation occurred, and the latent heat of evapora- 
tion was taken largely from the material at the surface 
of which evaporation was taking place, the necessary 
heating being in this way retarded. The shrinkage 
period which came next was the most important period 
of the drying, for when it was over, there was no further 
risk of cracking, &c. The last period of drying could be 
carried on under the lowest humidity conditions obtain- 
able. Ordinarily, the moisture content of the material 
should be under 3 per cent. before the dried piece was 
fired. 

For all ceramic wares, the Thermotyme instrument was 
the only one which gave the same schedule for every 
run, irrespective of loading of the drier and varying 
temperature conditions outside the drier. This instru- 
ment embodied in one case two variable thermostats, 
one controlling the dry bulb temperature by means of 
admission of steam to the heaters, and the other the 
wet bulb temperature through a steam spray or other 
humidifying device. The control setting of these 
thermostats was continuously changed according to a 


‘ predetermined schedule, by means of cams driven by 


a clock. The cam action changed the setting of the 
thermostats automatically in a more accurate manner 
than could be done by hand, and was independent of the 
human element. The wet bulb was also regulated by an 
air lever motor operating the return air and fresh air 
dampers. Ware should be arranged so that the air 
was uniformly distributed throughout. 

Scientific drying—by means of conditioned air— 
dried ware in a much shorter time than “ natural” 
methods, The equipment dried in the same time, regu- 
larly, regardless of weather, season, or location. Every 
piece produced was of the best quality. 


Hor Patcurne. 


The next paper was by H. Pardoe, entitled ‘‘ Hot 
Patching.” It pointed out that bottle tightness 
of retorts—as also of other vessels—whether in the 
gas, zinc, or kindred industries, could only be assured if 
tightening up was possible when the plant was heated to 
working temperatures. The problem was met with in 
many industries, notably in coke ovens, gas and coke 
plants, glass, pottery, and metallurgical furnaces, 
especially where muffles were concerned and gas-tightness 
of the refractory dividing walls was essential. 

Hot patching and repairing refractory constructions 
needed (1) an effective method of application; and 
(2) hot patching materials. Methods included (a) 
spraying surfaces; (b) paddle or peel patching ; (c) air 
guns; and (d) detonator guns. Spraying surfaces of 
refractory walls periodically gave longer life to the 
construction, but, acting as a preventative, it could not 
properly be classed with hot patching. 

It was to be noted that a highly refractory material, 
working at a moderate temperature, became very 
hard on the face when treated with a wash of suitable 
material, such hardening not penetrating into the brick 
appreciably, but giving a case-hardening effect which 
rendered the surfaces almost immune from erosion. 

White-washing machines, with nozzles of various 
shapes, were tested with fair success, but the delivery 
tube and nozzle were easily fouled in the hot zones. 
With a spraying machine, combined with air pressure, 
it was found that fouling was avoided in a gun barrel 
holding both slurry and air, the latter being under 





about 20 lb. per inch pressure. A much shorter barrel 
could be used effectively in this way. 

Paddle or peel patching was comparatively easy with 
ordinary fireclay work, but the silica or high silicious 
materials now commonly used offered great difficulty, 
and could not be satisfactorily treated by this method. 

Air guns of two types had been used with success. 
One had its air chamber at the muzzle end of a long 
tube, with a spring and releasing device at the stock 
end, the piston being coupled by a rod to the spring. 
The slurry holder was attached to the air chamber, 
a bursting diaphragm separating the slurry from the 
air. On releasing the spring, the diaphragm was 
burst, and the slurry was forced at a pressure of about 
35 lb. per square inch into the cracks. This gun was 
serviceable, but too heavy for accurate operation 
at long lengths in a vertical position. The other 
air gun was a simple arrangement of tubes with a 
slurry holder and bursting diaphragm at the muzzle 
end of the tubes, the other end being coupled up to 
the air service main. On opening the air-cock the 
diaphragm burst and the slurry was projected into the 
cracks, the best results being obtained with a pressure 
of about 30 lb. per square inch. 

Detonator guns had received much attention, 
as they promised to give the most serviceable results. 
The first form tried was not easy to manipulate. 
The perfected design was a light but robust arrange- 
ment of action and cartridge extractor outside the 
retorts, whilst the barrel with its easily adjusted 
lengthening pieces, was connected with the slurry 
holder. Firing the blank cartridge caused the dia- 
phragm to burst, when the slurry was projected 
at a high velocity, causing it to penetrate into the 
joints to the full depth of the bricks. With spare 
nozzle pieces and slurry holders available, two or 
three shots per minute could be fired, and always on 
the target. 

Hot-patching materials should be characterised by : 
(a) Adhesion upon contact with hot surfaces. (b) A 
catalytic ingredient which would combine with the 
original material and form a bond at working heats, 
but with a long softening range. (c) A coarse-mesh 
ingredient pre-calcined in a proportion which produced 
a nearly constant degree of expansion of the whole. 
(d) A compounded whole which would not reduce the 
refractoriness of the original, but would reduce abrasion 
from the moving charge and the formation of slag 
on the refractory walls. (e) A mixture which would 
carry the least possible water content to give the 
desired plasticity, thus reducing the tendency to 
steam off or cause spalling. 

These conditions were found to be best met, among 
the various mixtures tested, by a compound of :— 


Fine silica sand (200 mesh and less) __.... 3 parts 
Pre-calcined bauxite grog (10 to 20 mesh) 2 ,, 


Powdered plate glass (100 mesh) .... 3 per cent. 
Powdered vegetable glue .... . ee the 
Lime ise ise o >) 


The presence of glue gave effective adhesion upon 
contact and held the cement in position until bricking 
was well advanced. The glass acted as a catalyst 
at about 1,150 deg. C., and the lime caused “‘ bricking ”’ 
of the patch. The final melting temperature was 
about 1,550 deg. C., and the original brickwork was 
not softened below that temperature. 

The above made a most effective ramming mixture, 
and was suitable for quite large repairs to full brick 
dimensions for cold patching. This material had also 
been tried successfully on a paddle, but application 
under pressure (of air) gave better results, The 
atomising of the slurry when air pressure was used 
for propelling the charge, gave a relatively even surface 
to the face of the walls. 


EFFICIENCY OF THE Rotary KILN. 


Dr. Geoffrey Martin presented a paper entitled 
‘* The Thermal Inefficiency of the Cement Rotary Kiln.” 
He discussed the question in the light of data collected 
by himself and others engaged in carrying out research, 
for the British Portland Cement Research Association 
which was founded in the war period and discontinued 
in 1925. From a study of these data it was inferred 
that: (1) An ideal kiln, subject to no losses of any 
kind, could produce 100 tons of cement clinker by the 
combustion of 6-36 tons of standard coal (12,600 
B.Th.U.’s per Ib.). The ordinary rotary kiln was 
supposed to do well in producing 100 tons of clinker 
for 28 tons of coal, and sometimes 40 tons of standard 
coal were used. Many shaft kilns worked on 18 tons 
of coal for 100 tons of clinker, and shaft kilns in general 
were much more economical in fuel than rotary kilns. 
Unfortunately the output of shaft kilns was much 
smaller relatively. 

(2) In an actual rotary kiln the practically observed 
flame temperature corresponded approximately with the 
theoretical output of clinker appertaining to that 
temperature. This meant that the gases had actually 
given up all their effective heat to the raw material. 
In most kilns the combustion gases travelled so quickly 
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that they escaped from the decarbonating zone at such 
a high temperature that much of their effective heat 
was not passed on to the raw material. 

(3) The higher the flame temperature of the com- 
bustion gases, the greater the clinker output per pound 
of coal burnt. 

The author concluded with the observation that the 
practical applications of these facts were so bound up 
with various patents and confidential information 
that he would only say that any British manufacturer 
of to-day who worked with a fuel consumption of more 
than 22 tons of standard coal per 100 tons of clinker 
produced should be thoroughly ashamed of himself. 


WrirE-WounD FuRNACEs. 


The next communication was a paper by Dr. C. 
Sykes, entitled ‘‘ Note on Molybdenum Wire-Wound 
Furnaces.” This included a brief description of electric 
furnaces designed by the author for metallurgical work. 
The furnaces might be operated horizontally or verti- 
cally. The life was very long when operated with 
due care. They compared very favourably with the 
nichrome furnace in regard to reliability. 


THE MICROSTRUCTURE OF BRICKS. 


This was followed by J. M. Coon’s paper on “ The 
Microstructure of Some Wes? of England Silica Bricks.” 
In this paper an account was given of the author’s in- 
vestigations of bricks, made from materials derived from 
kaolinisation or decomposition of granite rocks, either 
alone or mixed with quartz sand. The manufacturing 
process was described briefly. The change of quartz 
into tridymite, and to a much smaller extent, into 
cristobalite, as well as the formation of mullite, were 
remarkably well shown by the microphotographs. 
The bricks described were mostly used locally in china 
clay kiln fireplates. Within adjacent districts they 
were also in demand for gas retort settings, foundry 
cupolas, etc. 

GROG AND SHRINKAGE, 

The last paper read was by S. R. Hind, B.Sc., and 
F. Wheeler, on “‘ The Effect of Non-Plastics (Grog) on 
the Shrinkage and Porosity of Fireclay in the Unfired 
State.” This important paper contains a vast quantity 
of tabulated data, with many illustrative graphs, and 
little more than bare summary of the results can be 
given here. It was emphasised that the essential 
relationships were dependent on the relative volumes of 
clay, grog, and water present in the body. Linear 
measurements of contraction, carried out in the usual 
way, were useless for systematic study and might lead 
to error in practical application. The ultimate (dry) 
porosity of a plastic clay made up to various initial 
consistencies was not affected seriously by such varia- 
tion. Decrease in the size of grog in 30 per cent. 
mixtures was found to increase the ultimate porosity 
slightly, and the amount of tempering water to a more 
serious extent. The increase in tempering water was 
found to be consistent with the postulate that the 
volume of additional water was proportional to the 
square root of the surface factor. The ultimate (dry) 
porosity of mixtures with a porous and with a non- 
porous grog, throughout the whole range of possible 
mixtures, was investigated. With non-porous grog the 
porosity decreased in a linear manner, with increasing 
grog-content, up to 60 per cent., after which it increased 
up to that given by the packing density of the dry grog 
alone. The same critical point occurred at 60 per 
cent. grog with porous grog, but the decrease in 
porosity was slight. The increase after this point, 
however, was rather greater than in the case of non- 
porous grog. The porosities with both types of grog, 
in proportions of 60 per cent. and over, were approxi- 
mately proportional to the percentage of grog present 
and pe by the packing-density of the pure 
grog. The apparent specific gravities of the same 
mixtures reflected the same features but less definitely. 

A new method of plotting contraction data was shown 
and explained. From such a graph the linear con- 
traction, for any percentage of grog and initial con- 
sistency, might be read off directly. It was shown how 
the decreasing tempering water required with higher 
proportions of grog entirely obscured the fact that 
contraction increases with grog-content if the percentage 
of tempering water was maintained constant. The 
volume-contraction of mixtures of ordinary working 
consistency was found to be proportional to the per- 
centage of clay present. Konarzewski’s results confirmed 
this, and indicated that there was no systematic differ- 
ence in this respect between mixtures made with wet 
or with dry grog. The shrinkage-drying curves were 
examined in detail, and showed that the presence of 
grog arrested the contraction of the clay at an earlier 
point, giving an increased porosity between the grog- 
particles, even though the porosity of the mixture as a 
whole might show a decrease. A moderate allowance 
of time for maturing, followed, by re-mixing, apparently 
assured that porous grog becomes substantially satu- 
rated. The data indicated that the clay particles did 
not penetrate into the pores of a porous grog, and that 
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It followed that the drying of pieces made with porous 
grog would be safer, on account of lower moisture- 
gradients consequent on the earlier penetration of air 
into the ware. 








CEeLoTExX BuILpDING MatTeriaL.—A building material 
made from bagasse (sugar-cane) fibres woven into large 
sheets, and named Celotex, has been placed on the 
market by The Celotex Company of Great Britain, 
Limited, 323-6, Australia House, Strand, London, W.C.2. 
It is stated to be equivalent to cork for insulating pur- 
poses, to eliminate condensation and dampness, and 
to deaden sound. It is odourless and is claimed to be 
rot and vermin proof. The material is rigid, will not 
split, and is easy to handle. Moreover, it is very light, 
its weight being approximately 60 lb. per 100 sq. ft. 
Celotex can be nailed, screwed, sawn and may be plastered 
= distempered or papered. The material can 

used as a base for rough cast or cement finish in 
external walls or as a plaster base for internal walls or 
ceilings. Used under carpets or linoleum it deadens 
noises and imparts resilience to the floor. It is supplied 
in widths of 3 ft. and 4 ft., in, thick and in lengths 
varying from 8 ft. to 14 ft. The wholesale distributors 
for England, Wales, and Ireland are Messrs. The Mer- 
chant Trading Company, Limited, 52, Bishopsgate, 
London, E.C.2, and, for Scotland, Messrs. William Beard- 
more and Company, Limited, Parkhead Steel Works, 





Glasgow, E. 
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mixtures containing porous grog would take appreciably | 
longer to dry than where non-porous grog was used. | which should greatly facilitate the making of ohmic and 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Notre.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “ fine foreign” and ‘standard’ metal respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 
plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. ~The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 


Middlesbrough prices are plotted 


THe Recorp BripGeE OHMMETER.—An instrument 


insulation resistance measurements in the field has 
recently been placed on the market by Messrs. the Record 
Electrical Company, Limited, of Broadheath, Manchester. 
This consists of an ohmmeter and generator combined 
with a Wheatstone bridge, all of which are contained in 
one case. The range of the ohmmeter is from 10,000 
ohms to infinity, while resistances between 0-1 and 
999,900 ohms can be determined by the bridge. The 
source of current in each case is a hand-operated 500-volt 
generator, which is fitted with a clutch to ensure that a 
constant pressure is supplied, Insulation testing is 
carried out in the usual way by turning the generator 
handle and noting the scale deflections, while the neces- 
sary changes in the bridge resistances are made by 
turning knurled discs, the indications being given by 
figures which are visible through small windows in the 
top of the box containing the equipment. To convert 
the instrument from insulation to resistance testing it is 
only necessary to operate a switch, while simplicity in 
working is further obtained by the fact that only two 
terminals are required. The case of this ohmmeter 1s 
of teak, and the dial and glass are protected by a strong 
metal cover, The carrying strap can be used as & 
handle or as a shoulder-strap when it is uncoiled. The 
generator handle is of novel design, which enables it to 
be folded flat when it is not in use. The internal resis- 
tances which form part of the bridge are mounted on 
rubber feet. Its total weight is 124 lb. and it measures 
11 in. by 9 in. by 7 in., so that it is easily and conve- 
niently portable. 
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60-80 H.P. AIRLESS-INJECTION OIL ENGINE. 


GLENIFFER MOTORS, LIMITED, ENGINEERS, GLASGOW. 


CONSTRUCTED BY 
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THE GLENIFFER AIRLESS-INJECTION 
HEAVY OIL ENGINE. 


Amone the new heavy oil engines which were on 
view at the recent Shipping, Engineering and Machinery 
Exhibition at Olympia was an interesting example 
shown by Messrs. Gleniffer Motors, Limited, of 
Anniesland, Glasgow, W.3. The particular engine 
shown was the middle one of a range of three sizes, that 
is, a four-cylinder engine on the four-stroke cycle, 
developing 60 h.p. to 80 h.p., the otber sizes being 
respectively a three-cylinder engine developing 45 h.p. 
to 60 h.p., and a six-cylinder one of 90 h.p. to 120 h.p. 
The four-cylinder engine is illustrated by Figs. 1 to 3 
annexed. The major characteristic features of the 


given in Fig. 1, particularly the arrangement of the 
inlet and exhaust valves which face each other on 
opposite sides of the combustion chamber. This latter 
is contained in the cylinder head and has the atomiser 
in the centre at its top. Piston clearance at the top | 
of the stroke is reduced to a minimum and the piston 
is made with a spigot-like projection which enters the | 
combustion chamber for a considerable distance. | 
The sudden reduction of capacity caused by the 
projection entering the chamber when the piston 
nears the top of the stroke ensures a very satisfactory 
degree of turbulence at the moment of entry of the 
fuel, and, as there is very little air left in the clearance 
space combustion takes place with a completeness and 
efficiency which are attested by the low fuel consump- 
tion of 0-43 Ib. of oil per brake horse-power per hour, 
using Diesel fuel oil of 0-89 specific gravity. The 
performance of the engine, for its cylinder dimensions 
and speed is, therefore, high. The cylinders in all 
three sizes of engine are 6 in. in diameter by 7 in. 
stroke, and the speed is from 700 r.p.m. to 900 r.p.m. 

_ The exhaust valve is seen on the left of Fig. 1, 
immediately above the camshaft from which it is 
operated through a curved rocking lever. The inlet 
valve, on the right-hand side, is carried in a with- 
drawable cage seating. It is operated by a pull rod 
from a rocking lever on the outer side of the camshaft. 
Adjustment for clearance is provided by screws on the 
rocking lever ends, which are readily accessible. 
Both valves are of chromium steel with stream-lined 
heads and are interchangeable. The camshaft runs 
submerged in oil, as will be clear from the form of 
its casing shown in the figure. Access to the valves is 
gained by removing the inlet valve and its cage as a 
unit, the exhaust valve being withdrawn through the 
Oritice left. by removal of the cage, no water connections, 


design are clearly brought out in the cross-section | 
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Looking FoRwARD. 


Fie. 3. Enp View: 


exhaust manifold or other parts thus needing to be 
disturbed. The fuel injection valve on the top of the 
cylinder head is held in place by two studs and will 
also be seen to be easily withdrawable. Each cylinder 
has a separate head attached by high tensile steel 
studs to the upper part of the crank case. The heads 
are water-jacketed. 

The timing gear is situated at the forward end of 
the crankshaft, where the flywheel is also mounted, 
the object of this arrangement being to free the cam 
shaft drive from the disturbing effect which torsional 
oscillation of the crank shaft would be likely to set 
up if the drive were taken from the after end of it. 
The driving gear, which employs chain transmission, is 
enclosed in the case seen at the left of Fig. 2, the fuel 
pump shaft being visible in front of the engine. A 
sprocket wheel, 5} in. in diameter, is fixed to the 
crankshaft. Over this passes a } in. pitch duplex 
roller chain 1$ in. wide, to an automatic tensioning 
sprocket, also 5} in. diameter. It is then carried 
over the fuel pump driving sprocket, and the camshaft 
sprocket, both 104 in. diameter, and back to the 
crankshaft. As the automatic tensioning sprocket 
takes up any extension in the chain, due to wear, 
silent operation is ensured throughout the life of 
the chain. 

The fuel pumps unit is seen in the centre of Fig. 2, 





Fie. 2. Marine Type ENGINE wItH REVERSE GEAR. 


with a centrifugal type governor to the right of it. 
There is a separate pump to each cylinder, operated 
by the chain-driven shaft previously mentioned 
through small tappets provided with rollers. The 
supply of fuel to the atomisers is regulated by rotation 
of the pump plungers, which have a spiral recess cut 
on their surface. A corresponding port in the pump 
body is opened to a greater or less degree as the 
plunger is rotated, and the period of injection is thus 
varied as required. Rotation of the plungers is 
effected by the governor, the speed of which can be 
varied, in marine engines, by the gear seen, led up 
to the reversing control wheel, in Fig. 2. It will be 
appreciated that the example illustrated is a marine 
engine from the presence of this reversing gear at the 
after end. The governing speed of the engine in this 
marine type can be varied down to 25 per cent. of full 
speed, and it is claimed that when the governor is 
set for any particular speed it is able to maintain the 
engine at that speed whether running in forward or 
reverse gear, or in neutral. The reverse gear is totally 
enclosed, and runs in an oil bath. It is of the com- 
pany’s patented design, which dispenses with any 
gears whatever in the forward drive, a large diameter 
cone clutch only being employed. The reverse drive 
is effected by bevel wheels and both forward and astern 
speeds of rotation are identical. Control is by the 
large handwheel seen in Fig. 2. A large ball bearing 
is incorporated in the casing to take the propeller 
thrust, the engagement of the clutches being positive 
and not dependent upon this thrust. If required, a 
double helical single reduction gear, giving a 2 to 1 
reduction with an efficiency of 98 per cent., can be 
attached to the after end of the reverse gear casing. 
Turning now to the other end of the engine in Fig. 2, 
it will be noticed that the periphery of the flywheel is 
cut with gear teeth. These mesh with a pinion having 
a clutch device to render it automatic in disengaging. 








The gear connects with a small four-cylinder motor 
which starts the engine and is operated by compressed 
air. When the engine has been started by the motor, 
and has attained a suitable speed, the fuel pumps 
are put into action. Firing being fully established, 
the motor is automatically cut out. The air receiver 
is charged from one of the cylinders of the engine, 
to which a leak-off valve is fitted. During the opera- 
tion of charging the receiver no fuel is supplied to this 
cylinder, and pure compressed air drawn through the 
inlet valve is thus supplied. When the desired pressure 
has been obtained in the receiver, the leak-off valve 
is closed, and the fuel injection restored to the cycle. 
The lubricating pumps are also situated at the 
forward end of the engine, as shown in Fig. 2, and 
are driven off the fuel pump shaft. The dry sump 
system of pressure feed is employed, and the pump is 
of the oscillating positive plunger type without valves. 
It delivers oil through a relief valve to the main 
bearings, the oil first passing through an Auto-Klean 
strainer. This has its diaphragms very closely spaced, 
and its cleaning is effected by turning a handle several 
times. A reference to Fig. 1 will show an oil ductin the 
casting at the bottom of the crankcase. From this, 





drilled holes carry the oil to the main bearings, so that 
internal distribution pipes are eliminated. The oil, 
after passing the main bearings, reaches the big ends 
of the connecting rods, and, thence, the gudgeon 
pin bearings. From the relief valve of the pump 
a supply of oil is delivered to maintain the level in 
the cam casings at a constant height, and also to the 
timing drive chain, the oil in both cases flowing back 
to the crankcase. This oil finds its way to a separate 
reservoir at the after end of the engine, to which it 
is delivered from the crankcase by a separate scavenge 
pump. The force pump draws its supply from the 
reservoir, and the arrangement is noteworthy as 
eliminating the necessity for a large sump below the 
crankcase, so facilitating the fitting of the engine to 
a boat. Further, if the engine is installed on a rake, 
the lubrication system is not affected. The oil passes 
through a cooler between the reservoir and the force 
pump. In the stationary type of engine a sump is 
bolted to the bottom of the crankcase, from which 
the force pump draws its supply. 

The cooling water system also differs according to 
whether the engine is of the marine or stationary pat- 
tern. In the first named a double-acting plunger 
type water circulating pump is fitted, which delivers 
sea water into the cylinder water jackets, from which 
it passes to the cylinder heads, and thence to the 
exhaust manifold jacket by the external pipes seen in 
Fig. 3. The exhaust gases are delivered with the 
cooling water through the Gleniffer water injection 
silencer, and both are then discharged overboard. 
In stationary engines a similar pump may also be 
used, but if tank or radiator cooling is preferred a 
centrifugal pump with a larger flow of water is required. 
In this case a dry silencer is fitted. A bilge pump, 
identical in design with the circulating pump and 
controlled independently by a small handle, can be 
fitted to the marine type if desired. The construction 
of the engine as regards the crankcase and moving 
parts can be readily made out from Fig. 1, but atten- 
tion may be drawn to the cylinder liners. These are 
of centrifugally cast-iron, and present a very hard 
wearing surface. They can readily be withdrawn 
by removal of the cylinder heads and pistons only. 
In conclusion, it may be mentioned that the company 
state that the new features of the engine are covered 
by a number of patent applications. 








THE TENSILE AUTOGENOUS HEAL- 
ING OF PORTLAND CEMENT MIX- 
TURES.* 


By Hersert J. GILKey. 


THE status of compressive autogenous healing was 
rather fully outlined in a former paper on the subiect.f 
Other somewhat incidental reports of similar observa- 
tions were given in a prior publication. Apparently 
no mention of the phenomenon of direct tensile healing 
of fully severed parts is made in technical publica- 
tions other than the reports by the present authort 
on parts of the work of which this paper is a record. 
Since the strength of concrete is largely due to bond 
or adhesion between particles, it is evident that strength 
may be manifested as compressive, tensile, or shearing 
resistance to load. Thus, if there is compressive or 
flexural healing, obviously there must be tensile 
healing. The first attempt to verify this gave a 
negative result as mentioned in the previous paper, 
but all of the later tests, some of which this paper 
records, amply demonstrate the reality of tensile self- 
healing. 

In all compressive strength manifestations, direct 
normal bearing and internal friction, or sliding bond, 
join with the direct adhesion to develop a relatively 
high resistance for a very slight adhesive increment. 
In tension tests the adhesion is practically unaided, 
and in this respect the tension test is a much fairer 
measure of that which gives strength to the concrete 
or mortar. As would be expected, then, the percen- 
tage of tensile strength recovery should be much less 
than that in compression, and this expectation is 
supported by the tests. Like the former investigation, 
the autogenous healing results are really by-products 
of other projects. In ali cases the specimens were 
standard briquettes, such a3 are specified in the standard 
tests for cement. Broken briquette halves that were 
usually thrown away were saved for healing tests. 

The healing is evidently due to fresh crystalline 
growth resulting from the resumed or continued normal 
curing processes rather than to any redeposition of 








* Paper read before the American Society for Testing 
Materials at its Atlantic City meeting, June 24 to 28, 1929. 
Abridged. 

+ H. J. Gilkey, ‘‘ The Autogenous Healing of Concrete 
and Mortars.” Proceedings, Am. Soc. Testing Mats., 
vol. xxvi, Part II, page 470 (1926). 

t Discussion of ort of Committee C-1 on Cement, 
Proceedings, Am. oc. Testing Mats., vol. xxviii, 
Part I, pages 304-305 (1928). 
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soluble salts, as was suggested in the former paper. 
All of these tests were on Portland-cement mortars, 
but the conclusions reached are applicable by analogy 
to concrete, since the size of aggregate is the sole 
difference between the two. This is a non-relevant 
factor so far as the nature of the action is concerned. 
The tests include many representative brands of 
Portland cement and preliminary tests not here recorded 
included several local natural sands, both fine and 
coarse, but all passing the No. 4 sieve. These were 
creek sands with rounded particles of many different 
compositions, but with quartz grains predominating 
A great many of the tests were with standard Ottawa 
sand of the No. 20 to No. 30 size. Sand mortars were 
in the proportion 1:3 by weight, except for one 
extensive series which included mortars ranging from 
the neat cement to 1 : 5 cement-Ottawa-sand mixtures. 
These mixtures covered a wide range of consistency, 
extending from the very wet to the unworkably dry, 
for most of the proportions. 

As mentioned, all specimens were standard tensile 
briquettes made in the regular moulds with a cross- 
sectional area of 1 sq. in. Standard procedure was 
followed in making, storing, and testing until after the 
original, or initial, breaking. All tests were made on 
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extent, as if they had never dried out, when refitted 
and re-immersed in water for three months. Healing 
itself never occurs in the absence of moisture, but a 
period of dryness seems to be only one of suspended 
healing activity, which parallels the general curing 
phenomenon. 

Other miscellaneous observations for which no data 
are included are :— 

(1) Natural sand briquettes of a 1: 2-5 mix by weight, 
water-cement ratio 0-70, initially broken at 27 months, 
gave re-test strengths of from 1 lb. to 3 lb., 12 days 
later. Moreover, some of these old specimens were 
definitely stuck together (as described below), although 
all had been separated and weighed less than nine 
months before. 

(2) Stacks of briquettes (especially neat ones on 
account of the very smooth surfaces) often adhere so 
firmly that the top briquette will lift several others, 
and a screwdriver or other sharp-edged tool may be 
necessary to separate them. The healed areas that 
were in contact exhibit the same dull texture and 
crystal faces as are observed on the interior of a 
healed specimen after re-test. It is not essential that 
the specimens in the stack be of the same cement. 

(3) Two-inch by four-inch cylinders stored side by 
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circle dpoints which are only approximate locations). 


strength. In general only the 


a 2,009-lb. hand-operated, Riehlé lever, briquette- | 
testing machine. After each breaking, the two parts | 
were refitted as perfectly as possible and a rubber band | 
(in a few cases a thread was used) was snapped around 
the specimen, which was re-immersed in water and | 
left undisturbed until the next test. The size of | 
rubber bands was varied, and rubber bands were also | 
compared with tightly stretched threads in some of the 
early series. These seemed to be irrelevant variables | 
so long as the fitting was perfect enough and the | 
pressure was sufficient to keep the halves in close | 
contact during the healing period. 

To check the redeposition theory, one preliminary | 
series was divided after the first breaking and alternate 
specimens were stored in stagnant water in which 
many specimens had cured, and which was therefore | 
heavily charged with calcium hydroxide. The others 
were re-stored in a large tank in which the water was 
kept fresh by a constant inlet and an overflow. The 
circulation was slow but continuous. Healing to 
about the same individual maximum amounts occurred 
under both storages. The number of specimens was 
too few to furnish any proper basis for a quantitative 
conclusion, but the important point is that healing did 
take place in both environments, and it does not appear, 
therefore, that the condition of the water can be rated 
as a major factor. None of the data of these tests 
appear in this paper. 

Another preliminary observation which is mainly of 
qualitative significance was the fact that specimens, 
the halves of which remained separated for 9-5 months 
in dry air on a shelf over a radiator (hot much of the 
time) healed to what appeared to be about the same 
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Each plotted point represents the mean of from three to six tests (except 


Each re-test point represents an individual re-test 
3 highest re-tests are shown. 


side have adhered along the element of tangency so 
firmly that one would lift the other. 

In re-testing, the specimen was carefully picked up 
and pulled slightly by hand. Sometimes there was 
no healing, in which case the halves separated as 
soon as the band was removed. In other cases there 
was only a slight sticking, and the load was recorded 
The lower grip on the testing machine 
weighs about 3 lb. If the specimen pulled apart as 
the weight of the grip came on it, the load was recorded 
as 3 —. If it fell apart after carrying the weight of the 


| grip, but before additional measurable load had been 


applied, the load was recorded as 3 or 3+. Loads 
were applied slowly and continuously to failure. 
Loads above 3 Ib. are test loads as read on the beam of 
the machine. ; 
The curves given in Figs. ] and 2 record the numerical 
data. There are certain general observations that 
supply needed background for the more correct evalu:- 
tion of what is to follow. Generally speaking, the 
healed area was easily recognised after the specimen 
was pulled apart. The fracture was always coincident 
with that from the original test, since the recovery 
never approximated the strength of the unbroken 
material. The parts that had healed were dull and 
moist in colour, except for many of the neat cement 
specimens, which showed distinct crystalline struciure 
and many bright crystal faces. Those most in evidence 
to the naked eye were rectangular and were about twice 
as long as wide. The longest were possibly Z; in., or 
a trifle more, in length. All parts of the area that 
did not heal were covered with the shiny water film of 
any wetted surface. Healing was never observed (° 
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be present over an entire fractured area. The outside} broken halves are matched. Misplaced sand grains, 
margin for } in., or so, rarely, if ever, gave any evidence | &c., make the ‘“‘crack variable” one that is often 
of healing. Often 50 per cent. or more of the surface | present but difficult to evaluate. 2. The entire area 
showed healing. Sometimes there were separated | does not heal. The outer margin appears to be immune, 
healed areas, but more often these areas appeared to be| and the mending, or crystal growth, seems to start at 
contiguous. | some jnterior point or points from which it probably 

Healing never occurred across a crack of appre-| spreads. Just what factors may determine the area 
ciable width, and a misplaced sand grain precluded | to be healed is not now apparent. The “ crack variable” 
healing except over a very limited territory. On| mentioned above is doubtless the most important 
the other hand, it was not necessary that the halves| single one but there are probably others as well. 
should be perfectly matched laterally. Smoothly | 3. Eccentricity of resistance. As has been pointed 


fractured, neat cement specimens were apparently | out, the healing usually occurs in the interior, but it is 
pe Pp y | 


unaffected by lateral displacement of 4 in. or more. 


and percentages (in terms of 28-day strength) above. 
For a given water-cement ratio, in general, only the 
three highest re-test strengths are plotted, regardless 
of the mixture. No systematic healing relationship 
is in evidence from Fig. 1. Fig. 2 shows a more or less 
crudely defined healing law. While the actual strength 
at the first re-test decreases somewhat as the strength 
at original test becomes less (mixture leaner or wetter, or 
else too dry) the percentage healing increases. That is, 
the weaker mixtures or specimens recover a Jess amount 
but a relatively higher percentage of their initial 
strengths. Such action is not very positively indicated. 


not necessarily at the centre of the cross-section. Thus| In Fig. 2 the mixtures on the dry side of workability 


This is more clearly evidenced by the tenacity with | the load, and the area that resists load, are not co-linear| are starred to facilitate comparison on the basis of 


which stacks of briquettes often cling to one another in | and the stress induced is a combination of direct stress 
a curing tank, as was previously mentioned. There | and bending which causes a progressive tearing failure 


was never any evidence of the disappearance of a| with a lower maximum load carried. 


crack. It was often possible to refit the halves so| Onaccount of these three uncertain factors, companion 
perfectly that a crack was scarcely visible; but there | specimens subjected to identical treatments are unlikely 
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Strength Recovery at Six Months Compared with Average Strengths at Original Test (28 days). Mixtures 
are arranged in order of average 28-day strength at original test. 
All plotted points are individual tests or retests. ‘The numbers in the circles indicate the strongest, next 
strongest, &c., of group at original test. Average curve is shown for original 28-day tests. Only upper 
points are connected for retest curves. Maximum strength mixtures are interpolated from Fig. 1. Starred 
values are below those for maximum strength (too dry for good workability. ) 


was no indication that the crack was less visible at # | toshow agreement with one another in healing strengths 
later date. Moreover, the apparent absence of healing | attained. It therefore appears that average healing 
around the outer margin seems to indicate no crack | performance is less significant than individual. More- 
closure, and that ‘‘ redeposition of soluble salts ”’ does | over, all the recognised disturbing factors are such as 
not explain the healing action. to reduce the healed strength, and it therefore seems 
In all of the work devoted to attempts to evaluate | logical to focus the attention upon the strongest of the 
the extent of recovery or self-healing there have been | re-tests of a companion group, and to weigh rather 
present certain intangible, and apparently insur- | lightly the average or weaker results. This presup- 
mountable difficulties. Thus in connection with the | poses, of course, that the major objective is to ascertain 
compressive autogenous healing, previously cited, it | just what degree of healing is possible under normally 
was impossible to appraise the initial damage with any | favourable conditions. Even when the highest re-test 
degree of precision. Therefore the reference datum | strengths are considered, it is safe to assume that they 
was probably the most indeterminate factor present. | are below what they might have been had the unfavour- 
Tn tensile healing this difficulty is completely overcome. | able factors been present to a still less degree. 
Every test completely severed the briquette, and the | 





Discussion oF Test Data. 


No. 4 was the most searching of the several series of 
tests conducted. This series was from one cement 
used neat or with from one to five parts by weight 
of standard Ottawa sand (No. 20 to No. 30 grading). 
Consistencies were varied from the very fluid to the 
unworkably stiff for the different cement and sand 
combinations. Figs.1 and 2 apply to this series. 
Fig. 1 shows the 28-day tensile strength—water-cement 
ratio curves and the actual recovery at 6 months below, 


Specimen starts healing from a state of zero residual 
tensile strength. There are present, nevertheless, at 
least three factors which are probably disturbing enough 
to make it impossible to establish any satisfying quanti- 
tative laws; certainly such laws are not yet apparent. 
Perhaps a different approach or an improved technique 
may yet enable someone to bridge the gap. Qualita- 
tively a great deal of a definite nature has been learned. 

The three difficult variables alluded to are: 1. The 
efiect of perfection or imperfection of fit when the 


workable mixtures only, if preferred. Probable mean 
maximum strength mixtures for each sand-cement ratio 
are interpolated from Fig. 1. 

While neither of the figures deals with re-tests other 
than the first, the numerical detail records will bear 
study. These show, for instance, that even at the 
fifth breaking (fourth re-test) a specimen as lean as 
1: 4-5 gave a strength of over 10 lb. after having shown 
no strength at the fourth breaking, and 26 |b. at the 
first retest. This specimen was the weakest of three 
companion specimens at original 28-day test, but was 
the strongest at the first and fourth retests, which 
only serves to illustrate the difficulty encountered in 
attempting to generalise from the re-test data. 
Generally speaking the first re-test strengths are 
greatest for the specimens initially broken at 3 days, 
and they follow the order of 3, 7, 28 days and 3 months, 
the maximum values being 221, 163, 57 and 33 Ib., 
respectively. For the 1 : 3 mixtures, the corresponding 
maximum re-test strengths are 143, 53, 27 and 4 Ib., 
respectively. In attempting to draw conclusions one 
finds two factors in either or both of which the explana- 
tion may lie : 

(1) The younger the specimen at initial test the 
greater the expected healing. Some of the earlier 
test data of other series do not bear this out. A few 
7-day initial breaks developed less retest strength 
than those initially tested at 28 days. In spite of 
this lack of complete accordance it seems that this 
explanation is a reasonable one and must account 
for some of the extra strength recovery of the 3 and 
7-day specimens as compared with the 28-day and 
3-months initial tests. 

(2) It also seems reasonable to assume that the time 
available for curing should be an important factor. 
It is apparent that the older specimens were greatly 
handicapped on the matter of time, since the 3-day 
specimens had nearly 3-5 months for recovery while 
the 3-months’ specimens had but two weeks. On the 
other hand, an extra three or six months between the 
second and third re-test (third and fourth breaking) does 
not appear to add much to the extent of recovery. 
Explanation of the Healing Action.— As was mentioned 
above, the healed area was easily recognised by the dull 
moist colour in contrast with the shiny water film on 
unhealed areas and also by visible fractured crystal 
faces. Mr. Russell D. George, Head of the Department 
of Geology, University of Colorado, very kindly under- 
took the task of identifying this visible crystal structure 
and in doing so he has probably supplied the explana- 
tion of the healing phenomenon. 

Mr. George identified three main constituents, 
namely :-— 

(1) Calcium silicate, which was the most important 
of the three. The shape of these crystals was not 
determined. While in some of the specimens it was 
not possible to determine whether this was in the mono-, 
di-, or tricalcium form, one of the pieces, under high 
magnification, showed very clearly that this was pro- 
bably the tricalcium silicate as described by Le Chate- 
lier. The crystals were cubical in form with an occa- 
sional truncation of the cube angle. There were also 
some very much elongated needle-like crystals with 











well-defined side terminations at approximately right 
angles, which had interior and exterior angles of 
approximately 135 and 45 deg., respectively. Thece 
were probably also a variation of the tricalcium silicate 
crystals. 

(2) Hydrates of calcium were second in importance. 
The crystals, as viewed through the microscope, 
showed many protruding corners, having the charac- 
teristic 120-deg. face angles. These crystals are 
hexagonal in outline and quite small. 

(3) Calcite was present in two forms. It was in 
small quantities and easily separable. The readily 
visible rectangular-shaped crystal outlines, mentioned 
earlier, were the large rhombohedral calcite crystals. 
Under high magnification there were also apparent 
very distinct scalenohedral crystals. The total quan- 
tity of calcite seemed to be less than that of the other 
constituents. 

There seemed to be no calcium aluminate present. 
The supply of crystals available on the few specimens 
that were analysed was limited and quantitative 








analyses were not made. In all observed cases the 
fracture passed across the crystals rather than around 









them; that is, the crystals fractured instead of pulling 
out. The specimens analysed were ones that had healed 
and rehealed, and had had about 15 months of total 
curing. They had been broken three or four times dur- 
ing this period. Six to nine months had elapsed 
between the last two breakings. After the last breaking 
they had not been replaced in the water, but had been 
exposed to dry air for about 8 months prior to analysing. 
The exposure to dry air probably had no effect beyond 
a possible slight surface oxidation. Analyses after 
breaks at different curing ages would doubtless show 
varying proportions of the several constituents. These 
probably also vary with cements and with different 
curing combinations. 

From the foregoing it seems evident that the main 
healing action is largely a resumption or continuation 
of the regular setting or hardening processes. It is 
evident that healing will occur under essentially the 
same conditions as normal curing, namely, in the 
presence of moisture at ordinary temperatures. 

The delayed chemical processes probably arise from 
two causes :— 

(1) Cement under favourable curing conditions is 
active (that is, the curing processes are not completed) 
for at least ten years, and probably much longer. These 
uncompleted reactions cati occur across a crack, and 
adhesions result. The fact that no calcium aluminates 
were found is in line with this deduction, since the 
aluminates complete their activity, or function, in the 
setting process at a very early age (usually within 24 
hours). 

(2) The coarser particles of the cement are doubtless 
much slower to hydrate than are the finer ones, and these 
coarse particles conceivably form a reserve supply of 
unhydrated material that is available for the repair of 
damage, or that will add to the later strength. This 
deduction is quite in line with the recognised fact that 
finer grinding accelerates the rate of strength gain. 
It would also seem to indicate that the ultimate strength 
should not be greatly influenced by fine grinding unless 
a more favourable dispersion or distribution of cement 
particles was attained thereby, or unless the favourable 
curing environment was terminated before the coarse 
particles had responded. 

If the foregoing deductions are correct, it would 
appear that analyses made on specimens initially 
broken and later re-tested at different ages should 
show different proportions of the respective healing 
constituents. Early breaks might even show some 
alumina present, from the coarser cement particles, at 
least. 

The investigation covered 
ance of 32 brands of cement. These cements have 
been thoroughly analysed. Might it not be possible for 
some well-equipped laboratory to compare these 
results with the chemical and mechanical analyses of 
the different cements, te see if there appears to be any 
correlation between healing and chemical composition 
or between healing and fineness? It is true that the 
“crack, healed area, and eccentricity variables” are 
still present as disturbing factors. Moreover, it is 
apparent that the ordinary No. 200 sieve analysis is 
probably a poor criterion for judging fineness in its 
relation to rate of set or healing. The active particles 
are probably much finer than those that will just pass 
the No. 200 sieve, so that one cement might all pass 
and be relatively coarse, while another might have a 
considerable residue on the sieve and still be a much 
finer cement except for the residue. Thus, if these 
32 brands of cement were not investigated with the 
air analyser or other more discriminating device than 
the No. 200 sieve, it might not be possible to obtain 
any comparison of value. Among the 32 cements of 
the Committee C-1 investigation* there was great 
divergence in the rate of strength gain with age. If 
adequate fineness data were available, in addition to the 
chemical analyses, which were made, it appears possible 
that much of a very basic nature might be brought out 
by a search conducted along these lines. 

Possible Applications, &c.—In no case did tensile 
healing attain in magnitude the full strength at initial 
test. If compared with the strength that an unbroken 
specimen would have attained at the age of re-test 
(which is, after all, the logical comparison), it must be 
recognised that direct tensile healing will, in all cases, 
be rather small. Thus, a heeled tensile crack can never 
be expected to resist as much stress as that which 
caused it. In spite of this fact, there are many instances 
in which tensile autogenous healing can be expected to 
be of practical value. Suppose, for example, that 
concrete piling develops cracks in the process of handling 
or driving. Once in place, the cracks are tightly closed 
and the sort of stress that damaged the piles is no 
longer present. Moisture is available for curing. The 
cracks may be expected to heal, the reinforcement will 
be ag og protected, and the resultant damage is 
likely to be nil. On the other hand, cracks that 
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occurred in a building exposed to dry air could not be 
expected to heal. In the case of pavements, dams, 
and many other types of structure, the autogenous 
healing will often serve as a reserve strength factor not 
heretofore recognised. 

A typical case of a curious form of cracking often 
apparent in sidewalks was examined. Parts of these 
cracks were filled with a dark-coloured hard bead 
that sealed it entirely. Evidently this hard bead 
is a growth that occurred after the crack formed. 
Analyses of the filling material showed it to be calcium 
carbonate diluted with about 5 per cent. of dirt 
Evidently calcium hydrate was brought from within 
the concrete by moisture. The carbon dioxide of the 
air combined to form the carbonate. Mr. George made 
the analysis. His results fully agree with those of the 
Portland Cement Association. The beads are very 
shallow. The action is evidently not an autogenous 
healing of the sort previously described. 

That the contents of this paper be of direct practical 
application is probably not so essential as that it should 
contribute something that is new to current concrete 
knowledge. It is hoped that, in some slight degree, 
this may have been done. 


CONCLUSIONS. 


(1) Tensile autogenous healing occurs for the same 
general curing conditions as does initial strength gain, 
that is, in the presence of moisture and moderate 
temperature. It does not occur in a dry specimen. 

(2) It occurs for either standard Ottawa or natural 
sands and probably for all Portland cements. 

(3) Mixtures as lean as 1: 5 parts standard sand by 
weight showed healing to as great a percentage of 
initial strength, as did the richer mixtures. This was 
the leanest mixture tried. 

(4) Healing occurred for mixtures varying from the 
very dry to the very wet (water-cement ratios from 
0-20 to 1-20 for sand-cement mortars). 

(5) Healing occurred for all ages of initial breakage 
from 3 days to 2} years. 

(6) As many as six tests (five re-tests) have been made 
on many specimens, and measurable strengths were 
found for some at the last test. 

(7) The strength, in general, is less for each succeeding 
test, and the initial strength is rarely approached in 
tensile healing tests. 

(8) Specimens left in dry air for months are inert, 
but healing will resume upon reimmersion. 

(9) Distinct crystalline structure is visible in many 
of the re-test breaks. The crystals have been identified 
as calcium silicate, calcium hydrate, and calcium 
carbonate. Only the rhombohedral calcite, crystals are 
large enough to be readily visible to the naked eye. 

(10) Healing seems to extend from the centre 


outward, and never reaches nearer than about } in. | 


from the outer edge. It does not appear to be a 
redeposition of soluble salts across the cracks, as has 
been occasionally suggested as the reason for compres- 
sive healing. 

(11) Whether the water is running or still, and 
carrying many curing specimens for the volume of the 
water, seems to have no major qualitative effect upon 
the healing. (Tentative.) 

(12) Rich mixtures heal more than lean ones, but 
the average percentage healing in terms of original 
strength is not far different for the two of them. It 
is slightly higher for the lean mixture. (See also 
No. 3.) 


(13) The strongest specimen at initial test does not | 
necessarily prove to be the one giving the greatest 


re-test strength. 

(14) The probable explanation of healing is that it 
is a continuation of processes not yet completed 
on account of (a) natural slowness of the calcium silicate 
to react fully; (b) slowness of hydration of large 
particles that are in the vicinity of the fracture. 

(15) Several have noticed and mentioned compres- 
sive, flexural and bond healings. This is probably the 


first experimentation and record of tensile healing. | 


All are, of course, but different manifestations of the 
one healing phenomenon. 

(16) The evidence set forth may have little of a 
practical nature just now, but it is felt that it may be 
found of value in connection with the general study of 


cement and the setting process. Moreover, while not | 


of apparent major importance, a knowledge of auto- 


genous healing and the conditions under which it may ' 
be expected to occur has a number of possible applica- | 


tions. 
remedying of overstrain and hair cracking. Small 


cracks from driving concrete piling, for example, | 
could be expected to heal in moist soil sufficiently to | 


rotect the reinforcement and not impair usefulness 


rom the standpoints of strength and durability. Some | 


sidewalk cracking may have a healing aspect. 

(17) While the general conditions, under which 
healing will or will not occur, have been found with 
fair certainty, no quantitative healing law has been 
discovered. 


It may prove important in connection with the | 


PINHOLES IN CAST ALUMINIUM 
ALLOYS.* 
By N. F. Bupaen, Ph.D., M.Sc. 


Prynotes, or “speckled metal,” are the small, 
| variously shaped cavities, which sometimes look like 
| black specks and are frequently seen in aluminium 
| alloy sand-castings; they may vary in size from 
| 2; to } in. or more in diameter. The principal objec- 
| tions to them are that they signify unsoundness with 
|concomitant weakness and often lead to porosity 
| of castings, which may be required in service to with- 
| stand pressure. They do not generally appear on 
| ‘as-cast’ surfaces, except sometimes on the surface 
| of metal cast in open moulds, but are only revealed 
| by either machining or polishing. Pinholes are generally 
|non-apparent in gravity and in pressure die-castings,; 
| but appear principally in thick sections of sand-castings. 
|The manner of their appearance and disappearance in 
casting practice is often rather inexplicable and in- 
consistent, and the object of these notes is to provide 
a clearer conception of the problem as the result of 
considerable observation of the phenomenon. Some 
of the ordinary commercial casting alloys undoubtedly 
exhibit more profuse pinholing than others. Visual 
examination of many cut, polished, machined, and 
etched sections gives the impression that the order 
of unsoundness in this respect, of alloys cast under 
identical conditions is something as follows: Y alloy 
(most pinholes) (4 per cent. Cu, 2 per cent. Ni, 14 
per cent. Mg). 2L8 and 3L11 alloys (12 per cent. 
and 8 per cent. copper) 2L5 alloy (13 per cent. 
zinc, 3 per cent. copper). Aluminium-silicon alloy (9 to 
14 per cent. silicon). Pure aluminium. 

This discussion is confined to consideration of pinholes 
in the above series, which practically covers the range 
of commercially useful alloys employed in England. 

Casual examination might give the impression that 
all pinholes are alike in size and in form, but closer 
study shows that this is not the case. Pinholes vary 
in form and in extent in the different alloys and in 
the same alloy under different treatment, but, generally 
speaking, they are similar in size and in form in the 
same alloy cast under identical conditions. Pinholes 
in Y alloy usually appear to be more rounded than 
those in 3L11 and 2L8, while those in the silicon 
alloys are also generally rounded and sometimes 
considerably larger than in any other alloy. Sometimes 
the internal voids are uniformly distributed throughout 
the block of alloy, and at others are formed into aggre- 
gates which result in one large cavity at about the 
centre of the block. This phenomenon occurs more 
generally in the case of the silicon alloys. In pure 
aluminium, pinholes are not so often seen as in 
alloys of aluminium. The aluminium-silicon alloys are 
| peculiar in that, under certain conditions of casting, 
|they may exhibit pronounced pinholing, while under 
| other conditions they are pinhole free, a feature which 
| will be discussed later. 

For the purpose of this investigation, blocks of alloy 
3 in. diameter by 3 in. deep have been examined. 
These were cast in skin dried, open-sand-moulds by 
simultaneously tilting the crucible and the mould, 
| with the crucible lip right against the mould opening, 
| so as to introduce no further variables in the form of 
| turbulence or unnecessary exposure of the molten metal 
|to air while pouring. As the mould was 3 in. deep 

and open at the top there was, of course, no form of 

‘riser and no feeding was attempted. All blocks were 
poured as nearly as possible under identical condi- 
tions.t 

The Causes of Pinholes.—It is now fairly well estab- 
lished that pinholes are principally due to gas evolution 
at solidification. The author is of the opinion, however, 
| that shrinkage at solidification may also play some 

part, but as the experimental evidence in support: of 
| this theory is at present inconclusive, its discussion 
| will be delayed until a later date. However carefully 
'the best virgin metals are treated during melting. 
| it is noticeable that in sand-castings of the ordinary 





_aluminium-copper alloys made from them, of which 
8L11 and 2L8 are typical, when sections are 1 in. 
|or more in thickness or when thinner sections are 
_joined by heavy parts or risers, unless routine foundry 
precautions are taken to prevent it, some pinholing 
invariably occurs to a greater or less extent. Similarly, 
blocks of the size previously described cast in 3L11 
alloy made from good virgin aluminium§ only once 
melted by most careful methods to avoid as far as 
| possible gas absorption, &c., still show some few 


* Paper read before the Institute of Metals, at 
Diisseldorf, Germany, on Wednesday, September 11, 
1929. Abridged. ; 

+ Holes may often be seen in pressure die-castings, but 
| these cannot properly be described as pinholes. an 
|  t Except where otherwise stated, the aluminium 
| employed throughout these experiments was virgin 
| notched-bar of analytical purity 99-5 per cent. aluminium 
| by difference, and the copper was electrolytic cathodes. 
§ And a 50: 50 copper-aluminium hardener alloy. 
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the minute bubbles were unable to escape to the | 
surface, but remained entrapped. It is believed that 
the latter portion constitutes a considerable proportion 
of the gas liberated. That a certain amount of gas 
does escape from a still molten alloy during cooling | and so forms the pinholes there. 
is evidenced by the fact that bubbles can frequently| Effect of the Ingot Aluminium.—The question is 
be seen to break upon the surface. This phenomenon |sometimes asked whether the various grades of 
is much increased if the alloy be maintained in a | aluminium notched-bars are gas-free, or whether they 





rapidly. In the latter case the pinholes are smaller, 
more numerous, and more widely dispersed. It is 
conceivable that gas escapes to eutectie areas, which 
are the last points to solidify in 3L11 and 2L8 alloys, 


pinholes, though very small ones. When the blocks are 
larger (9 in. X 9 in. diameter) the pinholes are larger 
and more numerous. In a 4 per cent. copper alloy 
it is remarkable that pinholes do not generally appear ; 
— such an alloy freezes with a considerable surface 
sink. 

Formation of Pinholes by Gas Evolution.—The 
importance of the influence of dissolved or occluded 





gases in metals and alloys has long been recognised 
as capable of affecting their properties. Hence this 
subject has been investigated by many authorities, 
among whom is Sieverts, whose work is probably the 
most important. A later and very masterly con- 
tribution has been made by Iwasé, who, by precise 
measurements, has ascertained the exact volumes of 


various common gases actually taken up by weighted | 


amounts of some of the commoner metals over a range 
of temperatures. Such work definitely shows that 
gases are absorbed by metals, and generally in quantity 
increasing with rise of temperature of the metal. In 
particular, the work of Iwasé and others shows that 
the amounts of various gases taken up by aluminium 
definitely increases with increase of temperature of 
the molten metal, and it is now also fairly well estab- 
lished that, as less gas is soluble at lower temperatures, 
cooling of molten aluminium or alloy causes a certain 
expulsion of gas, in amount depending upon a number 
of factors, of which the principal is the extent and rate 
of cooling. 

There are obviously various factors which operate 





Fie. 9. 3L11 AtLoy SOLIDIFIED IN THE CRUCIBLE 


In Vacuum. 


to cause the contamination of aluminium by gases, 
and once the gases are taken up they do not readily 
come out again, in such a manner as to leave the 
aluminium gas-free, without some step being taken to 
remove them. The following are some of the factors 
which probably influence the extent of pinholing caused 
by evolution of gas at solidification :— 

Quality of original aluminium ingot. 

Melting and pouring temperature and time main- 

tained molten. 

Melting fuel and melting furnace. 

Rate of solidification. 

Turbulent pouring. 

Quality and quantity of alloying elements present. 

Present knowledge points to the fact that the 
principal gases involved are nitrogen, hydrogen, and 
carbon monoxide, and, according to Iwasé, 100 gm. of 
aluminium are capable of taking up 12 c.c. of nitrogen 
at 700 deg. C.,and 17-3 ¢.c. at 900 deg. C. The occlu- 
sion of gases by metals is generally considered to be a 
phenomenon of absorption without change of composi- 
tion of the gases, and also without formation of any 
chemical compounds, and this is what happens in 
the case of aluminium and aluminium alloys. 

The view is held by some that hydrogen may go 
into solid solution in pure aluminium, leaving such 
metal sound, but on the introduction of gas-free 
copper is displaced with the formation of pinholes. 
Now, as the temperature of an alloy of aluminium 
falls, the liberation of gases occurs not only at the 
freezing temperature, but also in part as the metal 
or alloy cools from the liquid state to the freezing 
temperature. All such gas naturally escapes, since 
the bubbles which form can rise to the surface and 
break there, but the gas which makes itself evident 
in the form of pinholes is that expelled at or near the 
solidification range when the alloy was so pasty that 








vacuum when considerable disturbances of the molten 
surface is discernible, due to the breaking of gas 
bubbles. 

If the ordinary 3L11, 2L5, 2L24, 2L8 alloys and 
12 per cent. silicon-aluminium alloy are allowed 
to solidify in a crucible in vacuum, and are then 
sectioned, the appearance is somewhat as shown 
in Fig. 9 annexed, clearly demonstrating the fact 
that the alloys contained gas which was enabled 
to expand when the air pressure was reduced. The 
test blocks of pure aluminium examined did not 
show holes when subjected to this treatment. This 
principle might be of valuable practical application 
for the removal of gases, but the main objection to it 
is that a large proportion of the gas is liberated at or 
near the solidification range, when the alloy is so 
pasty that the bubbles which form are unable to rise 
and burst at the surface. When the spongy solid 
block is remelted, much of the gas may be reabsorbed. 
The reverse of this principle has also been demonstrated 
by the author to hold good, namely, that gassy alloy 
allowed to solidify under considerable pressure is 





Fig. 23. 3-IN. 


remarkably free from pinholes, due partly to com- 
pression of the gas into smaller compass, and partly 
to more of it becoming dissolved at the higher 
pressure. 

One rather interesting fact is noticeable, namely, 
that the less pinholes there are in a block of alloy 
from whatever cause, whether scavenging,* vacuum 
treatment, chill-casting, or low pouring temperature, 
the more pronounced is the sink on the top surface 
of the block, which suggests that there must be a 
close connection between these two effects. 

Size, Shape, and Dispersion of Pinholes.—The size 
and shape of pinholes has been mentioned above. 
Those found in 3L11 melted under ideal conditions 
are merely little intercrystalline slits, grooves, or 
crevices, the reason for the form of which is not quite 
clear. It appears possible that they may be due to 
concentration of liquid contraction in eutectic areas 
and at crystal boundaries, but of this there is not yet 
proof. Otherwise these very small pinholes must be 
due, as the larger certainly are, to gas evolution 
at solidification. There is no doubt, however, that 
subjection of a very carefully-melted alloy, which 
would only show the small pinhole cracks, to conditions 
favouring gas apsorption results in these flat or lenticular 
pockets becoming to some extent inflated, whereby they 
naturaily assume a more or less spherical shape, so that 
sections cut through them are circular. The pinholes 
in badly gassed alloy are always far more rounded 
than those in alloy practically free from gas. It is 
noticeable that the dispersion of pinholes appears to 
be connected with the crystal size, and that alloy 
at a high temperature poured into a hot mould gives 
fewer but larger pinholes than are seen in alloy which 
is poured at a low temperature and cooled relatively 





* Such as by chlorine, 








have an influence upon the extent to which pinholing 
occurs in sand-cast alloys. The virgin metals supplied 
by the principal producers are very fairly gas-free, 
but there is no doubt that some of the aluminium 
sold by secondary metal producers, and made from 
fine spinnings, shavings, and foil, may contain 
substantial quantities of gas, a point which, of course, 
does not show up in the analysis on which the metal 
is purchased. However, because pinholes are observed 
in a sand-casting of aluminium, it is not necessarily 
correct to assume that the aluminium ingot was bad 
until an inquiry has first been made into the history 
of the manufacture of the castings themselves, 

Both grades of notched-bar may appear equally 
satisfactory from the point of view of composition 
as revealed by analysis. Under bending tests, however, 
the two grades would be shown to be dissimilar, 
the gassed metal breaking more readily than the 
ungassed metal, possibly not so much on account of 
gas content as of the inclusion of other impurities, 
such as oxide, which may become entrained* at the 
same time as the gas is absorbed, and for the same 





x 3 In. Incot or 12 PER CENT. 
Sinicon ALUMINIUM, SHOWING SHRINK CAVITY. 


reason, namely, undue exposure while molten. An 
interesting point in connection with the brittleness 
of notched-bars might be mentioned here. Bars are 
commonly cast in two distinct forms, known as the 
“notch” and the “inverted notch.” Now the 
ordinary notch-bar is often spoken of as more cold- 
short than the inverted notch, but the reason for this 
is at once apparent. The most structurally unsound 
part of an ingot of metal is known to be at the top, 
where the effects of piping and any dross or gas 
expulsion become commonly concentrated. In the 
ordinary notch these undesirable properties (from the 
point of view of the bend test) are concentrated at 
the part of the bar which will take up the bending 
when the bar is tested, while in the inverted notch-bar 
the narrow constrictions are the most structurally 
and metallurgically sound part of the bar, being 
completely die-cast, all sections of equal thickness, and 
free from any foreign matter or piping effect. There 
is little wonder, therefore, that the inverted notched-bar 
often bends so much better than the ordinary notched- 
bar, and, as a matter of fact, metal from the same pot 
cast into bars of the two shapes fully bears out these 
statements. 

The Effect of Melting and Pouring Temperature, and 
Time Maintained Molten.—The effects of these factors 
might be deduced from what has already been said 
as to the solubility of gases in molten aluminium 
alloys, increasing as the temperature is raised and as 
the time maintained moltent is longer. There is no 
doubt that it is when in the molten state that the 





* Not dissolved. . 

+ Except under such conditions as are mentioned 
in the section headed Effect of Rate of Solidification, 
where maintenance molten with the temperature slowly 
falling results in the release of gases. 
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gases, which are afterwards revealed as pinhole® 
are taken up by alloys, and so for their prevention 
this is the stage which must be most carefully 
controlled. It is, however, probably a fact that 
whatever care is taken to secure low-melting tem- 
peratures and the shortest period for the metal to 
remain molten, some gas is almost always dissolved 
and liberated again on freezing. 

In illustration of the effect of melting temperature, 
two melts of 3L11 were sand-cast, the one at 
640 deg. C. and the other at 1,000 deg. C.; otherwise 
conditions were identical. This experiment showed 
clearly that the higher the pouring temperature the 
more and the larger are the pinholes. This is partly 
due to gas absorption through exposure to high tem- 
perature, and partly the result of the slower cooling 
which results from this higher pouring temperature, 
and consequent exhaustion of the thermal capacity of 
the mould giving coarser crystalline structure. An 
alloy of 3LL1 cast under the same conditions as 
the previous blocks, but maintained at 850 deg. C. 
for one hour, gave still more and larger pinholes. 
Similarly, frequent remelting of the same alloy gives 
the opportunity for gas absorption, and results in 
larger and more numerous pinholes. 

The Effect of Melting Fuel and Melting Vessel.— 
There are obvious possibilities for contamination of 
aluminium alloys by the melting fuel and melting 
vessel, and these factors are not without their effect 
upon the extent of pinholing, although so far little 
information has been published upon the subject. 
For example, 3L11 aluminium alloy, melted in a 
3-cwt. capacity gas-fired reverberatory furnace, appeared 
much more pinholed than that melted in an oil-fired 
furnace of the same capacity. Why this should have 
been so is not clear, in view of the fact that care was 
taken to maintain a neutral atmosphere in the furnaces 
during the tests, i.e., neither strongly oxidising nor 
reducing. The alloys may be influenced, not only by 
the furnace gases to which they are more or less 
necessarily exposed, but also by the nature of the 
walls of the containing vessel. 

In routine production of some important sand- 
castings in 3L11 alloy, at the foundry with which 
the author is connected, some peculiar experiences 
have been encountered from time to time. It has been 
found that melting in a large 1,000-1b. crucible generally 
gives more pinholes in the castings than when the 
metal is melted in a smaller (say) 300-lb. crucible. 
Other treatment of the alloy had no adverse effect ; 
stirring, pouring from one pot to another, fluxing 
with sal-ammoniac, and other apparent ill-treatment, 
never gave badly pinholed castings so long as the metal 
was melted in the smaller pot. This may have been 
due either to the alloy in the larger pot being over- 
heated, or, which is more likely, to the melting in it 
being slower than in the small pot, thereby giving 
opportunity for excessive gas absorption. As the 
result of these and similar experiences, the author has 
concluded that melting in such large crucibles, especially 
after they have been in use for some time and lost 
much of their graphite, the heat conductor, is likely 
to lead to pinholes in castings, due partly to the 
porosity of the crucibles, to the slowness of the melting, 
and to the extra heat which must be applied to the 
crucible in order to effect fusion of the alloy. 

Effect of the Rate of Solidification.—As already re- 
marked, the presence or absence of pinholes, and their 
size, is much influenced by the rate of solidification of 
the alloys. A relatively rapid rate of solidification, 
such as occurs in a pressure or gravity die-casting or 
in. thin sand-castings, prevents pinholing, because 
the time the metal may remain in a pasty state is so 
short as to render the growth of minute gas bubbles 
impossible. The gas remains in solution in the frozen 
alloy, just as carbon dioxide remains in solution in 
soda water until the pressure is released. On the 
other hand, the cooling of thick sections in sand- 
moulds may be relatively slow after the thermal 
capacity of the mould has been exhausted by contact 
with and absorption of the heat from the metal that 
first came in contact with it. The alloy may therefore 
cool fairly quickly until it reaches the pasty state, 
after which cooling will be slower. Now, the rapid 
cooling of the alloy during the liquid state gives little 
opportunity for the release of gases, which is a process 
requiring time, and so the alloy arrives at the pasty 
state (at which a further amount of gas is set free) 
without previously having lost much, or any, of its 
gas. The result is that the usual quota of gas due to 
be liberated at the pasty state is set free in addition 
to all that gas which might, under conditions of slower 
cooling, have come out before the pasty state was 
reached. 

From this follows the well-known fact that the 
sectional area and volume of a casting has an influence 
upon the number and size of the pinholes, because the 
thinner sections, cooling quickly, will have their 
gas evolution inhibited altogether while the thicker 
parts cool slower and will exhibit pinholing increasing 
in degree, up to a point, with increase of sectional 


area. This same feature is brought out by casting 
any alloy susceptible to pinholing in a preheated 
jsand-mould, and it is noticeable that 3L11 cast 
in green-sand shows slightly less and smaller pinholes 
than 3L11 poured into a mould raised to some 
temperature (say) 150 deg. C. In the latter case the 
pinholes are more widely dispersed, due to coarser 
crystallisation, the result of slower cooling. On the 
|other hand, a still very much slower rate of cooling 
|than occurs in sand moulds may lead to gas removal 
| from the alloy, according to the suggestion of Archbutt,* 
that very slow cooling during the solidification stage 
|enables a good deal of gas to be expelled—to come out 
|of solution as the temperature falls. The method 
|is effective, simple, and satisfactory in works practice. 
It is a fact, however, that solutions of gas in molten 
|metals may remain supersaturated, so that an over- 
| heated melt may normally contain more gas at the 
|moment of pouring than a melt which has only been 
heated to a low pouring temperature. 

A suggestion of Rosenhain, referred to by Archbutt, 
is the passage of an inert gas such as nitrogen into 
the slowly cooling melt, in order to shake out or 
facilitate the escape of minute bubbles of liberated 
gas which otherwise remain entangled in the molten 
alloy, being unable to rise owing to their smallness. 
This process is now well known. The author is of 
opinion that this method, though effective with some 
alloys, is not so much more effective than slow cooling 
as to justify the extra trouble in the handling of the 
necessary apparatus. The two processes combined 
give good results. The inferior mechanical properties 
often observed in sand-castings in comparison to chill- 
castings are largely due to the slower rate of solidifica- 
tion in a sand-mould giving rise to a coarser crystalline 
structure or grain, apart from the weakening 
produced by pinholes. In general, pinholes and coarse 
grain-size go together, as being effects of the same 
causes. 

Practical methods for the prevention of pinholes 
involving the rate of solidification are thus :— 

(1) The avoidance of high-melting temperature and 
consequently of the absorption of gas and of slow 
solidification. 

(2) The use of metal chills in sand-moulds or all- 
metal moulds in gravity and pressure die-casting to 
force rapid solidification. 

(3) The use in special cases of very slow cooling to 
allow gas to escape, followed by remelting and re- 
casting. 

Effect of Turbulent Pouring.—Experiment fails to 
demonstrate that turbulence as caused by pouring 
the 3L11 and 2L5 alloys in a thin stream from a 
considerable height into a mould will give rise to 
pinholing. The examination of a section through a 
test-block of 3L11 alloy poured at 730 deg. C. from a 
height of 14 in. in a thin stream, showed that there 
were neither signs of bubbles of entrapped air (blow- 
holes) nor of pinholes due to air or gas absorption or 
liberation. The appearance of a block poured similarly 
but at 640 deg. C., at which lower temperature pin- 
holes were not formed nor were bubbles trapped in 
the alloy, was similar. It is possible, however, that the 
conditions of rather more violent turbulence, such as 
may occur in some foundry operations while pouring 
large castings, might by greater exposure of the molten 
metal to steam and air give rise to more considerable 
gas absorption than is evidenced in these tests. 

Chlorine Treatment of Aluminium Alloys.—In a 
consideration of pinholes and pinhole removal mention 
could not properly be omitted of the rather recent 
process of treating aluminium alloys with chlorine 
gases and boron trichloride. The fact that the passage 
of chlorine gas into some of the aluminium alloys 
prevents pinholing to a considerable extent has been 
so fully described by Tullis} as to warrant no further 
mention here. In the case of 3L11, Y, 2L8, and 
2L5, and silicon alloys, the passage of chlorine for 
2 to 5 minutes through 20-lb. melts is fairly effective 
in removing pinholes. The process is one which might 
be rather difficult of safe practical application in the 
foundry, owing to the poisonous nature of the gas, 
but otherwise appears likely to be valuable if its efficacy 
can be regularly relied upon. 

Effect of Some Miscellaneous Substances Upon 
Pinholing.—Mention might be made of the observed 
effect of oxygen on pinholing. The author found that 
the passage of this gas (carefully dried) through 
2L8 alloy for 10 minutes and poured after a 5- 
| minute settling period was to cause the appearance of 
| larger and more numerous pinholes. The effect of red 
| phosphorus in small amount was similar. Zinc 
| chloride, normally used as a cleanser for 2L5 alloy, 

makes little or no difference to the extent of pinholing 
|/normally observed. It is noteworthy that an alloy 
|of aluminium, with 1-5 per cent. of magnesium only, 














* S. L. Archbutt, ‘A Method of Improving the 
Properties of Aluminium Alloy Castings,’’ ENGINEERING, 
vol. exix page 336 (1925). 

+ D. R. Tullis, J. Inst. Metals, vol. 40, p. 55 (1928). 





is free of pinholes, and there is a considerable surface 
sinking, which points to the fact that the pinholes so 
prevalent in Y alloy are not due alone to the 
presence of magnesium, as is sometimes supposed. 
The use of ingot copper, even though reputed to be 
remelted cathodes, results in more pinholes than the 
use of cathode copper, in making up aluminium alloys 
containing copper, and it is noteworthy that although 
cathode copper does not give freedom from pinholes 
the use of thin sheet copper is still less desirable from 
this point of view. 

Pinholing Behaviour of Aluminium-Silicon Alloys.— 
Provided that the melting is careful and the temperature 
does not exceed 700 deg. C., pinholes are usually 
absent, and one large central cavity appears near the 
top of test blocks, sometimes not quite breaking 
through the top suface, and at other times doing so. 
If the melting temperature is much above 700 deg. C., 
there generally appear a few dispersed holes about 
;'5 in. in diameter, and the one large cavity is not seen. 
Variation of the silicon content from 10 per cent. to 15 
per cent. has no effect on the alloy poured at 700 deg. C. ; 
in all cases there is one large cavity (which would 
normally be taken care of by suitable risers in foundry 
practice) and no pinholes whatever. The 9 per cent. 
silicon alloy shows some dispersed pinholes. Fig. 23, 
on page 453, shows 12 per cent. silicon alloy poured 
at 700 deg. C. The alloys are practically eutectics, 
although it is not always certain whether a given alloy 
is of eutectic composition, because this varies from 1] 
to 14 per cent., according to the state of modification. 
It is because of their closeness to the eutectic com- 
position that most of these alloys solidify with a large 
central cavity as does a pure metal, while the 9 per cent. 
silicon alloy which is beyond the eutectic composition 
shows signs of the manner of solidification of alloys 
which are not of eutectic composition, such as the 3L11 
alloy. 








CATALOGUES. 


Switches.—A disconnecting switch designed for vertical 
mounting is the subject of a leaf catalogue received from 
Messrs. Electric Control Limited, Brighton. 

Electrical Machinery.—Messrs. The A.C.E.C. Company, 
of Charleroi, Belgium, have sent us a copy of their list 
of electric motors, transformers, and switchgear in stock, 
and a copy of their monthly review of machinery. 


Tractors.—Messrs. Industrial Latil Vehicles, Limited, 
Stevenage-road, Fulham, London, 8.W.6, have sent us 
a catalogue with a specification of a petrol-engine tractor 
for agricultural and forestry work with wheels adaptable 
for field, forest, or road service. 

Joint Boxes, d&c.—Messrs. Siemens Brothers and 
Company, Limited, Woolwich, London, S.E.18, have 
issued new catalogues of straight joint boxes for low- 
tension steel-tape armoured cables, junction boxes for 
pyrometer installations, and electrical distance thermo- 
meters. 

Ball and Roller Bearings.—We have received from 
Messrs. The Skefko Ball-Bearing Company, Limited, 
Luton, a copy of their journal dealing with the applica- 
tion of ball bearings to textile machinery, centrifugal 
pumps, &c., and of roller bearings to heavy loads, such 
as occur in rolling-mills, &e. 

Motor Boats——A circular describing examples of 
small craft, and giving outline drawings, short specifica- 
tions and prices, is to hand from Messrs. J. W. Brooke 
and Company, Ltd., Lowestoft. The speeds provided for 
are generally 10 to 12 m.p.h., but racing craft covering 30 
to 40 m.p.h. are also dealt with. 

Electrical Apparatus.—Messrs. The English Electric 
Company, Limited, Queen’s House, Kingsway, London, 
W.C.2, have issued a catalogue of oil-immersed circuit 
breakers for outdoor use on circuits up to 33,000 volts. 
A circular relating to their industrial motor works at 
Bradford has also come to hand. 

Steam Turbines.—Messrs. Siemens-Schuckert, Berlin, 
have sent in copies of various catalogues including 
illustrations of many steam turbines in course of erection 
and completed, a report on progress with the Shannon 
power works illustrating the locks at Ardnacrusha, and 
some copies of a journal illustrating building construction 
works. 

General Machinery.—A number of leaflets and journals 
issued by Messrs. Rateau Company, of Paris, are to hand 
from their London office at 28, Russell-square, W.C.1. 
These publications are in French, but extracts. printed 
in English are enclosed. The machines described are 
mainly steam turbines, electric motors, pumps, fans 
and gas-exhausters. 

Telegraph Apparatus.—We have received two catalogues 
from Messrs. Automatic Telephone Manufacturing 
Company, Limited, Liverpool, one dealing with the 
A. T. M.-Doignon Baudot multiplex printing telegraph 
system, and the other with the A.T.M. fire-alarm appara- 
tus. In both cases, the explanatory matter 1s fully 
detailed, and there are sufficient illustrations. 


Electrical Machinery.—Messrs. British Brown-Boveri, 
Limited, Trafalgar House, Waterloo-place, London, 8.W.1, 
have sent us a leaflet illustrating a 30,000-kv.-a. three- 
phase synchronous condenser, made for Japan, and . 
copy of their monthly review describing induction 
motors for conditions in which explosive gases prevail, 
regenerative brakes for electric locomotives, and a 
locomotive traverser. 
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THE KEMPTON PARK PUMPING | the engine weight concerned can be temporarily | been left in the engine house for the installation of 
STATION OF THE METROPOLITAN | transferred to the girder while a particular valve | a further unit. Whether this addition will take the 


|chamber is removed. Incidentally, it may be 
WATER BOARD. ' noted that, as the head to be dealt with in pumping 
(Concluded from page 426.) |is 400 ft., the whole of the pumpwork subject to 
From a description of the boiler installation we | delivery pressure is made of cast steel, and failure 
now pass on to that of the arrangement of the | is, in consequence, a more remote possibility than 
engine house. The pumping machinery, constructed | if cast iron were used. 
by Messrs. Worthington-Simpson, Limited, Queen’s| The pumps are all single-acting, and, in accordance 
House, Kingsway, W.C.2, consists of two vertical| with the Metropolitan Water Board’s standard 
triple-expansion steam engines each of over 1,000 | practice for engines that may have to pump at 
pump horse-power. The general arrangement and | varying heads, each has a compound plunger. 
appearance is well shown in Figs. 8 and 9, Plate | Detail drawings of this form of plunger were given 
LV, and Fig. 16, page 470. The latter illustra-| in ENGINEERING, vol. cxxii, page 40, but it may be 
tion, particularly, gives a good idea of the great | here stated that it consists of two separate plungers 
height of the engines and pumps, the total height | arranged concentrically. These are bolted together 
from the base of the pumps to the top of the valve | when a large quantity of water at a low head is to 





spindle caps being no less than 62 ft. 
cylinders are: H.P., 29 in.; 
L.P., 86 in., with a stroke of 5 ft. 6 in. 


working pressure, at the boiler stop valves, as already | plunger only is used. 


The steam | 
I.P., 54 in.; and| 
The | bolted to the pump casing, and the smaller inner | single beat type. 
The pump horse-power in! for the high-pressure cylinder also if the diameter 


be dealt with, but when a smaller quantity at a 





high head is to be handled, the outer plunger is 


form of another reciprocating engine or of a steam 
turbine driving centrifugal pump will depend upon 
the quantity to be pumped, the load factor, and so 
fo: th. 

The economy in the steam consumption of the 
engines alluded to in the above paragraph, is con- 
tributed to by the design of the valve gear. Con- 
siderable investigation was made at the outset as 
to the relative merits of single-beat and double-beat 
valves, the gear being of the drop valve type. The 
ease with which a single beat valve is made and 
kept steam-tight, and the closeness with which it 
can be fitted to the cylinder ends, thus reducing 
clearance spaces and avoiding tortuous passages, 
were considered important factors, and the whole 
of the steam and exhaust valves for the intermediate 
and low-pressure cylinders are therefore of the 
They would have been adopted 














Fic. 10. Pumping ENGINE CYLINDERS, CAMSHAFT AND VALVE GEAR. 


stated is 200 lb. per square inch, with a superheat 
of 150 deg. F. There are two flywheels each 17 ft. 
in diameter and 32 tons in weight. The crank- 
shaft is 19} in. in diameter in the bearings, and 
27) in. in diameter at the flywheels. It weighs 
30 tons. The maximum speed of the engine is 
25-4 r.p.m. 

As will be seen in Figs. 8 and 9, the engines are 
carried on the pump valve chambers. Two of these 
are disposed symetrically one on each side of the 
ram chamber, and thus form what are virtually con- 
tinuations of the engine columns, a construction 
which provides a particularly stable foundation. 
Each of the three units of the engine, viz., H.P., 
I.P., and L.P., is thus self-contained, and, as there 
are no masonry piers to obstruct access, any one 
of the valve chambers may be withdrawn, in case 
of failure, and that without disturbing the adjoining 
chambers. The load of the engine, when a valve 
chamber is removed, is taken as follows: Two deep 
mild-steel girders of H-section are carried right 
across the engine house, and are supported, as 
shown in Fig. 9, on brackets on the valve chambers. 
The ends of the cast-iron cross girders under the 
engine bedplate, are, in addition to being supported 
on the valve chambers, carried on these longitudinal 
girders. The latter girders do not normally take any 
appreciable weight, but by means of folding wedges 
provided between them and the supporting brackets, 


either case is approximately the same. When both 
plungers are bolted together the effective diameter 
in these pumps is 303 in. When the inner plunger 
| alone is used the effective diameter is 254 in. The 
| stroke, of 5 ft. 6 in., remains unaltered. As an 
| illustration of the varying duty required, the varia- 
tion of the pumping capacity of each engine under 
different conditions should be noted. Thus, this 
capacity is 12,000,000 gallons per day into Fortis 
| Green or Bishop’s Wood Reservoir, against a head of 
| 400 ft.; 16,000,000 gallons per day into the same 
reservoirs against a head of 300 ft. ; and 19,000,000 
gallons per day into Cricklewood Reservoir against 
a head of 200 ft. The heads to Fortis Green and 
Bishops Wood reservoir vary from 300 ft. to 400 ft., 

| according to the quantity passing through the main. 
This type of engine, although high in capital 
cost, was chosen for this installation as both engines 
will be constantly working under a high load factor. 
The existing plant will be available as reserve. The 
|superior economy of the new engines under the 
working conditions will compensate for the difference 
between the first cost of this type and that of a 
steam turbine and centifugal pump installation. The 
estimated total overall working expenses including 
fuel, wages, repairs, stores and charges on capital 
costs is slightly over one half-penny per pump horse- 
power per hour. As already stated, and as will be 
seen in Figs. 4 and 5, Plate LIV, ante, space has 


of that cylinder had permitted. Double beat 
valves have had to be fitted in this case, but the 
discs have been kept as close together as possible 
so as to minimise the expansion effects. 

The position of the valves is shown in Fig. 10, 
herewith. There is one steam and one exhaust 
valve on each end of the high-pressure cylinder, but 
two of each on the ends of the intermediate, and 
low-pressure cylinders. The valve gear is driven from 
the engine crankshaft through bevel gear operating a 
vertical shaft, which, in turn, through another set of 
bevel gear, operates the camshaft seen in the figure. 
All the gear wheels are machine-cut.. The camshaft 
is fitted with cams which actuate the steam and 
exhaust valves through a system of rollers, levers, 
and rods. The shaft is carried on brackets bolted 
to the cylinders, and the gear for each cylinder is 
arranged as a separate unit. It may be mentioned, 
in connection with the design’ of the valve gear, 
that, owing to the great size of the engines, special 
provision has had to be made to meet expansion, 
which varies with the state of the engine, as regards 
temperature, not only axially along the camshaft, 
but also transversely in both the vertical and 
horizontal directions. 

The cams actuating the steam valves are of the 
variable type in which the distance between the 
leading edge and the trailing one is capable of 





adjustment. This enables the, cut-off to be set, 
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between the minimum and maximum, to a stroke 
percentage suitable for the particular duty the | 
engine is engaged upon. Both the top and bottom 
steam valves of a cylinder are operated by the same 
cam, and a compensating device is fitted to equalise | 
the cut-off on both the up and down strokes. The 
cut-off is varied by hand, the gear being operated 
in the case of the H.P. cylinder from the starting 
position on the engine main platform. The I.P. 
and L.P. gears are altered from the camshaft 
platform. The ratio of expansion under normal 
working conditions is not less than 1 to 25. The 
exhaust valves on all the cylinders are operated by 
a single cam of simple design for each cylinder, the 
release and compression points being constant for 
all degrees of cut-off. 

The cam rollers are carried on the ends of hori- 
zontal levers and are kept in contact by suitable 
springs. The levers are coupled by vertical rods 
to the valve levers on the tops of the cylinders. 
The latter levers are constructed with a variable 
fulcrum in such a way that at the instant the valve 
is opened—that is, when the maximum load is 
upon it—the leverage is greatest. The leverage is 
gradually reduced as the valve is opened and is at 
a minimum when the valve is wide open. When the 
valve begins to close it moves quickly, and its velocity 
is gradually reduced until at the instant of closing 
the movement is very slow. This results in quiet | 
operation and avoids any hammering action on the 
valve seats, which therefore should remain in good 
condition for long periods. All the valves work in 
easily renewable cages jointed to the cylinder covers 
by a metal-to-metal joints. The cages are held on 
to the joints by set-screws passing through a steel 
keep ring. This method makes a steam-tight 
connection and avoids the difficulty experienced in 
keeping a double-seated cage steam-tight, the latter 
being apt to leak from unequal expansion. 

The valve spindles work through long labyrinths 
in the valve-chest cover, all stuffing boxes having 
been completely dispensed with. The valves are 
connected to the spindle by a flexible connec- 
tion permitting free movement laterally, and the 
spindle is also free to turn in the labyrinth. Any 
want of alignment, therefore, does not affect the | 
valves, which, in consequence, always seat them- 
selves truly. The only direction in which the valves 
and spindles are constrained is in the direction of 
their axial movement when opening and closing. 
The mechanism of the exhaust valves is similar to 
that of the steam valves, including the variable | 
fulcrum levers. } 

The lubricating system of the moving parts is | 
very well indicated in Fig. 10. The cylindrical | 
apparatus on the top platform next to the H.P. 
cylinder, is a double storage tank containing cylinder 
and engine lubricating oil in its two divisions. These 
oils are stored in the pump basement, and are | 
delivered to the platform tank by electrically-driven | 
rotary pumps which are controlled from the plat- 
form according to the level shown in the tank 
gauges. Oil is fed to each cylinder by a mechani- 
cally-operated multiple sight-feed lubricator driven | 
fromthe camshaft. The oil is received from the tank 
and each lead from the lubricators is capable of | 
very fine adjustment. To the other moving parts | 
the oil is fed from the tank by gravity to a distri- 
buting pipe on each cylinder and situated above the 
camshaft platform, from which the leads, over 200 
in number, can have the flow adjusted by means 
of a needle valve with a fine screw, the rate of feed 
being clearly visible. A nickel-plated strip near 
the distributing pipe is engraved with the name of | 
each point to which the corresponding pipe is led. 
The main bearings are oiled by lubricators of 
the tank type with glass windows and adjustable 
sights. The spent oil is collected at each point of 
lubrication and led to the tank in the basement, 
where it is filtered before being passed back to the | 
overhead storage tanks. Both these tanks can be 
replenished while the engine is standing, and the 
electrically-driven pumps supplying them can be 
switched on from the basement or the top plat- | 
form as desired. There is also a lubricating oil | 
pump for the same purpose attached to the engine. 
Other direct-driven pumps are air and feed pumps, | 
an air compressor for charging the pump air vessels, | 
and a basement draining pump. 





The independent auxiliaries include an electri- 
cally-driven two-stage air compressor, to draw 
either from the engine room, or from the con- 
denser of either engine, and to deliver either 
to atmosphere in the engine room or to the 


‘air charging main. There is also an electrically- 


driven centrifugal pump, having a capacity of 
10,000 gallons per hour, for pumping out the 
basement. The motor of this pump is fitted with 
automatic stopping and starting gear which is 
controlled by a float in the sump. The engine 
room is spanned by a 20-ton travelling crane, 
having an electrically-operated hoist, but being 
hand-operated for the longitudinal and transverse 
motions. The crane is reached from a gallery 
along one gantry, with access ladders from the top 
platform. The platform layout can be readily made 
out from the several figures and it may be noted that 
the ladders are all of a comfortable width and inclined 
ataneasy angle. Incorporated in the railings on the 














BovuLTON AND WaTT RELIC USED 
as Lamp STANDARD. 


Fig. 11. 


main platform are four interesting lamp standards, 
a photograph of one of which is reproduced in Fig. 11, 
above. These standards are composed of the main 
links of the parallel motion of an old Boulton & 
Watt engine, which links, the Board with a com- 
mendable regard for early engineering history, have 


|thus preserved. The engine was, until four years 


ago, at work at the Deptford Pumping Station, and, 
having been installed in 1812, has supplied water to a 
portion of the Kent district of the Board for well 
over 100 years. 

The gauges directly concerned in the running of 
the engine are arranged on the wall and on one of 
the columns, so that those required by the attendant 
when starting the engine are immediately in front 
of the starting handwheel. Those not specially re- 
quired during starting operations are arranged on the 
other columns along with the counters. _ An electric 


/alarm is provided for giving warning to the engine- 


room staff that the engine is about to be started. 
An electrical device shows a green light while the 
proper level is maintained in the suction well and 
the correct pressure in the pumping main. When 
either of these is reduced a red warning light is 
exhibited. Two gauges, one off each delivery main, 
are arranged on an instrument panel and show the 


pump horse-power at which the engine is working 








at the moment. This panel also contains dials 
which show the engine efficiency for the previous 
month, the reservoir level into which the engine is 
pumping and the rate of the steam flow to each 
engine. Cupboards, with flush-fitting doors, are 
provided in the walls of the engine room for the 
reception of cleaning materials and such like con- 
sumable stores. 

In concluding this account of the mechanical 
equipment of the station, it should be stated that 
the total cost of the machinery i.e., engines, boilers, 
coal and ash handling plant, auxiliaries, &c., may be 
taken a 132,000. 

That portion of the new works embracing the 
primary filters may now be described. In order 
to increase the supply from the existing slow sand 
filters, a battery of 24 rapid gravity filters is being 
constructed in reinforced concrete. Each filter has 
a capacity of between one and two million gallons 
per 24 hours at rates of between 100 and 200 
gallons per square foot per hour. ‘The filtering 
apparatus, apart from the structure, is being 
supplied by Messrs. The Paterson Engineering 
Company, Limited, Kingsway, W.C.2. The 
lay-out and construction of the filters themselves 
is very similar to that adopted at the Board’s 
works at Walton-on-Thames, the description we 
gave of which is referred to above. It was, how- 
ever, necessary in this case, to elevate the primary 
filters to a sufficient height to control the slow sand 
filters by them, and the space thus left under the 
primary filters was utilised for the sedimentation 
tanks as well as for foundations. This construction 
is clearly shown in Figs. 12, 13 and 14 opposite. 

The floor of the four sedimentation tanks, to 
the right of Fig. 14, has a slope of approximately 
1 in. 1-75 to the horizontal, which slope terminates 
in a channel approximately 3 ft. wide as shown 
in Fig. 13. In the bottom of this channel are 
sumps 20 ft. apart, the floor of the channel 
sloping to each sump as shown in the figure. The 
wash water, after having passed through the filters, 
to the left of Fig. 14, enters an upper waste-water 
channel from whence it is conveyed to the lower 
waste-water channel. This channel is separated from 
the sedimentation tank by a wall having holes 4-in. 
square, pitched at 6 ft. 6 in. cen/res, through which 
openings the water passes into the sedimentation 
tank. The top water from the sedimentation tank 
passes over a box sill in one corner of the tank 
and drains away to a stream which runs between 
the Hanworth Road and the filters. The sludge 
settles to the bottom of the tank and is emptied 
through a cast-iron pipe, 4 in. in diameter, carried 
on brackets approximately 7 ft. below the level of 
the overflow sill. From this pipe, branch pipes are 
carried down into the sumps mentioned above. 
On opening the outlet valve on the sludge emptying 
pipe, the head of water in the sedimentation tank 
forces the sludge out through the emptying pipe. 
A high pressure connection has been made to this 
pipe in order to stir up the sludge if it becomes too 
solid to be ejected as just described. 

Instead of using mechanically driven compressors 
or blowers to supply the air for scouring the beds 
prior to the washing operations, this is done in the 
present instance by discharging the wash water from 
the elevated central tank into the two cylindrical 
tanks seen in Fig. 15, page 458. These are of stecl 
and are each 7 ft. in diameter. The entering water 
compresses the air contained in the tanks, and 
forces it through the filter beds. The adoption of 
this method has involved the placing of the wash- 
water tank about 24 ft. higher than would other- 
wise be necessary, but the resultant saving in the 
capital cost of the plant by eliminating the com- 
pressing machinery will undoubtedly outweigh the 
additional expense so incurred. Further, there will 
be a saving in running costs. The air passes from 
the compression tank through the 6 in. pipe shown 
in the figure, the pipe being carried above the top 
water-level of the wash-water tank to prevent 
syphonage of the water. When all the air is expelled 
from the compression tank, the supply of water is shut 
off by means of an electrically-controlled Larner- 
Johnson stream-line valve and the water in the 
cylinder is then passed through the filter requiring 
to be washed. : 

The bottom of each compression tank is formed 
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to the existing 42-in. draw-off mains. A new suction 
tank has been constructed, into which the above 
60-in. and two 42-in. draw-off mains now deliver. 
The capacity of the tank is approximately 250,000 
gallons, and the tank is constructed in mass concrete 
with a reinforced-concrete roof. In front of the 
new pumping station are three further suction 
basins, and these have been connected with the 
above tank by two 54-in. diameter cast-iron mains. 
A 36-in. connection has also been made between 
the existing suction main to the existing pumps 
from the Board’s Hanworth-road works to one of 
the suction basins in front of the new engine-house. 
The delivery pipes from the new pumps have been 
connected up to the 42-in. main conveying water 
from the original engine-house at Kempton to 
Cricklewood, and to the recently laid 48-in. diameter 
main from Kempton to Cricklewood, which has 
now been continued to the Board’s reservoir at 
Fortis Green and the new large reservoir at Bishop’s 
Wood, Highgate. The cost of the main laying, 
including the supply of the pipes and the construc- 
tion of the suction tank, will be approximately 
70,0001. The contracts for the construction of the 
pumping station, primary filters, and for the 
laying of the mains referred to above were let to 
Messrs. William Moss and Sons, Loughborough. 
The whole installation forms a notable addition 
to the works of the Metropolitan Water Board, of 
which both the Board and the contractors may 
justly be proud. The high finish is particularly 
noteworthy, having in mind that the whole plant 
has been carried out to specification on competitive 
tendering. The estimated cost of pumping, viz. 
2°8 pence per million gallons lifted one foot high, 
working costs and capital charges, are very low. 








THE DESIGN OF DYNAMICALLY- 
BALANCED CRANKSHAFTS'- FOR 
TWO-STROKE-CYCLE ENGINES. 


By P. Cormac, F.R.C.Sc.I., M.R.I.A. 


In the design of multi-cylinder crankshafts it is 
of first importance that a crank sequence and 
eylinder spacing be selected which will give an 
engine with good inertia balance. In general with 
two-stroke engines, the best balance is obtained 
only when a definite firing order is combined with 
a special spacing of the cylinders. Where, as with 
engines of less than five cylinders in line, it is not 
possible to obtain complete primary balance, the 
out-of-balance effects should be minimised by using 
suitable counterbalance masses on the crankshaft. 
The best counterbalance mass to use will vary with 
the number of cylinders and crank arrangement. 
For a single-cylinder engine the counterbalance mass 
at crank-pin radius should be somewhat more 
than half the reciprocating mass m. The exact 
amount is 4m (1+), where pe is the ratio of 
crank to connecting rod. It will be remembered 
that on the top dead centre the inertia force of the 
reciprocating mass m is the same as the centrifugal 
force of a mass m (1 + 9) on the crank-pin. With 
a counterbalance mass of half this amount the 
maximum out-of-balance force on the engine is 
evidently reduced by one-half. The counterbalance 
mass has, as it were, relieved the bearings of half 
the inertia load occurring in the line of stroke at 
the dead centre, but only at the penalty of placing 
the amount of relief again on the bearings (in a 
direction perpendicular to the line of stroke) after 
a quarter of a revolution. Plainly the counter- 
balance mass canno; be increased beyond the 
amount stated, for if it were, the complimentary 
effect. in a direction perpendicular to the line of 
stroke would become more serious than the direct 
effect. Without counterbalancing, the maximum 
inertia force (in pounds weight) of the single- 
cylinder engine is K (1 +- ¢) m where m is in pounds 
and K is written for 2-84  10°5r N?, r being the 
crank radius in inches and N the speed in r.p.m. 

In the description of multi-cylinder crankshafts, 
the firing order will generally be sufficient to give 
the angular sequence of the cranks. Multi-cylinder 


crankshaft designs exist in duplicate, one being the 
mirror image of the other and having, therefore, a 
firing order which is given by the ordinary firing 
order read from right to left. 
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are not set out in this paper. Cylinders will be 
numbered 1, 2, 3, &c., reckoning from the radiator. 
In the case of V engines, or fan-type engines, the 
cylinders of one bank are numbered 11, 12, 13, &c. ; 
those of the second bank are numbered 21, 22, 23 
. . . and so on, the figure in the tens place 
indicating the bank number of the cylinder and the 
figure in the units place indicating the position of 
the cylinder along the bank, reckoning from the 
radiator. Unless otherwise stated, inertia forces and 
couples are to be understood as varying harmoni- 
cally, the value given being the maximum value. 
(a) Two Cylinders.—For explosions to occur every 
half-revolution of the crankshaft, the cranks must 
be set at 180 deg. With this crankshaft the 
primary forces act in opposite directions, yet, not 
being in the same straight line, they do not balance 
but form a couple the maximum value of which is 


The image designs | K m/l, where / is the distance between the cylinders 
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and m the mass of one set of reciprocating parts. 
By counterbalancing 50 per cent. of the reciprocating 
mass on each crank, this pitching couple is reduced 
by one-half. The secondary forces of this engine 
act in the same direction, the maximum resultant 
for the two cylinders being 2 9 K m lb. acting midway 
between the cylinders. When arranged as a 
|V engine with the cylinders at 90 deg. and the 
|eranks at 270 deg—that is, when one piston is on 
the top dead centre, the other piston is on the 
bottom dead centre—there will be equal intervals 
between the firing impulses. This engine has an 
unbalanced primary force and primary couple with 
similar secondary unbalance. It is best to counter- 
balance each crank as for a single-cylinder engine. 
If the angle between the cylinders and the anzle 
between the cranks be altered by the same amount, 
the equality of the firing intervals is maintained. 
In particular, this leads to the design with opposite 
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cylinders and parallel cranks. The rods in this 
design can share the same crank-pin so as to leave 
the cylinders directly opposite. Secondary effects 
are now balanced. The primary disturbance is 
that of a force 2Km. A counterbalance mass m 
opposite the crank-pin will reduce this by half. 
(b) Three Cylinders.—The cranks when set at 
120 deg. will give explosions every one-third of a 
revolution. There is unbalanced both a primary 
and a secondary couple. The primary pitching 
couple is 1-732 K/m, this maximum value occurring 
when the centre crank is perpendicular to the line 
of stroke. The secondary pitching couple is 
1-732 p KJ, and this reaches its maximum 45 deg. 
earlier and 45 deg. later than the primary couple. 
Here / denotes the cylinder pitch. The best counter- 
balance mass is $m opposite each crank, which, 
if desired, may be replaced by two balance masses 





provided a balance mass 2 m be placed opposite 
the crankpin. 

(d) Five Cylinders.—With cranks at 72 deg. 
having a firing order 14325, and spaced so that 
the pitches are given by 


ly = ys = 0-618 1,5 = 0-618 15, . . (1) 


the only unbalance is a secondary couple. The 
maximum value of this is 4-253 p K m /,3, occurring 
when the centre crank passes the vertical and the 
horizontal positions. The dynamic balance is not 
improved by counterbalancing, but bearing loads 
may be made a minimum if each crank be separately 
counterbalanced with } m (1+ p), as if it were a 
single-cylinder crank. The special cylinder spacing 
given by equation (1), whilst drastic, is not fatal 
to the practical success of this engine. The long 
pitches /,,. 13, might be utilised for flywheel and gear 


on arms at 180 deg. placed in a plane perpendicular | for driving accessories. 
| 


to the centre crank and so spaced as to give a couple 
0-866 Kim. 

Generally, when the only unbalance in an engine 
is couple unbalance, an alteration in the pitch of the 
cylinders will but alter the magnitude of the couple 
and the instant in the cycle at which it attains its 
maximum. Thus, in the three-cylinder engine, 
if 1,, (the distance between the first and second 
cylinder) be not equal to /,; (the distance between 
the second and third) the unbalanced primary 
couple is Km (1,2 + lj.l.3 + 1,2)4, which attains 
its maximum value at 6 deg. before crank 2 reaches 
the top dead centre, where 
les — 72) v4 
bs + he 3 

A radial three-cylinder engine, with cylinders at 
120 deg. and the three rods sharing the same 
crankpin, is in complete primary balance when a 
counterbalance mass 1-5 m is placed opposite the 
crankpin. There is an unbalanced secondary force 
of constant amount, 1-5 p K m, the direction of 
which rotates with twice the engine speed and in 
the reverse sense. 

(c) Four Cylinders.—The cranks should be set at 
90 deg., and arranged to give a firing order 1324. 
This gives primary and secondary force balance, 
with, however, primary and secondary couples 
unbalanced. The primary couple is 1-414 K m /,,, 
when /,, = 1,,, and this attains its maximum when 
the end cranks make 45 deg. with the line of 
stroke, one being past a dead centre, and the 
other approaching a dead centre. This couple is 
independent of /,;, the pitch between the cylinders 
2and3. The secondary couple is 2 p K m (1,, + 1,3), 
reaching its maximum when the cranks become 
vertical. It will be noted that increasing the centre 
pitch 1, increases the moment of the secondary 
couple. 

Counterbalancing should be to the extent of 50 
per cent. of the reciprocating mass fixed opposite to 
each crank. The four balance masses thus calculated 
may be replaced by two dynamically equivalent. 
These two masses will be in a plane which is 45 deg. 
ahead of crank 1, and will be such as to give a 
couple 0-707 K ml,,. The primary couple is now 
reduced by one-half. 

It may be of interest to remark here that the 
amplitude of the disturbance occasioned by a 
secondary couple will be but one-quarter of the 
amplitude produced by a primary couple of the 
same amount, the frequency of the secondary 
vibration being twice that of the primary oscillation. 

A V engine, with complete primary balance, is 
obtained with cylinders in two similar banks set at 
90 deg., working on a two-throw crankshaft with 
cranks 1 and 2 at 180 deg. Each crank must carry 
a counterbalance mass m, in addition to any balance 
masses necessary to balance rotating parts. The 
crank | is shared by the cylinders 11 and 21, while 
the crank 2 is shared by the cylinders 12 and 22. 
The only unbalance is a secondary horizontal 
reciprocating force 2 \/2 pK m. It will not affect 
the primary balance if the cylinders sharing the 
same crankpin, instead of being directly opposite, 
be slightly staggered so as to allow the big ends to 
work alongside each other on the crankpins. 

Four cylinders at 90 deg. arranged as a radial 
engine with all rods sharing the same crankpin is 
in complete balance of primary and secondary effects 


tan 6 = 





| 





A more general relationship among the pitches of 
a five-cylinder engine having complete primary 
balance, is given by 
; 1 4 2-618 
ly = 0-618 134; 145 = 0-618 log; ly2 = lg5 (7 suis.) 


where 2 is arbitrary. This reduces to (1) when 2 
is zero, and this value of 2 gives the least moment 
to the unbalanced secondary couple. 

In a five-cylinder engine with equal spacing of 
cylinders, the crankshaft having the firing order 
14325 will give best results. This shaft will give an 
unbalanced primary pitching couple on the engine 
frame of moment 0-449 Kml. There is also an 
unbalanced secondary couple 4:98 p K m1. Counter- 
balancing half the reciprocating mass on each crank 
will reduce the primary pitching couple by 50 per 
cent. Here, as with all shafts, rotating masses are 
also to be balanced. 

Five cylinders, arranged as a coplanar radial engine 
with all rods sharing the same crankpin, are in 
complete balance, provided a counterbalance mass, 
2-5 m, be placed opposite the crankpin. 

(e) Six Cylinders.—With cylinders uniformly 
pitched, cranks at 60 deg. arranged to give a firing 
order 153426, the engine has unbalanced but a 
secondary couple of moment 3-464 pK ml. The 
balance is independent of /,,, which may therefore 
be made greater than / for the central bearing. 
There is a second design for a uniformly-pitched six- 
cylinder crankshaft, which gives primary forces 
and couples, and secondary forces in balance. The 
firing order is 163254., The unbalanced secondary 
couple for this shaft is now, however, 6-928 p K ml. 
In this design, the cylinders may be grouped in pairs 
such as would suit a four-bearing shaft with long 
webs connecting the crankpins of each twin group. 
The unbalanced secondary couple is, however, 
increased by this, being then 3-464 p K ml,;. 

To relieve bearing loads, counterbalances of 
1 m(1-+ p) to each crank may be added to the 
shaft. 

It is not possible to get good balance with 
a V six unless separate cranks are arranged for 
each cylinder. A fan (or a radial) design consisting 
of three groups of two cylinders 11, 12; 21, 22; 
31, 32: with the outside groups making 60 deg. 
(or 120 deg.) with the centre group 21, 22, can be 
arranged for complete primary balance. On a 
two-throw crankshaft with cranks 1 and 2 at 
180 deg., the rods of cylinders 11, 21, 31 share 
crankpin 1, while the rods of 12, 22, 32, share 
pin 2. The cylinder groups may be staggered 
relatively to each other so that the big ends may 
work alongside on each of the crankpins. A 
counterbalance mass 1-5 m opposite each crank 
is necessary to complete the primary balance. 

The radial six, with cylinders at 60 deg. and 
the six rods sharing one crankpin, has complete 
balance. As with all radial engines a counter- 
balance mass equal to half the total reciprocating 
mass of the engine must be placed opposite the 
crankpin. 

(f) Seven Cylinders.—With equal cylinder pitches 
and a firing order 1653274, cranks being at 
51 deg. 26 min., the engine has but an unbalanced 
secondary couple 9-148 pK ml. A counterbalance 
mass opposite each crank may be employed as 
in a single cylinder engine to relieve bearing 
loading. Crankshafts with the same type of 
balance may be obtained from the uniformly 


pitched type by noting the followinz relations : 
Cranks 2 and 6 may be moved to the left a distance x 
provided cranks 3 and 5 be moved to the right 
a distance 0-2472 x, and independently of this 
cranks 1 and 7 may be moved a distance y provided 
the centre crank 4 be moved in the opposite 
direction a distance 0-6234 y. The value of the 
secondary couple will be different for each design. 
A design having complete balance of primary 
and secondary effects exists, but it is of little 
practical interest as it involves very great differences 
in the cylinder pitches. The firing order for this 
design is 1725436. The relative cylinder pitches 
are t,, = |, = 0-44, L,, = £, = 0:34, —1, = 1- 

The radial seven, with all rods sharing the same 
erankpin which carries a counterbalance mass 
3-5 m., is in complete balance. 

(g) Eight Cylinders—With cranks at 45 deg. 
arranged to give a firing order 16382457, or 
15482367, and with uniformly pitched cylinders 
except the centre pitch, which must be 1-414 
times the other pitches, the only unbalance is 
the secondary couple. This unbalanced couple has 
a moment 7-656 pK ml,, with the first design, 
and a moment 10-484 pKm/,. with the second 
design. (It may be of interest to note here that 
in certain straight-eight shafts for four-stroke 
engines there is an unbalanced secondary couple 
16 p K m1. whose effects experience has shown may 
be ignored.) If the cylinders be spaced uniformly 
throughout, there will be an unbalanced primary 
couple in addition to an unbalanced secondary 
couple. The moments of these couples are set 
out in Table I. From this table it will be seen 
that for a design having all the pitches the same, 
the firing order 18256347 or 18526374 is best, 
as the unbalanced primary couple is then but 
0-131 K m/l. Counterbalancing 50 per cent. of the 
reciprocating mass opposite each crank will reduce 
this primary couple by half. 

The more important designs giving complete 
primary balance of straight eight shafts are set 
out in Table I. Of special importance are two 
of the designs which give complete balance of 
both primary and secondary effects. One such 
design has the firing order 18264537 (and, of course, 
its image with firing order 17354628). The second 
design giving complete primary and secondary 
balance has the firing order 18347256 (and likewise 
its image having the firing order 16527438). The 
relative cylinder pitches are set out in Table I. 
For each design the unbalanced secondary couple 
is given by Sp K ml, where the factor S is given 
by column 9 of the table, and / is the pitch denoted 
by unity in the table. With equally pitched cranks 
the different firing orders give unbalanced primary 
and secondary couples. The unbalanced primary 
couple in such equally-pitched shafts is PK ml, 
and the unbalanced secondary couple is =» K ml, 
where P and > are given in columns 10 and 11 
respectively of Table I. 

Turning now to the V eight, an engine with 
primary balance may be designed. Let the cylinders 
be arranged in two banks of four each, one bank 
11, 12, 13, 14 making 90 deg. measured anti- 
clockwise with the second bank 21, 22, 23, 24. 
The corresponding cylinders of the two banks 
share the same crankpin. The crankshaft consists 
of cranks at 180 deg. in two planes at 45 deg. 
Cranks 1 and 2 make 180 deg. with each other. 
Crank 3 makes 135 deg. (anti-clockwise) with 
crank 1, and crank 4 makes 135 deg. with crank 2. 
A counterbalance mass m opposite each of the 
four crankpins is necessary to secure the primary 
balance. The secondaries are unbalanced. The 
cylinders may be staggered instead of being directly 
opposite. 

A Fan-eight consisting of four banks of two 
cylinders set at 45 deg. to each other and working 
on a two-throw crankshaft with cranks at 180 deg. 
can have primary balance. Each crankpin is 
shared by four rods, the cylinders being arranged 
that the big ends may overlap or the cylinders may 
be staggered to allow the rods to work alongside 
each other. Each crank must carry a counter- 
balance 2 m. The secondaries of this engine are 
not in balance. 

A radial eight with complete balance may be 





arranged in two ways. The cylinders may be 
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grouped in pairs and set so that the twin groups 
are at 90 deg. to each other. The rods work on a 
two-throw shaft with cranks at either 45 deg. or 
135 deg., each crank being counter-balanced with 
2m. The engine is in fact composed of two radial 
fours. In the second arrangement the cylinders are 
set at 45 deg. and work on a single throw crank 
shaft which is counterbalanced with 4 m. 

(h) Nine Cylinders.—Complete balance of primary 
and secondary effects is given with the firing order 
192745638, cranks at 40 deg, and the following cylin- 
der pitching, namely, 1,, = Is, = 0°77; log = Lg = 
1-15; Is, = Ugg = 1-105; L4, = 1, = 0-925. Ifthe 
given firing order be adopted with a uniform pitch- 
ing of the cylinders, there will be an unbalanced 
primary couple 0-1936 K ml, and an unbalanced 
secondary couple 0-548 p K ml. 

A radial nine engine consisting of three banks 
of three cylinders with 120 deg. between the banks 
will give equal firing intervals with a three-throw 
crankshaft with the three cranks set at 40 deg. 
Any of the cranks may be replaced by one making 





amounts to 1-796 p K m/ for the last firing order, 
and but half this for the order first given. 

Instead of arranging each five crank component 
of the ten crank engine to have secondary couple 
balance and combining the two sets so that their 
primary couples are in opposite directions, two five 
crank arrangements, each having complete primary 
balance may be taken, and these combined so that 
their unbalanced secondary couples act in opposite 
senses. Each five crank unit must have the cylinder 
spacing given by (1). The firing order of one set is to 
be 15234, and of the other set 14325. When the two 
sets are combined so that crank 3 of one set makes 
180 deg. with crank 3 of the other set, the secon- 
dary couple of one set balances the secondary 
couple of the other set. For suppose cranks 3 of 
each set to be parallel, then one set being the 
mirror image of the other set, all couples on each 
set are equal and opposite. Rotation of one set 
through 180 deg. will not alter its secondary couple, 
so that balance of these couples is still maintained. 
When these two five cranks are placed end to end 















































TABLE 1, 
Relative Cylinder Pitch. 
Firing Order. _ Factor Factor Factor 
| 8 = 
he | leg | 134 | U5 | 156 | lez | lig | 
18264537. 1 1-414 1 1 1 1-414 1 0 0-45 | 0 
18624573. 1 1-414 1 1 | 1-414 1 12-48 0-45 | 11°31 
18347256. 1 1 1 1-828 1 1 1 0 0-389 | 0 
18437265. 1 1 | 1-828 1 1 1 2°83 0-89 2-83 
174628836. 1 1 2-414 1 2-414 1 1 7:65 1-08 | 5-66 
17632854. 1 1 2-414 1 2-414 1 1 17°31 1-08 } 11°81 
188352746. 2-414 1 | 1 2 1 1 2-414 7°66 1-08 | 5-66 
18682764. 2-414 1 1 1 1 1 2-414 13-31 1-08 | 11°31 
17542836. 1 1 1 1-414 4 1 2 7°66 0-32 | 7:07 
Z27Seseees . 1 1 i 1-414 1 1 pS 10-48 0-32 | 9-90 
16543827. 1 1 1 2-828 1 1 1 6-83 1-40 4-24 
46483276. | 1 1 | 1 2-828 2 z | | 12-48 1-40 | 9-90 
18256347. eal 1 | 1 | 1 0-828 1 1 | 1 1-17 0-13 1-41 
18526374. wal :.4 : | 1 0-828 1 1 | 1 6-83 0:13 | 7-07 
16823746. wel 1 1 1 1-828 1 1 | 1 | 10-06 0-64 | 8-04 
18273465. oan 1 1 | 1 1-828 1 1 | 1 | 4-90 0-64 | 4-00 
16384275. a 4 Awa | ya 4-242 1 re aes Wee pe 2-48 | 7:07 
15634827. ie | 1 | 1 | 1 4-242 1 1 | 1 8-83 2-48 | 4-24 
| 
TABLE II. 
Firing Order. Groupings 
Read from Right to Left to Obtain a Second Design. Possible. 
1 10 6 7 3 12 2 9 5 8 4 1l Twos Sixes 
1 9 6 8 3 11 2 10 5 7 4 12 é a: 
1 10 11 2 3 12 7 4 5 8 9 6 oa a 
1 9 12 2 3 il 8 4 5 7 10 6 oa sy 
1 4 ll 8 3 6 7 10 5 2 9 12 re = 
1 4 12 7 3 6 8 9 5 2 10 11 ne A 
1 8 10 3 5 12 2 7 9 4 6 11 Twos Fours 
1 7 10 4 5 11 2 8 9 3 6 12 e i 
1 8 1l 2 5 12 3 6 9 + 7 10 os “a 
1 7 12 2 5 11 4 6 9 3 8 10 = “ 
1 6 1l 4 5 10 3 8 9 2 . 12 ag a 
1 6 12 3 5 10 4 7 9 2 8 11 . ss 
1 11 6 7 2 12 4 8 3 10 5 9 Threes Sixes 
1 8 6 10 2 9 4 11 3 7 5 12 A +3 
1 5 9 10 2 6 7 11 3 4 8 12 . o 
1 5 12 7 2 6 10 8 3 4 11 9 a ‘ 
1 8 12 4 2 9 10 5 3 7 11 6 : s 
1 11 9 4 2 12 7 5 3 10 8 6 oi : 








| 
| 
| 
| 
| 
| 





| 
| 
| 


180 deg. with it. Three rods share each crankpin 
which must carry ¢. counterbalance mass 1:5 m. 
This puts the engine in complete primary balance. 

The radial nine engine with cylinders at 40 deg. 
and all rods sharing the same crankpin is in com- 
plete balance. The crank must be counterbalanced 
with 4-5 m. 

(i) Ten Cylinders.—A ten-cylinder engine having 
complete primary and secondary balance can 
be evolved from the five crank engine of section (d). 
A five crank having the spacing given by (1) and a 
firing order 12453 has primary and secondary forces 
and secondary couples in balance. When combined 
with a similar five crank placed 180 deg. out of 
step with it, the unbalanced primary couple of 
each five crank set annul each other, so that the 
resulting ten crank is in complete primary and 
secondary balance. When the combination is two 
five cranks placed end to end the firing order is 
1, 10, 28465739. When combined so that the 


cylinders of the two five cranks fit in between each | two banks of five cylinders set at either 36 deg., 108 
other the firing order is 1,10, 36729458. With this | deg., or 180 deg., may be placed to work on this shaft 


last design the cylinders group themselves in pairs, | with two rods sharing the same crankpin. As 


the spacing of the five groups being as in (1).|;each bank is in primary balance, the complete 
With a uniform spacing of the cylinders either of the | engine is balanced for primary effects, and in the 
above firing orders will give a shaft having un-| case of cylinders at 180 deg., the secondary couple 
balanced merely a secondary couple. This couple! is also in balance. With the same crank sequence 


this design will have the firing order 18572, 10, 
3649. When placed so that the cylinders of the two 
five crank sets fit in between each other, the firing 
order is 16943, 10, 5278. Here the cylinders group 
themselves in pairs. 

If a uniform pitching of the cylinders be adopted, 
| with either of the above two firing orders, the engine 
will have an unbalanced primary couple of moment 
0-9 K m1 for the first firing order given above, and 
twice this for the second. The secondary couple 
remains balanced. 

A uniformly pitched ten-crank engine with com- 
| plete primary balance, but with an unbalanced 
|secondary couple, may be designed by taking a 
| uniformly pitched five crank unit having any firing 
|order and combining it with a similar five crank 
‘unit turned through 180 deg. 
| Ten cylinder V-engines can be arranged to give 





| good balance. Taking the five crankshaft spaced 


according to equation (1) and with firing order 14325, 


but equal cylinder pitches there will be an un- 
balanced primary couple 0-45 K m 1 for each bank. 

A ten-cylinder V-engine with cylinders at 90 deg. 

will not give equal firing intervals, but it can be 
arranged to give good balance. Two rods share the 
same crankpin. and the cranks are spaced as in equa- 
tion (1), but the sequence must be such that each 
bank fires in the order 12453. This gives each bank 
complete secondary balance. When each crank is 
counterbalanced with a mass m the primary effects 
are in complete balance as well. Making the 
pitches all equal will not, in this case, disturb the 
primary balance, but it will leave each bank with an 
unbalanced secondary couple 0:45 p K m1. Further, 
the cylinders working on the same crankpin may 
be directly opposite or staggered without disturbing 
the primary or secondary balance. 
A radial ten may be arranged by taking cylinders 
in pairs set at 72 deg. and working on a two-throw 
crankshaft with cranks at 180 deg., each crank 
carrying a counterbalance mass 2-5 m. Or the 
cylinders may be set at 36 deg. all in the same plane 
working on a single throw crank carrying a counter- 
balance mass 5m. Both designs give complete 
balance. 

(j) Twelve Cylinders.—With equal spacing of the 
cylinders there are no fewer than 36 firing orders 
possible which will give the engine with complete 
primary and secondary balance. These arrange- 
ments are described in Table II. Some of the 
pitches are arbitrary, it being possible to leave 
extra space for bearings between certain groups. 
This grouping is indicated in the table 

As a V-engine with cylinders at 90 deg., and 
cranks at 60 deg., equally spaced, with two rods 
sharing the same crankpin, there are two crank 
arrangements giving balance of primary and 
secondary effects. One shaft has a firing order 
135642, while the other shaft has a firing order 
132645 for the right bank of cylinders. Counter- 
balances equal to m must be placed opposite to 
each crank. 

With cylinders in two banks of six, set at either 
30 deg., 90 deg.. or 150 deg., and working on a 
six-throw crankshaft of either of the designs given 
in Section (e) with two rods sharing the same crank- 
pin, the enginé has complete primary balance. 

A fan design giving primary couple balance 
can be arranged. This consists of three banks of 
four cylinders, the banks being set at 60 deg. 
with each other. The crankshaft is a four-throw 
shaft which gives a firing order 1, 2, 3, 4 for each 
bank. Three rods share each crankpin, and each 
pin carries a counterbalance mass 1-5 m. The 
secondaries are unbalanced. 

A radial design consisting of four banks of three 
cylinders each set at 90 deg. in the manner of a 
radial four, working on a three-throw crankshaft 
with cranks at 120 deg. four rods sharing each 
crankpin, and each crank counterbalanced with 2 m., 
will have complete balance. Complete balance 


~|is also obtained with a radial engine consisting of 


three banks of four cylinders each, set at 120 deg., 
a four-throw crankshaft with cranks at 90 deg., 
giving a firing order 1, 3, 4, 2 for each bank, and 
three rods sharing the same crankpin. Each crank 
must be counterbalanced with a mass 1:5 m. 
Equally good balance is obtained by combining 
two radial six cylinders on two cranks at 180 deg., 
with one set of six cylinders making 30 deg. with 
the other set, or using two cranks at 150 deg. 
and putting the cylinders in pairs which make 
60 deg. with each other, both shafts being counter- 
balanced with 3 m. opposite each pin. 

Finally there is the radial twelve with all rods 
sharing the same crankpin which is counter- 
balanced with a mass 6 m. giving complete balance. 

(k) Fourteen Cylinders—When arranged with 
equal cylinder pitches and a firing order 1, 11, 7, 9, 
3, 12, 6, 8, 4, 14, 2, 10, 5, 13, the engine is in complete 
primary and secondary balance. This is simply 
two seven-crank engines placed end to end with the 
second engine 180 deg. out of phase with the first. 
The crankshaft employed for each seven crank engine 
is one having its secondary couples in balance. In 
the 14-throw shaft the primary couple of one 
set of seven cranks balances the primary couple 
of the second set. The two seven cranks may also 





be combined so that the firing order is 1, 8, 13, 4, 5, 
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10, 11, 2, 7, 14, 3, 6, 9, 12. Here the cylinders 
may be equally pitched, or grouped in sets of two 
with alternate pitches equal. 

Designs may also be evolved by combining two 
seven cranks each having primary balance, one 
being the mirror image of the other, but set 189 deg. 
ahead of its image position. This method leads to 
designs having the firing order 1, 12, 4, 10, 7, 9, 2, 
14, 3, 11, 5, 8, 6, 13 and 1, 10, 7, 6, 13, 4, 3, 14, 5, 8, 
9, 2, 11, 12. The cranks are equally pitched. In 
the latter design they may also be arranged in 
equally pitched pairs. 

As a V-engine with two banks of seven cylinders 
set at 90 deg. working on a seven-throw crankshaft 
two rods sharing each crankpin, the firing intervals 
are unequal but the engine has complete balance. 
The cranks are equally spaced and arranged to 
give each bank a firing order 1, 5, 2, 4, 6, 3,7. A 
counterbalance mass m is required on each crank. 

If the cylinders be in two banks at 25 deg. 43 min., 
or 77 deg. 9 min., or 128 deg. 35 min., or 180 deg., 
and the shaft is a seven-throw giving a firing order 
1, 6, 5, 3, 2, 7,4, for each bank, then, as each set of 
seven cylinders is in primary balance, the complete 
engine is in similar balance. Two rods of course 
share each pin. The design with opposed cylinders 
is also balanced for secondary effects. 

Two radial sevens set on cranks at 180 deg. or 
on cranks at 154 deg. 17 min., with the cylinders in 
pairs in the latter case, and with one group of 
seven cylinders lying in the planes bisecting the 
angles between the other group in the former case, 
will have complete balance on counterbalancing 
each crank with 3-5 m. 

(l) Sixteen Cylinders.—These arranged in two 
groups of eight, set at either 224 deg., 674 deg., 
1124 deg., or 1574 deg., and working on any of the 
shafts described under the straight eight designs 
will have satisfactory balance. 

Taking a four-throw crankshaft with cranks set 
at the angles 0 deg., 224 deg. or 2024 deg., 45 deg. 
or 225 deg., 674 deg. or 2474 deg., a radial engine 
with cylinders in four groups of four cylinders set 
at 90 deg., can be arranged to give equal firing 
intervals. Four rods must share the same crankpin 
and each crank must carry a counterbalance a mass 
2m. giving an engine with complete balance. 

Finally two radial eights can be combined on 
a two-throw crankshaft to give a radial 16 cylinder 
engine with complete balance. 








THE METAL-CLAD AIRSHIP. 


TuE air force of the United States Navy has 
recently been augmented by the arrival, at the 
Lakehurst naval airship station, of a novel type 
of rigid airship—the ZMC2, or metal-clad airship. 
Nearly three years ago, in an article* in ENGINEER- 
ING, some details of this vessel were given. She 
was designed and constructed by the Aircraft 
Development Corporation of Detroit, the order 
being placed by the Navy Department on August 18, 
1926, for delivery in 400 days from that date. 
Difficulties which were experienced during her 
construction have delayed the completion of the 
airship, which made her first flight on August 18 
pr year, exactly three years after the placing of the 
order. 

The dimensions of the vessel now completed, and 
as published in the American press, indicate that 
these are substantially as originally designed, viz., 
150 ft. in length and 52} ft. in diameter, a ratio of 
length to diameter appreciably less than in previous 
rigid airships, and smaller also than in the non-rigid 
type. The total capacity of the envelope is 202,000 
cub. ft., or approximately the same as the non-rigid 
airships, or ‘“ blimps,” one or two of which form 
a part of the aerial fleet of the U.S. Navy. The 
ZMC2 is fitted with a control gondola placed under | 
the envelope, slightly forward of the middle of | 
length, and provides accommodation for a crew of 
four. The height over the control car is 62 ft. 
Two Wright whirlwind engines are placed one on 
either side outside the control car. These engines 
develop 200 h.p. each, and it was estimated this 
would give a speed of 60 miles an hour. The 
actual speed on the official trials has not yet been 
published. 


* See vol. cxxi, page 806 (1926.) 








The envelope is constructed of thin sheets of a 
new metal designated Alclad, which is stated to be 
similar to Duralumin, but possessing a greater 
resistance to corrosion, a quality of primary impor- 
tance to a structure of this type, in which the thick- 
ness is only 0-0095 of an inch, or a little more than 
twice the thickness of the paper on which this 
article is printed. It is stated that this thickness 
of Alclad has been shown to be sufficiently stiff 
for use in even larger airships of this type. Accord- 
ing to one account, the component sheets of the 
envelope are arranged in long circular strips, with 
the edges and butts connected together by three 
rows of rivets, an ingenious machine having been 
devised by which the rivets are cut, the holes 
punched, the rivets inserted, and knocked up in 
one operation. Three wires of 0-035-in. diameter, 
the size of the rivets, are fed into this machine, 
which is capable of dealing with 135 rivets a minute. 
After riveting, a special bitumastic enamel is 
applied to the joint on the inside to secure greater 
gastightness. The only portion of the airship in 
which rubbered fabric is employed are the two 
ballonets, one forward and one aft, into which air 
is forced at a slight pressure, causing them to distend 
and thus maintain the internal pressure, as the 
helium or hydrogen is lost by leakage and diffusion. 
It is claimed by the designers that with a metal 
envelope, diffusion will be smaller than usual, being 
confined to the surfaces of the rubbered fabric 
ballonets. The volume of the latter allowed in the 
design was, however, 50,000 cub. ft., 22,000 cub. ft. 
forward, and 28,000 cub. ft. aft, i.e., one-quarter 
that of the envelope. 

In the description of the original design, it was 
stated that neither transverse nor longitudinal 
framing, as in the Zeppelin type, would be fitted, 
but it was intended to fit internal wire bracing to 
assist the envelope in maintaining its shape against 
the internal pressure, the excess of which over the 
outside atmospheric pressure, varies from top to 
bottom. It is now stated that the envelopeisstiffened 
by twelve transverse triangular sectioned frames, 
strengthened by diametral wiring, and also by 
twenty-four longitudinal frames of simple channel 
section. Five of the transverse frames are of 
appreciably greater strength than the others, 
and are placed, two in wake of the fins, two over 
the ends of the control car, and one forward, to 
take the mooring strains. All the framing is of 
Duralumin, and this material is also used for the 
control gondola. 

Another feature in which the new airship differs 
from the Zeppelin type is in the position, number 
and arrangement of the steering and elevating 
surfaces. In the Zeppelin type these are fitted close 
to the after end of the airship, and are hinged to the 
after ends of the four fixed fins which lie in vertical 
and horizontal diametral planes. In ZMC2 these 
surfaces are placed 30 ft. forward of the after 
extremity, and number eight, spaced equally 
around the circumference, and lying in diametral 
planes inclined at 224 degrees to the vertical and 
horizontal respectively. The fixed fins are relatively 
very much smaller than in the Zeppelin type, and 
appear to be little more than supports for the 
rudders and elevators which are hinged to them. 
The upper and lower pairs of rudders are for steer- 
ing and the two wing pairs for elevating. The total 
fin area is 440 sq. ft., the tctal rudder area 190 sq. ft., 
and elevator area the same. It is stated these surfaces 
were placed further forward of the after extremity 
than usual to secure greater stability in flight, 
this position bringing them into the region of smooth 
flow of air over the envelope, and as near as prac- 
ticable to the greatest diameter. 

The first flight of the airship was made on 
August 18, when she manoeuvred for 40 min. On 
the following day, she was in flight for two hours, 
and is stated to have behaved in a very satisfactory 
manner. This was to be followed by an official 
test of 30 hours, on the completion of which she 
would leave for Lakehurst, where, as already 
stated, she has since arrived. Helium was used 
for inflating the envelope, but as the gas had a 
tendency to mix with the air during the inflation, 
the envelope was first filled with carbonic anhydride 
gas, with which the helium has far less tendency to 
mix. The designed net lift, when filled with 





helium, was, 3,900 lb., which was increased to 
5,100 Ib. when hydrogen was used. The lift of the 
completed vessel is stated to be substantially the 
same as designed. 

The difficulties experienced by the Aircraft 
Development Corporation in the construction of 
this airship were referred to by Admiral Moffett, 
Chief of the Bureau of Navy Aeronautics in a 
statement made in January, 1928. He then 
stated that these difficulties had been such that 
the date of completion had been extended from 
October, 1927 to June, 1928, but he was doubtful 
if the latter date would be kept. The highly 
experimental nature of the design had been fully 
recognised when the order was placed, and penalties 
for late delivery had been omitted from the contract. 
Some difficulties had been foreseen, but others had 
arisen during construction, and these had forced the 
Corporation, in October, 1927, to reconsider the 
whole design, and subject all details to the very 
closest scrutiny. A new design had been prepared, 
and a section of the hull constructed for test pur- 
poses. If these tests were satisfactory, the Corpora- 
tion would decide if all or the major portion of the 
work already carried out would be scrapped, and 
a fresh start made with a new material believed to 
be more resistful to corrosion. It was subsequently 
stated, in March, 1928, that the tests with the new 
section had been satisfactory, the whole of the 
previous work had been scrapped, and the new 
metal decided upon. In concluding his statement, 
the admiral said that the success of the design was 
still problematical, but assuming success was finally 
achieved, it would be a number of years before 
metal-clad airships could be built with a perform- 
ance comparable with that of the rigid airships 
which were to be built for the U.S. Navy. 

Mr. Carl Fritsche, Vice-President of the Aircraft 
Development Corporation, and the designer of the 
ZMC2, interviewed after the first flights of the 
airship, gave it as his opinion that the metal-clad 
type would replace the Zeppelin type, just as the 
metal-constructed aeroplane was supplanting that 
of the fabric type. He stated that his company 
were proceeding to build a much larger metal-clad 
airship, whose volume would be 2} million cub. ft. 
and which would have a speed of 100 miles an hour. It 
would be of use for commercial purposes between 
Detroit and New York, or between New York and 
Bermuda, but its endurance would be insufficient 
for transatlantic purposes. It would be capable 
of carrying 10 to 15 passengers, and 10,000 lb. of 
cargo. The design of a construction shed for this 
larger airship had been completed, and some 
portions of the structure were already in hand. 

The contract price of ZMC2 was 300,000 dols., 
of which one-half was to be paid during the progress 
of the construction, and the remainder on the 
satisfactory completion of the trials. It is stated 
that the Corporation has expended 1,050,000 dols. 
on the vessel. They have been congratulated by 
Admiral Moffett and other aviation authorities on 
the enterprise and tenacity displayed in successfully 
completing the contract. 








Tue Port or ADEN.—The Administration of the Port 
of Aden is in the hands of a Board of Trustees, of which 
the Port Officer is an ex-officio member. The other 
members are appointed by the Government. The port 
affords safe accommodation for vessels up to 30 ft. in 
draught. Ships of deeper draught, however, can enter 
the port by using the tides, the mean range of ordinary 
spring tides being 6-7 ft. According to the recent 
report of the administration, which has just come to 
hand, the number of merchant steamers using the Port 
during the year ending March 31, 1929, was 1,635, 
making together 5,788,548 tons. Out of this total, 
1,415 ships aggregating 5,757,187 tons were vessels of 
over 200 tons. If Government and Admiralty ships, 
and sailing vessels and dhows engaged on the coasting 
trade, be taken into account, the grand total of the 
tonnage of all vessels using the port was 5,983,050, 
compared with 5,959,780 in 1927-1928, 5,613,050 in 
1926-1927, and 4,149,207 in 1913-1914, the last pre-war 
year. Out of 369 vessels with a recorded draught of 
26 ft. and upwards whichentered the port, 16 had draughts 
ranging from 30 ft. to 32 ft. The work of deepening and 
extending Aden Harbour was commenced on December 27, 
1928, and up till March 31 last, 398,969 cubic yards had 
been dredged and deposited on the dumping site. Two 
berths at one of the mooring buoys have also been 
deepened, and have since been used by shipping. One 
of these forms a fourth oil-bunkering berth connected to 
the shore by a submarine oil pipe. This additional berth 
will, it is hoped, enable all ships calling for bunker oil 
to be accommodated at any time. 
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THE WELLAND SHIP CANAL.—VI. 


THE next section of the canal to the south is 
Section No. 6, which was one of the later parts 
for which the contract was awarded. This section 
extends properly from Station No. 778 at Vort 
Robinson, to Station No. 976 at Welland, a 
distance of 3} miles by the new route. 





a much larger acreage above Welland up the 
Chippawa Creek, with the probability of litiga- 
tion over the damage caused. The further diffi- 
culty of controlling floods to which the Creek 
is liable, without inconvenience to the canal, also 
militated against the proposal. It was therefore 
decided in 1924 to abandon this scheme in favour 


Over |of the present plan, under which the Ship Canal 


this stretch the trace follows a much more direct | and the Creek are kept independent of each other 


Jine than the present canal, which between the two | throughout the section. 


towns named makes a wide sweep to the west. The 
new alignment also curves in the same way, but to a 
less marked degree. For this section the channel 
follows generally the valley of the Chippawa Creek, 
the lower reaches of which, from Port Robinson 
down, acted, it will be remembered, as the original 
connection of the Welland Canal with Lake Erie. 
‘In the first reconstruction the canal was continued 
to Port Colborne, but the lock connecting with the 
Creek at Port Robinson was in service till a com- 
paratively recent date. As recorded in our second 
article (ENGINEERING, vol. cxxvii, page 415), the 
first extension to Port Colborne, the summit 
level of which was approximately 3 ft. higher than 
Lake Erie, was supplied by a feeder canal from the 
Grand River. This old Welland Canal crossed the 
Creek by an aqueduct, the present canal crossing 
it also by similar means. 

When the present reconstruction was being 
considered a great deal of study was given to the 
Chippawa Creek Crossing, and it was at first planned 
to combine the Creek and Ship Canal between 
Welland and Port Robinson. For this purpose a 
dam and weir were suggested at the latter, i.e., 
the north end of Section No. 6, raising the Creek 
level about 6 ft., to El. + 568, the nominal level of 
the Ship Canal on this reach. Under this scheme 
the need for an aqueduct at Welland would have no 
longer existed. The raising of the Creek level would, 
however, have involved flooding a good deal of land 
between Port Robinson and Welland, and also 





Owing to the tortuous 
course of the Creek along this stretch, two bends 
encroached on the alignment chosen for the Ship 
Canal. The solution adopted, therefore, has in- 
cluded the straightening out and_ re-alignment 
of the Creek along a new course to the east of the 
channel for the Ship Canal, which itself is consider- 
ably to the east of the present channel. The align- 
ment chosen is shown in the plans Figs. 140a, 
140) and 140c. 

-At Port Robinson, the Creek makes a sharp 
turn from a generally northerly direction to almost 
due east. At this point its bed was separated from 
the present canal by a narrow bank. The Ship 
Canal enters Section No. 6 on the alignment of the 
present canal, which, however, almost immediately 
swings off to the west to form the wide loop referred 
to above. Where the Ship Canal diverges from the 
present canal it cuts for some distance into the 
former bed of the Creek, which has therefore been 
diverted at this point. Three other new channels 
have been cut between Stations No. 823 and 
No. 876, in the course of which distance the canal 
crosses the old bed of the Creek four times. Further, 
it has been thought advisable to take a sharp bend 
out of the Creek on the east side, although this 
was not directly affected by the canal work. The 
presence of the Creek has thus involved water-tight 
embankments along nearly the whole of the east side, 
these embankments, in five places, actually cutting 
across the old bed. At Port Robinson a length of new 
watertight embankment was required in the Creek 


bed of some 1,500 ft. The original plans made it 
necessary on the west side to cut across the Creek 
bed opposite Stations Nos. 840 and 867. A later 
revision, however, eliminated the necessity of 
embankment between Stations Nos. 831 and 846, 
and again from Nos. 863 to 871. 

At about Station No. 903 the Ship Canal prism 
rejoins the present canal and the Chippawa Creek 
also draws in close to them. The canal and 
Creek then run for some distance alongside each 
other until the latter swings sharp to the west to 
pass under the canal. Provision is made for this 
crossing under the Ship Canal in a manner quite 
distinct from that adopted previously in both 
the earlier reconstructions, in which it will be re- 
membered, arch culverts were employed. With 
the greatly increased depth of the new canal, 
an ordinary aqueduct with arched culverts was 
net considered suitable, and after much considera- 
tion, the plan was adopted of carrying the Creek 
under the Ship Canal in an inverted syphon culvert. 
This has been designed as a series of six 22 ft. 
diameter tubes side by side, connected on the 
east and west sides of the canal with the same 
number of vertical shafts, rising to the level of the 
Creek bottom. The work involved in the con- 
struction of this syphon has proved of such interest 
that we shall devote a special article to the subject 
at a future date. It will suffice to say now that 
the new crossing is slightly to the north of the old 
| aqueducts, and that the Creek is being turned 
jon the west side, so as to flow for a short distance 
| parallel with the canal towards the syphon intake ; 
| the six shafts of the latter are arranged in a row 
parallel with the canal. On the discharge (east) 
| side the Creek flows off at right angles to the canal 
prism and then turns north through a right angle, 
to run parallel with it as described above, though 
in that reference the approach was from the other 
| direction, viz., the north. Section No. 6 terminates 
| just beyond the present and old aqueducts, which 
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then proposed of flooding the valley, and test 
| borings were made on the site suggested for the 
| weir at Port Robinson. In the next twelve months 
surveys were made of the lands which would have 
| been affected at Welland, west of the canal, and 
| alternatives were considered and estimates pre- 
pared. In the year 1924-25, four alternatives 
were under consideration, and it was then decided 
to abandon the idea of raising the river level, as 
too costly as regards compensation, and to adopt 
\the plan detailed above. Two types of culvert 
were considered for this, as will be described in a 
later article. The general scheme having been 
settled in February, 1925, the necessary plans were 
prepared, and tenders were invited in August of that 
year. A contract was actually awarded in October 
to Messrs. The Atlas Construction Company, 
Limited, and Messrs. E. O. Leahey and Company, 
Limited, the former firm handling the construction 
| of the Welland syphon culvert, while the latter 
took in hand the excavation and other work north. 


































ANON OR « Practically all the excavation work outside the 
| aia x4 RS) ay syphon culvert area was afterwards sublet to 
<i muy. > 2 NZ Messrs. J. P. Porter and Sons, whose work in 


connection with Sections Nos. ] and 2 has already 
been mentioned, this contractor again sub-letting 
minor parts to others. 

It is estimated that the work involved in this 
section embraced 11 million c. yds. of earth excava- 
yo ; tion, and the use of 2 million c. yds. in water-tight 
4 CRE ‘embankments. The normal water level of the Creek 
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tioned above was first undertaken. This was done 
by excavating as much of the new channel in the 
| dry as possible, and then completing the work by 
| dredging. Such material taken out in the dry as 
| was suitable was used in the watertight embank- 
| ments in the vicinity. Rock dams blanketed with 
| earth were then thrown across the several parts of 
| the old bed in such a way that, when completed, 
|they formed parts of the new west bank of the 
surveying work on the final location of the canal | Creek. The loops of the old bed thus cut off were 
inake way for the new channel, and the latter by | was undertaken. This work, carried out in mid- | pumped out, and the work of constructing the east 
filling-in operations, which will reclaim a good deal | winter, made it possible to run the centre line of | bank of the canal prism was proceeded with in the 
of ground in the middle of the city of Welland. the canal over the ice on the Creek, and tie this|dry. Where the embankments crossed the old 

We have mentioned that contracts were not| up to a permanent baseline running alongside the | Creek bed, triple lap timber sheet piling cut-offs 


awarded for this section till comparatively late.|canal. In the following year further surveys | were employed. 
[t was not, in fact, until the winter of 1921-22 that | were made of the land affected by the scheme’ In making the rock dams, the run of dumps was 





6 ft., and diversion of the Creek at the points men- 











will be destroyed by the new works, the former to 
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Fig. 141. Span or CANADIAN NATIO 


employed, but nothing larger than one-man stone 
was permitted within 2 ft. of the finished face, 
while the last 1 ft. of the facing of exposed slopes 
was finished with 8-in. cubes with about 20 per 
cent. of smaller stone. The slopes were finished 
at 2:1. 

In making preparation for this excavation work, 
Messrs. E. O. Leahey brought on to the section an 
electrically-operated hydraulic dredger formerly in 
use on the Queenston Development of the Hydro- 
Eleetrice Power Commission of Ontario. This 
machine was brought in at the north end, via 
the Niagara River and Chippawa Creek, a span of 
the Canadian National Railways bridge at Port 
Robinson having to be removed temporarily for the 
purpose. This operation was performed by two loco- 
motive cranes, and is illustrated in Fig. 141, above. 
The sub-contractors, Messrs. J. P. Porter and Sons, 
also brought in two 300-ton, 6 c. yd. electrically- | 
operated Bucyrus shovels, which had been in use on 
the Hydro-Electric Development. These machines 
were described in ENGINEERING in connection with | 
this work.* They were loaded on a large barge, | 
as shown in Fig. 142, annexed, and brought round ' 
by way of Lake Erie to Port Colborne and thence to | 
the work by the present canal. For their new work | 
they were converted into drag-line machines. Other 
smaller dredging and excavating plant was collected, 
including elevating graders, scrapers, wagons, e. | 
In some cases the elevating graders are worked by 
mules, 14 to 16 being employed to a machine, 
hitched in two lots cf 4 and 6 abreast in front, | 
while a further 4 or 6 are attached to a pole behind. | 














NAL Rartway BripGe at Port ROBINSON BEING 


LIFTED TO PERMIT DREDGER TO Pass. 








Fig. 142. 





The contractors on this section have had a force | ments was handled in the manner described, but 
of as many as 400 mules on the work at a time. | when it could be put directly into nearby banks the 
These graders are fitted with plough discs turning | use of the ordinary Western scraper was also 
the earth on to a board or platform, from which | possible, being adopted as well for levelling off. 





it is cleared by an elevator worked by the forward 
movement of the machine. The elevator delivers 
the spoil at the head of a chute, down which the 
earth falls into a wagon, beirg drawn by three 
mules, at the same pace alongside. The wagons 
follow one another in procession, and when one is 
filled it draws out, and the next moves forward to 
be loaded in turn. The work is this practically 
continuous in character. As would only be natural 
in these days, the alternative of mechanical traction 
has also been employed. In this case tractors have 


Where necessary, the various layers of new material 
were bonded to the old by the latter being worked 
over by disc ploughs. The embankments were 
consolidated by watering and rolling, but where 
tractor-hauled wagons were used, it was considered 
|that these machines, of the caterpillar or chain- 
| track type, consolidated the material sufficiently 
}in working over it, and rolling was not required. 
This may represent an incidental but material 
economy in favour of tractor work. 

Dealing first with the Creek diversion channels, 








Two 6-C. Yop. Bucyrus Excavators LOADED ON BARGE. 


| the canal works, but at the end of this distance, 
the first actual crossing occurs. Beyond this point, 
in 1926, the tractor-hauled elevating-grader equip- 
| ment was employed on the new Creek bed, the spoil 
| being used in adjacent watertight embankments. 
| The two next lengths of diversion work, cutting out 
the S bend between Stations Nos. 844 and 876, were 
first worked in the dry by a small dragline and an 
elevating grader outfit, the material being used to 
build dykes round settling pond areas, and also in 
the east embankment east of the canal. 

| The two diversions between the above stations 
| were completed during the same season of 1926, by 
| hydraulic dredging, the material being disposed of in 
| the settling basins previously prepared. It was 











been employed to draw the elevating grader, and | these were generally excavated to a bottom width | estimated that in the year 1926-1927, some 741,000 


also the wagons, the latter being handled in trains 


|of 160 ft., with 2: 1 slopes. 


Work was commenced | e. yds., or 76 per cent. of the diversion excavation, 


of 2, 3 or more, but opinion is divided about the | with an hydraulic dredger at Port Robinson in 1926, | had been accomplished. 


actual relative economy of the two systems of 
mechanical or mule power. 
Most of the material for the watertight embank- 


* See vol. cx, page 734. 


|and the new cut was completed east of the canal | 


The new bed being available, in the autumn of 


alignment at that end. This involved the dredging | 1926, and following spring, dams were thrown across 


|of 274,000 c. yds. of material, which was pumped 


| into a disposal basin lying to the east of the village. 


| For the next 3,000 ft. or so, the Creek bed is outside 


| the two parts of the old Creek at Stations Nos. 860) 
and 875. These were built by trestle fill, and when 
completed, pumping plant was installed and the 
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7,500,000 tons, in 1927 averaged about 5,000,000 
tons. Since supplies of iron-ore are not made 
available by the country possessing the second largest 
reserves in Europe, viz., Great Britain, it would appear 
extremely probably that in the near future Germany 
will turn to Russia to supply her growing needs, 
although at present that country’s mines are not 
developed, nor is it very definitely known what quality 
of ore she could provide. The best qualities are, of 
course, now supplied by Sweden and Spain, whilst 
Brazil, Newfoundland, and British India are further 
potential sources of high quality ores. 

In considering the production of pig-iron the relative 
position may be shown bya comparison of the percentage 
distribution of the world’s production in 1927, with the 
corresponding figures for 1913 shown in brackets. 
Germany, 15-8 (13-84) United Kingdom, 8-57 (13-23), 


; ; cat 
intercepted bend of the old bed to the west pumped | the French occupation of the Ruhr in 1923, when the 


out in 1927, so that the seating for the east canal | production fell to 88,500,000 short tons, it may be 
bank could be prepared, and the bank itself built in | said that the output has been steady and can show 
‘ during recent years an important annual increase. 


ME Og d: dredging was also completed %0F | (In 1924, 146,000,000 ; in 1925, 163,000,000 ; in 1926, | 
ag rina eo .— * tations 176,000,000 ; and in 1927, 187,000,000 tons in round 
Nos. 820 and 845, some 341,000 c. yds being | figures.) This progress is the more remarkable when 
removed and completing the million odd cubic | jt is considered that, as a result of the Treaty of Ver- 
yards involved in the “reek diversions. In the | sailles, Germany lost territory which provided about 
summer of 1927, rock dams similar to those men- | 25 per cent. of her coal production. Thus, whilst 
tioned above, were thrown across the old Creek bed | in 1927 Germany had not caught up with her total 
at Stations Nos. 820 and 845, and the old bed was production as obtained in 1913, in what was then 


unwatered by pumping, in which the hydraulic German territory, she had, nevertheless, already 
dredger assisted. : . considerably exceeded the pre-war total as obtained 


: in the present boundaries. In France the production 
(To be continued.) of coal has risen with remarkable steadiness; the 








quantities from 1924 to 1927 inclusive being 44, 47, 51 


and 53 million tons, respectively, in round figures. 


France 10-71 (11-35), Belgium 4-34 (3-15). During 


the eight years up to 1927 the highest British production 
was in 1920 (8,164,000 tons), which was followed by a 
year of abnormal depression (2,657,000). The pre- 
war German production (1913: 10,907,000 tons ; post- 
war areas) was first equalled in 1925. In 1926 there 
was a trade slump in Germany, followed in 1927 by a 


COAL, IRON, AND STEEL IN EUROPE: 


From time to time, it becomes necessary to take 
stock of the industrial situation, and by comparing 
the figures of our own industries with those of our 
rivals, to endeavour to adapt ourselves to actualities. 


The United Kingdom was, in 1927, still by far the 
most important exporter of coal, although during the 
four years previous to and including 1927, the 1913 
figure was only once exceeded, namely, in 1923 with 
80,735,000 tons, compared with 1913: 74,578,000, 
and 1927: 51,967,000 tons—all exclusive of bunker 


Inevitably this will not always be a pleasant task, 
but it should not, on that account be shirked ; on the 
contrary—for a true realisation of facts should tend 
to clarify our perspective, and thence to prepare the 
way to the intelligent adoption of measures best 
calculated to retrieve our position. 

To obtain an accurate conception of the situation 
in the so-called ‘‘ heavy industries ” in urope requires 
a careful study of statistics covering the period since 
the war. But a number of factors have to be con- 
sidered which make the survey of the situation in its 
entirety somewhat difficult. Thus, the coal strike of 
1926, apart from the obvious result of greatly lowering 
British production for that year, had other less obvious 
but far-reaching effects such as, on the one hand, 
giving the following year misleadingly high figures in 
fulfilment of outstanding contracts, and, on the other 
hand, in stimulating other countries to an abnormal 
production. The consequence of this increased output 
was that the world’s markets were unable to absorb 
the supply available when Great Britain resumed her 
normal production. Another factor which has to be 
taken into account when making comparisons with 
pre-war statistics is the redistribution of territory 
resulting from the Treaty of Versailles. Again, apart 
from the question of production, a factor of essential 
importance in discussing the relative self-sufficiency of 
the industrial countries of Europe is that of the unmined 
coal reserves available in each country. 

Obviously, an assortment of statistics of this nature 
relating to various industries in a number of different 
countries must be compiled from a variety of trust- 
worthy sources. This has been carried out by Mr. EK. F. 
Willet in a work recently published in which the 
relative figures are conveniently tabulated for com- 
parison.* A study of these tables brings to light a 
number of important and interesting points. Perhaps 
the most striking development in the international 
coal situation indicated by Mr. Willet is the rapid 
increase in efficiency of German mines. To a consider- 
able extent, Mr. Willet’s tables and information are 
not carried beyond the years 1926 or 1927. This 
limits the direct value of his compilation, but this 
lag in statistical information appears to be inevitable 
in international comparisons of this kind. 

Taking as the measure of comparative mining 
efficiency, the amount of coal produced per underground 
worker per annum :—In the United Kingdom, in 1924 
and 1925, the figure was the same for both years, viz., 
277 tons (in 1913 it was 375 tons). In Germany, the 
amount in 1924 was 335 tons, and in 1925, 370 tons 
(in 1913, 375 tons). But in 1926, for which British 
figures are unavailable, owing to the coal strike, the 
German output had increased to 438 tons, thus con- 
siderably exceeding the pre-war figure. This rapid 
increase in efficiency is attributed chiefly to the so- 
called ‘* Rationalisation’’ process, which has for its 
object the consolidation of industrial units on such a 
basis that the more economical plants are worked to 
full capacity, whereas those which can only be operated 
at less than a specified minimum of profit are closed 
down completely. In France, there was a steady 
increase of efficiency from 191 tons per man in 1920, 
to 232 in 1926, but even so, the output per man was 
over 15 per cent. less than in 1913, which is about the 
same proportion as in the United Kingdom. 

Turning from the question of efficiency to actual 
oal production, the outstanding feature as regards 
he United Kingdom during recent years has been 
the irregularity of output and the fact that, although 
« certain recovery was shown in 1927 (260,164,000 
hort tons), it had not yet been possible up to that year 
‘o attain pre-war figures (1913, 292,043,000 short 
tons). In Germany, when allowance is made for the 
disturbance to the coal industry consequent upon 


_* Coal, Iron and Steel in Europe. By E. F. Willet. 
New York: Dillon, Read & Co. 





million tons. 


| coal, which annually amounts to between 15 and 20 
German exports in the same period 
rose from. 2,795,000 tons in 1923 (the year of the Ruhr 
occupation) to 13,646,000 in 1925, 29,244,000 in 1926, 


and 26,878,000 tons in 1927 (exclusive of reparations 
deliveries). Poland exported over 14,000,000 tons of 
coal in 1926, and over 10,000,000 tons in 1927; the 
former being unusually high as a result of the British 
coal strike, which, it may be noted, also affected the 
German exports in the same manner; conversely, it 
will be observed that the highest British export figures 
in these years were obtained in the year of the Ruhr 
occupation already referred to, when Germany im- 
ported over 25,000,000 tons of foreign coal, compared 
with about 5,000,000 tons in 1927. 

As already remarked, the future possibilities of the 
international coal situation in Europe cannot be 
appreciated unless due consideration is given to the 
respective coal reserves. The estimated reserves of 
the two leading producers in millions of tons are stated 
as United Kingdom with 189,533, and Germany 
with 180,805; followed by Poland with 148,075, and 
France with 17,407 million tons. It will be seen that 
there is no immediate fear of any shortage, for even the 
last-mentioned country, at the present rate of produc- 
tion, has sufficient reserves to last for about 300 years. 

A comparison of the annual per capita consumption 
of coal shows that this is much greater in the United 
Kingdom and Belgium than it is in either France or 
Germany. ‘The figures for 1925 being U.K. 3-60 tons, 
Belgium 3-86 tons, Germany 2-58 tons, and France 
2-02 tons; whilst in the United States it was no less 
than 4-83 tons for the same year. These figures are 
of interest inasmuch as they indicate the possibility 
of increasing home markets for French and German 
coal. 

British exports of coke during the years 1920 to 1924 
exceeded those of Germany, but during the three later 
years German exports increased very rapidly, from 
nearly 4,000,000 tons in 1925 to nearly 9,000,000 tons 
in 1927, and in 1927 were nearly five times as great as 
the British (1,835,000 tons). French and Belgian out- 
put also showed a notable increase during the last 
six years up to 1927; the Belgian production in 1927 
was more than 50 per cent. greater than in 1913, despite 
the fact that no additional coke producing territory 
was acquired. 

Turning now to iron-ore, the outstanding feature 
noticeable in the continental situation is that the 
position of France and Germany is the reverse of that 
relating to coal and coke, and applies both to reserves 
of iron ore and to production and export. In 1927 
France exported 14,662,000 tons of iron ore, against 
Germany’s 167,000. The estimated reserves of iron- 
ore for France are 8,164 million, United Kingdom 
5,970 million, and Germany 1,317 million tons, respec- 
tively ; whilst Sweden and Russia are each credited 
with over 2,000 million tons, and Spain with over 
1,000 million tons. 

Whereas the German production of iron-ore (pre- 
war territory) fell from 28,000,000 tons in 1913 to 
under 5,000,000 in 1927, the French production 
of iron-ore increased from about 22,000,000 (pre-war 
territory) to over 39,000,000 tons in 1927. The 
change of boundaries resulting from the war thus 
indicates a loss to Germany of 75 per cent. of her 
productive capacity, while in similar-wise the capacity 
of France was doubled. Apart from this, Germany 
was apparently not working to full capacity, since the 
production for 1927 is 2,000,000 tons less than that 
obtained in the same area before the war. Although 
the United Kingdom is in a relatively strong position 
as regards reserves of iron-ore, her production had 
fallen from about 16,000,000 tons in 1913 to about 
4,000,000 tons in 1927; her exports are negligible 
and her imports, which in 1913 amounted to about 








marked revival, when the production of pig-iron rose 
to no less than 13,103,000 tons. The French recovery is 
partly explained by the steady reconstruction of the 
devastated areas, further stimulated by the inflation 
of French currency, which reached its climax in 1926. 
In 1927 the production in France was 9,293,000 (1913 ; 
5,207,000) tons; in the United Kingdom in 1927: 
7,411,000 (1913: 10,425,000) tons. 

In examining the relative situation of steel produc- 
tion a close analogy to that of pig-iron is obtained. 
Germany lost over 30 per cent. of her productive 
capacity for steel, while France gained nearly 50 per 
cent. The various influences which affected the pig- 
iron production affected steel in an almost identical 
manner. Notwithstanding the loss of 30 per cent. of 
her pre-war capacity, German steel production had been 
so far developed by 1927 that it was only 7} per cent. 
less than in 1913 pre-war territory. In the United 
Kingdom the steel industry, as is well known, has been 
in an unsatisfactory state during recent years, not- 
withstanding the fact that production in 1927 (9,245,000 
tons) was considerably greater than in 1913 (7,787,000 
tons). The distribution of the world production of 
steel ingots and castings stated in percentage of the 
world’s total for comparison of the leading European 
producers is as follows, with 1913 figures in brackets : 
Germany, 16-10 (15-96), United Kingdom, 9-12 
(10-16), France, 8-17 (9-11), Belgium, 3-66 (3-22). 
These figures are exclusive of the Saar, 1-87 (2-72). 








COMPOUND MARINE ENGINE FOR 
HIGH SUPERHEATS. 


WE illustrate on pages 466 and 467 a three-cylinder 
compound marine engine constructed by Messrs. Gebr. 
Stork and Co., Hengelo, Holland, to the designs of Profes- 
sor G. Brouwer, of Scheveningen. The engine is intended 
to be operated with steam supplied at a pressure of 
225 Ib. per square inch and at a total temperature of 
300 deg. C. The two low-pressure cylinders work on 
the uniflow principle, whilst the high-pressure cylinder 
is of the ordinary type. By using three cylinders a 
more uniform turning moment is secured, as well as 
better balance of the reciprocating parts. A general 
view of the engine is reproduced in Fig. 4, whilst its 
special teatures are clearly shown in the cross-sections 
and plan, Figs. 1 to 3. 

Apart from the modifications necessitated by the 
system of steam distribution adopted, standard practice 
has been followed, the engine having Stephenson valve 
gear, and the pumps driven by rocking levers from the 
crosshead of one of the two L.P. cylinders. 

The H.P. cylinder is 400 mm. in diameter, and each of 
the two L.P. cylinders is of 600 mm. diameter The 
stroke is 600 mm. for all three. A characteristic feature 
of the design is that an early cut-off is adopted for the 
L.P. cylinders so as to ensure a high receiver pressure, 
with the consequent result that the steam is still 
superheated when it enters the L.P. cylinders. Thus 
at full power in forward gear the cut-off in the H.P. 
cylinder is 35 per cent. to 40 per cent., whilst in the 
L.P. cylinders it is 20 per cent. to 25 per cent. In 
reverse gear, provision is made for later points of cut-off 
in all cylinders, so as to ensure ample power when an 
emergency stop has to be made. The clearance is 
10 per cent. in the H.P. cylinder and 6 per cent. in 
the L.P. 

All the piston valves are of the same diameter, but, 
owing to the adoption of the uniflow system, those 
for the I..P. cylinders are longer than their fellow. 
In all cases the steam is admitted to the centre of 
the valve chambers, the cut-off being effected by the 
inner edges of the valve pistons, whilst the exhaust 
takes place past their outer edges. This latter 
arrangement is adopted even for the valves of the 
L.P. cylinders, although the discharge to the condenser 
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THREE-CYLINDER COMPOUND UNIFLOW MARINE ENGINE. 


CONSTRUCTED BY MESSRS. GEBR. STORK AND CO., ENGINEERS, HENGELO, HOLLAND. 
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1562.0.) 0 
“ENGINEERING 
Steam pressure at stop valve ... 173-5 lb. per square 
inch (abs). 
Steam temperature at stop valve 600 deg. F. 
Pressure in receiver... -.. 59-3 Ib. per square 
inch (abs). 
Temperature of receiver steam 383 deg. F. 
Vacuum (the distance between 
the engine and condenser was 
70 ft.) Mee oe ... 27 in. of mercury. 
Engine speed... oe eos LI7°2 v.p.m. 
Output :— 
High pressure cylinder --» 142-5 i.h.p. 
Low pressure cylinders .-. 223-5 ih.p. 
Total 366 i.h.p. 
Total steam... dea --- 1,695 kg. per hour. 
Steam rate ave ate ... 10-18 lb. per i.h.p. 
hour. 











Overall indicated efficiency 
ratio ... pee aaa .-- 69 per cent. 





eine Prof. Brouwer claims that these figures show an 
economy of 10 per cent. as compared with the 
ordinary triple expansion engine working under 
similar conditions. 


Was originally intended to pack these with the Lock- , tion, the engine was run ona water brake at the makers’ 
wood and Carlisle rings shown in Fig. 2. After comple- | works, with the results given below :— 
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Typical indicator diagrams taken during the trials | 
are reproduced in Figs. 5,6 and 7, on page 467. It will | 
be noted that those for the two L.P. cylinders are 
not: identical, owing to the fact that they are coupled | 
to different cranks and thus get steam from the receiver 
at different times. The low exhaust line should be | 
noted. From the runs made, the results of which are | 
plotted in Fig. 8, Professor Brouwer estimates that | 
av an output of 526 i.h.p. the mechanical efficiency 


Fig.8. 
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(exclusive of pump and thrust block friction) .onld 
be 91-3 per cent. 

Plans have been got out for an engine on the same 
principle to work with an initial pressure of 520 Ibs. 
per sq. in. This has four cylinders and three cranks 
and is stated to be completely balanced. 








LAUNCHES AND TRIAL TRIPS. 


** HINDANGER.”’—Twin-screw cargo motorship ; single- 
acting, four-stroke-cycle, enclosed-trunk-piston Diesel 
engines supplied by Messrs. J. G. Kincaid and Company, 
Limited, Greenock. Trial trip, October 1. Main 
dimensions : length, 415 ft., and beam, 54 ft. 6in. Built 
by Messrs, Sir W. G. Armstrong, Whitworth and Com- 
pany (Shipbuilders), Limited, Walker-on-Tyne, for 
Messrs. Westfal Larsen and Company A/S, Bergen, 
Norway. 

‘“Crry oF SypNney.’’—Single-screw cargo steamer ; 
four-cylinder tvriple-expansion engine, with Bauer- 
Wach exhaust turbine. Launch, October 2. Main 
dimensions, 460 ft. by 58 ft. by 34 ft. 6 in. Built by 
Messrs. Workman Clark (1928), Limited, Belfast, for 
Messrs. The Ellerman Lines, Limited, London. 

** SoLtTan Star.”’—Twin-screw insulated cargo steamer; 
double-reduction geared Parsons turbines. Launch, 
October 4. Main dimensions, 485 ft. by 70 ft. by 39 ft. 
9 in. Built by Messrs. Cammell Laird and Company, 
Limited, Birkenhead, to the order of Messrs. The Blue 
Star Line (1920), Limited, London, 

‘* SunTrap.’’—Single-screw __ self-trimming 
triple-expansion engine supplied by Messrs. George 
Clark, Limited, Sunderland. Launch, October 4. Main 
dimensions, 226 ft. by 32 ft. by 15 ft. 6 in. Built by 
Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, Hebburn-on-Tyre, for Messrs. The Gas Light 
and Coke Company, London. ‘ 

‘**Lorp TRENT” and ‘‘ Lorp Dawson.”’-——Steel screw 
trawlers. Launch, October 5. Main dimensions, 140 ft. 
by 24 ft. by 14 ft. Built by Messrs. Cochrane and Sons, 
Limited, Ouse Shipbuilding Yard, Selby, for owners at 

Tull. 
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FaraDAy House Otp StupeEnts’ Assocration.—The 
twenty-first annual dinner of the Faraday House Old 
Students’ Association will be held on October 25 next 
at the Savoy Hotel, Strand, London, W.C.2. Application 
for tickets, price 10s, 6d. each should be made to the 
Secretary of the Association, 66, Southampton Row, 
London, W.C.1. 





PERSONAL.—Mr. Harold E. Midgley, director, chief en- 
gineer, and general manager of The Foundation Company, 
Limited, Aldwych, London, W.C.2, has resigned these 
positions to join the board of Messrs. Ruths Steam 
Storage, Limited, Africa House, Kingsway, London, W.C.2 
—The Underfeed Stoker Company, Limited, Africa 
House, Kingsway, London, W.C.2, announce that they 
have secured the sole manufacturing rights for Vibro 
conveyors under the Schenck-Heymann system. “The 
conveyors will be manufactured entirely at the com- 

any’s works at Derby.—Messrs. The General Electric 
‘ompany, Limited, will open a new branch at Magnet 
House, 3, Campbell-street, Leicester, on Monday, 
October 14. Mr. W. J. Hodgkins, of the Birmingham | 
branch, has been appointed manager. | 





ENG 


INEERING. 


TENDERS. 

WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 

ossessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 


on application to the Department at the above address, 
the reference number given being quoted in each case. 


Motor Pumps and Hose.—The supply of six sets of 
motor pumps and 36 lengths of reinforced hose, each of 
15 ft... The Ministry of Public Works, Bogota, Colombia ; 
November 4. (Ref. No. A.X. 8618.) 


Bridges and Viaduct.—The construction of two bridges 
having spans of 30 m. (98 ft. 5 in.), and 15 m. (49 it. 
2 in.), respectively, and a viaduct of three spans, two of 
20 Th. (65 ft. 7 in.), and one of 10 m. (32 ft. 9 in.). The 
Ministry of Public Works, Bogota, Colombia ; November 
5, 6, and 7. (Ref. No. A.X. 8618.) 


Pumping Plant.—The supply and erection of two 
Diesel pumping units and accessories at Khattara 
pumping station (Assouan Province). Egyptian Ministry 
of Public Works, Cairo; November 25. (Ref. No. A.X. 
8619.) 

Copper Plates.—The supply of copper plates. The 
Victorian Railways Commissioners, Melbourne, Australia ; 
October 23. (Ref. No. A.X. 8626.) 

Rails.—The supply of 285 km. (177 miles) of rails 
and accessory material. L’Administration Générale des 
Chemins de Fer et des Ports d’Etat, Angora, Turkey; 
October 22. (Ref. No. A. 8633.) 

Fish Plates.—The supply of 1,000 fish plates for rails 
of 40 kg. per m. (26-88 Ib. per foot). Companhia dos 
Caminhos de Ferro da Beira Alta, Portugal ; October 21. 
(Ref. No. A.X. 8634.) 

Sewage Mains.—The supply, laying, jointing and 
testing of 16,300 m. of 30-in, diameter cast-iron pipes. 
The supply and laying of 16,300 m. of light railway. 
The supply, laying, jointing and testing of 15,000 m. of 
cast-iron sealed sewage and air mains, and the supply of 
special castings, spare parts and materials at the site of 
the Giza pumping station. The Egyptian Ministry of 
Public Works, Main Drainage Department, Cairo ; 
November 13. (Ref. No. A.X. 8628.) 

Shunting Locomotives.---The construction and supply 
of three shunting locomotives. The Head Director of 
Railways and Harbours, Sofia, Bulgaria; November 7. 
(Ref. No. A. 8631.) 

Rails and Fittings.—The supply of rails and fittings. 
The Ministry of Railways, Sofia, Bulgaria ; November 6 
to 14. (Ref. No. A.X. 8630.) 

Food-Preparation Machines.—There is an opening in 
Roumania for the sale of machines of modern type for 
the preparation of milk and meat derivatives. (Ref. 
No. A.X. 8639.) 

House Service Meters.—The supply and delivery of 
one year’s requirements of house service meters. ‘The 
India Store Department, New Delhi; October 28. 
(Ref. No. B.X. 5749.) 

Railway Signalling Apparatus.—We gave, on page 202 
of our issue of August 16 last, particulars of tenders 
invited by the Companhia Dos Caminhos de Ferro 
Portugueses, Lisbon, for the supply of mechanical or 
electrical signalling apparatus. We now learn that the 
closing date has been postponed until October 20. (Ref. 
No. A. 8642.) 

Generating Set.—The supply, delivery and erection of a 
crude-oil engine-driven direct-current generating set and 
a motor generator set, complete with switchgear and 
all accessories, for the Military Engineering Services, 
Razmak. The India Store Department, New Delhi; 
November 14. (Ref. No. B.X.5744.) 

Microscopes.—The supply and delivery of microscopes 
and accessories. The Egyptian Department of Public 


Health, Cairo; December 7. (Ref. No. B.X.5750.) 








BOOKS RECEIVED. 


United States Bureau of Mines. Technical Paper No. 450. 
Inflammability of Mixed Gases. By G. W. JonEs. 
[Price 10 cents.] No. 451. Calciwm Sulphate Retarders 
for Portland Cement Clinker. By E. E. BERGER. 
{Price 10 cents.] Washington: Government Printing 


Office. 
Practical Design of Simple Steel Structures. By Davin S. 


Stewart. Vol. I. Shop Practice, Riveted Connections, 
and Beams, dc. [Price 12s. net.] Vol. II. Plate 
Girders, Columns, Trusses, dc. [Price 16s. net.] 


Vol. III. Tables. [Price 5s. net.] London; Constable 
and Company, Limited. 


First-Year Electrical Engineering. By D. J. Bourton. 
London: Edward Arnold and Company. [Price 
5s. net.] 


Hydro und Aeromechanik nach Vorlesungen von L, Prandtl. 
Vol. I. Gleichgewicht und reibungslose Bewegung, By 
Dr.-Pom. O. Tretsens. Berlin: Julius Springer. 
{Price 15 marks. ] 

Die deutschen Gewindetoleranzen. By 
G. Bernpt. Berlin: Julius Springer. 
marks. ] 

The Journal of the Iron and Steel Institute. 
1929. Edited by George C. Lloyd. London: 
of the Institute. 

Air Ministry. Air Publication No. 1363. Vickers’ Vir- 
ginia X. Aeroplane (Two Lion Engines). London : 
His Majesty’s Stationery Office. [Price 3s. net.] 

Arcs et Portiques en Beton Armée. 
By R. E, STEINSBERG, 
70 francs net. ] 


Professor Dr. 
[Price 16-50 


Vol. CXIX. 
Offices 
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| 











NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Merchants are still 
accepting slightly below makers’ fixed minimum prices 
for Cleveland pig, but the latter are in a strong statistical 
position, and the former have command of only moderate 
quantities of iron. Stocks are quite trifling and output is 
taken up as it becomes available for distribution. Loose 
parcels, purchased some time ago by outside speculators, 
are believed to have been cleared off the market. There is 
little saleable iron for immediate delivery, but prompt 
lots command no more than is accepted for forward 
delivery. Home consumers continue to buy for delivery 
over periods up till the end of the year, and export business 
is still very quiet. A little foundry iron from other home 
areas is being used on Teesside, but pig consumers here 
are not buying foreign iron. Makers’ fixed rates for 
Cleveland pig remain: No. 1 grade, 75s.; No. 3 g.m.b., 
72s. 6d.; No. 4 foundry, 71s. 6d.; and No. 4, forge, 
Te: 

Hematite.—Customers for east coast hematite are 
coming forward rather more freely, and further sales 
to both home and Continental consumers are reported. 
Producers have now quite good order-books, and are 
disinclined to enter into further contracts at present 
unremunerative rates. Second hands are also not as 
keen as they have been to unload their holdings. Ordinary 
qualities are put at 76s. 6d., and No. 1 grade of iron is at 
a premium of sixpence. 

Blast-Furnacemen’s Wages.—Under sliding scale 
arrangements, on the average net selling price of No. 3 
Cleveland pig, which has just been certified at 65s. 5-92d. 
for the past three months, North-East Coast blast- 
furnacemen’s wages are advanced by one per cent. for the 
last quarter of the year, raising wages from 10-25 per 
cent. above the standard to 11-25 per cent. above the 
standard. 

Foreign Ore.—Sales of foreign ore are few and small, 
merchants having little to offer and consumers being well 
bought ahead. Recognised market rates are on the 
basis of best rubio at fully 24s. 6d., c.i.f., Tees. 

Blast-Furnace Coke.—Continued scarcity of Durham 
blast-furnace coke threatens further to force up prices of 
that commodity. Good average qualities are 23s. 6d. to 
23s. 9d. delivered to local users. 


Manufactured Iron and Steel.—Values of manufactured 
iron and steel are well upheld. Aggregate tonnage 
output is heavy, and a few new orders are coming 
forward. Semi-finished steel producers have considerable 
work to execute but keen continental competition is 
checking sales, Common iron bars are 101. 15s.; best 
bars, 11/. 5s.; double best bars, 11. 15s.; treble best 
bars, 127. 5s.: iron rivets, 11/. 10s. ; packing (parallel), 
8i. ; packing (tapered), 10/.; steel billet (soft), 61. 17s. 
6d.; steel billets (medium), 7/. 12s. 6d.; steel billets 
(hard), 87. 2s. 6d. ; steel rivets, 111. 5s. ; steel ship plates, 
8i. 12s. 6d. ; steel angles, 81. 2s. 6d. ; steel joists, 8/. 2s. 6d.; 
heavy sections of steel rails, 8/. 10s.; black sheets, 
101. 7s. 6d. ; and galvanised corrugated sheets, 138/. 10s. 


Imports of Iron and Steel.—Increases in September 
imports of iron and steel to the Tees are indicated by 
returns issued this week. During last month 19,097 
tons were unloaded, as compared with 16,579 tons for 
the same month a year ago, and only 1,164 tons in 
September, 1914. An aggregate of 174,929 tons was 
unshipped during the eleven months ending September 
30 last, as compared with 208,533 tons for the same 
months a year ago, and 54,563 tons for the corresponding 
period ending September 30, 1914. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—In view of the disturbing effects of 
rationalisation schemes, the trend of local trade is 
difficult to gauge. Steel and engineering branches, which 
were moderately active, are struggling with fair success 
to attract sufficient new business to place operations on 
anenlarged basis. Many of them are encountering revived 
competition from the Continent, and also, in some 
instances, keen bidding from America, but, generally, 
the state of order books is promising, and no surprise 
would be caused if marked developments occurred 
within the next few weeks. If old-standing depart- 
ments are being closed, and the services they have 
rendered transferred to more modern plants in related 
areas, extensions are proceeding in other directions, 
and gross output of all kinds of machinery, tools, and 
materials is substantial. No alteration has been made 
in. tungsten prices, which vitally influence costs in high- 
speed steel manufacture. That influence is felt among 
Sheffield’s steel-making rivals, as well as in this district. 
One result is that German makers of tungsten alloy steels 
have increased their quotations by 10 per cent. That 
British prices are unaltered is due to the heavy pur- 
chases made when market conditions were easier, and 
the consequent existence of low-priced stocks. Busy 
conditions continue to dominate hematite production 
for steel-making purposes. Overseas requirements are 
reported to be heavy. The recent advance in foundry 
iron values has somewhat discouraged new business. 
Current quotations per ton are as follow: Siemens’ acid 
steel billets, 97. 10s. ; hard basic-steel billets, 7/. 12s. 6d. 


to 91. 12s. 6d.; soft basic-steel billets, 77. ; Derbyshire 
|foundry pig iron, 
Solution Graphique. | 69s. 6d. ; 
Paris: Cx. BERANGER. [Price | Crown iron bars, 11/.; iron hoops, 12/.; steel hoops. 


73s. 6d.; Derbyshire forge iron, 
Lincolnshire foundry pig iron, 75s. 6d. ; 


91, 15s. to 107. 5s.; and heavy basic scrap, 69s. 6d. In 








OcT. I1, 1929.] 





the heavy engineering section, railway work is not 
developing as rapidly as employers would like. Orders 
on both home and export accounts are numerous, but 
the quantities specified, particularly in relation to inland 
needs, are small as compared with productive capacity. 
Tramway renewals in the provinces are calling for 
supplies of manganese trackwork. Automobile steel is 
an active medium, despite the offer of foreign supplies at 
attractive rates. More business could easily be handled 
in mining and textile equipment. The special-steel 
branches are probably accounting for a more widespread 
supply than at any previous time. New uses are con- 
stantly being found for high-class materials, which 
frequently supplant low-grade, and, from the standpoint 
of first cost, cheaper metals.. Inland sales of tools should 
be assisted if sanction is received for the proposed order 
recommending the marking of imported tools with the 
place of origin. Continental tools will be mainly 
affected. ' 


South Yorkshire Coal Trade.—A stronger tone prevails 
in several sections. Enquiries for best house coal are 
more numerous, and it is expected that with the advent 
of autumnal weather there will be a better call for 
secondary grades, which have been in surplus supply. 
Export sales of industrial fuel are well maintained, while 
inland needs account for steady deliveries. Washed 
sorts are a shade firmer. Business in coke is more easily 
accommodated now that production is expanding, but 
prices generally are firm. Quotations: Best hand- 
picked branch, 26s. 6d. to 28s, ; Derbyshire best bright 
house coal, 21s. to 238s.; best house coal, 20s. 6d. to 
21s. 6d. ; screened house coal, 18s. 6d. to 20s. ; screened 
house nuts, 16s. 6d. to 18s.; Yorkshire hards, lds. 6d. 
to 17s.; Derbyshire hards, 15s. 6d. to 17s.; rough 
slacks, 9s. to 10s.; nutty slacks, 7s. to 8s.; smalls, 
38. to 58, 








NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel Trade.—No change of any note has 
taken place in the Scottish steel trade during the week. 
Makers are, in most cases, fairly well employed, and 
quite a good tonnage is being put through, but while 
deliveries to the shipyards continue to be tolerably 
satisfactory at present, the future is causing some 
concern. Work on hand at the shipyards is well 
advanced, and as bookings for some time past have not 
been heavy, the outlook for the future is not too promising. 
In the black-sheet trade conditions are somewhat better, 
and output is improving. Home consumers have been 
better buyers recently and the demand from overseds 
continues to expand. This applies mostly to light 
sheets, as the heavier sorts are far from active. The 
following are the current market quotations :—-Boiler 
plates, 10/. 10s. per ton; ship plates, 8/. 12s, 6d. per ton ; 
sections, 8/. 2s. 6d. per ton; sheets, } in., 9/. per ton; 
galvanised corrugated sheets (No. 24 gauge), 131. 10s. 
per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland is still very quiet and there is an absence 
of life. One or two firms are fairly well placed at the 
moment, but in the majority of cases, difficulty is still 
being experienced in securing a sufficient tonnage to 
keep plant running. In the steel re-rolling branches a 
similar state prevails largely on account of the very severe 
competition from the Continent. The market quotations 
are as follow :—‘‘ Crown” bars, 101. 5s. per ton for 
home delivery, and 9/. 15s, per ton for export ; re-rolled 
steel bars, 7/. 15s. per ton for both home delivery and 
export. 

Scottish Pig-Iron Trade.-—The demand for Scottish 
pig-iron has not increased to any appreciable extent and 
the present output is more than equal to all calls. The 
steel industry has been taking up a fairly good tonnage 
of hematite iron, but there are fears of a falling off 
in the demand in the near future. Foundry grades of 
iron are very dull. No change has taken place in the 
quotations which are as follow :—Hematite iron, 80s. 
per ton delivered at the steel works ; foundry iron, No. 1, 
78s. 6d. per ton, and No. 3, 76s. per ton, both on trucks 
at maker’s yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig iron from Glasgow Harbour for the week 
ending Saturday last, October 5, amounted to 925 tons. 
Of the total 396 tons went overseas and 529 tons coast- 
wise. During the corresponding week of last year the 
figures were 880 tons to foreign destinations and 26 tons 
coastwise, making a total shipment of 906 tons. 


Engineering Works in Motherwell to be Restarted.— 
At the monthly sitting of the Motherwell and Wishaw 
Dean of Guild Court this week, plans were passed on 
behalf of Messrs. John Black, Limited, Motherwell, for 
the reconstruction of the engineering works in Park- 
street, Motherwell, formerly occupied by Messrs. 
Chambers and Scott. The works were burned down 
several years ago and have remained closed since then. 


Shipbuilding Contracts—An order for a motor-pro- 
pelled passenger vessel has been secured by Messrs. 
Scott’s Shipbuilding and Engineering Company, Limited, 
Greenock, This new vessel is for London owners 
and Messrs. Scott’s will supply the machinery. Messrs. 
Barclay, Curle and Company, Limited, Whiteinch, 
Glasgow, has received an order from the Vestfold Whaling 
Company, Sandefjord, Norway, for a motor tanker of 
‘bout 9,400 tons deadweight. Delivery is to be in 
November, 1930. Messrs. Ailsa Shipbuilding Company, 
limited, Troon and Ayr, have secured a contract from 
Messrs. William Sloan and Company, Glasgow, for a 
screw steamer for their Glasgow and Bristol service. 
This new vessel will be 246 ft. in length, 36 ft. in breadth, 
and 17 ft. in depth, and the propelling machinery will be 
supplied by the builders. 








SNGINEE RING. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—Though the outlook in regard to the 
wages and hours to operate in the coal industry after the 
end of this year is still undecided, negotiations for con- 
tracts for delivery in 1930 are proceeding, and in many 
cases have been brought to a conclusion. Consumers of 
coal must in many cases arrange for part of their supplies, 
and even if there is a possibility of a stoppage, take their 
chance. The Welsh colliery owners, rather than allow 
their old customers to place orders abroad, have already 
negotiated a number of contracts. The French railways 
have purchased over 1,000,000 tons of large and small 
coal, chiefly the latter, for delivery during next year, on 
the basis of the minimum schedule for large, which is 
fixed at 20s. for best Admiralty large per ton f.o.b., and 
at about ls. above the schedule for small, which ranges 
from 10s. 6d. for class 6 to 12s. 6d. for class 1. The Paris 
Lyons and Mediterranean Railway has booked up 500,000 
tons and the Paris-Orleans Railway 80,000 tons, while 
the Midi, Etat, Nord, and Est railways have also 
arranged for different quantities with exporters and 
colliery owners. Meanwhile the general condition of the 
coal trade is unaltered, Business for South America and 
Canada is hampered by the high freights ruling for these 
countries, These are due to the low homeward rates and 
the difficulty shipowners experience in obtaining cargoes. 
As much as 12s. has been paid for the transport of anthra- 
cite coal from Swansea to Montreal. This rate is about 
5s, per ton above that on which contracts were based, and 
is involving Welsh shippers in heavy losses. South Ameri- 
can rates are also from 16s. to 17s., ¢.e., some shillings 
above the levels at which c.i.f. Gontracts were arranged. 
The difficulties of collieries and exporters are aggravated 
by a continued poor demand for large coal, which makes it 
impossible to avoid pit stoppages owing to wagons being 
held up under load. This creates a scarcity of empty trucks 
necessary to: keep collieries working. At the same time 
supplies of sized and small coals are restricted, and as 
these classes are in pressing request, salesmen are able 
to command prices ranging from ls. to 4s, per ton above 
the minimum schedule. Cokes and patent fuel are also 
well stemmed, with foundry coke ranging from 32s. 6d. to 
37s. per ton and patent fuel from 21s. to 22s. 6d. Ship- 
ments of coal foreign in the past week amounted to 
489,000 tons, which was 30,000 tons more than in the 
previous week, the improvement being due to heavier 
clearances to Algeria, Argentina, Belgium, Canada, and 
Egypt. 


Tron and Steel.—Shipments of iron and steel goods in 
the past week totalled 10,736 tons, compared with 25,561 
tons in the preceding week, exports of tin-plates and terne- 
plates falling from 13,740 tons to 6,189 tons and other 
iron and steel goods from 10,208 tons to 2,427 tons, though 
clearances of black-plates and black-sheets were raised 
from 619 tons to 831 tons, and of galvanised sheets from 
994 tons to 1,289 tons. 








THE MARKING OF IMPORTED IMPLEMENTS AND TOOLS.— 
The Standing Committee appointed by the Board of 
Trade in connection with the Merchandise Marks Act, 
1926, have issued a report on their inquiry as to whether 
imported hand implements and tools of all descriptions, 
wholly or mainly of metal, should be required to bear 
an indication of origin. The report, we understand, 
is obtainable, price 2d., from H.M. Stationery Office, 
Adastral House, Kingsway, London, W.C.2. The 
implements concerned include saws, twist drills and 
bits for use in machines ; metal vices and cramps ; metal 
marking gauges, squares and bevels ; metal vernier and 
thickness gauges; engineers’ rules of metal and steel 
measuring tapes; permanent magnets; and sets of 
letter and number marks, 


ABSORPTION OF VIBRATIONS BY RuBBER Paps.—On 
behalf of the Rubber Growers’ Association, 2—4, Idol-lane, 
Eastcheap, E.C.4, Messrs. Digby and Fairthorne, consult- 
ing engineers, of Queen Anne’s-gate, have been investiga- 
ting the possibility of isolating broadcast receiving sets 
from vibrations by the aid of rubber cushions. The 
instrument was mounted on a base, 11} in. by 84 in., 
the total weight of base and instrument being 214 lb. ; 
an average for ordinary sets. The rubber pads were 
placed under the corners of the base, which rested on a 
platform, and this was made to oscillate at frequencies 
of 550 or 720 cycles per minute. ‘The amplitude of 
the vibrations was determined by means of a mirror, 
first without interposing the pads, and the efficiency 
of the absorption of vibrations was estimated from the 
reduction in the amplitude of the vibrations. Hammer- 
blow and field tests were also made. The pads were 
either 1 in. sq. or 2 in. sq., the thickness ranging 
from } in, up to 1 in., and consisted of various rubbers— 
sponge rubber, a special compound containing 95 per 
cent. of pure rubber reinforced or not, sole crépe rubber 
(samples C), and cellular or expanded rubber (gas-filled D) 
The sole crépe rubber was tested in solid and in 
perforated pads, the perforations taking up 20 per cent. 
of the surface. The experiments indicated that the 
pad material should be elastic, soft and flexible, and 
in the form’ of relatively thick pieces of small area ; 
rings would probably be suitable. -The absorption 
increased with the thickness and with the reduction 
in the area of the pad, and was greater for vibrations 
of high frequency and of small amplitude than in the 
opposite cases. Jars and shocks were ‘also absorbed, 
but resonant vibrations were magnified by the pads. 
Of the various materials tried, the D samples (expanded 
rubber) and the perforated C samples (sole crépe rubber) 
gave the best results when } in. thick. These C samples 
would be inexpensive. 





NOTICES OF MEETINGS. 

INSTITUTION OF ENGINEERING INSPECTION.—To-night, 
5.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. ‘‘ The Chemical Laboratory in Inspection,” by 
Mr. E. F. Law. 

JUNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.-m., 39, Victoria-street, S.W.1. ‘‘Coal and Coal 
Cleaning,” by Mr. R. H. Allen. Friday, October 18, 
7.30 p.m., “Some Recent French Railway Construc- 
tion,” by Mr. W. A. Willox. 

Socrety oF CHeEmicaL INDUsTRY:. CHEMICAL 
ENGINEERING GRovP.—To-night, 8 p.m., Burlington 
House, Piccadilly, W.1. ‘‘ Rationalisation—Its Meaning 
and Application,” by Mr. J. D. Pratt. 

Minin Institute oF ScorLtanp.—Saturday,' October 
12, 3 p.m., Mining Laboratories, 79, Grassmarket, 
Edinburgh. ‘‘ Recent Progress in Underground Con- 
veying,” by Mr. S. Mavor. ‘‘ Some Notes on; Colliery 
Blasting Practice,”’ by Mr. J. E. Lambert. 

Institute oF TRANsPORT.,—Monday, October 14, 
5.30 p.m., Institution of Electrical Engineers, . Victoria 





Embankment, W.C.2. Presidentiat Address ‘by Sir 
J. C. Stamp. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Glasgow 
Centre : Monday, October 14, 7.30 p.m., Royal Technical 


College, Glasgow. Presidential Address, ‘‘ The Member 
and the Institution,” by Prof. W. Morgan. 

Institute OF Metats.—Scottish Local Section : Mon- 
day, October 14, 7.30 p.m., Institution of Engineers and 
Shipbuilders in Scotland, 39, Elmbank-crescent, Glasgow. 
Chairman’s Address, by Mr. H. H. A. Greer. 


InsTITUTION OF Civit ENGINEERS—Manchester and 
District Association : Wednesday, October 16, 6.45 p.m., 
Manchester Literary and Philosophical Society, 36, 
George-street, Manchester. Chairman’s Address, by 


Mr. F. J. West. 

InstTItTuTION oF PRODUCTION ENGINEERS: Birming- 
ham Branch ; Wednesday, October 16, 7 p.m., Chamber 
of Commerce, New-street, Birmingham. Informal dis- 
cussion in ‘“‘ Gauging Methods,” opened by Mr. W. H. 
Carter. London: Saturday, October 19, 7.30 p.m., 
Annual Dinner, Frascati’s Restaurant, W.1. 

Ruasy ENGINEERING Socrety.—Wednesday, October 
16, 7.30 p.m., Benn Buildings, Rugby. “‘ Rationalisation 
of Industry,”’ by Mr. A. P. Young. 

INSTITUTION OF MINING AND METALLURGY.—Thursday, 
October 17, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. Presidential Address. “‘ Modern 
Mining Explosives,’ by Dr. W. Cullen. ‘‘ Present-day 
Smelting Practice at Rio Tinto,” by Mr. H. R. Potts. 
‘** Notes on Converting Low-grade Matte at Rio Tinto,” 
by Mr. H. R. Potts. ‘‘ Auriferous Jacutinga Deposits,’’ 
by Mr. A. J. Bensusan. 

INSTITUTION OF MECHANICAL ENGINEERS.— Yorkshire 


Branch: Thursday, October 17, 7.30 p.m., Hotel 
Metropole, Leeds. ‘‘ The Nature and Use of Friction 
Linings,” by Mr. W. S. Blaikie. London: Friday, 
October 18, 6 p.m., Storey’s-gate, S.W.1. Presidential 


Address by Dr. D. Adamson. 

NortuH-East Coast Institution OF ENGINEERS.—- 
Friday, October 18, 6 p.m., Bolbec Hall, Newcastle- 
upon-Tyne. Annual General Meeting. Presidential 
Address, by Mr. L. E. Smith. 








LECTURES ON CHEMICAL ForcES AND AToMIc STRUC- 
TURE.—A course of three public lectures on ‘‘ Chemical 
Forces and Atomic Structure’ will be delivered by 
Professor K. Fajans, of the University of Munich, on 
October 14, 16, and 18 next, at 5.30 p.m., at University 
of London, University College, Gower-street, London, 
W.C.1. The chairman at the first lecture ‘will be 
Professor F. G. Donnan, F.R.S., and the lectures are 
open to the public without fee or ticket. 

THe YEAR Book or THE British WeEsT INDIES.— 
The total land area of the islands held by Great, Britain 
in the Caribbean Seas is about 12,227 sq. miles. Our 
possessions on the mainland, namely, British; Guiana 
and British Honduras, amount to a further 98,072 sq. 
miles. Except in the case of Bermuda, the Bahamas and 
British Honduras, the chief industry of the Colonies of the 
British West Indies is agriculture. The staple products 
are sugar, cocoa, coconuts, cotton, and fresh fruits, 
including bananas, oranges, limes and grape fruit. The 
Bahamas export hemp, lumber, hides, and sponges 
and marine produce of various kinds, while*the chief 
exports of British Honduras comprise mahogany logs 
and lumber, coconuts and copra. A detailed account of 
the Government, natural resources, import arid export 
trade, and the transport services of the British West Indies, 
and the Colonies on the Central and South American main- 
land will be found in the Year Book of the Bermudas, the 
Bahamas, British Guiana, British Honduras, and the 
British West Indies. As was the case in the previous 
issues, each colony is separately treated in the 1929 
edition. The book is now in its third year of publication 
and is larger by about 100 pages than the previous issue. 
This increase is reflected in the additional information 
given, which embraces, among other features, a complete 
professional, as well as commercial, directory of each 
colony, and a large folding _ in colours. | The work 
also deals with the Republics of Cuba, Haiti and Santo 
Domingo, with Porto Rico, and with the French and 
Dutch West Indies. The book contains 470 pages and is 
well illustrated ; it is obtainable, price 7s. 6d. in this 
country and 2 dois. in Canada, from the publishers, The 
Canadian Gazette, Limited, 330, Gresham House, Old 
Broad Street, London, E,.C,2, and 817, Castle Building. 
Montreal, Canada. 
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VERTICAL TRIPLE-EXPANSION ENGINE AND RECIPROCATING Ram Pumps. 


THE UsE or PaturpprnE TIMBER BY CHINESE Rattways. | large orders for timber in the Philippine Islands. The | that a Norwegian ‘steamer has been chartered to ship 
—We learn from a recent issue of The Chinese Economic} material is to be used in connection with railway con-| the first consignment of 35,000 feet of lumber from 
Bulletin that the National Government of China has placed | struction, for sleepers and for bridge building. It appears | Manilla to China. 
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HEADQUARTERS AND LOCAL 
CENTRES. 

Ir is the season of presidential addresses, and 
this year Professor W. Morgan has had the honour 
of leading off with an address delivered before 
the Institution of Automobile Engineers in London 
on the Ist inst. This address, though largely 
introspective, its subject being ‘‘The Member 
and the Institution,” provides matter for con- 
sideration for a wider circle than Professor Morgan 
will place his views before in person, albeit the 
requirements of his office necessitate the repetition 
of his remarks before five local centres. Such 
reiteration is one of our modern institutional 
developments, and though the procedure may 
have advantages it certainly has the drawback 
of economic waste and, to our mind, suffers from 
lack of dignity. This would be avoided, of course, 
by broadcasting; but, on the whole, we believe 
there are better ways of dealing with a presidential 
address, though the question involves the general 
relation of the branches to headquarters. 

Local centres have formed a definite anu 
prominent feature of the organisation of the 
younger institutions such as the Institution of Auto- 
mobile Engineers and the Institute of Metals. 
They have also become part of the older bodies, 
such as the Institutions of Civil and Mechanical 
Engineers, but the policy adopted in relation to 
such branches varies widely as among the several 
societies. There are extremes at either end, and 
all sorts of compromises in between. At one end 
and representative of the older school, may be 
placed the Institution of Civil Engineers. This 
body has so established its position, and its 
influence over its members, that the London centre 
is likely always to remain of first importance in 
the conduct of its affairs. The records of its 
proceedings are virtually restricted to events at 
headquarters, and by the embargo it places upon 
its members with regard to the publication of 
information on the subjects dealt with in their 
contributions, it ensures a certain selectness in 
the original matter thus brought forward which 
certainly helps to maintain its prestige. Owing 
to the nature of much of the work involved, 





a restriction of this kind may be fairly easily 


enforced, though it is doubtful if nowadays it 
is nationally and internationally advantageous. 
At the other end of the scale we have placed 


5 
the Institute of Metals, a body which possesses, 


in addition to its central organisation, a number 
of local branches, whose meetings seem to be 
almost innumerable, once the winter really settles 
down upon us. The interesting feature of this 


65 | institution is the fact that, in addition to pro- 


vincial organisations, it has a London branch or 
section, while the standing of the institution as a 
whole is maintained by what we may call by the 
modern term of plenary sessions—meetings lasting 
two or three days, held twice a year, once in London 
and once in the provinces or abroad, and with these 
certain unique or social functions. We believe 
there is more in this policy than would appear at 
first sight, for reasons which we consider below. 

The objects of institutions of the kind with 
which we are now concerned are largely achieved 
by encouraging intercourse, and by permanently 
recording work of exceptional merit related to 
one or other of the many phases of the continuous 
development of engineering; and while the latter 
is of paramount importance, the former most 
certainly should not be lost sight of. In fact, it is 
the desire for greater intercourse among members 
which has been largely responsible for the develop- 
ment of branch centres. Members of a particular 
locality felt it absurd that they should have to 
a eravel to London to meet each other, and naturally 
decided that it was more convenient, and conducive 
to more frequent meeting, if the rendezvous were 
nearer at hand. This is a very plausible argu “ent, 
and one with which we have every sympathy ; 
but it may lead to undesirable results. On the 
one hand, members may come to take more 
interest in the branch than in the institution as 
a whole, while intercourse between men of different 
centres is bound to diminish, unless sor orre.iiv' 
measures are taken. 

In support of this, we may cite the case of the 
Institution of Mechanical Engineers, a body which 
has now formed quite a number of branch centres, 
and therefore cannot be said to be biased against 
them. In the case of this institution, in times gone 
by, men from all parts used to foregather at the 
winter meetings in London, while engineers on leave 
counted themselves fortunate if they were able to 
be present at one of its meetings. To the regret 
of many, so much cannot be said at the present 
time. Provincial members, unless by duty bound 
attending a council meeting on the same day, seldom 
put in an appearance at the so-called general meet- 
ings, and as mechanical engineering is not practised 
to any remarkable degree in the Metropolis, saving 
for the august presence of the Council, the London 
assemblies are not pre-eminently notable in any 
sense—if, indeed, one might not without injustice 
be even a little more definite. The reason for this is 
that, generally speaking, the provincial members now 
get much of the discussion they want nearer home. 

But this brings with it two heavy losses. One 
is the loss to the headquarters meetings, while the 
other, as we have already pointed out, is the loss 
of intercourse between men of the different centres. 
Formerly, one could meet and discuss things with 
men from all parts of the country on such occasions. 
The man from Manchester could chat with friends 
from Leeds or Bristol, Glasgow, Newcastle, and 
elsewhere. But now the branches are self-centred, 
and the members remain strangers to each other 
and the whole loses by the change. The develop- 
ment is natural, but regrettable. We believe, 
actually, the several branches, though they may 
benefit from intense local activity, lose something 
very tangible by the less frequent exchange of 
ideas with others outside their particular 10 or 
20-miles radius. 

There is a tendency for strong branches to con- 
sider themselves as good for purposes of discussion 
as any ordinary London meeting and frequently, 
but not invariably. such discussions excel those 
heard at headquarters. Under the circumstances, 
it is reasonable to consider whether some revised 
organisation would not meet the change of situa- 
tion better, and it will be found that the scheme of 
the Institute of Metals affords some basis for such 





an examination. 
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In this institution there is a London section 
having its own self-contained branch organisation, 
and on a footing with branches in the other parts of 
the country. Allrisk of jealousy is thus eliminated, 
while any spirit of emulation can be allowed full 
play, all ordinary sessional arrangements being on 
a uniform basis, To meet the dual object, how- 
ever, of bringing members of all branches together, 
and of upholding the prestige of the central organisa- 
tion and body as a whole, the Institution holds 
two meetings yearly, of two or three days’ dura- 
tion. These are characterised by the presidential 
address or special lecture, and by the reading and 
discussion of contributions of special interest. 
Such a procedure puts these meetings on a plane 
altogether of their own. Members from all parts 
are willing to come up to London for the occasion, 
and to pay the president or special lecturer the 
compliment of attending to hear his discourse, to 
say nothing of a dinner or conversazione thrown 
in, with moreover, the chance of profitable, gossip 
or discussion with friends from other parts. The 
headquarters’ organisation, not handicapped by 
having to organise the London winter session, is 
free to concentrate upon these special meetings, 
and upon any form of work or activity of a broad 
character which the body, as a whole, is anxious to 
encourage. The separation tends altogether to in- 
crease the prestige of the central organisation. The 
system seems to us one likely to put the plenary 
meetings on a high level of their own, automati- 
cally, since the Council would only accept papers of 
more than usual merit for consideration. 

Professor Morgan seems to foresee the possi- 
bility of some such organisation as this for the 
Institution of Automobile Engineers, and, properly 
worked, we believe such a body as the Institu- 
tion of Mechanical Engineers would gain consider- 
ably by a change of this kind. The latter is 
representative of its branch of the profession, 
and there are many matters which its central 
organisation alone can handle. It is to the general 
interest that its prestige should be enhanced. The 
present system of repeating headquarters papers 
in local centres, works out as nothing short of 
encouragement for provincial members to absent 
themselves from meetings in the metropolis and 
the recorded discussions are correspondingly weak. 
If judgment were exercised in the choice of plenary 
meeting papers, and these were made something 
of an event not cheapened by repetition at local 
centres, we believe the regard in which head- 
quarters is held would increase. The reports of its 
committees might well be taken, with or without 
discussion, at the plenary meetings. Some change 
as regards publications might be necessary, as even 
if the plenary meeting papers were all reproduced 
in the proceedings automatically, this should not 
be to the exclusion of papers of special merit read 
before branches. 

When a nation is at war, and the forces engaged 
exceed a limited number and have to operate in 
different fields, each has its own complete local 
organisation ; but behind them all are general 
headquarters, freed from the petty troubles of the 
individual commands, and organising and planning 
on the grand scale. This is what we would like to 
feel the headquarters of the Institution of Mech- 
anical Engineers stands for, and the more nearly 
the organisation of that body conforms to this 
detachment from purely Metropolitan affairs, the 
greater we believe will be its standing in, and 
ultimate use to, the profession and country at large. 


Following our analogy a little further, branches | 


would remain under the general direction of 
headquarters, while—who knows—our esteemed 
Brigadier might see himself installed as Major- 
General Secretary. 








ELEMENTARY TECHNICAL 
LITERATURE. 

We have it on the authority of Tristram Shandy 
that his father was convinced that there was a 
north-west passage to the intellectual world. This 
belief is still extant, but its upholders seem to forget 
that the analogy holds a little further and that such 
short cuts are so full of difficulties that usually the 
passage is not worth the expenditure of energy 
necessitated by the attempt to use it. Authors of 


elementary technical books seem to be prone to 
this lapse of memorv. It is apparent, from the 
acknowledgments and notices of new books in this 
and other technical journals, that the need of 
the beginner, and of the man in the shops, for 
professional literature adapted to his capacity is 
fully recognised. Many works are written in a 
worthy endeavour to meet this need, and have 
usually a sub-heading to the effect that the subject 
has been treated in a practical manner. A large 
proportion of them, however, fail to attain their 
object due to the neglect of the simple rule that 
technical terms should not be used without definition 
or explanation. We are not speaking now of books 
which are intended for students, as in such instances 
there is generally a teacher or a better-informed 
friend accessible to the reader, but refer to books 
designed for helping the comparatively unlearned, 
who are often in an isolated position. It may be 
taken for granted that few things are likely more to 
discourage the solitary reader than coming across 
a word or phrase he can make nothing of, and his 
access to even such an aid as that provided by a 
dictionary can by no means be safely assumed. 

We have discussed this aspect of the question with 
more than one of these forgetful authors, and the 
defence set up was that the class of readers addressed 
objected to being written down to. We believe 
this is a mistaken view; our own experience in 
dealing with the man in the shops who wishes to 
learn is that in most instances he is as keenly 
sensitive to the possible misuse of a technical term 
as was the man who made a false quantity in the 
days when a Latin quotation was accepted as the 
sure sign of a liberal education. Of course, there 
are male counterparts of the engaging Mrs. Malaprop 
everywhere, and the wise man, whilst enjoying their 
logoprogenitive loquacity, recognises at once their 
superficiality and their protective self-complacency. 
Such parrot-men, as a rule, are content not to learn. 
On the other hand, there are many men who will 
not discuss any subject beyond their own limited 
sphere of experience, simply because they are 
afraid, as they themselves would put it, of giving 
themselves away, and so they gradually cease to 
desire to learn more. 

The immediate cause of these remarks is the 
receipt of an excellent little book published privately 
and intended for the use of firemen.* It is very 
simply written, a fact the author, quite unneces- 
sarily, tacitly apologises for, and is the best attempt 
we have yet met with to instruct the fireman in the 
important art of smokeless stoking. But, simple 
as it is, it still contains difficulties enough to deter 
many a man from making that use of it which its 
merits deserve. For example, the symbols for 
carbon monoxide and dioxide are printed in capitals, 
but no attempt is made to tell the reader what is 
the conventional mode of speaking of these gases. 
We can, for instance, recollect an earnest stoker 
speaking of ‘‘ ko,” and being greatly abashed when 
he was not understood as referring to CO. After 
the symbol CO,, thus printed in the book in 
question, we hold there should have been the 
comment “‘ pronounced see-oh-too.” 

In the same book hydrocarbons are spoken of 
without sufficient explanation of what they are, 
and some mental confusion is likely to be caused 
by false analogy with the commoner word, hydraulic. 
Again, the reasons for the limits of the CO, range 
being so low are very rarely explained in the class 
of book under consideration, otherwise a certain 
engineer in charge of a not inconsiderable boiler 
plant would not have expressed to us his intention 
of pushing up the CO, contents of his flue gases to 
40 per cent. or thereabouts, an idea very nearly as 





brilliant as that of the American Senator who was 
| credited with attempting to introduce a measure 
| to legalise the value of m as 3-0—in order to simplify 
calculations. In another recent work, in an other- 
| wise admirable section on cast-iron and wrought-iron, 
the first few paragraphs contain, without the slightest 
| attempt at elucidation, the phrase ‘‘ phosphide of 
| iron eutectic,” a phrase, we maintain, unilluminating 
|to the mechanics for whom the book is stated on 
its title-page to have been written. 

A fairly safe rule in writing for those persons who 

















* Successful Stoking and Smoke Abatement, by Ernest 
| Dickinson, Technical College, Wakefield. 





are not likely to have had what is called a secondary 
education is to conceive them as being, in some 
degree, foreigners, in that their vocabulary is 
limited. As an illustration of a foreigner’s difficulty 
with technical terms we may here again draw upon 
personal experience. A youth, at one time in our 
charge, from a Scandinavian country, and having 
only a somewhat conventional knowledge of the 
English language, was, on being set to work on 
certain problems involving the study of torque, 
observed to be in some perplexity. Inquiry elicited 
that, in an elementary work, he had come across 
the expression ‘ pure couple,” and had looked up 
the meaning of the two words separately, no 
dictionary giving them together. As a result he 
got an alternative reading of “‘ chaste pair,” which, 
he complained somewhat plaintively, ‘‘ does not, 
sir, seem revvelant.” 

Though we may appear to have rather laboured 
our point, we submit that the matter is one that 
deserves attention. It is impossible for two men 
on different planes of education fully to understand 
one another unless, figuratively, they speak the 
same language; there are even technical dialects, 
and the dictum of Oliver Wendell Holmes about the 
unwisdom of abstruse discussion with an “ intellec- 
tual non-combatant”’ retains its force even when 
extended to purely technical literature. Apart 
from this, it may fairly be asked, why should one 
man tacitly demand that his hearer must enlarge 
his own vocabulary. Writing with the utmost 
simplicity must sometimes be a tedious task, but the 
discipline is often enough experienced in ordinary 
conversation. Talk can only be thoroughly enjoyed 
when allusiveness is possible, and the participants 
of a conversation have not always the same range 
of knowledge. When this disparity occurs, a mutual 
level must be agreed upon, consciously or not; 
if a man knows only the story of Canute, it is useless 
to quote against him the case of Mrs. Partington. 
In short, if one writes to help and not to educate, 
using the latter term in its pedagogic sense, the 
matter must be set forth in the same spirit as that 
which animated William Tindale. To go further, 
the author may even, without censure, split his 
infinitives, if that grammatical crime enables him 
to make his meaning more clear to the particular 
class of readers he is endeavouring to enlighten. 








SAFETY PRECAUTIONS FOR 
TRANSMISSION MECHANISMS. 

THE importance to be attached to different 
classes of accident may depend on the frequency 
with which they occur, or in the alternative, 
on the extent to which they can be foreseen 
and prevented. From both these aspects, acci- 
dents arising from the transmission mechanisms of 
machinery in factories deserve attention. Last year 
they caused 1,323 accidents, of which 47 were 
fatal, and the same number of fatalities out of 
a somewhat larger number of accidents were 
recorded in 1927. That these numbers should not 
have been larger is doubtless evidence of care taken 
to avoid them. The fact, however, that without 
such care the number of accidents and fatalities 
might have been expected to be larger, does not 
make them in themselves the less deplorably large, 
and the regret that they should be so must be the 
greater because the large majority of them could have 
been prevented. Many of them, indeed, are due to 
the breach of safety regulations by workpeople who, 
through familiarity with the mechanisms, have lost 
whatever sense they had of their danger. Increasing 
attention is being given to making shop equipment 
proof against the recklessness from which the work- 
man himself is the first sufferer. From every point 
of view it is satisfactory to find this disposition. 
At a time when there is no lack of mischief-makers 
to allege fundamental differences of interest between 
employers and employed, there is every advantage 
in giving free scope to those movements which 
exhibit aspects of industry in which the interests 
of men and their employers are common, hv 
activities of safety committees, may without. unduc 
hopefulness be regarded as voluntary co-operative 
work, which benefits the factory both. directly an: 
indirectly. aS 

Apart, however, from the measures which inc: 
vidual works may take to profit by their ow" 
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experience, importance must be attached to any 
means by which the experience of a number of works 
can be collated, and a choice of measures of safety 
given to those who are seeking them. Among such 
means none is more conspicuous than the reports 
issued from time to time by the Factory Department 
of the Home Office, and two which have been 
published recently give striking evidence of the in- 
creased attention which the safety of transmission 
mechanisms has been receiving in the last few 
years.* These pamphlets are the development of 
the Safety Pamphlet No. 1 on Fencing and Safety 
Precautions for Transmission Machinery in Factories, 
a document of 16 pages, which the Home Office issued 
in 1919. To asmall extent these pamphlets overlap, 
as, for instance, in the treatment of sectionalising 
machinery, and of stopping and slow running, but 
as a whole, they may be taken as supplementary 
to each other. Between them they give a valuable 
account of the large variety of devices by which the 
safety of transmitting mechanisms can be improved 
or perfected, and to readers in or with access to 
London, the accounts are the more useful because 
many types of the devices and methods described 
can be seen in operation at the Home Office Indus- 
trial Museum in Horseferry-road. The least-known 
devices are those relating to belt mounting, possibly 
because, although that operation gives rise to a 
large number of accidents, their fatality is much 
lower than that of the accidents caused by revolving 
shafting, which last year caused just on 17} per 
cent. of the total deaths occasioned by transmitting 
mechanism of all sorts. Whatever may be the 
reason, there appears to be a large number of 
devices designed for avoiding accidents during belt 
mounting, whether by eliminating the need to 
approach the shaft while it is in motion or other- 
wise. It is not claimed tnat these devices have all 
stood the test of long practical experience, but it 
is hoped that the description and exhibition of them 
may lead engineers to study the problem more 
fully than as yet they have done in this country, 
and possibly produce belt-mounting appliances 
even more effective than those introduced hitherto. 
It is to be remarked that a number of the appliances 
for this purpose come from the Continent, where, 
apparently, the question has received more attention 
than over here. 

It is from the first pamphlet, which includes 
measures directed against the dangers of shafting 
in motion, that the most specific guidance is obtained. 
The most definite measure, or group of measures, is 
to fence every part of the transmitting mechanism 
securely. This is, in effect, what is prescribed by the 
Factory Acts, which require that every part of a 
mill gearing should be securely fenced, or be in such 
position, or of such construction, that it is equally 
safe for every person employed or working in the 
factory as if it were securely fenced. This, doubtless, 
is not impossible, and the pamphlet describes a 
large number of alternative methods of fencing. 
The provision, however, of protective devices gives 
no warranty that they will be in position at all 
times, and in some circumstances, indeed, they may 
involve inconvenience to which workmen will 
submit the less readily because too often they do 
not realise the danger which the precautions are 
meant to avoid. Experience has shown repeatedly 
that if fencing is adopted by itself as the single line 
of defence against danger, it will from time to time 
be broken, and to work with a reasonable degree 
of safety it is necessary to take such other precau- 
tions as circumstances allow. The risk, for instance, 
is reduced to such extent as it is found possible 
to reduce the amount of transmitting mechanism 
by driving machines individually or in small groups. 
The consequences of accident are minimised by 
introducing provisions for stopping the machinery 
promptly, and accidents may be avoided by means 
for running it dead slow. A large proportion of 
accidents arise from the need to come close to 
Tunning machinery, and will be avoided by measures 
which make this approach unnecessary, such, for 
example, as are proposed in lubricating bearings, 





* Safety Pamphlet No. 1. (3rd Edition), 1929. Safety 
Precautions for Transmission Machinery in Factories. 
Part 1: Fencing and other Safeguards. Safety Pamphlet 
No. 12. (2nd Edition). Safety Precautions for Trans- 
mission Mach uy in Factories, Part Il: Belt Mounting. 
H.M. Stationery Office. [Price 9d. each net. } 





mounting belts, the provision of fenced gangways, 
and much else. Which of such measures are appli- 
cable to an individual works doubtless depends 
on its circumstances, and those described in these 
pamphlets offer a wide selection. One of the more 
essential measures of security is the due instruction 
of workmen, so that they may realise both the 
dangers involved in transmission mechanisms, and 
the manner in which they are to be avoided by using 
the safety appliances provided, and adhering to 
rules. 

The instruction of workmen is the more important, 
because with many, or perhaps most, safety pro- 
visions it is at the option of the workman whether 
he uses them or not. It is doubtless not the em- 
ployers’ intention to leave him that option, and it 
certainly is not the intention of the Factory Acts. 
The requirement of the Act of 1901 quoted above 
is absolute. The responsibility of the owner of the 
factory for fulfilling it is in no way relieved by the 
fact that the accident occurred because his orders 
were disobeyed, and the doctrine of contributory 
negligence, which might be a good defence in a 
civil action for compensation, is totally inapplicable 
to a charge of this kind under the Factory Acts. 
In a case, for example, which was heard last year 
by the Court of Criminal Appeal, four men were 
engaged on setting rolls at a rolling mill, and part 
of their duty was to replace nine guards after the 
rolls had been set before starting the mill. As a 
fact they replaced only eight guards, and after the 
mill had been so running for an hour, one of these 
men slipped and fell, was dragged into the coupling 
gear, and received injuries from which he died. 
It was held that the admitted fact of the man having 
neglected to replace the ninth guard was no defence 
to the prosecution, and that the works remained 
liable to the penalties provided by the Act for the 
case of a fatal accident. This judgment did no more 
than reaffirm what had been decided in a long series 
of cases, the effect of which was described in the 
Report of the Chief Inspector of Factories for 
1925, and widely promulgated in a circular of his 
issued about the time at which the report was 
published. It has, in fact, been laid down again 
and again, and the doctrine was quoted with 
approval in a judgment of the Lord Chief Justice 
during the present year, that if a transmission 
mechanism cannot be securely fenced while remain- 
ing commercially practicable or mechanically 
useful, the statute in effect prohibits its use. As 
the same judge stated in effect in a previous case, 
the purpose of the Act is to protect all workmen, 
including those who are careless and even dis- 
obedient, and the Act is construed in that sense 
whenever a case comes up to the court from the 
tribunal of first instance. It is doubtless not the 
penalty that would weigh with the average employer 
so much as the reiterated statement of what the 
law required. The number of cases, however, 
which still come up to the superior court, apart 
from the probably much greater number of those 
which are disposed of by the court of first instance, 
shows that employers have a difficulty in appre- 
hending how well established is the meaning of the 
Factory Act provisions on this subject. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 


(Concluded from page 431.) 


WE may conclude our account of the Summer 
Meeting in Italy of the Institution of Naval Archi- 
tects by describing briefly the port works, ship- 
yards and vessels which were visited during the 
latter part of the meeting. 

The afternoon of Wednesday, September 18, 
was spent in visiting various places of interest 
in the neighbourhood of Rome, including the hydro- 
electric station dell’ Aniene near Villa d’Este. This 
station, with four smaller stations, has been laid 
down to utilise the energy of the falls of Tivoli, 
on the river Aniene. The available head is 160 m. 
and the quantity of water directed into the pen- 
stocks is 33 cub. m. per second. The derivation works 
consist of a high pressure tunnel under the towns 
of Tivoli and Villa d‘Este. The tunnel is 1,100 m. 
in length, and is cut through calcareous rock, 
the first part, some 700 m. in length, being lined 
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with reinforced concrete. The tunnel is divided 
into three sections, the first 60 m. being vertical, 
the next 940 m. being inclined at 8-37 deg., and 
the remainder being nearly horizontal. The plant 
in the power station will consist of three 16,000 
kv.-a. vertical turbo-generators, two of which are 
already installed. There are three reservoirs, 
having capacities respectively of 190,000 cub. m., 
4,000,000° cub. m. and 120,000 cub. m. 

The annual dinner of the Institution was held 
on Wednesday evening at the Grand Hotel, the 
guests including H. E. Signor Sirianni, Minister of 
Marine ; Signor Russo and Signor Cao di San Marco, 
Under Secretaries of State; and Admiral Sechi, 
President of the Registro Italiano. Lord Wester 
Wemyss presided, and after the toast of H.M. 
the King of Italy and Signor Mussolini had been 
duly honoured, rose to propose the toast of the 
Italian Royal Navy and Mercantile Marine. He 
pointed out that the bulk of the world’s trade was 
conveyed by the Mercantile Marine of the different 
nations, the navy acting as a police force in times of 
peace, and as a security against destruction of the 
mercantile marine by the enemy in time of war. 
Italy and England had many features in common. 
England, for example, was not self-supporting 
while he was informed that Italy had to import 
some 60 per cent. of her requirements. To both 
countries, therefore, a large mercantile marine and 
an efficient navy were essential. Continuing, 
Lord Wester Wemyss spoke of the large and increas- 
ing tonnage owned by Italy, and afterwards referred 
to the importance of Trieste and Naples as passenger 
ports. These ports were being rapidly developed, 
and the same remark applied to Leghorn, Genoa, 
and other ports handling both goods and passenger 
traffic. He then referred to the recent increases in 
the Italian Navy and expressed admiration for the 
latest vessels which had been constructed in Italian 
yards. 

The Minister of Marine, after thanking the 
President for his kind remarks, expressed the 
esteem in which the British Navy was held by the 
Italian Navy, and afterwards proposed the toast 
of His Majesty King George V. Signor Cao di 
San Marco then expressed his appreciation of Lord 
Wester Wemyss’s remarks on behalf of the Italian 
Mercantile Marine. Mr. F. Henderson, proposing 
the toast of The Registro Italiano, expressed the 
appreciation of the members for the hospitality 
with which they had been everywhere received, 
and Admiral Sechi made a suitable reply. 

On the morning of Thursday, September 19, 
a visit was paid to Lake Nemi, where one of the 
Emperor Caligula’s galleys, exposed by draining the 
lake, was examined. On the afternoon of the same 
day, the members visited various places of interest 
in the City, including the new experimental tank 
near the St. Paul’s Basilica. Up till the present, all 
experimental tank work in Italy has been carried 
out in the tank in the Royal Dockyard at Spezia. 
This tank, installed in 1889, is identical with the 
Admiralty tank at Gosport. In 1927, the Italian 
Government decided to build the larger tank 
which formed the object of the visit. The new tank, 
which is not yet completed, has a length of 275 m., 
a width of 12-5 m., and a depth of 6-3 m., and is 
constructed in reinforced concrete. The equipment 
has been ordered from three firms in Vienna, and 
is being constructed under the superintendence of 
Dr. Gebers, who is in charge of the Vienna tank. 
The new tank will contain 18,000 tons of water, 
and will be equipped with a carriage having a 
speed up to 12 m. per minute. It is anticipated 
that it will be completed in a few month’s time. 

On Friday, September 20, the party left Rome for 
Naples, travelling on the new line, completed about 
two years ago, which passes through Sezze-Romano 
Formia, and Villa Literno, and shortens the journey 
by some two hours. After arrival at Naples, the 
port works were inspected by launch, and a visit 
was afterwards made to the workshops and yards 
of Messrs. Cantieri ed Officine Partenopee. Before 
the War, the total freight loaded and discharged 
in the port of Naples reached a maximum of 2,617,007 
tons in 1912. To-day, the figure again exceeds 
2,000,000 tons. As regards passengers, there was 
a rapid diminution in numbers between 1908 and 











1914, but at the present time Naples is one of the 








474 


ENGINEERING. 


(Oct. 11, 1929. 








leading passenger ports in Italy, in spite of a large 
falling off in emigration from the country. The 
port is of ancient origin, and for about a century 
efforts have been made to meet its growing require- 
ments by the addition of minor works to the old 
harbour at the western end of the bay. Difficulty 
has always been experienced in affording adequate 
protection to shipping from the fury of the winter 
gales, and the main protecting mole, the Molo 8S. 
Vincenzo, has been lengthened from time to time 
with a view to affording a more secure anchorage 
in the older basins. In 1905, the decision was 
reached to construct a number of new wharves 
and jetties to the east of the existing port, and to 
protect them by a breakwater roughly parallel with 
the shore, and forming an extension of the Molo 
S. Vincenzo already referred to. The main entrance 
to the port lies between the two breakwaters, and 
will ultimately be protected by a further short 
outer breakwater. The work on the new jetties is 
well advanced, and will add some 1,950 m. to the 
1,980 m. of quayage already available for freight 
traffic, and 2,600 m. available for passenger traffic. 
The shipyards and shops of Messrs. Cantieri ed 
Officine Partenopee have machine shops located 
close to the slipways, and are suitable for making 
the machinery of vessels up to about 1,000 tons. 
Repair work is undertaken, in addition to the 
building of small ships, and at the time of the 
visit the firm were also engaged on sea-plane 
construction. The most important work in hand 
was two destroyers, of Thornycroft design, which 
were nearing completion. 

Saturday, September 21, was spent in visiting 
Pompei and Mount Vesuvius, and the members 
left Naples on Sunday morning to travel by sea 
to Genoa. The journey was made in the 8.8. 
Esperia in perfect weather, and proved to be a 
very welcome rest for all members of the party. 
The Esperia is one of the vessels of the Sitmar 
line, and is equipped with two Parsons turbines of 
10,000 h.p. each, driving the propeller shafting 
through reduction gearing. There are ten boilers, 
of which the five in use on the voyage gave a speed 
of about 18 knots. With eight boilers in use a 
speed of 21 knots can be attained. 

The vessel berthed at Genoa early on Monday 
morning, September 23, and during the morning 
visits were made to the shipyards of Messrs. Ansaldo 
and QOdero at Sampierdarena, Cornigliano, and 
Sestri. Both firms were engaged almost exclusively 
on naval contracts at the time of the visit. The 
Odero shops and yards were first inspected. Only 
small vessels are built in these yards, larger ships 
being constructed in the firm’s shipyards at Genoa. 
The workshops, however, are employed for all the 
work undertaken by the firm, the work in hand 
including the machinery for two Italian destroyers, 
two Paraguayan gunboats, and the Italian cruiser 
Zara. The workshops include iron and_ brass 
foundries and a smithy, but the largest forgings, 
together with steel castings, are made by the 
associated firm of Odero Terni, at Terni, near Rome. 
It may be mentioned in passing that the latter 
firm have their own shipyards at Spezia. 

The workshops and shipbuilding yard of Messrs. 
Ansaldo are considerably larger than those of 
Messrs. Odero, and here the party had an oppor- 
tunity of inspecting the work on four 5,300-ton 
scouts for the Italian Navy, together with a new 
floating block crane for the new port works of 
Genoa. A number of electric and steam locomotives 
were also seen under construction in Messrs. 
Ansaldo’s workshops. 

On Monday afternoon, the port of Genoa was 
inspected by launch, and the inspection was fol- 
lowed by tea on the 8.8. Roma. Genoa is the most 
important port in Italy as regards freight transport, 
and is only exceeded in passenger traffic by Trieste. 
The freight loaded and discharged in 1928 exceeded 
8,000,000 tons. The port accommodation may 
roughly be divided into the old port, consisting of a 
series of quays and jetties arranged round a natural 
semi-circular basin, and the new port to the west, 
at present under construction. The old port is 
protected from the winter gales by breakwaters 
projecting from both shores, but difficulty has 
always been experienced in handling traffic in the 


breakwater has recently been constructed, pro- 
jecting from the eastern shore, with a view to 
improving the conditions. The new port lies along 
the western shore, and will ultimately consist of 
some eight basins lying between projecting jetties, 
the entrance being protected by a continuous 
breakwater parallel with the shore, and forming a 
continuation of the western breakwater protecting 
the older works. Three of the new jetties have been 
completed, and are now in use, while work on two 
of the others is well advanced. When the new 
port is completed, some 21,000 m. of new quayage 
will be added to the port, with a basin area of 
about 4,000,000 square metres. 

The Roma, on which the party were entertained 
to tea, belongs to the Navigazione Generale Italiana, 
and is engaged on the New York, Naples, Genoa 
service. She was built in Messrs. Ansaldo’s Sestri 
Ponente Yard, and is of 33,000 tons’ capacity. Her 
length is 215-25 m., breadth 25-2 m., and her 
depth, 30 m. She is driven by eight turbines 
developing a total of 40,000 h.p. and driving through 
gearing on to four propeller shafts. She carries 
400 first class, 600 second class, and 700 third-class 
passengers, and was completed in 1926. 

On the morning of Tuesday, September 24, the 
party visited the Royal School of Naval Engineering 
at Genoa, and also the Genoa shipyard of the Odero 
Company. The Royal School of Naval Engineering 
was founded in 1870, and has a branch at Naples, 
in addition to the school at Genoa. Training is 
given in both naval architecture and marine engineer- 
ing, the students only specialising in one branch or 
the other after they have left the college. The 
system is thus somewhat different from that 
usually employed in other countries, and it is 
claimed that, in their subsequent work, a distinct 
advantage results to the students, whether they 
take up naval architecture or marine engineering, 
from the intimate knowledge which they gain at 
the school of the associated profession. The 
laboratories are exceptionally well equipped. At 
the end of their training, the students take examina- 
tions for the diploma in Ingegnere Navale e Meccanico. 
Many well-known Italian naval architects and 
engineers have passed through the school, which is 
under the direction of General De Vito. 

The most important work in the Odero shipyard 
was a 6,500-ton cruiser for the Argentine Navy. 
This vessel was practically ready for launching. 
The yard, although hardly calling for particular 
comment from an engineering standpoint, is of some 
interest as being one of the oldest in Italy. The first 
vessel to be built in it, a small frigate, was launched 
in 1805, and since that date, vessels have been 
launched at frequent intervals, the largest being 
the Leonardo da Vinci, with a displacement of 
23,000 tons, built in 1911. On Tuesday evening, a 
dinner was given on board the S8.S. Conte Grande 
by the owners, Messrs. Lloyd Sabaudo. This 
vessel was launched in 1927 from the San Marco 
shipyard at Trieste, and is engaged on the New 
York service. She is 652 ft. in length, 78 ft. in 
breadth, and has a height from keel to bridge of 
93 ft. Her deadweight tonnage is 26,400, and she 
has a service speed of 21 knots. She carries 332 
passengers in the de-luxe class, 246 passengers in 
the first class, 420 in the second class, and 720 in 
the third class. 

On Wednesday, September 25, the party pro- 
ceeded to Spezia by train, and were met by Admiral 
Cavagnari, Admiral of the Royal Dockyard, and 
a guard of honour. They at once proceeded to the 
Muggiano shipyard of Messrs. Odero Terni. The 
most important work in hand was the cruiser Zara, 
of which, as stated earlier, the machinery is being 
built at Genoa. A second 10,000-ton cruiser was 
also under construction, with an 800-ton submarine 
of the Pisani type. The works are of large size, 
there being 10,000 men employed in day and night 
shifts in the shipyard and snops. After inspecting 
the yard, the party passed on to the shops, where 
the armament was under construction for another 
10,000-ton cruiser for the Argentine Republic, the 
vessel herself being under construction at Leghorn. 
Following on the visit to the shops, the members 
were entertained to lunch, and afterwards taken on 
a two-hours cruise on destroyers. 


two groups, one group proceeding direct to Trieste, 
while the other went to Turin to visit the Fiat 
works. On arrival at Turin, the latter group were 
first taken over the Diesel engine shops, where they 
saw various Fiat engines under construction, 
including a 2,400-b.h.p. four-cylinder single-acting 
two-stroke unit, and small high-speed airless- 
injection engines for rail cars and motor vehicles. 
Later, they were taker. through the motor-car works 
in charabancs, the tour including the well-known 
testing track on the roof of the works. Finally, 
after visiting various places of interest in the 
locality, the party took the night train to rejoin the 
main group at Trieste. 

On Friday, September 27, the members visited 
the shops and shipyards of the Stabilimento Tec- 
nico Triestino. The shops are of large size and of 
modern construction, and the main work in hand 
was the machinery for a 10,000-ton Italian cruiser, 
and a 5,000-ton Italian scout, together with a 
number of small Diesel engines of the Burmeister and 
Wain type. The party inspected the boiler shops, 
where Yarrow-type boilers for both the, vessels 
referred to were under construction, and the iron 
foundry, which has a capacity of 1,000 tons per 
month. On the slips, which were next visited, 
the members saw the 10,000-ton cruiser Fiume, and 
also a 4,000-ton train ferry with Diesel-electric propul- 
sion for the Straits of Messina service. It may be 
mentioned, in passing, that the Conte Grande was 
built in the Stabilimento Tecnico Triestino, and 
also the engines for the Saturna and Vulcania. 
After being entertained to luncheon by the Ship- 
owners and Shipbuilding Federation of Trieste, the 
party visited the grottoes of Postumia, and ended 
the day by a dinner on board the Saturnia, given 
by Messrs. Cosulich. The Saturna is now too well 
known to require description. 

Saturday, September 28, was the last day of the 
visit, and an excursion was made by car to Mon- 
falcone, to inspect the shipyard and workshops of 
the Cantiere Navale Triestino. These works, 
which were founded in 1907, are among the more 
important in Italy. The works were entirely 
destroyed during the war, but were rapidly recon- 
structed. 

The total area of the shipyard is now some 
360,000 sq. m., of which 60,000 sq. m. are covered 
by the workshops. The yard possesses eight slip- 
ways, two of which are suitable for the building of 
ships up to 860 ft. long, and the shops are equipped 
with the most modern plant. Among the vessels 
recently constructed in the yard are a tanker of 
18,000 tons deadweight, a number of warships, the 
Saturnia and the Vulcania. At the time of the 
visit, the work in hand included a small tanker, 
a motor vessel for Spanish owners, a cargo boat of 
4,000 tons deadweight, also for Spanish owners, 
and five Italian submarines. 

The proceedings terminated with a reception by 
the Mayor of Trieste, on which the occasion was 
taken to express the warmest thanks for the hospit- 
able reception accorded to the party in all the cities 
that they had visited. 








NOTES. 


Tur TRANSMISSION LINE AGITATION. 


The Minister of Transport announced on Wed- 
nesday that after careful consideration of the report 
of the inquiry held in September into the applica- 
tion made by the Central Electricity Board for 
consent to the erection of an overhead transmission 
line from Brighton to Hastings, via Eastbourne, 
he has decided to give his consent to its erection 
along the route proposed, subject to further con- 
sideration being given to the position of the line and 
towers immediately to the south-west and south- 
east of Offham Village and subject also to the reser- 
vation of power to review the situation at any 
time after the expiration of a period of five years. 
This decision is, of course, the answer to the agita- 
tion, whose course, genesis and implications we 
reviewed in these columns last week. It must be 
taken to mean, according to one’s point of view, 
either that the amenities of the Downs will be ruined 
or that the way is opened toa more efficient use of the 
generating plant and to making an electricity supply 
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denial to the rumour that the Ministry were much 
impressed by the arguments that had been brought 
forward against the use of this form of transmission, 
and that the demand that the lines should be placed 
underground would be conceded. On economic 
grounds it is difficult to see how any other decision 
could have been reached. For, as we pointed out 
last week, the cost of cables working at 132,000 
volts would be much greater than the cost of over- 
head lines operating at the same pressure, apart 
from the fact that such cables have not yet emerged 
from the experimertal stage. To use cables work- 
ing at say, 66,000 volts would be still more expen- 
sive. As regards aesthetics, we can only repeat 
that in our opinion the supposition that these 
towers will destroy the beauties of the countryside 
is not borne out by facts. It is hard, indeed to 
believe that those who advance the contrary 
opinion have the preservation of rural amenities as 
their only object. More remains behind. In any 
event we are relieved that a firm stand has 
been made in this matter, as, otherwise, what has 
happened in Sussex would only have been a prelude 
to attempts on similar lines in other parts of 
the country, with the result that the national 
scheme would have been greatly retarded. We 
notice with some apprehension, however, that the 
Minister, as he is entitled to do, reserves the right 
to review the situation in five years time. It may 
be that it is hoped that by the end of that period, 
conditions, both economic and technical, will be 
such as to enable cables to be used. Nevertheless 
it leaves a loophole for misconceived opposition. 
For we cannot think it will even then be wise 
financially to put such a line underground. 


THe MrveraL WEALTH OF WESTERN AUSTRALIA. 

In 1901, the percentage of mineral exports, 
exclusive of coal, in relation to the value of the 
total exports from Western Australia, was 81-27. 
This figure crept up to 84-53 per cent. in 1903, 
but since that date, it has steadily declined until 
it stood at but 2-99 in 1927. In 1928, however, 
a reaction set in, and the value of the minerals 
exported was more than doubled, the actual figures 
being 472,041/. in 1927, and 996,099/. in 1928, the 
latter representing 5-88 per cent. of the total value 
of all exports. Taken as a whole, however, the 
value of the mineral output of the State for 1928 
was 2,128,1791., as against 2,202,437]. in 1927, a 
decrease of 74,285/. The long-continued decline 
in the value of the mineral exports, to which 
reference has been made, is in a great measure due 
to the gradual falling off in the gold output. The 
high record was reached in 1903, when nearly 
2,100,000 fine oz. were exported and minted. Since 
that year, however, the output declined steadily, 
the production curve following practically a straight 
line, until it registered 393,408 fine oz. in 1928. 
This total was 14,945 oz. less than that for 1927, 
and 28,990 oz. less than that for 1926. According 
to the Report of the Department of Mines of Western 
Australia for the year 1928, the continued low 
prices ruling for many base metals has militated 
against marked improvement in their outputs. 
Nevertheless, exports of tin and of silver have 
shown increases. Of the former, 85 tons were 
exported, against 77 in 1927, and, of the latter, 
55,554 fine oz. were shipped in 1928, as compared 
with 49,895 oz. in the previous year. On the other 
hand, only 248 tons of lead and silver lead were 
exported in 1928, as against 1,413 tons in 1927. 
Before leaving the subject, it should be pointed 
out that 232 tons of biack tin were produced in 
1920, and 98,050 fine oz. of silver in 1922. Again, 
the output of lead ore in 1925 totalled 37,866 tons, 
against only 112 in 1928. No more than 45 tons of 
copper ore were raised in the year under review, com- 
pared with 10,755 tons in 1924. The production of 
coal constitutes one of the bright spots of the report. 
The output for the year came to 528,420 tons, 
being 26,915 tons more than in 1927, and about 
53,000 tons above the 1926 total. The entire output 
was confined to five collieries in the Collie coalfield, 
which is in the extreme south-west of the State, 
150 miles south of Perth. Nearly 60 per cent. of 
the coal raised was consumed by the State railways. 
The Government of Western Australia is fully 
alive to the importance of stemming the decline 
in the mineral and especially the gold output, 
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and assistance is being extended in every possible 
direction with a view to increasing the prosperity 
of the industry. Efforts are being directed towards 
the development of existing mines and the discovery 
of fresh deposits. Extensive diamond-drilling 
operations were carried out during the year, and 
in two instances the results have been encouraging. 
Special geological investigations have been con- 
ducted in various localities, and boring for coal at 
Eradu, on the Greenough river in the east, for oil 
at Poole Range, West Kimberley in the north, 
and for brown coal in the Fitzgerald river district, 
have in each case given satisfactory results, and are 
to be actively continued. 








NOTES ON NEW BOOKS. 


One of the manifold activities of the International 
Labour Office of the League of Nations—which com- 
prise the publication of a monthly review, weekly 
industrial and labour information, an official bulletin, a 
two-monthly safety review, and an annual legislative 
survey, in addition to various documents—is the 
International Safety Survey, which has followed up 
a monograph on safety in the use of chains, 
by an illustrated hand-book on Hydro-Ezxtractors, 
Their Safe Construction and Equipment. This is 
published in the United Kingdom, for the International 
Labour Office, by Messrs. P. S. King and Son, Limited, 
14, Great Smith-street, S.W.1, at the price of 4s. net. 
The studies are the outcome of international co-opera- 
tion, under a Correspondence Committee on the 
Prevention of Accidents. The British representatives 
on this committee are Sir Gerald Bellhouse, Chief 
Inspector of Factories, London, and Lieut.-Colonel 
J. A. A. Pickard, of the National Safety First Associa- 
tion; Canada and the United States are among the 
other States represented. The monograph, which 
was compiled by Mr. Massarelli, the Italian member of 
the committee, and Mr. Scotti, discusses, in its six 
chapters, the classification of hydro-extractors, 
the dangers of their operation, calculations, details of 
construction and materials used, the safety of hydro- 
extractors in practice, &c., concluding with a 
section dealing with the safety regulations in force in 
various countries, guarantees by the manufacturers, 
and inspections. A bibliography is added, and four 
cases of accidents are examined in detail with comments 
upon the probable cause of each accident and the 
possibility of prevention. Due care appears to be taken 
to make these monographs of practical value and 
free of bias. The expert or experts selected have 
in the first instance to submit a plan and then a draft 
of their proposed report; the Safety Survey scrutinises 
the report, and has it translated and distributed for 
comments by the various representatives before the 
final monograph is printed. In controversial cases 
further experts may be consulted. The responsibility 
rests with the International Labour Office. 





The poet Juvenal, who died 130 a.p., complained 
that the street noises in Imperial Rome made 
it impossible for him to sleep. According to Les 
Bruits dans les Batiments. Acoustique des Bédtiments, 
by T. Katel [Paris; Librairie Polytechnique Ch. 
Beranger, 15 Rue des Saints Péres. Price 15 francs 
net], who quotes Juvenal in his introduction, the poet 
was mainly irritated by the din of the carts and 
the herds of cattle driven through the narrow streets. 
Want of sleep may have made him bitter in his 
satires ; if he had lived in our days of motor cars and 
loud speakers, it is probable that he would have used 
still stronger language. Mr. Katel’s volume differs 
from other publications—it is only a book of 106 
pages and there is not much matter on a page— 
on this subject, which we have noticed recently, 
by giving details in word and diagram of the devices 
adopted by builders for the suppression of noises. 
He might have been more explicit about certain com- 
mercial materials, such as Absorbit (he is an engineer to 
the Absorbit Company of Paris) which he very briefly 
describes as plates formed by different layers of impreg- 
nated cardboard, separated by air spaces, Korfund (slabs 
of armoured cork in iron frames), the Bit apparatus 
(mechanical devices consisting of springs and insulating 
layers), &c., concerning which he neither indicates the 
manufacturers nor gives sufficient detail. However, 
he tells the builder, for whom he writes, how and where 
to apply such materials, &c., in walls, doors and floors. 
His chief sections are on what constitute important 
sounds, the transmission of sound through porous and 
through non-porous bodies, suppression of noise and 
vibrations at their source, sound insulation of machinery, 
and sound reflection and reverberation in closed spaces. 


Having on several recent occasions noticed the 
manner in which the problems of the water supply 
and of sewage disposal have been dealt with in the State 


of Illinois, we may briefly mention three further Bulletins, 
Nos. 25, 26 and 27, published by the State Water 
Supply, at Urbana, at the prices of 50, 50 and 25 cents. 
Mr. A. M. Buswell, the chief of this division, is 
associated with others in the compilation of these 
bulletins. The first of them critically summarises 
the Bioprecipitation Studies, 1921-1927, reviewing 
the work done in the different years in various 
sewage tanks, with particular reference to the 
removal of colloidal matter. References are made to 
other literature. There are two principle views held on 
this subject. According to the one, the precipitation 
of the colloids is purely physical and is brought about 
by the filters and contact surfaces; the other view, 
which is most favoured, ascribes an essential part to 
microbic action. Decomposition of colloidal matter 
by chemicals would usually be too expensive. The 
bacterial decomposition may be aerobic and an- 
aerobic. In aeration by bubbles, the bubble shell of 
water hinders the diffusion of the oxygen, and the 
bubbles should therefore be broken up by baffles. 
In the tanks this is effected by agitators, on which 
the matter should not be alened to liquefy, to 
avoid losses of nitrogen. The use of compressed 
air is not necessary, but it accelerates the growth 
of activated sludge organisms. Bulletin No. 26 
on The Depth of Sewage Filters and the Degree of 
Purification, is like the former, rather detailed in 
its account of the experimental researches for the 
general summary. Bulletin No. 27, on Study of the 
Factors Affecting the Efficiency and Design of Farm 
Septic Tanks, serves with its descriptions of single 
and multiple-chamber septic tanks more directly 
practical interests. 


Economisers form one of the parts of power plants 
that have claimed increasing attention since the war, 
and there is no lack of books on the subject. Dr. Ing. 
Lothar Possner, of Mannheim-Neekarau, has aimed par- 
ticularly at assisting the designer, when compiling his 
Gestaltung. und Berechnung von Rauchgasvorwirmern 
(Economisern) (Berlin: Julius Springer; price 14-50 
marks). Thus the descriptive first part of his well- 
illustrated book occupies only 51 out of a total of 
152 pages, and he deals chiefly with the calculation of 
heating surfaces and their relations to economiser 
surface, temperatures of gas and water, the cooling of 
the gases of combustion and heating of the feed water, 
draught and efficiency, on a general heat-technical 
basis, and with the aid of tables and diagrams and 
numerical examples. The German rules for testing 
of the materials and devices are given in an appendix. 
The original Green economiser consisted of plain pipes 
with smooth surfaces. Pi with ribbed radiators 
were introduced by the firm of R. Kablitz, of Riga, 
and the chief development has taken place in the 
construction, installation, and setting of economisers 
of the ribbed type. H. Fége, of Hanover, who first 
manufactured them in Germany, provided the pipes 
with normal disc radiators and with square end flanges, 
so shaped as to close the economiser chamber. Other 
firms make the radiators of horizontal or vertical pipes 
square ; the firm of Liesen and Company, of Krefeld, 
makes the ribs helical and sets the tubes on a slope. 
The material is mostly cast iron, which is but little 
corroded by sulphurous gases; but some firms, for 
instance, A. Hering, of Niirnberg, and the manu- 
facturers of the American Foster economisers—the 
only non-German types illustrated—use wrought-iron 
or steel tubes, over which cast-iron radiator sleeves 
are placed. 





ARGENTINE MARKET FoR Pumps.—A short report on 
the condition of the market for pumps in Argentina has 
been prepared by the Department of Overseas Trade, 
35, Old Queen-street, London, 8.W.1. United Kingdom 
firms desirous of receiving a copy of this report should 
communicate with the Department, at the above address, 
quoting Reference No. A.X. 8578. 





LECTURES ON SEWAGE AND SEWAGE DIsPosAL.— 
Two lectures organised by the Chadwick Lecture Trust, 
on “‘ Sewage and Sewage Disposal,” will be delivered by 
Mr. A. J. Martin in the Hall of the Institution of 
Mechanical Engineers, Storey’s-gate, London, 8.W.1, 
on Tuesday and Thursday, October 15 and 17 next, at 
8.15 p.m. Admissionisfree. Full information regarding 
the Chadwick Public Lectures may be obtained on applica- 
tion to the Secretary of the Trust, 204, Abbey House, 
Victoria-street, London, 8.W.1. 





LauncH oF H.M. Supmagine “ Poanrix.”—Messrs. 
Cammell Laird and Company, Limited, Birkenhead, 
launched on October 3, H.M.S. Phoenix, a submarine 
of the “ P”’ class for the British Admiralty. The dis- 
placement of the vessel on the surface will be 1,570 tons, 
and, when submerged 2,040 tons. Phoenix is an old 
and distinguished Service name. The first vessel to 
bear it, of which a record is preserved, was a small ship 
of 40 tons in 1546, and the last, a torpedo-boat destroyer 
of 750 tons built in 1911. Since 1840 Messrs. Cammell 
Laird have constructed over 160 vessels for the British 





Admiralty, at Birkenhead. 
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LETTERS TO THE EDITOR. 
EMPIRE PLANNING. 


To THE EpIToR or ENGINEERING. 


Sir,—With reference to the interesting and valuable 
leading article entitled ‘‘ Empire Planning’’ in your 
issue of September 27, and your kind references therein 
to my article on the ‘* Regional Development Planning of 
Colonies and Imperial Development Planning,” which 
appeared in the recent Journal of the Royal Technical 
College, Glasgow, I think it well to reply to a criticism 
you make so as to clear up any possible misunder- 
standing. 

You remark that the ideal principles of planning 
which I have enunciated could rarely be strictly applied 
in practice and that development would often be forced 
along other lines, owing, perhaps, to topography, 
existing works, policy, and other considerations. 
Reference to my article will show that I am in definite 
agreement with your remark. I believe, however, that 
it will be generally admitted that the foregoing circum- 
stances are no reason why the development planner 
should not have before him the ideal rules or under- 
lying principles to which his work should conform so 
far as is practicable. 

The problems with which my article deal are familiar 
to those of us who have worked in undeveloped or 
partially developed territories, and it was the desira- 
bility of establishing the guiding principles of economic 
development planning which led one, after a wide 
research, to attempt their enunciation. 

It is to be hoped that your excellent leading article 
will assist in hastening that comprehensive develop- 
ment planning of the Empire which is becoming recog- 
nised as being so desirable. 

Iam, &c., 
W. H. McLean 
(Ph.D., M.Inst.C.E.). 
Royal Societies Club, 
St. James’ -street, S.W. 
October 7, 1929. 








THE EILDON DAM FAILURE IN 
AUSTRALIA. 


To THE Eprror oF ENGINEERING. 

Str,—Owing to my many experiments to determine 
the physical properties of clay (vide T'ransactions of the 
Society of Engineers for 1919-1923, inclusive) I am 
much interested in your article which appears on page 
444 of ENGINEERING, of October 4, on the failure of 
the Eildon Dam. The article seems to imply that clay 
is tricky and inconsistent. This is not usual with 
physical happenings, and in my experiments it was 
found that, provided the conditions were the same, the 
results were, too. 

Even the failure of this dam (as far as the given data 
enable the matter to be investigated) seems to be in 
agreement with the results of my experiments with 
London clay. The most important item of missing 
information is the water content of the clay. This clay 
was, no doubt, puddled, in order to render it water-tight, 
and to puddle it, it would probably have to contain 
at least 24 per cent. of water, otherwise it would be too 
stiff. With this assumption, and the further one 
that the clay in question was similar to London clay, 
the following calculations have been made. 

The initial height of clay was 90 ft. = 2,700 cm. 

The weight of clay containing 24 per cent. of water = 
2 gr. per cub. cm. = 125 lb. per cubic foot. 

Therefore the pressure at the base due to 2,700 cm. 
head of clay = 5,400 gr. per square centimetre = 
5-4 kg. per square centimetre = 4-92 tons per 
square foot. 

The pressure of fluidity of London clay containing 
24 per cent. of water is 4-040 kg. per square centi- 
metre = 3-68 tons per square foot. 

When clay contains 23-4 per cent. of water its 
pressure of fluidity is 5 kg. per square centimetre = 
4-56 tons per square foot. This shows how greatly 
the pressure of fluidity varies with the water content. 

From the data given in the article, it is seen that in 
the final position of the materials there was 39 ft. of 
clay with 25 ft. of stone filling on top of it. Taking 
the weight of the stone filling to be 120 lb. per cubic foot, 
the pressure at the bottom of the clay was (89 x 125 + 
25 x 120) lb. per square foot = 3-52 tons per square 
foot, which is less than the pressure of fluidity of 3-68 
tons per square foot. This accounts for the final 
conditions of rest. The speed at which the subsidence 
took place is not mentioned. If this were considerable 
it would cause the final height to be less than that corres- 
ponding with the pressure of fluidity of 3-68 tons per 
square foot. If, in fact, the pressure of fluidity was 
3:68 tons per square foot, the question arises of how 
the initial pressure of 4-92 tons per square foot was 
apparently sustained for some time. This may 
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received from the concrete on one side of it and from 
the rock filling on its other side. In other words, 
the initial pressure at the bottom of the clay was not, 
in fact, so much as 4-92 tons per square foot, but it 
was more than 3-68 tons per square foot. It is obvious 
that the clay sank under the stone-filling faster than 
the latter, as while initially there was practically no 
stone on top of the clay, in the final position there 
was no less than 25 ft. of stone on the clay. 

In conclusion, therefore, I am strongly of the opinion 
expressed in your article, namely, that the dam failed 
because the pressure of fluidity of the clay at the base 
was exceeded, which could have been foretold. 

Yours very truly, 
A. 8. E, ACKERMANN. 
17, Victoria-street, S.W.1. 
October 7, 1929. 








SUPERSATURATION. 
To THE EpITor OF ENGINEERING. 


Sir,—In reply to the editorial footnote to my letter 
of September 27, I give below what seems to me 
to be the most reasonable view of the mechanism 
of the growth of drops during the condensation of 
steam from the supersaturated condition. I do not 
hold the view that exchanges of radiant energy play 
no part in this process ; indeed, it seems to me that in 
the early history of a drop, they are of importance in 
the way I have explained below. In the article 
which I criticised you arrived at the conclusion, 
however, that when the cloud limit is reached during the 
expansion of steam, the energy liberated by the con- 
densation is shot out as radiation which is lost to the 
steam. On my view only a vanishing fraction of the 
latent heat which appears when a given mass of water 
condenses is so liberated, and this fraction is not 
lost to the steam. 

As I pointed out in my previous letter, any radiation 
process accompanying the condensation can only 
lead to an increase in the conduction losses, which can 
be made negligibly small by sufficient lagging. Let 
us assume the expansion to be adiabatic. Then the 
radiant energy emitted by the steam must balance 
that which is absorbed from the walls. We can 
picture the growth of a drop containing, say, ten or 
more molecules, as follows: As the drop moves 
through the turbine, it is continuously exchanging 
molecules with the supercooled vapour surrounding it. 
In the case of a liquid surface in contact with its 
saturated vapour, there is a similar exchange, a 
statistical equilibrium being set up in which the 
number of molecules leaving the surface per second 
balances the number entering it. With the drop 
we are considering, if condensation is taking place on 
it, more molecules enter the surface than leave it, 
and the difference in the two numbers per second 
determines the rate at which energy is being com- 
municated to the drop by the liberation of latent 
heat. There is thus one process tending to heat the 
drop. The balancing process, tending to cool the 
drop, is supplied by the fact that a molecule entering 
the drop from the cool vapour carries less energy than 
one leaving the drop. The actual rate of condensation 
on the drop will be determined by these two processes, 
and by the speed of expansion. Without further 
analysis it is impossible to say what the behaviour of 
the steam will be; whether condensation will be so 
rapid that thermal equilibrium is quickly established, 
or whether the vapour will remain in the cloud limit 
condition. Stodola has analysed the problem mathe- 
matically, and estimating the values of several quanti- 
ties which it is difficult to determine, he comes to the 
conclusion that a certain degree of supersaturation 
may persist in the steam at the exit end of a nozzle. 
This is in accord with a growing number of experi- 
mental observations. On the other hand, if we 
assume, as is done in your article, that the latent 
heat is liberated as radiation which is lost to the 
steam, the conclusion seems inevitable that the steam 
will return to the ordinary saturated condition, with 
a sudden loss of total heat directly the supersaturation 
limit is reached. Further expansion cannot produce 
a state of supersaturation in the steam, because the 
vapour is full of drops, and there is, on your theory, 
no process, like the heating up of the drops, which can 
delay condensation. 

It remains to explain the initial formation of the 
drops. It seems certain from our growing knowledge 
of band spectra that the formation of a doublet (H,0,) 
from two single water molecules will be accompanied 
by the emission of radiation of a series of definite wave- 
lengths. Similarly the formation of (H,O;) will give 
rise to radiation of other wave-lengths and so on. The 
initial growth of the drop is made possible by the 
fact that the drop radiates more energy than it receives. 
As the drop grows, the type of energy that it radiates 
gradually approximates to black-body radiation. 

If the steam were condensing on drops which, on 








have been due to the support which the clay at first 





the average, contained ten molecules, it might be 
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justly concluded that radiation processes were of para- 
mount importance in controlling the growth of the 
drops. The experiments of Stodola on nozzle flow 
show, however, that the drops attain sufficient size to 
be seen. Their diameter must, therefore, be of the 
order of a wave-length, and they must contain millions 
of molecules; it follows that all but a vanishing 
fraction of the energy liberated in their formation 
can have been transferred to the steam by the process 
which I have described for drops containing, say, 
ten molecules or more. 

The picture of the condensation process which I 
have given may be incomplete; it is inevitably 
crude, because of the complexity of the phenomena. 
I have described the transference of energy from the 
drops to the vapour in terms of the interchange of 
molecules ; it is possible that the radiation from the 
drops, approximately of the type peculiar to “ black 
bodies,” and the absorption of radiation by the cool 
vapour may also play a part in this energy interchange 
for the large drops, as well as for the very small. The 
mechanism of the transference will be simply that the 
drops radiate more energy than they absorb; the 
vapour absorbs more than it radiates, whilst the net 
gain by the walls is zero. A simple calculation is 
sufficient to show, however, that except in the case of 
the very smallest drops, this radiation process plays 
only a negligible part in the transference of energy 
between the vapour and the drops. It follows that 
Professor Stodola was justified in ignoring it in his 
analysis to which I have referred. 

In conclusion, I would emphasise that whether 
or not we accept this view of the condensation does 
not affect the deductions of my previous letter. The 
true nature of the mechanism can be decided only 
when we have more experimental knowledge of the 
molecular processes involved. All that I am con- 
cerned to show is that any radiation process accom- 
panying the condensation will not lead to appreciable 
losses in total heat, as was stated in your editorial 
article. I conclude that the figures which were given 
in my article give an estimate of the maximum losses 
in a turbine which can be attributed to the occurrence 
of supersaturation in the steam. 

Yours faithfully, 
C. F. Powe. 

University of Bristol, 

October 7, 1929. 


[Our correspondent emphasises, at the conclusion 
of his letter, the very point on which we have been 
insisting from the first, viz., that radiation plays 
only a negligible part in the transference of energy 
between the vapour and the drops. This was the 
view put forward in the article he had criticised, 
where it was noted that gases are remarkably trans- 
parent, even to radiations of the frequency they 
absorb.—Eb. E.] 








THE LATE MR. R. E. CLARKE. 


WE regret to note the death, on October 3, of 
Mr. Richard Elliott Clarke, late Superintending Civil 
Engineer of the Admiralty. Mr. Clarke was born on 
July 19, 1873, and received his general education first at 
Clonmel Grammar School and later at Middleton College, 
County Cork. He studied engineering at the Royal 
University of Ireland, and obtained the diploma in 
civil engineering on passing out in 1895. His practical 
training was secured under the tuition of Mr. E. A. 
Hackett. His first appointment was that of assistant 
civil engineer to the Director of Works Department, 
Admiralty, and he was attached to Portsmouth 
Dockyard. He became engaged on work connected 
with the widening of entrances to basins, extensions to 
jetties, the construction of a swing bridge at Whale 
Island, and other harbour works. In 1899, he was 
appointed to Chatham Dockyard, but after a few 
months was dispatched to Malta Dockyard, where he 
stayed three years, carrying out preliminary work and 
the marine survey for the Grand Harbour. He returned 
to this country in 1903 and became engaged in the 
construction of hospitals, quarters, and barracks at 
Portsmouth. In 1908, Mr. Clarke proceeded to 
Bermuda to take charge of all the works at this naval 
station. During his four years’ stay he carried out 
numerous drainage improvements, reconstructed many 
roads, and erected an hydro-electric power station. 
Upon returning to this country, Mr. Clarke was 
again attached to Portsmouth Dockyard, where he 
was employed on large-scale dock extensions and lock 
construction. During the war he was engaged on work 
for the Admiralty in connection with the erection of 
various Royal Naval air, hydroplane, and coasta 
motor-boat stations and camps. He afterwards carried 
out extensive alterations at Portsmouth Dockyard 
electric power station, and was responsible for the 
completion of the so-called Mystery Tower. After the 
conclusion of hostilities, an extensive programme of 
road, shop, and jetty reconstruction was carried out. 





In 1923 Mr. Clarke was promoted to the rank of 
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Superintending Civil Engineer and was transferred to 
Chatham Dockyard. In this position he was in charge 
of all the civil engineering works under Admiralty 
control in the dockyard and district. He afterwards 
proceeded to Malta, but returned to this country in 
1928. Mr. Clarke became an associate member of the 
Institution of Civil Engineers on April 19, 1904, and 
was promoted to full membership rank on February 5, 
1924. 








LABOUR NOTES. 


On Friday last week, the Governing Body of the 
International Labour Office considered a proposal that 
the International Labour Office should inquire into the 
purchasing power of wages in certain European cities, 
in order that the workers in Ford factories there might 
have a standard of living equal to that of the Ford 
employees in Detroit. The proposal was made on 
behalf of Mr. Ford, and Mr. Edward A. Filene of Boston 
offered 5,000/. to cover the expenses of the inquiry. 
Exception was taken to acceptance of it by employers’ 
delegates, who declared that such an inquiry would be 
harmful to the prestige of the Labour Office and the 
interests of both employers and workers. On the other 
hand, the Government and Workers’ delegates approved 
the proposal, though advocating safeguards in the 
general interest. The investigation is to be carried out. 


The United States Department of Labour’s Monthly 
Review states that in a recent interview, Mr. Ford 
declared that rumours circulated from time to time to 
the effect that the Ford plants are refusing to employ 
anyone over 40 were untrue. Under no circumstances, 
he said, would he have a personnel of young men only. 
* As a matter of fact,” he went on, “ we should prefer, 
if we could make the choice, to have all of our people 
between 35 and 60 years old, for then we should have a 
stable and experienced force. We would not care how 
much over 60 the men were so long as they could do 
their work.”’ While a man 70 years of age could not be 
expected to have as great physical endurance as a man 
of 25, the older man, Mr. Ford held, should have some- 
thing much more valuable. The employment depart- 
ment records indicated that the jobs requiring endur- 
ance were, in general, best performed by men 40 years of 
age and over. Younger workers seemed to grow weary 
of this kind of work rather quickly and wished to be 
transferred to less heavy jobs. 





At the time of the interview, the Ford plants had 
more than 120,000 employees in and about Detroit. 
These workers had not been classified by age, but a short 
time before, when the personnel numbered about 
90,000, such a classification had been made, and the age 
groups were, Mr. Ford believed, proportionately the 
same to-day. Of the 90,000 workers, 618 were under 
20, 28,483 between 20 and 30, 34,230 between 30 and 
40, 20,620 between 40 and 50, 5,906 between 50 and 60, 
680 between 60 and 70, and 20 over 70 years. According 
to Mr. Ford, the employment department made no 
distinetion as to age, fitness for the job being the only 
requirement. An older man was more likely to be 


placed on somewhat slower work than a younger man ;- 


that was about the only distinction in a Ford factory. 
Younger men were expected to be faster than older men, 
and as a rule that proved to be the case. Some of the 
fastest men handling certain types of light work were, 
however, about 50 years of age. 





The American Management Association has just 
published the results of an inquiry among representative 
companies in a variety of industries as to what is being 
done in the way of special training for older employees. 
Replies were received from 40 undertakings out of 
about 75 to which the questionnaire was sent, although 
the report says that “ undoubtedly more would have 
answered but for the fact that they had nothing to 
report on the subject.” The survey indicated that, as 
yet, little is being done in the way of special training 
deiinitely arranged for the older worker. It was found 
that the line between general and special training is a 
very fine one. Several companies said that they gave 
training to older employees, but when their replies 
Were analysed the training was discovered to be general 
and not specifically for older workers. However, 
according to the report, ‘“‘ while but few concerns are 
conducting training as an aid to this adjustment 
problem, still the evidence is clear that they represent 
a trend in dealing with the older worker, whether by 
general or special training, which is both economical 
and social, From the evidence collected, this 
training for older employees increases their efficiency on 
present work, prepares them for transfer to other work, 
and improves the spirit of co-operation.” 





The report takes up in detail the information 
received from three concerns, having a total of “* perhaps 
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50,000 employees,” which have conducted special 
training for older workers for about four years. All 
three firms give the training on the work. One supple- 
ments it by means of manuals describing the work done 
in each department, thus enabling the worker to become 
familiar with the duties of other positions. Also, in 
the slack seasons, “‘ the office people are transferred to 
the floor division, and the floor people take the office 
work. This not only trains them for other jobs, but 
gives them the appreciation of the difficulties of the 
other job and promotes better co-operation between 
the divisions of the department. Other groups of 
employees are taken off their regular jobs for a period 
of two years and are given experience in nearly every 
department in the company. During this time we 
attempt to determine for what department the employee 
will be best suited, and later in the course give him 
specific training for that work.” One of the other 
companies stated that its training course had proved 
very popular and that there was a long waiting list 
for it. The course ran for two years, the instruction 
being given after working hours on two evenings a 
week for a three-hour period. It was optional with 
the employees whether they took the training, and 
they were not paid for the time spent. It was esti- 
mated that the cost to the company aside from light, 
heat and power, was approximately 200 dols. a month 
for the 60 men taking the course. 


Describing the effect of the training, one of the 
companies said :—‘‘ Because the employee is trained 
on more than one thing and has a broader knowledge, 
it is much easier to find an opportunity for him, and 
therefore to transfer him. Because of contact with 
other departments he has found out during his training 
that there are other places that have opportunities 
and are agreeable to work in, and therefore he is more 
agreeable to being transferred. Because he has 
broadened out and has studied other work, he has 
learned to attack new problems, and is therefore more 
adjustable.” All three companies agreed that there 
was a marked increase in efficiency and in usefulness as 
a result of the training, the reply of one being to the 
effect that ‘“‘ there is a decided change in usefulness 
because in many instances it permits the employee to 
continue his or her working career for several years, 
and we find that the vast majority of our employees 
who would be eligible for pensions, desire greatly to be 
allowed to continue at their work as long as possible.” 
It seemed to be a universal custom among the 40 
companies which replied to the inquiry to put employees 
on lighter or simpler work as they grew older, often 
at the same rate of pay. All the companies stated 
that they either pensioned older employees or found 
suitable work for them, practically never dismissing 
them. 








An important conference took place in London on 
Monday, between the Executive Committee of the 
Shipbuilding Employers’ Federation and the Executive 
Council and district representatives of the Amalga- 
mated Society of Woodworkers. The trade union 
representatives reported that their Belfast members 
had rejected the arrangement provisionally arrived at 
by the executives of the Federation and the Society 
that the Belfast local claim for an advance of wages 
should be referred to arbitration. At the close of the 
conference, which lasted for over five hours, a joint 
official statement was issued to the effect that the 
Executive Council of the Wood Workers’ Society had 
agreed to place the position before their whole member- 
ship, and to take a national ballot on all outstanding 
wage and overtime questions with the Employers’ 
Federation, including the Belfast dispute. 





The executives of the shipyard trade unions, to 
which the Shipbuilding Employers’ Federation recently 
made an interesting offer on the wages question, met 
in London, on Tuesday, further to discuss the proposal. 
Originally, the unions affiliated to the Federation of 
Engineering and Shipbuilding Trades, along with four 
of the six craft unions which are not affiliated—the 
shipwrights, painters, plumbers and_ electricians— 
applied to the Employers’ Federation for an all-round 
increase of wages of 5s. per week. Pointing out that 
the state of the industry did not warrant an advance, 
the employers refused the application. Eventually, 
however, they offered to set up national wages 
standards for both skilled and unskilled time workers. 
The standards were 3/. per week for skilled men and 
41s. per week for unskilled men, and the effect of their 
acceptance would be, it was pointed out, to increase 
wages generally by from 1s. to 5s. per week. No 
worker who was in receipt of more than the standard 
set up for his class would suffer any reduction. 


Although they were, obviously, favourably disposed 
towards the proposals, the representatives of the men 
asked for an increase of both standard rates and the 
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inclusion of pieceworkers. The employers adhered to 
their original offer, and there the matter ended for 
the time being. At the close of Tuesday’s conference, 
Mr. Frank Smith, the General Secretary of the Federa- 
tion of Engineering and Shipbuilding Trades, gave out 
the following official statement :—‘* The Executives of 
all the unions concerned in the negotiations met to 
consider the replies to the employers’ offer, made on 
July 5, in respect to new national standard time rates. 
On a vote being taken, it was decided to accept the 
employers’ offer.’ Of the time-workers employed in 
the shipyards, only the woodworkers are outside the 
scope of the new arrangement, but it is hoped that 
they will come into it when their differences with the 
employers on both sides of the Irish Sea are composed. 


From the point of view of both the trade unions and 
the Employers’ Federation, the new scheme has many 
excellent features. The irritation due to the existence 
of different craft rates and different local rates will 
largely disappear. Demarcation disputes between 
craft unions are certain to be fewer, since with a 
national standard wage for skilled men, it will not 
really matter how jobs go. The great advantage of 
the arrangement is, however, that with wages costs 
standardised, employers will know exactly where they 
stand in tendering for new contracts. If, under the 
new conditions, they are still unable to obtain remunera- 
tive work, the root of the trouble will, obviously, be in 
their production organisations. Standard wages, of 
course, necessarily connote standard wage variations, 
and, no doubt, the application of such a principle will 
be the next task to which the parties concerned will 
address themselves. 





At a meeting of the Unemployment Grants Com- 
mittee on Monday, Lord St. Davids in the chair, a 
number of schemes of work submitted by local au- 
thorities and other statutory bodies, for the relief of 
unemployment were approved for Government grant. 
The estimated cost of the schemes so approved was 
1,165,000/. to provide employment for approximately 
3,145 men. Schemes before the Committee for approval 
which are now the subject of enquiry number 427, 
and are estimated to cost 9,930,000/. 





The Ministry of Labour estimates that on Septem- 
ber 23, 1929, there were approximately 10,278,000 
insured persons aged 16 to 64, in employment in Great 
Britain. This was 2,300 more than a month before, 
and 269,800 more than a year before. During Sep- 
tember, 1929, the average numbers of persons on the 
registers of Employment Exchanges in Great Britain 
were 820,519 wholly unemployed, 264,162 temporarily 
stopped, and 74,174 normally in casual employment, 
making a total of 1,158,855, of whom 824,805 were 
men aged 21 and over, 58,537 men aged 18 to 20, 
36,207 boys aged 14 to 17, 175,647 women aged 21 
and over, 30,854 women aged 18 to 20, and 32,805 girls 
aged 14 to 17. eae 

On September 30, 1929, the number of persons on 
the registers of Employment Exchanges in Great 
Britain was 1,181,900. Of these, 845,700 were wholly 
unemployed, 261,900 were temporarily stopped, and 
74,300 were persons normally in casual employment ; 
905,300 were men, 35,100 boys, 209,300 women, and 
32,200 girls. Of 1,162,940 on the registers on Sep- 
tember 23, 1929, 826,871 were wholly unemployed, 
261,606 were temporarily stopped, and 74,463 were 
persons normally in casual employment; 889,157 
were men, 35,426 boys, 206,263 women, and 32,094 
girls. The number of unemployed persons on October 1, 
1928, was 1,336,379, of whom 1,037,468 were men, 
40,099 boys, 223,030 women, and 35,782 girls. 





Under a Roumanian Act passed early this year, 
contracts of apprenticeship are to be of four years’ 
duration. A contract is to be finally concluded only 
after a probationary period of four months at most, 
reckoned from the date of registration of the contract, 
but the parties are given the power to stipulate a 
shorter period of probation. The period of probation 
is to be included in the duration of the apprenticeship. 
The apprentice may not be called upon to perform any 
other work or services than those directly connected 
with the occupation, and this must be in proportion to 
his physical and intellectual powers. The employer 
is compelled to grant the apprentice the necessary time 
to follow the courses in schools for apprentices, or 
technical schools approved by the State, in order to 
complete his education and his theoretical knowledge 
of the occupation. This time will be reckoned in the 
daily hours which the apprentice is obliged to work. 
The employer is compelled to grant the apprentice an 
annual holiday of at least a fortnight, in addition to 





statutory public holidays. 
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SECTIONAL MECHANICAL LUBRICATOR. 
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A SECTIONAL MECHANICAL 
LUBRICATOR. 


Tue mechanical lubricator illustrated in the annexed 
Figs. 1 and 2, and handled in this country by Messrs. 
Hunt and Mitton, Limited, Oozells-street North, 
Birmingham, exhibits more than one novel feature 
which makes it interesting, quite apart from its 
practical utility. The principle adopted is that of 
bolting together a number of circular sections by 
a single bolt through the centre, each section containing 
a small pump delivering oil to one point. The sections, 
being of standard pattern, can be assembled to form 
any size of lubricator up to 20 oiling points, and a 
new section can be rapidly substituted in case of 
a breakdown. The pumps are driven from a hollow 
camshaft threaded on the central bolt, and have 
mechanically-actuated suction valves, an arrange- 
ment which ensures positive action. The pumps can 
be constructed to deliver at any desired rate, and at 
pressures up to 3,000 lb. per square inch. The rate 
of feed is determined by altering the stroke of the 
pump plunger. The camshaft is driven by worm- 
wheel gear, the worm shaft being rotated or oscillated 
according to whether a revolving or a reciprocating 
motion is most readily obtainable from the machinery 
being lubricated. 

The details of construction will be easily made out 
from the figures, but attention may be drawn to the 
elements of which the two-point lubricator shown 
is composed. There are two pump sections in the 
centre of Fig. 1, then two with holding brackets, 
outside of which are, on the left, the section containing 
the worm gear, and, on the right, one containing a 
gauge glass to ascertain the oil level. The group is 
completed by end covers, which are recessed for the 
nuts of the central bolt. One of the covers is provided 
with a filling plug. The various sections are fitted 
one to another with spigoted joints, and all are made 
of cast iron. It will be appreciated that, as the 
lubricator may be extended by adding sections, the 
camshaft must be correspondingly divided into short 
lengths. One of these is shown in Fig. 1 and in Fig. 2 
the projections, similar to those of a dog-clutch, 
by which it engages with its neighbour, are seen. 
The cam for operating the pump is cut solid with the 
shaft, but that for actuating the suction valve is 
fastened to the shaft by small set screws for reasons 
of assembly. Both cams rotate in rectangular yokes 
or crossheads, which are yuided as shown in Fig. 2. 
The yoke for the pump has a direct prolongation 
which forms the plunger, but that for the suction 
valve has two arms across which is a flat spring. 
The suction valve, consisting of a sleeve having a 
conical end, sliding on the plunger and in effect 
forming the pump barrel, is secured to this spring 
by nuts. 

As the shaft revolves, the pump plunger is forced 
downwards by the cam to make a delivery stroke, 
but it is lifted by a spring contained in the adjusting 
device seen at the top of the figures. The object of 
this single-acting movement is to provide a means 
of shortening the plunger stroke in order to reduce 
the amount of oil delivered. The top part of the 
yoke is provided with a screw connected with the 
regulator by turning which the travel of the yoke in 
an upward direction is varied as required. Thus, 





the regulator, which is constructed with a cap nut 
travelling over graduations, can be set at zero. With 
this setting, the yoke is held down in its lowest position, 
so that the cam rotates inside without moving it. 
By lifting the regulator through successive stages, 
the effect is to allow the yoke—and, of course, the 
plunger—to rise higher on the return stroke, and then, 
on the down stroke, it remains longer in contact 
with the cam. The full stroke of the plunger, the 
diameter of the plunger being 4 mm., will deliver 
0-08 cub. cm. of oil, which is about four drops. This 
quantity can be adjusted down to zero, and, as the 
pumps may be run at any speed from 5 to 25 double 
strokes per minute, a wide range of delivery is possible 
—that is, from zero up to 80 drops per minute. 

The suction valve, as already stated, is of the 
simple conical type closed with a positive action and 
held to its seat by the yoke. The cam, in the case 
of the suction valve, bears on the top and bottom 
of the yoke, and requires no adjusting device. ‘The 
valve opens when the plunger is at the bottom of its 
stroke, and closes when it is at the top. The con- 
struction of the valve seating, which also holds down 
the seating for the spring-operated delivery valve 
situated below it, will be clear from Fig. 1. The 
suction valve and seating, plunger, camshaft, cams 
and yokes are all of case-hardened steel accurately 
ground and polished. It is clear that, as they work in 
an oil bath, there should be no trouble from wear. 
The driving spindle can be either above or below the 
centre line as shown in Fig. 2, and in lubricators with 
many pump sections is usually placed not at the end, 
as shown in Fig. 1, but in the middle of the lubricator. 
The method of building up a lubricator by sections 
has considerable advantages as regards making lubri- 
cators for special purposes. Thus a diaphragm section 
can be introduced so as to render it possible to use 
two different kinds of oil, or a large reservoir section 
may be fitted to increase the capacity. Sight-feed 
attachments can be fitted on the oil outlets if required, 
and a hand flushing device by which all the pumps 
can be operated while the mechanical drive is at rest 
can be fitted. 








Toot Lay-outs.—A generalisation based on an ex- 
tended experience in a particular direction is often a 
very useful formula, and when such a firm as Messrs. 
Alfred Herbert, Limited, Coventry, make a definite 
statement like that quoted below, it may be taken as 
carrying considerable weight. A booklet just published 
by Messrs. Herbert, and entitled ‘‘ Typical Tool Layouts 
for Auto-Lathes,” opens by answering from experience in 
their own works, the question as to when it is advisable 
to use an auto-lathe in preference to a turret lathe, by 
the statement that it pays to use an auto-lathe when 
the machine can be kept running on the same operation 
for two days. Starting from this as an accepted fact, 
the booklet proceeds to discuss the class of work for which 
the auto-lathe is most suitable, and describes the general 
characteristics of several of these machines. Then 
follow a number of tool lay-outs for a wide variety of 
work, these lay-outs being illustrated by dimensioned 
drawings of the finished work, by line drawings showing 
the arrangement of tools required for the operations con- 
cerned, and by photographs showing the work as actually 
set up in the lathe with the correct grouping of tools. 
A selection of capacity charts for different sizes of 
machines concludes the booklet, which, like the majority 
of Messrs. Herbert’s publications, has been produced 
in an unexceptionable manner. 
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ORE SIZING BY ELUTRIATION. 


Wir the modern practice of grinding ores down to 
200 mesh and less, the elutriator has passed from the 
laboratory stage into works practice and is replacing 
sieves and sedimentation plants. Details of these 
appliances and their economy and efficiency are rarely 
published, and there is, with the elutriator as with other 
devices, much to be done to adapt the laboratory 
model to mill operation. While a paper by Messrs. J. 
Gross, 8S. R. Zimmerley, and A. Probert (Investigation 
Reports, Serial 2951, of the United States Bureau of 
Mines) does not bridge that gap, it does show what 
elutriation can do under certain conditions. 

According to Stokes, the relation between the 
settling rate V, of spherical particles in a liquid, and 
their size, is V = Kr? (d, — d)/u, where r is the radius 
of the particle, d, its density, d the density of the 
liquid, « the viscosity of the liquid, and K a constant 
equal 2/9 g. The experiments of the authors’ were 
made with only one kind of elutriator. The appara- 
tus consisted of a glass tube, 2 in. in diameter, 
2 ft. high, and conical at the lower open end. A 
}-in. glass tube fitted at the base with a rubber cone 
having three triangular rubber fins, constituted the 
rotating element, being held in a bearing at the 
top and the conical bottom; the small tube was 
revolved at a speed of about 50 r.p.m. About 25 
grammes of the material were put into the elutriator, 
some water from a tank, at a higher level, having 
previously been admitted, to stir up the particles, 
the motion being partly checked by a horizontal sieve. 
The finest particles were first carried up to the 
annular overflow near the top of the elutriator, and 
as more water was admitted to produce successively 
stronger currents the coarser particles were floated. 
In this way a fair degree of sizing of the particles was 
obtained. Stokes’ law, however, was not quite con- 
firmed, the coarse particles evidently requiring stronger 
currents than those calculated for forcing them 
upward, possibly, among other reasons, because the 
previous washing out of the finer particles was in- 
complete. The materials tested were quartz sand, 
galena, sphalerite and pyrite, and these ore particles 
were certainly more angular than spherical. The 
effect of the shape of the particles was allowed for by 
somewhat uncertain formule. One point established 
was that previous drying had little or no effect on the 
elutriation ; this is fortunate, because the drying would 
complicate matters. 








AUSTRALIAN AIR SeERVICES.—Messrs. Australian 
National Airways, Limited, announced recently that 
they hoped to commence a daily aerial service between 
Sydney and Brisbane in November, and between Sydney 
and Melbourne early in 1930. 





THE STANDARDS ASSOCIATION OF AUSTRALIA.—A new 
body, entitled the Standards Association of Australia, 
has been formed by the amalgamation of the Australian 
Commonwealth Engineering Standards Association and 
the Association for Simplified Practice. The Federal 
and State Ministries will be represented on the main 
committee of the new association, as will also the Institu- 
tion of Engineers, Australia, the Australasian Institute of 
Mining and Metallurgy, the Australian Chemical Insti- 
tute, the Bureau of Steel Manufacturers, the Associate’ 
Chamber of Manufacturers, and the Associated Chambers 
of Commerce. 
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COMPRESSED AIR SUPPLY ON THE 
RAND.* 


By Bernarp Pricer, O.B.E., M.Inst.C.E., M.I.E.E. 


CoMPRESSED air is an essential requirement of the 
gold mining industry, although the quantity of energy 
consumed in this form, by a fully electrified mine, 
is little more than one-third of the quantity consumed 
in the form of electricity. Properties which render 
compressed air peculiarly suitable for use underground 
are its elasticity, which makes it an ideal medium for 
obtaining reciprocating motion and for producing the 
high percussive effect required for drilling hard rock ; 
its property of absorbing heat from surrounding 
media when doing work which renders it a valuable 
cooling agency ; and its ventilating properties. About 
5,500 machine drills are employed daily on the Rand 
for drilling rock underground, but only about one-third 
of these are supplied with air from the centralised 
scheme to be described in this paper. Compressed 
air is also used for operating hoists, pumps, drill- 
sharpening machines and power hammers for ventilating 
out of the way places, for foundry work, and for a 
variety of other services. In a few instances where 
mines have found it uneconomical to retain boiler 
plant specially for operating hoists, the latter have 
been converted to air drive. In other instances 
air is used for pushing the cocopans of ore on to the 
tippling platforms, for opening and closing safety 
doors over shafts, and for similar auxiliary services. 


purchase bulk supplies from the company for distri- 
bution within the municipal boundaries. In the case 
of Germiston, however, which is the second largest 
municipality on the Rand, the company reticulates 
the supply to individual consumers under an agreement 
with that municipality. 

There are six mining groups, and when contracts 
for electricity had been entered into with several of 
these, the largest, namely, the Rand Mines Group, 
now controlled by the Central Mining and Investment 
Corporation, negotiated for the supply of its require- 
ments. In doing so, it was prepared to close down 
all its existing boiler plant and to purchase the whole 
of its electrical power requirements, but it declined 
to convert the numerous steam-driven compressors 


that the mines are obtaining their compressed air at 
a flat rate of slightly under 4d. per air unit (equivalent 
to about 14d. per 1,000 cub. ft. of free air) and their 
electricity at just over 0-4d. per unit. The tariff 
charged for compressed air supplied to industrial and 
other small consumers is 1}d. per air unit for all 
consumption in excess of the first 1,000 units taken 
per month, with a minimum fixed charge of 10I. per 
month in respect of the initial 1,000 units or part 
thereof. There is also a charge of 20s. per month 
for meter rental. 

For the purpose of the contract, the air unit takes 
the form of a schedule setting out the weights of air 
contained in a unit at various delivered pressures. 
The method of calculating these figures is given in 





then existing on its mines. The fact that 10 of the| an appendix. These weights range from about 30 lb. 
13 mines belonging to this group happened to be of air (483 cub. ft. of free air) per unit when the delivered 
situated fairly close to one another in the central area | pressure is 80 lb. per square inch gauge, to about 25} Ib. 
prompted the group to stipulate that compressed air | (410 cub. ft. of free air) when the pressure is 120 lb. 
should be supplied in bulk. Another stipulation was| per square inch, and they represent the quantities of 





that the supply, both for electricity and for compressed 
air, should be given by a separate company to be 
| formed for the purpose and registered in the Transvaal. 
| This led to the registration of the Rand Mines Power 
| Supply Company, Limited, as a subsidiary of the Falls 
|Company. In more recent times the contracts with 
the several mining groups have been revised and 
| renewed, and although the Rand Mines Power Supply 
;Company still remains a separate entity, all the 
renewed contracts have been entered into with the 
Falls Company direct, and, for all practical purposes, 








air which the various steam-driven reciprocating com- 
pressors originally existing on the mines would, on a 
weighted average, have delivered at the chosen pressures 
for the expenditure of 1 kw.-hour of steam energy in 
the steam cylinders of those compressors as shown by 
indicator diagrams. To arrive at these figures it was 
necessary to ascertain by an extensive series of tests 
the weighted average efficiency of the existing com- 
pressors. The parties agreed that the compressors 
should be tested by sample, and six machines were 
selected as being representative of the types in use. 








Fig.t. 
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Once an unrestricted supply of compressed air is 
available, new uses for it continually arise. Unlike 
steam, an air supply involves little, if any, loss when 
standing by. The type of machine drill most generally 
in use is the 2?-in. jack hammer, which consumes 
from 4} lb. to 6 lb. of air per minute at a pressure 
which does not, as a rule, exceed 70 Ib. per square inch. 

The consumption of compressed air by individual 
mines per ton of ore milled varies widely. The average 
for mines taking supply from the power company is 
about 16 air units per ton milled. Originally each 
mine obtained its compressed air from steam-driven 
compressors locally installed, and to-day those mines 
which are not situated within an area, about 12 miles 
long, in the centre of the Witwatersrand district 
have their own steam or electrically-driven plants. 
Within this central area, however, supply is furnished 
in bulk by the Victoria Falls and Transvaal Power 
Company, Limited, from a pipe system fed by two 
central compressing stations. This centralised com- 
pressed air supply undertaking is quite unique, and 
a brief explanation of its origin may be of interest 
as an introduction to a technical description of the 
scheme. The Victoria Falls and Transvaal Power 
Company was formed in 1906, with the object of 
supplying electrical energy to the gold-mining industry 
and other consumers in the Witwatersrand district. 
"he company supplies, either wholly or in part, the 
electrical requirements of all the gold mines operating 
on the Witwatersrand, with the exception of the 
Several shafts of the Randfontein Mine, in the far 
west, and those of the East Rand Proprietary and 
\ew Kleinfontein Companies situated some 20 miles 
east of Johannesburg. All the municipalities along 
the Reef, with the single exception of Johannesburg, 





* Paper read before Section G of the British Asso- 
ciation at Johannesburg, South Africa, on July 31, 
1929. Abridged. 








the Rand Mines Power Supply Company may be 
ignored. 

As already stated, three of the mines belonging to 
the Rand Mines Group were not situated in the central 
area, and, in order that these should suffer no disadvan- 
tage, it was further stipulated that the power company 
should furnish compressed air to them by means of 
electrically-driven plant installed at the mines. In 
terms of the licence granted to it under legislation, 
the company is not compelled to supply compressed 
air to any consumer, but it has contracted to supply 
the mines of the Rand Mines Group, and, subject 
to certain conditions which ensure priority of supply 
to the said mines, supply is also being given to two 
or three other mines and to a few relatively small 
industrial consumers, all of whom happen to be 
situated within easy reach of the pipe system. 

It was agreed that the group would pay the power 
company for the compressed air furnished to its mines 
the same price per air unit (defined below) as that 
then being paid for a unit of electricity, namely, 
0-525 pence, the air unit being defined in such a way 
that the payment to the power company was, roughly 
speaking, what it would have been had the mines 
electrified their compressors and purchased from the 
power company the electrical energy required for 
driving them. About six years ago, when the contracts 
with the mining groups were renewed, the prices for 
electricity to all consumers of the company (including 
non-mining consumers) were reduced by 17} per cent. 
(the price for compressed air remaining at 0-525 pence 
per unit), and all consumers, including consumers 
of compressed air, were given an increased share in 
the company’s profits. After all expenses and certain 
capital charges have been deducted from gross revenue, 
half the remaining balance is distributed amongst 
consumers in proportion to their individual con- 
sumption, and as this share in profits now represents 


These tests were carried out jointly by Mr. G. M. Clark, 
on behalf of the Power Company, and Mr. E. J. 
Laschinger, on behalf of the Rand Mines, Limited, and 
resulted in a weighted average figure of 64-1 per cent. 
The air unit in use may, therefore, be defined as 0-641 
of the quantity of air which would, theoretically, be 
compressed isothermally from the mean annual 
atmospheric pressure and temperature of the Witwaters- 
rand to a given pressure by the expenditure of 1 kw.- 
hour. 

The capacity of the initial plant installed in 1911 for 
feeding the air-pipe system was 36,000 kw. (48,000 h.p.), 
made up of 12 3,000-kw. (4,000 h.p.) units of the rotary 
type, designed for a speed of 3,000 r.p.m. Six of these 
sets were steam turbine driven and located in the 
Rosherville Power Station, while the remaining six 
were electrically-driven and located in the Robinson 
Station, which is one of the main distributing centres 
on the electrical system. These high-speed rotary 
compressors were considerably larger than any com- 
pressor built at that date, but the subsequent growth 
of loading necessitated the adoption of still larger 
units. In 1914, three additional sets were installed at 
Rosherville, each having a capacity of 7,000 kw. 
(9,350 h.p.), or more than twice the size of the original 
sets, and an 11,000-kw. (15,000 h.p.) unit has recently 
been added, this being the largest compressor in the 
world to-day. Some years ago one of the original 
compressors at Rosherville and one at Robinson were 
transferred for use elsewhere on the system, and the 
new 15,000 h.p. set at Rosherville has replaced a second 
original unit at that station, so that the total plant 
capacity installed to-day for feeding the air pipe 
system is very nearly 60,000 kw. (80,000 h.p.). 

In order to meet the increasing demand for com- 
pressed air, the installation of a new electrically-driven 
compressing station at Canada Dam (a point about 
34 miles beyond the western extremity of the existing 





a reduction of more than 5 per cent., it may be said 





pipe system) is now under consideration. If these 
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plans mature, two 6,000 kw. (8,000 h.p.) units, will be 
installed, thus bringing the total capacity on the system 
up to 71,000 kw. (95,000 h.p.). The general layout of 
the system will be clear from Fig. 1, which is a geo- 
graphical plan of the air-pipe system showing the two 
compressor stations and the various points of delivery. 
It will be observed that the length of the area served 
from east to west is about 12 miles, the City of Johan- 
nesburg being somewhat to the west of the centre of 
this area. The Rosherville Power Station is about 
4 miles from the eastern extremity of the pipe system 
and the Robinson Station 24 miles from the western 
extremity, the two stations being about 5} miles 
apart. 

Before passing to a more detailed description of the 
plant and pipe lines, it may be of interest to consider 
the loading and other general characteristics of the 
supply. Fig. 2 shows typical week-day load curves 
for the total output from the two compressor stations 
(the curves, therefore, exclude the separate supplies 
given to the three outlying mines previously mentioned). 
It will be noted that the cycle of operations on the mines 
results in a demand of about 47,000 air units per hour 
(equivalent to 335,000 cub. ft. of free air per minute) 
for several hours of the drilling shift. The load during 
the remainder of the 24 hours and at week-ends is 
relatively light. The total number of air units sold 
from the pipe system in 1928 was 150,000,000. During 
the period of heavy loading each day, the rate of supply 
is no less than 9} tons of air per minute, and the total 
weight of air supplied at present rates is 6,000 tons per 
week-day, 160,000 tons per month and nearly 2,000,000 
tons per annum (all in long tons). Fig. 3 shows, in a 
general way, how the load is located relative to the 
nearest source from which supply is given. Nearly 
half the load is situated within 2 miles and 80 per cent. 
of it within 3 miles of the nearest compressor station, 
while no consumer is more than 5 miles from the nearest 
station. The distances are, of course, those measured 
along the pipe line routes. 

Load Factor—The monthly load factor of the 
combined output from the two compressor stations 
feeding the air-pipe system averages about 39 per cent. 
In the early days, when the plant was originally 
installed, the genera] practice on the mines was to work 
double shift, but long ago practically every mine 
changed over to single-shift working, with the result 
that the load factor of the company’s air business is 
mucb lower than it was when the contract terms were 
fixed. This change of mining policy was unfortunate 
for the Power Company, necessitating, as it did, the 
provision of additional compressor plant and pipe line 
capacity without any corresponding increase of revenue. 

In the nature of things, there is very little diversity 
between the demands of individual consumers. The 
cycle of operations on the mines is uniform throughout, 
and drilling is a continuous process while it lasts. 
Measurements have shown that the maximum number 
of air units sent out per hour from the compressor 
stations during any month is only a few per cent. 
less than the aggregate of the maximum hourly rates of 
consumption of all consumers during the same month 
after due allowance has been made for the loss in 
transmission. 

The contracts stipulate that the compressed air shall 
be delivered at each point of supply at a gauged pressure, 
which shall normally be between 100 lb. and 110 Ib. 
per square inch, and shall not be allowed to fall below 
90 Ib. per square inch, or rise above 120 lb. per square 
inch. The meters which measure the supplies are so 
arranged that any excess of pressure above 110 Ib. 
per square inch has no effect upon their registration. 
Investigations are now proceeding to ascertain whether 
mutually satisfactory arrangements can be made for | 
reducing somewhat the general level of the pressure of | 
supply to allconsumers. The universal adoption of the | 
jack hammer makes it no longer necessary to maintain 
a pressure as high as 100 Ib. to 110 lb. 

As the compressor plant capacity at the Rosherville | 
Station is more than twice that at Robinson, the former | 
supplies all consumers situated east of Robinson and, 
to a small extent, helps to feed the system west of 
Robinson. Normally, the pressure during the peak- 
load period is about 120 Ib. per square inch at Rosher- 
ville, 108 lb. to 110 lb. at Robinson, ard 95 Ib. to 100 Ib. 
at the western extremity of the system. As already 
pointed out, however, the third compressor station, 
if constructed, will feed into the western extremity and 
reduce the overall drop very considerably. In this 
connection it may be pointed out that the static head, 
due to the weight of the relatively dense air transmitted | 
through the system, is about 4 lb. per square inch for | 
every 120 ft. of vertical height. The effect of variations | 
in the level of the pipes along their routes is, therefore, | 
appreciable, and it is not uncommon to find that the | 
working pressure at the bottom of a shaft on the mine | 
is higher than at the surface. | 

When designing the system, use was made of the | 
formula given in the next column, co-relating pressure | 
drop with flow of air. | 














ig 
: = y2 
(o 191 >)W L 





Where :— 
D = Drop in pressure in lb. per square inch. 
T = Absolute temperature in degrees F. 
P = Absolute pressure in lb. per square inch. 
W = Flow in Ib. per second. 
L = Length of pipe in feet. 
d = Diameter of pipe in inches. 

This formula is based on the assumption that the 
co-efficient of friction is independent of the pipe 
diameter, and tests carried out on pipes of the larger 
sizes have shown that the pressure drops calculated by 
means of the formula are considerably on the low side, 
even when valves and bends are entirely absent from 
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Fig.4. PRESSURE DROP CURVES. 
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the length of pipe line tested. Fig. 4 shows the results 
of fairly accurate tests which have been made on pipe 
lines of three different sizes, namely, 22-in., 16-in. and 
12-in., the measured pressure drops being plotted 
against the square of the air velocities and compared 
with those calculated when using the above formula. 
To avoid the installation of special meters for measuring 
the air flow, the tests were confined to points on the 
system where a single pipe line of uniform size and 
considerable length, free from valves and sharp bends, 
radiates from a compressor station or branches from 
the main system to feed a single consumer. Calibrated 
pressure gauges were connected at each end of the line, 
and series of simultaneous readings of pressures, tem- 
peratures and flow were taken during the falling load 
at the end of the peak period. Each series comprised 
11 consecutive readings taken at intervals of six 
seconds during one minute, and these were averaged 
and corrected for differences in the temperature and 
level of the air. The tested routes have been designated 
A, B and C on the chart, their lengths being 5,340 ft., 
5,002 ft. and 12,600 ft., respectively. As the pressure 
gauges in use could only be read to ,'; of a lb. per 
square inch, the probable error at low loads is con- 
siderable, but, at the higher loads, the results should 
be accurate to within 2 per cent. or 3 per cent. The 
lines for the test results have been drawn through the 
high load points, and it will be seen that the deviation 








of the measured points for lower loads is not greater 
than would be expected. 

The discrepancy between the measured and calcu- 
lated lines is considerable and, as might be expected, 
is greater for the smaller than for the larger pipes. 
That the results are not exceptional is proved by 
readings subsequently taken on a second 16 in. and a 
second 12 in. route (referred to as routes D and E, 
respectively). The ratio of measured drop to calculated 
drop for each of the five routes is set out in Table I. 


TaBLeE I.—Pressure Drop in Air Pipe Lines. 





Ratio of Measured 
Route | Length of Route | Diameter of Pipe | Drops to Calcu- 
in inches. 





Tested. in feet. lated Drops. 
A 5,340 22 1-22 
B 5,002 16 1-34 
D 5,950 16 1-36 
Cc 12,600 12 1-56 
E 1,830 12 1-50 














In a paper read before the Transvaal Institute of 
Mechanical Engineers and recorded in the Journal 
of that Institute for January, 1908, Mr. E. J. Laschinger 
gave the following formula :— 


; W2eZLT 
P2= /Pi- 32°9 —+ — 
Where— 


W = Ib. of air delivered per second. 

d = Diameter of pipe in inches. 

7p, = Initial pressure in lb. per square inch, 
absolute, 

p. = Final pressure in Ib. per square inch, 
absolute. 

T = Absolute temperature (460-7 + deg. F.). 

L = Length of pipe in feet. 

Z = Co-efficient of friction. 

™ From the data available at that date, Mr. Laschinger 


derived the following formula for the co-efficient of 
friction :— 





-03 
Z = 0-005 + pil 
af a 


This formula correctly adjusts the co-efficient of 
friction for variation of pipe diameter, the ratio of 
measured to calculated pressure drop being virtually 
constant at 1-24 for all three sizes. It would appear, 
therefore, that, for these relatively large pipes working 
under the conditions obtaining on the local system, 
the drop of pressure is about 24 per cent. greater than 
that calculated by generally accepted formule, and 
it is hoped, at some future date, to ascertain by further 
tests whether this conclusion is borne out in the case 
of pipes of other sizes, and to what extent the frictional 
resistance is affected by the condition of the internal 
surfaces of the pipes. 

The temperature of the air fed into the system at the 
compressor stations has gradually increased during 
the life of the plant, deposit having accumulated in the 
inaccessible cooling passages of the compressor dia- 
phragms and jackets. This temperature has recently 
been reduced by the installation of the new large com- 
pressor at Rosherville, and, in the near future, the 
replacement of certain sections on two of the large 
A.E.G. compressors and the provision of external 
coolers on these sets will effect a further improvement. 
Until a few months ago, however, the air left Rosher- 
ville at a temperature of about 125 deg. C., the figure 
at Robinson being in the neighbourhood of 112 deg. C., 
and these conditions may be assumed to apply through- 
out this paper. The lower temperature at Robinson 
is due to the fact that several of the compressors in 
that station have after-coolers. 

In passing along the pipe lines, the air cools rapidly. 
For convenience, pipes which, under full load con- 
ditions, carry air at a temperature in excess of 45 deg. C. 
are termed “‘ hot sections,” and those at a temperature 
below 45 deg. C. ‘‘ cold sections.”” The hot sections 
are shown dotted in Fig. 1, and fall within a radius of 
1? miles from Rosherville and §ths of a mile from 
Robinson. The much shorter length of the hot section 
fed from Robinson, all of which is situated west of the 
station, is explained partly by the lower initial tem- 
perature and partly by the fact that cold air from 
Rosherville passes Robinson and mixes with the 
hotter air introduced there. 

The loss incurred in transmitting the air from the 
compressing stations to the various points of delivery, 
i.e., the difference between the number of air units 
sent out from these stations and the total number of 
units metered at points of delivery, averages about 
74 per cent. of the units sent out to the system. This 
overall loss is almost wholly due to the fall of pressure. 
Measurements have shown that the weight of air lost 
and used en route is, relatively speaking, quite small, 
being only slightly over 1 per cent., although, in 
addition to the leakage at joints, it comprises the air 
discharged intermittently by water traps; the ai 
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lost when sections of the pipe system are blown down 
for inspection, maintenance or repair (including any 
leakage at the closed isolating valves) ; the air employed 
for sand blasting and other purposes incidental to the 
maintenance of the pipe lines; the considerable 
quantity of air used for a variety of purposes in the 
workshops at Rosherville and Robinson ; and the air 
used for pumping water in the vicinity of Rosherville. 
It can safely be said that the normal loss by leakage 
at joints is considerably less than 1 per cent. of the 
weight sent into the pipe system. 

Owing to its temperature, the air leaving the com- 
pressors is not fully saturated, but, in the process of 
cooling during transmission, surplus moisture. is 
condensed out over a relatively short length of route. 
The weight of water condensed in the pipe system under 
full load conditions with average atmospheric humidity, 
is estimated to be three long tons per hour. Suitable 
means must, therefore, be provided for discharging 
this condensed water from the mains and for protecting 
the internal surfaces of the pipe,lines against corrosion. 
The total weight of air contained in the pipe system, 
at normal pressures and temperatures, is calculated to be 
about 70 long tons, equivalent to 2,500,000 cub. ft. of 
free air. The transmission system, therefore, con- 
stitutes a reservoir with a capacity equivalent to about 





sion to the energy available in the steam, reckoned 
from the inlet to the exhaust conditions. This figure 
of 60-1 per cent. is not, of course, directly comparable 
with the 64-1 per cent. of the original mine compressors, 
as it will be remembered that the latter figure is the 
ratio of isothermal work to the indicated work calcu- 
lated from indicator diagrams taken from the steam 
engine. When the necessary allowances are made, 
however, it will be found that the efficiency of the 
new rotary compressor is very nearly equal to that 
of the original reciprocating compressors on the mines, 
measured in each case from coupling to air outlet. 

The four smaller A.E.G. compressors and the Brown- 
Boveri compressor are double-cylinder sets, but the 
three larger A.E.G. sets each have three air cylinders. 
All the A.E.G. compressors have hollow water-cooled 
diaphragms and jackets, and are provided with inter- 
coolers between cylinders. The internal cooling of the 
diaphragms necessitates very intricate castings, honey- 
combed with complicated water passages only partially 
accessible for cleaning. In the Brown Boveri set, 
which is of more modern design, there is no jacket or 
diaphragm cooling. Each of the two air cylinders has 
two pairs of interstage coolers incorporated on either 
side of the cylinder casting, thus permitting the 
component parts of each cooler to be removed by 


LONGITUDINAL SECTION THROUGH HIGH PRESSURE CYLINDER 
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eight minutes’ supply at maximum load, which serves 
to smooth out the fluctuations of demand and affords 
a certain measure of flexibility in working. 

Compressor Plant.—Table II sets out the capacity of 
each unit of compressor plant at present installed. 
High-speed rotary compressors can be built for much 
higher rating than reciprocating compressors, and 
generally the overall efficiency of large rotary units, 
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means of the engine room crane for cleaning and repair. 
Fig. 5 shows a section through the high-pressure air 
cylinder of this compressor. After passing through 
three impellers, the air divides and passes through an 
air cooler on each side of the machine. The two streams 
then reunite and pass through three more impellers, 
and so on, there being two such stages of cooling for 
each of the air cylinders. 























TABLE II, Capacities or CoMPRESSOR PLANT. 
| Capacity of each Set when | Total Capacity when 
| Compressing to 112 Ib. | Compressing to 112 Ib. 
No. of } No. of per square inch gauge. | per square inch gauge. 
Sets. Manufacturer. Date | Air Cylinders | 
(3,000 *| Installed. | i | = 
ee | | Air Units | CubicfeetofFree| Air Units | Cubic feet of Free 
| | | per hour. Air per minute. | per hour. Air per minute, 
| 
Bisse ee | | | | | 
Rosherville. | | 
4 | AEG. | 10911 2 | 3,000 | 21,000 12,000 84,000 
3 | A.E.G, | 1914-1915 3 | 7,000 49,000 21,000 147,000 
1 | B.B. | 1929 2 11,500 80,500 11,500 80,500 
Robinson. | | | 
2 | A.E.G. | 1911 2 3,000 | 21,000 6,000 42,000 
3 | G.H.H. | 1911 4 3,000 | 21,000 9,000 63,000 
Totals. .| — | — | — | _ = | 59,500 | 416,500 
| | 





trom steam to air, is somewhat higher than for recipro- 
cating plant. This, however, is chiefly due to the 
better efficiency of the steam end of the set, and, 
taking the air end alone, it will be found that the 
Power Company’s compressors, with the exception of 
the latest and largest one, are not as efficient as were 
the reciprocating sets on which the value of the air 
unit was based. In this connection, it may be of 
interest to mention that the new set at Rosherville is 
guaranteed to have an efficiency of 60-1 per cent., 
this being the ratio of the isothermal work of compres- 





The characteristic curve for rotary compressors of 
the type in use, that is to say, the curve co-relating 
delivered pressure as ordinate with weight or volume 
of air discharged as abscissa, droops on either side of 
a maximum. Normally, the compressor works on the 
right-hand portion of the curve, i.e., in the stable 
region, where a change in either one of the two com- 
ponents is accompanied by a change of the other in 
the direction tending to retard the original change. 
If, for example, the output falls, then the pressure rises 





and tends to increase the output. Should the output 


be progressively reduced, however, a point is reached 
where the pressure can no longer rise, and conditions 
then become unstable; the set at once drops all its 
load, air rushes back from the pipe system into the 
compressor, and, unless suitable precautions are taken, 
the turbine will trip out on the steam side and the 
machine will reverse its rotation. To prevent reversal, 
each compressor is fitted with an automatic non-return 
valve in addition to the main hand-operated discharge 
valve. When this non-return valve closes, the com- 
pressor runs momentarily at no load, but it immediately 
recommences to draw in air and to operate on the stable 
portion of its characteristic curve. The rise of speed 
produced by loss of load enables it to deliver at increased 
pressure and to reopen the non-return valve, but, unless 
the loading conditions beyond the valve have changed, 
the output from the set soon falls again to the critical 
point and the cycle is repeated. It will be realised, 
therefore, that although the non-return valve prevents 
reversal of the machine, its operation sets up surging 
or “ pumping.” 

In the case of the older machines, surging is pre- 
vented by the insertion of an automatic atmospheric 
discharge valve between the compressor and the non- 
return valve. This discharge valve, by opening to 
atmosphere, imposes additional load on the compressor 
as soon as the rate of discharge falls below a predeter- 
mined value within the stable region. It is operated 
by a plate in the main discharge pipe, which falls when 
the flow of air past it is no longer sufficient to hold it 
up. In the case of the new set, there is no atmospheric 
valve, but provision is made whereby the non-return 
valve, on closing, blocks the air-controlled steam 
governor on the turbine and prevents it from responding 
to changes of air pressure. There is, therefore, only 
a temporary rise of speed when the pressure at the 
compressor outlet falls. Moreover, the non-return 
valve contains several holes, which tend to slow up 
the changes occurring in the compressor. In these 
circumstances, when the load on the machine falls to 
the critical point, the non-return valve, on closing, 
remains closed until the speed is voluntarily increased 
or the air pressure in the pipe system falls sufficiently 
to open it. The chief advantage of the arrangement 
just described is the elimination of the unpleasant 
noise created when a compressor discharges to atmos- 
phere. At the inlets of the older compressors, cloth 
filters supported on light wooden frames were provided, 
but the new compressor has been equipped with a filter 
of the more modern Visco type, which is designed to 
present a large area of oil-covered surface to the stream 
of air passing through it. Such a filter can be readily 
cleaned and the cost of maintaining it is low. 


(To be continued.) 








PROPELLER SHAFT FAILURES - OF 
THE ‘ GRAF ZEPPELIN.’’ 


WueEN the Graf Zeppelin started on her second 
journey to America in May last, the airship had 
already travelled 50,000 km. in 22 journeys without 
serious mishap, and the five motors, each of 400 h.p. 
(550 h.p. maximum), had been running for about 
500 hours. Within the first 11 hours of that journey, 
however, two motors broke down, so that the ship 
turned back to Friedrichshafen, and two more motors 
failed on this return journey. Subsequently it was 
discovered that the fifth motor could not have con- 
tinued to work very much longer. The peculiar cir- 
cumstances suggested that some, apparently slight, 
alterations in the gearing, made before the last trip, had 
through resonance set up severe torsional oscillations. 
The Luftschiffbau-Zeppelin and the Maybach-Motoren 
Werke accordingly asked Professor Dr.-Ing. H. Thoma, 
of Karlsruhe, to investigate the matter with his new 
torsional vibration recorder, and the Deutsche Versuch- 
sanstalt fiir Luftfahrt arranged for similar experiments 
to be made by Dr.-Ing. J. Geiger with his torsiograph. 
An illustrated account of these inquiries, which were 
confirmed by tests conducted in the Maybach works, is 
given by Dr. Thoma in the Zeitschrift des Vereines 
Deutscher-Ingenieure of September 28. 

Each of the five Maybach engines is mounted in a 
freely-suspended gondola, and they were designed to 
work with benzine-benzol mixtures or Triebgas fuel. 
The twelve cylinders are arranged in a Vee, and the 
crankshaft, which is about 90 mm. in diameter and 
1,500 mm. long, has six throws. Roller bearings 
are fitted both to journals and pins. An elastic 
coupling, similar to that used on certain electric 
locomotives, is provided between the propeller and 
engine shaft, and serves as a flywheel, its inertia being 
nearly a third that of the crankshaft and accessories. 
A clutch is also fitted so that the propeller can be 
disconnected at will and the engine run free. Dr. 
Thoma’s torsion recorder is based on the device of 
measuring the change in the electric capacity of two 
systems of notched rims, when one is displaced relatively 
to the other by the torsion of the shaft under examina- 
tion. High frequency currents are employed and 











records obtained by an oscillograph. It was found 
that at crankshaft speeds of up to 900 r.p.m. an upper 
harmonic oscillation of 1} times that periodicity was 
set up. As the speed rose above 1,050 r.p.m. a further 
harmonic of 44 times the shaft frequency was observed. 
For the average propeller speed of 1,360 r.p.m. to 
1,420 r.p.m., the superposed oscillations had 3} periods 
per revolution; at higher speeds the superposed 
oscillations were of still smaller frequency. The 
oscillograph curves were very complex, and though the 
vibrations were not perceptible, the oscillation dampers, 
with which all Maybach motors are provided, could not 
completely suppress them. The investigation showed 
that the elastic couplings had been stiffened too 
much in May. By adjusting this factor and by reducing 
the inertia of the couplings the shaft and gear have 
been made stronger than they were before the accident. 





COMBINED REAPERS AND 
THRESHERS IN CANADA. 


THE conditions prevailing on a typical Canadian 
farm are much more favourable for the extensive 
employment of mechanical appliances than is the 
case at home. We have frequently referred to the 
limitations imposed on the use of the tractor, for 
example, by the size and formation of the average 
English homestead, and although the position has 
recently been improved by the development of the 
dual-purpose tractor, which can be used both for 
farm operations and for the transport of produce on 
the public highway, the total number of such appliances 
in use in England is still very limited, and probably 
does not exceed a few hundred. The position in Canada 
is illustrated by the fact that there are over 64,000 
farm tractors in use in Manitoba, Alberta, and Saskat- 
chewan, and that last year Western farmers alone 
purchased 17,413 new tractors. 

The most striking development, however, has been 
in the use of combined reaping and threshing machines, 
generally referred to as ‘‘ combines.” No less than 
3,833 of these machines were purchased by Western 
farmers last year, and it may be mentioned in passing 
that their use is extending equally rapidly in the 
United States of America, and in the Argentine. 
Photographs showing two of these machines in use 
on Canadian farms are reproduced in Figs. 1 and 2, 
annexed. It will be noticed that the machine is 
drawn by a tractor. Contrary to the practice usually 
adopted for reaping machines, the drive for the reaping 
and threshing mechanism is obtained from a power 
unit on the combine instead of from one of the wheels. 
The function of the tracter is thus confined to drawing 
the machine, so that the speed of travel and the speed 
of operation of the cutting and threshing apparatus 
are quite independent. The usual canvas belt em- 
ployed to clear the grain from the cutter delivers it 
into the thresher, where it is lifted by a travelling 
belt, and is delivered to the usual threshing drum 
provided with a concave, where some 90 per cent. of 
the separation takes place. The grain passes through 
the concave grating and is carried by a conveyer to 
the vibrating grain pan, and after passing over this 
reaches the shoe, where a blast of air from a suitable 
fan carries away the chaff, the grain falling through the 
shoe on to a pan. From this point, it is delivered 
by a helical feeder into an elevator provided with a 
revolving weed screen at the top. The weed seeds 
are separated out at this point and fall down a separate 
chute, the clean grain being delivered into a suitable 
receiver. In Fig. 2 the weed screen can be clearly 
seen at the top of the machine with the chute for the 
weed seeds pointing forward, and those for the grain to 
the near side. The straw leaving the threshing drum 
is retarded by a revolving beater which throws it 
on to the straw racks. The straw is thoroughly tossed 
and separated on the racks, any grain remaining in 
being delivered from the underside of the racks into 
the grain pan, while the straw passes out at the rear 
end of the machine and falls to the ground whence it is 
collected and delivered to a travelling wagon by a 
loader, as shown in Fig. 3. As an alternative to this 
procedure, either a spreader or a collector can be 
attached directly to the machine for the disposal of 
the straw. The grain may either be bagged as it 
leaves the weed screen as shown in Fig. 2, or delivered 
into a bin. In the latter case, the bin is emptied at 
suitable intervals into a light lorry, by which it is 
delivered to the granary. The operation of dis- 
charging the bin into the lorry is illustrated in Fig. 4. 
We may mention in conclusion that combines have 
recently been tested in the British Isles. It has been 
suggested that the relatively heavy moisture content 
usually present in English crops would be a bar to the 
successful employment of such machines. Tests 
carried out by the Institute for Research in Agricultural 
Engineering, Oxford University, during the wet 
harvest of 1927, however, indicated that this difficulty 
should present no insuperable objection to the employ- 
ment of the combine in this country. A more serious 
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objection lies in the size of fields in the average English 
homestead, a point we have already referred to as 
tending to restrict the use of tractors. In the report 
on the tests carried out by the Institute for Research 
in Agricultural Engineering it is interesting to note 
the statement that the combine proved as handy as 
a binder, and that any practical difficulties regarding 
its use could be overcome by widening gateways. Its 
extensive adoption in this country clearly depends 
primarily on the future of wheat growing, of which 
the prospects at the present time are anything but 
encouraging. 
ment occurs in this direction, it would probably be 
necessary for groups of farmers to buy a machine in 
partnership, a practice which is now common even 
in Canada and elsewhere where the machine can be 
utilised to its fullest advantage. 








New TECHNICAL ScHoot AT REGINA, CANADA,— 
The Government of the Province of Saskatchewan, 
Canada, recently awarded a contract for a new technical 
school, to be built at Regina at a cost of 367,867 dols. 
The building is to be completed within the next eleven 
months. 


of materials, fittings and equipment, may obtain further 


particulars on application to the Department of Overseas | 


Trade, 35, Old Queen-street, London, S.W.1, quoting 
Reference No. C.X. 3135. 


Assuming, however, that an improve- | 


United Kingdom firms who may be interested 
in this matter as offering possible openings for the supply | 





HIGH ELASTIC-LIMIT STRUCTURAL 
| STEELS.* 
By J. A. Jones, M.Sc. 


Wirn the increasing demand for higher tensile 
properties in modern structures, considerable develop- 
| ment has occurred in recent years in structural steels 
'and sections for which mild steel was at one time 
|exclusively employed. The history of this advance- 
ment and the consequent modifications in specifications, 
as applied to steels for shipbuilding, have been fully 
dealt with by Sir W. Berry.f Structural steels which 
are above the upper limit of the British Standard 
Specifications for ship plate are referred to generally 
/as high-tensile steels, or high elastic-limit steels. 
| Of these there are several types usually conforming to 
ithe Lloyd’s or Admiralty specifications indicated in 
| Table I, on page 483. 
| In each case a strip 1} in. wide and of the same 
| thickness as the plate must bend to 180 deg. over a 
| radius equal to 14 times the thickness of the plate. 
| For a specialised variety of the Admiralty D_ steel 
| 
| 
! 


the strip must bend to 108 deg. over a radius equal 





*Communication from the Research Department, 
Woolwich, read before the Iron and Steel Institute, New- 
castle-upon-Tyne, on Wednesday, September 11, 1929. 
| Abridged. 
| + See ENGINEERING, vol. exxv, page 720 (1928). 
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to one-quarter of the thickness of the plate. The 
requirements of the specifications must be attained both 
lengthwise and crosswise. 

The properties of steel plates are largely dependent 


Taste [, 





| 
| Specification Requirements. 





| 
Minimum | wins 
Steel. Limit of Tensile | —— 
Propor- | Strength. | peng it 
net Tons per | 8 in 
Tons per | _ sq. in. mea oye 
sq. in. | | Per Cent. 
| 
(1) Ordinary mild steel ship | | 
plate (B.S.S.; Admiralty) -- | 26 to 33 | 20 
(2) High-tensile steel plate | 
(Lloyd's) ie x 15 | 33to 38 20 
(3) High-tensile steel plate 
(Admiralty D Steel) 17 | 37 to 44 17 








on the finishing temperature or conditions of final 
normalising. In the present investigations, in order 
to eliminate possible variations in the nature of the | 
treatment to which the plates had been subjected, | 





the best normalising temperature was determined 
for each plate, and small sections were normalised 
from this temperature in order to determine the 
effect of composition on the properties of the steels. 
The results of tensile and notched-bar impact tests 
after such treatment were compared with the results 
of similar tests in the longitudinal direction from 
the plates as received. Extensions of the tensile 
| test-pieces were measured with the Ewing extenso- 
| meter, the yield point being taken as the load giving a 
| permanent extension of 0-2 per cent. 

Effect of Carbon and of Manganese.—In order to 
obtain the properties required in high-tensile plate, 
| advantage is usually taken of the beneficial effect of 
|increasing the manganese content. The tensile 
results obtained show that the elastic limit, yield 
| point, maximum load, and yield ratio are all increased 
| by the addition of manganese, without detriment 
| to the elongation and reduction of area, which may 
| be simultaneously increased. The results also show 
| that increasing the carbon content is a much less 
| satisfactory method of securing high-tensile properties 
| than increasing the manganese content. A high-carbon 
| steel (C, 0-50 per cent.; Mn, 0-68 per cent.) had a 
lower elastic limit, yield point, and elongation, and 
a much lower notched-bar impact figure than a high- 








manganese steel (C, 0°31 per cent.; Mn, 1-57). Its 
behaviour in the torsion test, Sankey bend, and the 
ordinary bend test also showed its inferiority. Its 
fatigue range and ratio of fatigue limit to tensile 
strength were lower than those of low-carbon high- 
manganese steel. High-carbon steels were also found 
to be more affected by slight departure from the 
most suitable conditions of normalising than the 
lower carbon steels containing high manganese. 

The best combination of properties can only be ob- 
tained by careful adjustment of the carbon and man- 
ganese contents. The amount of manganese present 
must be limited to a figure which varies with the carbon 
content. The results indicate that a suitable maxi- 
mum percentage of manganese is 1-8 per cent. with 
0-2 per cent. of carbon, falling to 1-5 per cent. with 
0-35 per cent. of carbon. These figures apply parti- 
cularly to steel sections ? in. thick ; the limits of 
manganese content would be slightly lower for thinner 
sections. 

Effect of Nickel—-The demand for stronger steels in 
bridge construction, particularly in America, for long 
span bridges, has usually been met by additions of 
nickel. Moisseiff states that nickel steel was employed 
for the first time in bridge construction in 1902 for 
the Queenborough Bridge, while one of the best-known 
examples of the pre-war period is the Quebec Bridge. 
x4llik* gives an historical survey of the development 
of constructional steels in Hungary, with special 
reference to bridge materials. Designs after 1903 called 
for materials of higher tensile strength than any pre- 
viously used, and this was met by the use of nickel 
steel (2-5 per cent. to 3 per cent. of nickel). Tests were 
put in hand on a variety of carbon and nickel steels, 
and the conclusions showed that the increased cost of 
nickel steel was justified in the case of exceptionally 
long spans. An investigation carried out by an 
Austrian Government Commission about 1913 con- 
firmed that conclusion. 

In consequence of the increase in price of nickel 
steel since the war, attention has been directed to the 
improvement of the properties of carbon steels for 
bridges, but, in spite of this, nickel steel was used for 
the girders in the Delaware River Bridge in 1923. The 
average of 683 tests showed a yield point of 28 tons 
per square inch, with an ultimate tensile strength of 
46-7 tons per square inch. Nickel steels have also 
found a field of application in boiler construction. 
McKnight states that ductility (combined with 
medium tensile strength) seems to be an important 
requirement in this case. This is obtained by using a 
steel of low carbon content (0-2 per cent. of carbon) 
containing 3 per cent. of nickel—a minimum tensile 
strength of only 31 tons per square inch being required. 
A nickel steel of higher tensile strength was used for 
the boilers of the U.S. cruiser Chicago; these plates 
of 3-5 per cent. nickel steel had an ultimate strength 
of 35-7 tons to 40-2 tons per square inch, a yield point of 
22 tons to 28 tons per square inch with an elongation 
on 8 in. of over 20 per cent., and also met the full bend 
tests, namely, 180 deg. bend about a pin, the diameter 
of which equalled the plate thickness. 

In the present investigation two Plates (Nos. 8 and 9), 
containing 2 per cent. and 3 per cent. of nickel respec- 
tively, were examined. Plate 8 was inferior in all its pro- 
perties to the steels containing high manganese, this 
being particularly evident in the Sankey bend tests. 
With the higher nickel content in Plate 9, the elastic 
limit, yield point, and yield ratio were considerably 
higher than in any of the other plates, and the ductility 
was good, though slightly lower than that of Plate 7, 
which contained 1-6 per cent. of manganese and had 
practically the same maximum load as the nickel steel 
plate. In order to determine the influence of the carbon 
and manganese contents on the properties of nickel 
steels, a number of steels containing 3 per cent. and 4 
per cent. of nickel, made by the crucible process, were 
examined. Heat treatment was carried out on 
sections of bars 1} in. by ? in. and 5 in. long to deter- 
mine the best normalising temperature and the 
influence of the rate of cooling from the reheating 
temperature. All sections were cooled in air, except 
for one treatment from 800 deg. C., which involved 
slow cooling at a rate of about 14 deg. C. per minute. 

Inspection of the results reveals the fact that steels, 
containing 3 per cent. Ni and 0-84 per cent. Mn, show 
a wide interval between the elastic limit (about 19 tons 
per square inch) and yield point (about 26 tons per 
square inch), indicating that a manganese content 
of above 0-8 per cent. has begun to induce air-hardening. 
When the manganese content is decreased to 0-60 per 
cent. a better clastic limit is obtained, and the higher 
carbon content (0-39 per cent. against the previous 0-30 
per cent.) has no detrimental effect. The properties of 
this steel are decidedly better than those of the best of 
the series of steels of high manganese content previously 
examined. In the 4 per cent. nickel steel series the 
same effect of manganese in inducing air-hardening is 








* Proceedings of the International Congress for Testing 
Materials, Amsterdam, vol. i, page 83 (1927). 
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evident, while no appreciable advantage is gained by 
increasing the nickel !content from 3 per cent. to 
4 per cent. 

Effect of Silicon.—The influence of silicon in raising 
the elastic limit and tensile strength of mild steel has 
been known for a long time, and much interest has been 
shown in Germany lately in a silico-manganese mild 
steel, known as Freund or “ F'”’ steel. This steel usually 
contains about 0-1 per cent. of carbon, with 0-5 per 
cent. to 1-5 per cent. of manganese and 0-6 per cent. 
to 1-5 per cent. of silicon. It gives a tensile strength of 
30 tons to 35 tons per square inch, but higher figures 
are obtained if the carbon content is increased. Similar 


steels have received attention in America. Up till the | 


present it has not been possible to obtain any samples 
of commercial low-carbon steels containing high silicon. 
The effect of silicon on the properties of steels con- 
taining about 0-3 per cent. of carbon, with manganese 
varying from 0-4 per cent. to 1-5 per cent., was investi- 
gated in a series of steels, made by the crucible process, 
and obtained in the form of rolled bar 4} in. wide and 
3? in. thick. 

Critical ranges were determined on a selection of the 
steels by means of a_platinum/platinum-rhodium 
thermocouple, used in conjunction with a Rosenhain 
plotting chronograph. The rate of heating employed 
was about 6 deg. C. per minute below Ac,; the 
maximum temperature was 940 deg. C., and the cooling 
rate about 5 deg. C. per minute above the critical 
range. In steels containing up to 1-5 per cent. of 
silicon the extent of the raising of the Ac, point is 
proportional to the silicon content, and amounts to 
26 deg. C. for 1 per cent. of silicon. The Ac, point is 
lowered by about 10 deg. C. by the addition of 1 per 
cent. of silicon. These results are in accordance with 
recent determinations. With a silicon content of 
0-9 per cent. the temperature of the end of the Ac, 
range is raised by about 23 deg. C., but with a further 
rise in the silicon content the effect becomes con- 
siderably less. The extent to which the Ar, and Ar, 
points are raised by silicon is dependent on the rate of 
cooling and on the carbon and manganese contents of 
the steels. 

Tensile, Brinell-Hardness, and Notched-Bar Impact 
T ests.—Heat treatment was carried out on sections of 
the bars 1}? in. by } in. and 5 in. long, in order to 
determine the effect of varying the temperature of 
normalising, and the influence of rate of cooling after 
reheating. Reheating temperatures were chosen at 
intervals of 30 deg. C. between 770 deg. C. and 920 
deg. C. All sections, after reheating, were cooled in air 
except for one treatment from 860 deg. C., which 
involved slow cooling at a rate of 14 deg. C. per minute. 
In addition, sections 4} in. by } in. and 7 in. long were 
reheated to 860 deg. C., and tests were taken in the 
longitudinal and transverse directions. The elastic 
limit, yield point, and maximum load were practically 
unaffected by the direction of testing. The elongation, 
reduction of area, and energy absorbed in the notched- 
bar tests were considerably lower in the transverse than 
in the longitudinal direction. The properties of the 
slowly-cooled steels were distinctly inferior to those 
of the steels air-cooled from the same temperature. 
The best results were obtained by normalising at a 
temperature slightly above the upper limit of the 
critical range, and no appreciable deterioration was 
caused by exceeding this temperature by 50 deg. C. 
Fatigue tests clearly showed that silicon raises the 
fatigue range and the ratio of fatigue limit to tensile 
strength to a greater extent than does manganese. 

In steels containing 0-45 per cent. of manganese the 
addition of silicon up to 1 per cent. produced a marked 
improvement in the properties, but with a silicon 
content of 1-5 per cent. a marked lowering of the 
impact figure occurred. No steel in this series possessed 
properties superior to those of the plain manganese 
steel (No. 28) containing 0-31 per cent. of carbon, 
1-5 per cent. of manganese, and 0-08 per cent. of 
silicon. In the series containing 0-9 per cent. of 
manganese a slight lowering of the impact figure 
occurred when 1-1 per cent. of silicon was present, and 
this was very pronounced with 1-65 per cent. of silicon. 
Steel 23, containing 1-1 per cent. of silicon, showed 
good properties, and was distinctly superior to the 
plain manganese steel 28. The best combination of 
properties in the steels investigated, however, was given 
by steel 27, containing 0-52 per cent. of carbon, 
1-3 per cent. of manganese, and 0-9 per cent. of 
silicon. 

The chief object of this investigation was to explore 
the properties of the types of inexpensive steels likely 
to give the highest possible limit of proportionality 
accompanied by good ductility. The effects of additions 
of manganese, nickel, and silicon were studied, and 
the most suitable content of special element determined. 
A minimum carbon content of about 0-3 per cent. is 
required to obtain the highest limit of proportionality. 
With this carbon content a high limit of proportionality, 
with reasonably good ductility, can be obtained by 
suitable additions of any of the special elements under 


the cost of the steel. 

Apart from additions of nickel, the actual cost of 
additions is not great, but the manufacture of high- 
quality steel containing special elements involves 
greater care in the selection of material and in the 
processes of production, while usually the difficulties 
of manufacture are increased. These difficulties have 
been successfully overcome in the case of steels con- 
taining manganese and nickel, but difficulties seem to 
be experienced, particularly in Germany, in the manu- 
facture of steel plates of high silicon content. These 
have been described in detail by Wallmann.* Higher 
temperatures of melting are necessary which result in 
more rapid wear of the furnaces and moulds. The 
steel pipes deeply, which involves a high percentage of 
discard. Higher annealing temperatures or higher 
finishing temperatures in rolling have to be employed 
|for the plates, and greater care must be exercised in 
|reheating in order to avoid cracks. It is, however, 
admitted that if the reheating of the ingots has been 
carefully conducted the rolling of plates of normal 
dimensions does not present any special difficulty. 

Schulzt also refers to the difficulties arising in the 
large-scale production of silicon steel, and describes a 
new structural steel, developed by the Dortmund Union 
Works, of the following approximate composition : 
carbon, 0-15 per cent. to 0-18 per cent.; silicon, 
0-25 per cent.; manganese, 0-8 per cent.; copper, 
0-5 per cent. to 0-8 per cent. ; and chromium, 0-4 per 
eent. It is stated to have mechanical properties as 
good as those of a silicon steel of similar carbon content, 
and it is claimed that the steel offers distinct advan- 
tages in its behaviour during manufacture and working. 
The amount of scrap produced is small, and in spite 
of the additional cost of the special elements, the steel 
can be produced more economically and with more 
reliability than silicon structural steel. It is much 
easier to weld, and is more resistant t0 corrosion. 
Like other German steels, it has a lower tensile strength 
than the steels with the highest limits of proportionality 
considered in this paper, but if the claims for the steel 
are substantiated an increase of the carbon content 
with an adjustment of the copper and chromium 
contents might lead to the development of a steel of 
high quality possessing a high limit of proportionality 
and good ductility. 

Conclusions.—The general conclusion is drawn that 
the type giving the best tensile properties is that 
containing 0-3 per cent. of carbon with about 1-3 per 
cent. of manganese and 0-9 per cent. of silicon. Next 
in order would be a similar steel with higher manganese 
and lower silicon, tending towards a limit in the 
manganese content of 1-6 per cent. when the silicon is 
less than 0-3 per cent. A small amount of nickel 
increases the ductility of low-carbon steels, but at 
least 3 per cent. is required to produce high elastic- 
limit steel. For the latter purpose the suggested use 
of a small amount of chromium at a lower cost than 
the equivalent larger amount of nickel appears to be 
more promising. 











DEMAND FOR WELDED STEEL TUBES IN ’[RAQ.—The 
Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1., has received a communication from a 
distributor of engineering products in Baghdad, ‘Iraq, 
who is desirous of forming a connection with British firms 
in a position to supply light welded steel tubes with 
welded-on flanges. These should be suitable for pump 
suction and discharge, and have internal diameters of 
8, 10, 12, 14, 16 and 20 in., and lengths of 2, 3, 4, 6 and 
9 ft., together with bends. Fuller particulars regarding 
the inquiry may be obtained from the Department, at 
the above address, quoting Reference No. A.X. 8622. 


THE INVENTION OF THE ELEcTRIC GLow Lamp.— 
The celebrations in America of the 50th anniversary of 
the invention of the electric incandescent lamp, by 
Edison, has drawn attention to the fact, which came out 
incidentally during patent litigation in 1893, that 
Heinrich Goebel, then in New York, constructed and 
exhibited electric glow lamps with carbonised bamboo 
filaments in 1854 and 1855. The patent suit was 
brought by the Edison Electric Light Company against 
a Boston firm. Goebei was born in Springe, near 
Hanover, in 1818, and emigrated to New York when 
thirty years of age. He was a clockmaker and optician, 
and made various inventions. He evacuated his glass 
bulbs by providing the bulb with a long stem, filling it 
with mercury; and then inverting it. The choice of 
bamboo as material for the filaments is said to have been 
due to an accidental observation. Goebel illuminated 
his shop with his lamps and displayed them otherwise. 
But he had to generate his electric currents by galvanic 
batteries, of course, and want of capital prevented his 
egg gry with the experiments. He died on Septem- 

r 14, in the year of the patent suit mentioned, at 
New York. The Verband Deutscher Elektrotechniker 
has recently fixed a memorial tablet to the house at 
Springe, in which Goebel was born. 





* Stahl und Eisen, vol. xlviii, page 817 (1928). 
{ Ibid., vol. xlviii, page 849 (1928). 





consideration. Such additions involve an increase in | 





CATALOGUES. 


Fans.—A new catalogue illustrating a number of 
electrically-driven ventilating fans for ships is to hand 
from Messrs. Veritys Limited, Aston, Birmingham. 


Coal Meter.—Their well-known apparatus for measuring 
coal as it passes from the hopper to the furnace of a 
steam boiler is described in a catalogue to hand from 
Messrs. The Lea Recorder Company, Limited, 28, Deans- 
gate, Manchester. 

Superheaters.—Messrs. The Superheater Company, 17, 
East 42nd-street, New York, U.S.A., have issued a fully 
illustrated descriptive catalogue of their ‘‘ Elesco ” 
multiple-loop, single-pass superheater, showing its 
application to many types of boiler in land power houses. 

Aero Engines.—Messrs. Rolls-Royce, Limited, 14 and 15, 
Conduit-street, London, W.1, have issued a new cata- 
logue containing a description of their aero engines, with 
illustrations of complete engines and of various parts. 
Several illustrations of aeroplanes fitted with these 
engines are also included. 

Electric Motors——We have _ received descriptive 
catalogues of small vertical electric motors from }-h.p. 
to 14 h.p., and of rubber-mounted motors from }-h.p. 
to 5 h.p., from Messrs. Wolf and Morgan, Limited, 66, 
Victoria-street, London, 8.W.1, who are agents for the 
— Messrs. Wagner Electric Corporation, St. Louis, 

S.A. 

Induced-Draught Fans.—Messrs. James Keith and 
Blackman Company, Limited, 27, Farringdon-avenue, 
London, E.C.4, have issued a new folded sheet describing 
their fans and apparatus for producing induced draught 
and arresting the dust and grit. These fans were 
illustrated and described on page 428 of our 125th 
volume (1928). 

Miners’ Lamps.—Messrs. Thor Lamps and Supplies, 
Limited, Tredegar-street, Cardiff, have sent us copies 
of several leaf catalogues, showing four patterns of 
miners’ electric lamps with cells, charging stand, and 
holster. The lamps now include a new pocket lamp 
with a bull’s-eye lens, but this may only be used in 
addition to,,and not in place of, the standard safety lamp. 

Shears.—A catalogue of metal-shearing machines, of 
both guillotine and rotary types, is to hand from Messrs. 
Brookes (Oldbury), Limited, Oldbury, near Birmingham. 
These machines are known as Regent shears, and were 
formerly made by Messrs. The Regent Sheet-Metal 
Machine Tool Company, Limited, of Wakefield. The 
cutting capacities range from the thinnest sheets to 
j-in. plates. 

Metal Window Frames.—A catalogue showing a great 
variety of frames and fittings for all kinds of windows is 
to hand from Messrs. John Thompson Beacon Windows, 
Limited, Wolverhampton. Wrought-iron, steel and 
bronze, with certain cast-iron parts, are the chief materials 
used, and the range of sizes and patterns covers the 
requirements of large and small houses, factories, public 
building, shops, ships, &c. 

Electrical Fittings.—Messrs. The General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2, have issued catalogues of two switches: one, a 
new product, a 15-ampere double-pole ironclad switch 
and fuse, and the other a switch with double-pole fuses 
in a single cast-iron case. A booklet on church lighting, 
illustrating the effects of some of the lighting schemes 
carried out by the company has also been received. 

Trolley Omnibuses.—A catalogue of omnibus bodies and 
electric trolley ’buses is to hand from Messrs. The English 
Electric Company, Limited, Queen’s House, Kingsway, 
London, W.C.2. These vehicles are built at the com- 
pany’s Preston works, and include four-wheel and six- 
wheel types, with single and double decks. The electric 
trolley ’buses have been built for the Bradford Corpora- 
tion, and are of the single-deck type, but double-deck 
types are under construction. 

Air-Compressing Plant.—Messrs. B. E. N. Patents, 
Limited, 92, Tottenham-court-road, London, W.1, have 
sent us two new catalogues of air-compressing units, 
comprising an air compressor and receiver, the com- 
pressor being driven by a petrol-engine, electric motor, or 
belt. These units are designed for tyre inflating at 
garages, spray painting, cleaning, polishing, &c. The 
air pressure is 150 lb. per square inch, and the engines, 
motors, &c., are from $ h.p. to 5 h.p. 

Laboratory Grinding Plant and Vacuum-Cleaning 
Installation.—We have received a catalogue from Messrs. 
Sturtevant Engineering Company, Limited, 149, Queen 
Victoria-street, London, E.C.4, describing grinding plants 
which they make for laboratory use, comprising jaw, 
roll, ball and other grinders with sieves, elevators, &c. 
A pamphlet illustrating a number of hotels, public 
buildings, ships, &c., in which the firm’s vacuum-cleaning 
apparatus has been installed, has also been received. 

Pulverised-Fuel Firing—The pulverised-fuel equip- 
ment made by Messrs. Yarrow and Company, Limited, 
Scotstoun, Glasgow, comprises a burner and a pre-furnace, 
used with any suitable pulveriser. The pre-furnace 
is employed with boilers having cylindrical furnaces 
such as the Lancashire and Scotch marine, and is mounted 
on wheels so that it can be moved away from the boiler 
front for inspection. A catalogue is to hand containing 
a full description and illustrations of the equipment. 

Grain Plant.—Messrs. Henry Simon, Limited, 20, 
Mount-street, Manchester, have sent us a copy of No. 143 
of their circular letters describing three pneumatic plants 
for discharging grain, which they have completed at 
Avonmouth Docks, near Bristol, and a new flour mill at 
Santiago, Chile. The plants at Avonmouth are part of 
the equipment of granaries having a storage capacity of 
32,000 tons. Such plants have been erected in large 
numbers at home and abroad during the last ten years. 
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REINFORCED CONCRETE BRIDGE 
OVER THE ELORN RIVER, FINIS- 
TERRE. 


By Hersert E. Stermsere, M.Inst.C.E. 


QuITE a number of English engineers have 
already made pilgrimages to Brittany, with the 
object of inspecting the bridge over the Elorn 
River near Plougastel, which has been under 
construction for the last three years. Not only 
is it one of the largest reinforced concrete structures 
in the world, and designed for both railway and 
road traffic, but the methods of construction and 
the extraordinary number of ingenious devices 
used by the contractors are of absorbing interest. 

The river at the point selected for the bridge is 
about 2,000 ft. wide, with sloping banks on either 
side, rising fairly steeply to a height of about 
120 ft. above the water level. The rise and fall 
of the tide is very considerable, adding to the 
difficulties of construction. 

The bridge was the subject of a competition in 
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on the main road between Annecy and Geneva. 
The methods of construction used for the Plougastel 
bridge are, however, entirely original as well as 
being extremely economical and practical. 

The following is a brief description :—Several 
bays of the approach viaducts on either side were 
constructed in the ordinary manner, with climbing 
shuttering and timber trusses acting as centring 
for the reinforced concrete girders. Simultaneously 
with these viaducts the river piers were built up 
to high-water level by means of a reinforced concrete 
caisson or diving bell weighing about 900 tons, 
working under compressed air, and surmounted by 
air-locks, which permitted either concrete to be 
deposited or spoil to be removed with very little 
loss of air. The piers were continued above water 
level, and the springings of the arches were also 
built, so that they cantilevered out several feet 
from the centre line of the pier. These projecting 
pieces of the arches were used subsequently to 
support the centring, and to enable them to do 








this, their strength as cantilevers was temporarily 


of concrete blocks, and anchored at their lower end 
to large blocks of concrete buried in the ground. 

The transporters are worked by electricity, the 
control cabins containing the motors moving back- 
wards and forwards with the loads. The current 
reaches the motors through the overhead carrying 
cables, and returns through small hauling cables. 
Two similar transporters were built, and have worked 
without bitch for nearly three years, during which 
time they have handled many thousand tons of 
material. 

The type and method of construction of the 
centring for the arches was the chief problem in 
connection with the bridge. It was finally decided 
to build a lattice arched centring in timber, which 
could be used successively for the three spans. 
To enable this to be done, two pontoons (each 
weighing about 1,000 tons) in reinforced concrete, 
were built, launched and moved into position on 
the foreshore. Between them a number of timber 
towers were constructed, as shown in Fig. 1, 
below, and Fig. 2, on Plate LVI, forming the 
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design, and the conditions indicated that it had 
to be capable of carrying a single line of standard 
railway, as well as a roadway 30 ft. wide, for 
vehicular traffic. A number of designs were 
submitted, and the three more practical schemes 
were examined in detail by the Commission 
appointed to adjudicate. Two schemes were in 
reinforced concrete, and both were cheaper than 
the steel scheme. As each of the reinforced 
schemes was sponsored by responsible engineers, 
the cheaper was selected for comparison with the 
steel scheme, and after close investigation this 
design was adopted. 

It consists of relatively short approach viaducts 
and thr-e arched spans over the water, each span 
being 590 ft. in the clear. There are consequently 
two river piers. The arches themselves consist 
of hollow reinforced concrete vaults having four 
longitudinal walls and top and bottom slabs. 
These arches are surmounted by cross walls, 
supporting longitudinal girders, which carry the 
double deck construction for the railway and road 
traffic. 

Reinforced arched bridges of this type are not 
unknown, and have already been constructed in 
Spans nearly equal to the bridge now being described, 


| increased by tying the portions of each side of the 

















pier together with bars having their extremities 
buried in the concrete. The requisite amount of 
tension was developed in these bars by jacking 
them upwards and packing them in the desired 
position. 

It was decided to use cableways spanning the 
full width of the river, in order to transport all 
material. The tenders for the cableway towers and 
necessary gear were, however, deemed unreasonably 





| high, and M. Freyssinet, the designer of the bridge, 
| therefore decided to design the necessary towers 
\(which are 150 ft. high) in timber. The timber, 
| which is all in the form of joists and floor-board 
| scant'ings, is connected entirely by nails % in. in 
| diameter and 10 in. long. The ends of the tower 
|have hinged supports formed by burying the 
|timbers in the concrete, through which a hollow 
|mandril has been placed, which forms the axis 
of the hinge. The towers were constructed hori- 
zontally and lifted into position by the cable, which 
| was subsequently to be used for carrying the load. 
| Smaller towers of similar construction were erected 
| at convenient points, as sheer legs, in order to 
|commence the lifting of the main towers. The 





| back stays to the towers consist of a number of | 
a notable example being the bridge recently opened | 3-in. rods connected top and bottom by means | 
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TEMPORARY TIMBER TOWERS TO SupPoRT ARCH CENTRING DURING CONSTRUCTION. 


ordinates to the parabolic curve of the centring, 
the towers near the middle being over 100 ft. high. 
The lower ends of the arched centring, for a 
length of about 25 ft., were built in reinforced 
concrete, but the remainder was constructed in 
a manner similar to the towers for the transporters 
—that is to: say, entirely in small section timber 
nailed together at the connections. 

Nearly 1,000 yards cube of timber were em- 
ployed, and about. 15 tons of nails. The curved top 
platform of the centring consists of 9-in. by 3-in. 
timbers placed on edge side by side, and nailed 
firmly together. These are surmounted by two 
layers of planking laid diagonally to act as wind 
bracing. The lower members consist of a series 
of ribs each made of four 9-in. by 3-in. joists nailed 
together and connected to the top boom by diagonal 
lattice work. Fig, 2, Plate LVI, shows the centring 
under construction, and in Fig. 3 it is shown nearing 
completion, with its pontoons. 

To enable the temporary supporting towers to 
be demolished, the ends of the arched centring 
were tied together by 80 wire ropes ?-in. diameter, 
and provision was made at each end for tightening 
or slacking these ropes by means of hydraulic 
jacks working horizontally. When the construction 
was finished, the temporary towers were demolished 








and the water pumped from the pontoons, which, 
in consequence, floated at the next tide and enabled 
the entire centring, having a span of nearly 600 ft. 
and a height of 100 ft. to be floated out to its 
position between the piers of the first arch. This 
operation took only 4 hours, and the centring, 
which weighs 540 tons, was then jacked up and 
slung to the projecting portions of the arch already 
referred to. Slings were passed through the 
cantilevers and through the concrete ends of the 
centring. The sling arrangements are shown 
in Figs. 6 and 7, on this page. 

In this condition the centring was, however, 
not strong enough to take the weight of the con- 
crete, and provision was therefore made for convert- 
ing it from a bow-string girder to a braced arch. 
This was done by taking the thrust through concrete 
blocks direct on to two projecting shelves left on 
the underside of the portions of the arch first 
constructed. This enabled the pontoons to be 
removed, and also permitted the tension cables to 
be slackened, the centering thus becoming a braced 
arch and capable of supporting the weight of the 
wet concrete. Fig. 4, on Plate LVII, shows the first 
arch being constructed. 

The necessary stone for making the concrete 
was obtained by quarrying rock obtained close to 
the site. Good sand was also obtainable locally, 
but the actual proportioning of the concrete was 
carefully controlled by test and experiment. A 
testing machine (in reinforced concrete) for crushing 
the cubes, was built on the site, and it was found 
that a small addition of the stone dust: increased 
the strength of the concrete. About 26,000 cub. 
yards of concrete were required. 

When the concreting of the arch was finished, 
the cross cables to the centring were again tightened ; 
the concrete thrust blocks were cut away, and the 
centring gently lowered by jacks on to the pontoons, 
which had again been placed in position under each | 
end. The entire structure was then floated out, as in 
Fig. 5, Plate LVII, and into position for the construc- 
tion of the next arch, as shown in Fig. 8, page 500. 
This operation was done three times, but as the 
final demolition, either on shore or afloat, of such 
an enormous timber construction presented great 
difficulties, it was decided to make provision in 
the last arch for supporting the centring by bolts 
left projecting on the underside. This enabled 
the wire cables and the pontoons to be permanently 
dispensed with, and also permitted the timber 
centering to be cut, in situ, into pieces of convenient 
length, lowered into the water and floated ashore 
for demolition. The demolition is to be seen in 
progress in Fig. 9, on page 500. 

The greatest pains have been taken to eliminate 
stresses in the permanent work due to shrinkage 
and elastic settlement. The programme for con- 
creting the arch was carefully arranged towards 
this end, and not only was the concrete commenced 
and carried forward symmetrically from either 
side, in alternate lengths and gaps, but the portion 
of the bottom vault next the springings was omitted 
(the thrust being temporarily taken by a series of 
pre-cast concrete struts). Similarly the portion 
of the four longitudinal walls next the springings 
was not done until the remainder of the arch was 
finished. 

In addition to these precautions, niches were 
provided in the slabs and walls at the crown of 
each arch (where no reinforcement passed through) 
and a series of 28 hydraulic jacks, each with a 
capacity of 250 tons, were installed. These jacks 
were connected in series and operated by six pumps. 








They were expanded until the desired opening move- | 
ment had been obtained, and the gaps were then | 
grouted and the jacks removed ready for a similar | 
operation in the next arch. Incidentally the 
walls of the hollow vaults have been thickened 
slightly at the crown, in order to compensate for 
the loss of area due to the niches for the jacks. 
At the present moment the three arches are 
complete, and about two-thirds of the timber 
centring has been removed. The remaining 
third is still slung from the underside of the arch. 
The sections of timber centring, after being floated 
ashore, are dismantled, a simple and _ practical 
form of nail-puller having been devised for with- 





drawing quickly the 10-in. nails. 
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Fic. 7. TimBer CENTRING SLUNG INTO POSITION. 


The timber trusses forming the supports to the 
longitudinal beams carrying the railroad have 
been made ashore, and are now being carried out 
one by one and placed in position between the cross 
wa ls, and it is anticipated that another twelve 
months work will complete the job. This process 
is illustrated by Fig. 10, on page 500. 

The resulting structure will not only be a per- 
manent example of the genius of M. Freyssinet, 
but will also serve as an indication of the possibilities 
of reinforced concrete when both design and con- 





struction are in the hands of persons thoroughly 
conversant with this material. It is impossible 
in a short description to do justice, or even to 
mention the many original devices that have been 
developed and put to use during the construction 
of the work, but it is hoped that these notes, as the 
result of a recent visit, may be of interest. The 
contractors are Messrs. Limousin and Company, and 
it is anticipated that the final cost of the work 
will be well under 180,000/. This low figure, 
coupled with the absence of maintenance charges, 
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together with the artistic appearance of the final 
structure, should be of service in bringing home the 
paramount suitability of reinforced concrete for 
large bridge construction. 








THE FOREST PRODUCTS RESEARCH 
LABORATORY. 


In spite of many attempts to find substitutes for 
timber, there are many applications in construction 
and manufacture for which no substance can be 
found presenting equal advantages. At the present 
time, the general rise in prices and the threatened 
world shortage of softwoods for structural purposes 
have drawn attention in all timber-growing countries 
to the value of forests as national assets. In this 
country, the wholesale felling of woodlands during 
the war has served as a reminder that, even more 
than in other timber-growing countries, an appre- 
ciable part of this national asset is being wasted. 
The waste begins, and perhaps is greatest, when 
forests are felled without being replaced. A tree 
takes fifty, a hundred, or even two hundred years to 
come to maturity, and the children of improvident 
generations may go short while it is growing. Apart, 
however, from this basic neglect, which is receiving 
the attention of forestry commissions in all timber- 
growing countries, incalculable waste arises from 
lack of knowledge. If, for instance, the familiar 
statement is accepted that no two leaves are pre- 
cisely alike, it is not difficult to understand that the 
differences between trees are even wider and more 
numerous, and imperfect knowledge of the differ- 
ences between the structures of trees leads to the 
form of waste in which timbers are used for other 
purposes than those for which they are best suited. 
Timber, again, whether standing, felled, or manu- 
factured, is liable to decay through fungi and 
insects, and, even when it is not so attacked, the 
unskilful withdrawal of moisture from its irregular 
structure, such as often occurs in seasoning, may 
give rise to internal stresses and so produce 
mechanical defects. To those who are responsible 
for engineering structures, the damage done to 
timber, both through decay and through inept 
seasoning, may be a matter of the first consequence. 
At every stage, too, of its preparation for practical 
work, some part of a log has to be rejected and 
becomes waste, with a corresponding effect on 
the cost of so much as is used, unless the work 
has been so designed that the waste of one process 
or product furnishes raw material for another. 
Of the mechanism of all these forms of waste, 
and of the agencies by which they can be pre- 
vented, much is unknown, and such knowledge 
as exists is seldom available generally for all those 
whom it would interest. The importance of such 
problems to users may be gauged by the fact that 
some 50,000,000/. are spent annually on imported 
timber alone. 

Not long after its foundation, the Department of 
Scientific and Industrial Research set up a Forest 
Products Research Board, to organise investiga- 
tions by which blanks in existing knowledge could 
be filled in. After the Imperial Forestry Confer- 
ence, held in 1923, the Board made a preliminary 
survey of what was being done in other countries, 
as well as in British centres of research, to advance 
such investigations and to make their results avail- 
able, and, as the result of this survey, it was decided 
to establish a Forest Products Research Laboratory, 
which would organise and, where desirable, under- 
take the work still required in this country. This 
work is of great variety. The State, acting through 
the Forestry Commission, is now in course of 
producing part of the country’s timber requirements, 
and, in common with private owners, has much to 
learn about how the properties of different timbers 
are affected by the circumstances of their growth. 
The extent, for instance, to which their rate of 
growth, as measured by the width of the annual 
Tings, affects the strength of timber, or the size of 
log that is most suitable for producing a particular 
class of material with the minimum of waste, may 
make an important difference to the species and 
even the strains of timbers to be selected for planting, 
the most suitable spacing, and similar decisions. 
Both fundamental and technical investigations 
were found necessary in regard to the properties, 








diseases, treatment and utilisation of timber. It 
was desirable, further, that the central Laboratory 
in which such work was to be carried out should 
keep a current record of results obtained elsewhere, 
as well as in its own investigations, and thus serve 
as a centre from which the information so collected 
could be distributed to those it concerned in such 
form as was most appropriate to their respective 
needs. The experience, as well as the information, 
accumulated in the Laboratory was, moreover, to 
be made available to those engaged in the timber- 
using industries, in the hope that they would refer 
their difficulties to it, and so both receive informa- 
tion of value from the Laboratory’s store, and at 
the same time add to it. The preliminary diffi- 
culties in recruiting a staff of men who combined 
scientific training with the highly-specialised ex- 
perience and knowledge that was required, and of 
organising and equipping the Laboratory, have now 
been overcome. In its organisation, layout, and 
equipment the resulting establishment is unique 
in this country, and by permission of the Depart- 
ment, and through the courtesy of the Director of 
Forest Products Research, Mr. Ralph S. Pearson, 
C.LE., F.L.S., we are able to present an account 
of its principal features. 

The scope of the establishment will be appreciated 
most clearly by considering, in the first instance, 
the manner in which its work is laid out and 
its relation to other institutions with allied interests. 
On the technical side, the work is divided into 
four main sections, dealing, respectively, with the 
structure and seasoning of timber; its mechanical 
properties, preservation and working; its pathology 
and chemistry ; and its utilisation. 

Studies of the technology of wood, including the 
identification of timbers and the investigation of 
their anatomical structure in its relation to their 
respective qualities, are being conducted, for the 
time being, at the Imperial Forestry Institute, 
at Oxford, by officers of the Laboratory, working 
in co-operation with the wood technologists 
of the Institute. This work is important, both for 
immediate practical purposes and as a basis for 
many kinds of necessary experimental investigations. 
Already some 3,000 hand-samples of wood of 
established botanical identity have been collected 
at the Imperial Forestry Institute, and type 
slides have been made there to show the 
minute structure. Reference to these slides 
is being made constantly in response to demands 
from the wood-using trades for the _ iden- 
tification of unknown or doubtful samples. These 
samples likewise assist both in classifying a new 
species for its probable uses and in suggesting a 
substitute for some timber that is becoming scarce. 
They are also indispensably necessary to the effective 
investigation of physical phenomena, such as 
those that arise in respect to seasoning and to the 
shrinking and swelling of wood through hygro- 
scopic variations, which are among the urgent 
problems of the trade. The work of the two 
institutions is, in fact, closely allied, the Institute 
dealing more particularly with problems of the 
living tree, and the Laboratory with those that arise 
after the tree is felled. In the section of pathology, 
the mycological studies relating to decay caused 
by fungi are being conducted, for the time being, 
at the Imperial College of Science, by two members 
of the Laboratory staff, working under Prof. Percy 
Groom, F.R.S., while the chemical work, including 
wood analysis, the investigation of derivatives from 
wood, and the chemical aspects of changes due to 
seasoning or to attack by fungi, is being done 
at Oxford. 

With these exceptions, the entire work of the 
Laboratory is done on its own premises, and, in 
the near future, it is hoped to centralise the 
whole of the staff at Princes Risborough where the 
Laboratory is situated. The nature of its investi- 
gations will appear in later parts of this account. 
They include not only questions relating to the 
various applications of timber and of individual 
timbers, both in structural and in manufacturing 
work, but also scientific enquiries into the basic 
principles which underlie the phenomena occurring 
in timber at various stages of its use, present 





the work, however, may perhaps be indicated best 
by referring shortly to the organisation for utilising 
the Laboratory work for the benefit of industry, 
and to the Publications and Records Section. 

The purpose of the Publications and Records 
Section is indicated by its title. It is engaged 
not only on collecting the internal and external 
reports and publications of the Laboratory, but 
also cn so keeping up files of relevant literature 
that their contents may be applicable readily and 
completely to any inquiry that may be received, 
or to any question on which research workers may 
need such help. 

The utilisation group of the Laboratory’s work 
enters into dircct relation with the wood-working 
and wood-using industries, with the double object 
of obtaining, at first hand, a knowledge of any 
problem to which they may desire attention, and 
of communicating to them the information at the 
disposal of the Laboratory. The same staff 
collects data about the qualities of timber required 
for different purposes, especially when they are 
such as can be satisfied by home-grown or Empire 
timber. In consultation with other sections of 
the Laboratory and with the industries, it also 
considers ways and means of introducing new timber 
on the market, deals with inquiries concerning 
the uses of timbers, and investigates the possibilities 
of extending the use of waste material in the saw- 
milling and wood-using industries. With the 
co-operation of other sections, the utilisation staff 
has also been able to suggest uses for waste in the 
form both of unsaleable- timber and of residues 
from manufacturing operations. Its services are, 
further, at the disposal of engineers, architects and 
others who specify timber, and of those engaged 
in marketing home-grown and Empire timbers. 
In this connection, the type-specimen collection, 
described above, has been of considerable value. 
The utilisation group has given assistance in the 
preparation of specifications for timbers for public 
authorities, railway companies and private users, 
and has been able to place producers from time to 
time in touch with fresh markets. In the course of 
this work, in co-operation with the Forestry 
Commission, it has procured trials of home-grown 
pit wood and pit props in coal mines to ascertain 
their suitability as compared with imported material, 
and it has shown that, when properly handled, native 
woods are equal, or even superior, to those that are 
imported. The closeness of the relation between the 
Laboratory and the industries has resulted in a num- 
ber of inquiries about the technical treatment of 
timbers in which the Laboratory has been able to be 
of direct use to firms throughout the Kingdom. A 
special series of experiments has enabled specific 
directions to be given for carbonising waste timber 
in four different types of charcoal kilns, which have 
been of considerable use in the Dominions and 
Colonies. The Laboratory is also in regular com- 
munication with many British Overseas possessions, 
and, in some instances, has received officers from 
them for training. 

Some examples taken from the experimental 
programmes completed or in progress will illustrate 
the range of work to which the staff and equipment 
are being applied. 

The mechanical properties of all timbers vary 
through the tree within wide limits, and may be 
very different in specimens of the same tree, not 
only owing to their grain and the position in the 
tree from which they were cut, but also through 
the presence or absence of defects. For purposes 
of comparison, however, it is necessary to know for 
each type the optimum result it can yield, and for 
each type of home-grown and colonial timber that 
comes to notice tests are therefore being made on 
straight-grain specimens free from defects and known 
as clear specimens. In some species, defects occur at 
short intervals, and in order to be comparable for the 
purposes of these records the clear specimens have 
therefore to be relatively small. While these tests 
of small clear specimens are necessary as a founda- 
tion for the comparison between the enormous 
number of various timbers, the properties of the 
timbers as they appear in practice can be shown 
only by tests on structural sizes. An extensive 


information as to which is admittedly imperfect. | programme of such tests is, therefore, in hand, and 


The ultimately practical object, of the whole of | it is hoped that the results may disclose relations 
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with those obtained on small clear specimens, by 
which the latter type of tests may give useful | 
information in respect of structural properties. | 
Another investigation into qualities of individual | 
timbers is directed to the kiln-seasoning properties | 
of the commoner commercial timbers, and special | 
tests of pit props are being continued both in regard | 
to their seasoning and their mechanical properties. | 
Other special investigations deal with decay in| 
Sitka spruce timber and with the losses to timber | 
in store caused by insects, especially by the Lyctus | 
beetle, which has caused much trouble in timber at | 
High Wycombe, and on which a report has been | 
published. Other investigations are being made into | 
the losses caused in buildings and furniture by | 
anobiid beetles, and into the marketing, strength- | 
values, seasoning and machining qualities of two | 
species of oak. The effect of infection by fungi on | 
the mechanical strength of wood is being studied. 
General investigations are in progress into the | 
design of seasoning kilns, the storing, working and | 
finishing qualities of timber, and problems of wood 
preservation. | 

Among the investigations into the fundamental | 
phenomena of timbers, a comprehensive and detailed | 
experimental enquiry is being made into the factors | 
which influence and control the movement of mois- | 
ture and of heat in converted timber, with special | 
reference to their bearing on timber seasoning. | 
Microscopical studies are also being made on the | 
structure of wood, and a special investigation is 
directed to ascertaining the relation of the moisture 
contents of wood to atmospheric temperature and 
humidity, so as to determine the most suitable 
moisture contents for timber to be used in various 
kinds of furniture and decorative work. 


GENERAL LAyouT AND EQUIPMENT. 


The premises of the Laboratory occupy a site of 
about 25 acres adjoining Princes Risborough station. 
Up till now only a small part is covered with build- 
ings, mostly in the centre of the site, and so laid 
out that each section can be increased as may be 
desirable from time to time without interfering 
with the growth of its neighbours. A private siding 
from the Great Western Railway runs through the | 
operative section, and the situation of the Labora- 
tory, near Oxford, and not far from London and 
other industrial centres, provides it with communi- 
cations well adapted to its work. 

The layout of the several shops, stores and offices 
has been singularly successful in localising the 
various branches of each section. The administra- 
tion block is altogether away from the operative 
or technical buildings. On the ground floor it pro- 
vides accommodation fora physical laboratory as well 
as for the clerical and photographic staffs, and its 
first floor is occupied by the Director and Assistant- 
Director and the Sections of Publications and 
Records and of Utilisation. Fig. 1 shows the arrange- 
ment of the technical premises, the administration 
block being in the grounds to the N.W. of the 
main drive. The siding from the railway runs 
down the centre of the site, and the buildings 
which have to accommodate bulky or weighty 
materials open directly on to the siding. The | 
heaviest and bulkiest supplies which have to be | 
handled in the Laboratory consist, of course, of 
timber, which is brought in railway wagons. 
When it is in logs, it is delivered, according to its 
condition and purpose, either into the log pond or 
into the saw mill. Reference will be made later to 
the log pond in connection with seasoning. The 
saw mill is of ample capacity, being equipped with 
two push benches, respectively 42 in. and 36 in., a 
48 in. horizontal frame-saw and a 32-in. pendulum 
cross-cut saw, together with a 4-ton crane for 
general use in the yard, and a gantry from the log- 











pond to the saw bench. From the sawmills, the | ment are reproduced in Figs. 49 and 50, on page 489, | bolts are provided on the 


timber is conveyed along the railway line to the | 
buildings of the operative section, and if ot | 
wanted for immediate use, or if intended to be air- | 
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well as a room for paints and varnishes. The wood- 
preservation shop, which adjoins that for machine 
repairs, communicates with three offices for the 
engineers engaged on the work of that shop and on 
minor tests. A range of seasoning kilns is also near 
the siding, and office accommodation for the 
seasoning engineers is provided next to the boiler 
house and generator room, in addition to the 
general offices of the section a little farther off, 
and to accommodation in the first floor of the 
timber-mechanics offices immediately opposite. 
The transformer room provides current for the 
machinery at 380 volts, transformed down from 
the main supply at 11,500 volts, and two 20-kw. 
motor-generators are also provided for supplying 
continuous current for the motors of testing 
machines. In the boiler house, two return-tube 
boilers, rated at 4,000 lb. per hour, supply steam 


| for seasoning and other process work. The timber- 


mechanics hall adjoins the paint and varnish 
room, with a pump and accumulator house behind 
it. The ground floor of the offices to the left of it 
accommodates the officers in charge of timber 
mechanics, a drawing office, and a moisture- 
determination room, while the first floor, in addition 
to the accommodation already mentioned for the 
seasoning section, provides offices for the engineers 
engaged on timber mechanics and for the computing 
staff. Separate buildings provide for the museum 
and for the departments concerned, respectively, 
with decay by fungi and by insects. 


(To be continued.) 








36-IN. REFLECTING TELESCOPE FOR 
EDINBURGH OBSERVATORY. 





(Concluded from page 434.) 


In conclusion, it may be of interest to give some | 
particulars of the spectrograph to be used with the 
telescope, the spectrograph having been constructed | 
by Messrs. Adam Hilger, Limited, 24, Rochester- | 
place, London, N.W.1. Photographs of the instru- 
52 
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and Figs. 51 and 52, on the same page, are sectional 
elevations. Of the former, Fig. 49 shows the | 
spectrograph with the outer casing removed, the | 
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the spectrograph body, is lined internally with felt, 
}-in. in thickness, in which heating wires are uni- 
formly distributed. The temperature is kept con- 
stant by regulating the current through these heating 
wires, a mercury-contact thermometer and relay 
being used for the purpose. The air in the chamber 
is kept moving by a slowly-rotating fan fitted with 
two sets of blades, as shown in Figs. 49 and 52, and 
driven, through worm gearing, by a small electric 
motor. In this chamber, the body, which is a single- 
piece aluminium casting, is mounted on a shaft, on 
which it can be adjusted in two directions. Rotation 
of the body on the shaft is prevented by a pair of 
adjusting screws and steel bearing pins located 
near the top of the body, as shown in Fig. 51, the 
flexible connection afforded by the pins allowing for 
the expansion of the body, while ensuring the exact 
location of the slit. Access to the prisms and 
lenses is obtained through apertures on one side only, 
as clearly shown in Figs. 49 and 50. 

Either one, two, or three glass prisms, or one 
quartz prism, can be used. All the glass prisms are 
of 60-deg. angle and are made from glass with a 
refractive index of 1-622 Np of exceptionally high 
transparency, made by Messrs. The Parsons Optical 
Glass Company, of Derby. The height, in all cases, 
is 1} in., but the width of the entrance and exit faces 
is increased in steps to allow for the dispersion. The 
lengths of the entrance faces for the first, second and 
third prisms are 3 in., 3-16 in., and 3-65 in., respec- 
tively, while the corresponding figures for the exit 
faces are 3-05 in., 3-28 in., and 3-9in. The prisms 
are all mounted so that they can be easily removed 
and accurately replaced. The adjustable plates 
to which the prism mounts are attached, are con- 
nected by minimum-deviation gearing, but, to keep 
the gearing as simple as possible and to secure a more 
rigid connection, the cameras are attached directly 
to an extension on the prism mounts, as indicated in 
Fig. 51. It was decided that the small amount 
of deviation between the prism and camera did not 
warrant the additional complication of further 


| gearing between the prism and camera. Clamping 


prism train, so that it 
can be held firmly to the spectrograph body when 
adjusted in any given position. 

The three cameras, clearly shown in Figs. 49 and 


dried, it is delivered into the timber stores opening | cameras being visible in the foreground, and / 51, are of 10-6 in., 19-7 in., and 26-6 in. focus, re- 


on to either side of the line. Adjoining these stores | 
are shops used, respectively, for machine repairs and | 
as a wood-work shop, the former being provided | 
with a sufficient equipment of machine tools and a | 
small forge, and the wood-work shop having a 
small saw and tool-repairing shop adjoining, as 


Fig. 50 shows the complete instrument with the | 
access doors open. The supporting piece, which 
carries the spectrograph and part of the outer casing, 
is bolted directly on to the worm wheel on the tele- 
scope, referred to on page 372 ante. The outer casing, 
which forms a uniform temperature chamber, round | 


spectively, the short-focus camera being designed to 
give a flat field of wide angle and having an un- 


‘cemented triple lens; the lenses in the other two 


cameras are cemented triples. Focussing is effected. 


‘in all cases, by screw motion on the plate holders, 


which take plates measuring 3} in. by 2} in. ; of this 
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SPECTROGRAPH FOR 36-IN. REFLECTING TELESCOPE. 


CONSTRUCTED BY MESSRS. A. HILGER, LIMITED. LONDON. 











Fic. 49. Casine REMOVED SHOWING CAMERAS IN FOREGROUND. Fie. 50. CompLere INstRUMENT sHOwiNG AccEss Doors. 
|surface a part measuring 3 in. by 1} in. can be 
‘covered. The plate is held by spring pressure 
| against raised studs on the face and at two edges, 
|in order to locate it exactly and to prevent any 
movement during a long exposure. Accurate tilt- 
|ing motion is provided for the plate holder, by 
|mounting it inside a ring casting, most clearly 
|shown in Fig. 49, and it can also be rotated, 
| for adjustment purposes, by means of a worm and 
| worm wheel. Vertical adjustment is obtained by 
|rack and pinion gear, so that a number of spectra 
}can be taken on the same plate if desired. Each 
| camera is accurately located by a long fitting 
attached to the under prism mounts, and held in 
position by a pair of clamps passing through the 
body. The cameras are also fixed by a pair of bolts, 
| passing through curved slots, in the body at the 
plate end, as shown in Figs. 49 and 51, so that great 
rigidity is obtained. 

| The collimator tube, which is of steel, is provided 
| at its lower end with an objective of 31} in. focal 
length, and of 1}in. aperture. The upper end of the 
collimator tube, which carries the slit draw tube, 
is cut with six long slots and fitted with a pair of 
| clamping rings which hold the draw tube firmly in 
| place ; slit focussing is by means of rack and pinion 
|gear. Theslit is made of polished stainless steel, and 
|is mounted at an angle of 3 deg. with the axis of the 
|collimator tube. One jaw of the slit is fixed and 
| the other can be moved by means of a micrometer 
| screw reading to 0-001 in. Comparison spectra 
|are obtained by reflecting light through a pair of 
| prisms to form a spectrum on each side of the star 
| spectrum, the distance between the pair of prisms 
| being adjustable so that the separation between the 
comparison spectra can be varied; an aperture 
plate is provided to enable the width of the star 
spectrum to be varied. A guiding telescope and 
| are, and also a viewing telescope, are attached to 
| the main support of the spectrograph, but both are 
|easily removable. A camera for direct photography 
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is also provided, this being attached by swinging- 
out clamps to a plate fitted at the top of the main 
support; a hole in the side of the camera body 
enables the viewing telescope, which is indicated by 
chain-dotted lines in Fig. 51, and is just visible 
near the floor on the left in Fig. 49, to be used 
without removing the camera. 








THE CONVERSION OF COMBINED 
METRIC UNITS INTO BRITISH UNITS. 
By Dret.-Inc. Emi. Kiaprer. 

Ix Continental publications and reviews dealing 
with engineering matters, the metric system is used 


throughout. Although, as a rule, the English- 
speaking engineer is familiar with the simple 





inches; quarts are sometimes used in the United 
States. 

In the accompanying table, the first column gives 
the combined metric unit which is to be converted; 
column two, under letter n, gives the numerical 
British or American equivalent; and column 
three, the corresponding British or American unit ; 


ts in column four, is intended for facilitating the 


conversion of the British or American unit into the 
metric one; and _ finally, the fifth column> gives 
the usual application of the unit referred to. 

In the table, the British ton is the long ton of 
2,240 lb., and the U.S.A. ton the short ton of 
2,000 lb., the gallon marked “ British,” is the 
Imperial gallon, and that marked “U.S.A” the 
old Winchester gallon of 231 cub. in., which is still 





! ! 





| 
Metric unit. | n British or U.S.A. unit. | 4 | Usual Application. 
fg eemenertd een nrneearns | | 
kg./mm.2 0-635 | Ton per squ. in. (British) | 1-575 | Tensile strength, &c. 
0-712 We tes (U.S.A.) | 1-406 | Es se 
kg./cm.2 14-22 Lb. per sq. in. .. a ns 0-07 Steam pressure, &c. 
kg./m.2 1-842 Lb. per sq. yd... 0-543 Weight of fabrics and paper. 
0-204 | Lb. persgq. ft. .. 4-88 | 29 > 9 
G./m.2 0-3 j is Se a 33-8 | Low pressure. 
0-003 | os sha, Liao 306-0 i 
G./em.2 0-227 Oz. per sq. in. .. 4-4 Gas pressure. 
Kg./m.3 0-062 | Lb. per cub. ft. 16-0 | Specific weight. 
1- | Oz. per cub. ft. 1-00 | Gas density. 
G./m.3 0-436 Grain per cub. ft. ; ..| 2-29 | Dust in gases. 
0-07 Grain per gall. (British) | 14-3 | Solids in liquids. 
0-058 ‘i B (U.S.A.) | 17-12 Heiser ba 
Kg./m. 2-02 Lb. per yard ee a 0-496 | Weight of rails and bars. 
0-67 Lb. per ft. 1-49 | s - 
0-056 Lb. per in. re oo] L990 » ” 
Kg./t 2-24 Lb. per ton (British) | 0-447 | Percentage of metal in ores. 
2-0 gaint ie (U.S.A.) | 0:5 ie Re 
Kg./h.p. (metr.) 2-23 Lb. perh.p. .. me ais 0-448 | Consumption of fuel. 
Kg./kmt. .. 3°61 Lb. per ton-mile (British) | 0-277 | Ss “* 
3-2 2 (U.S.A.) | 0-308 | vs 
G/L = kg./m.3 0-01 Lb. per gallon .. (British) | 100-0 | Solutions. 
0-008 ae <r (U.8.A.) | 120-0 | - 
L./km. 1-696 | Quarts per mile (U.S.A.) | 0-59 | Consumption of fuel or oil. 
0-354 | Gall. permile .. (British) | 2-82 | s a 
0-423) | . “ier (U.S.A.) | 2-36 is 
L./m.2 0-184 fall. per sq. yd. (British) 5-44 | Tar on roads. 
0-218 | 5 (U.S.A. 4°57 s 
Kgm. 0-0032 Foot-ton (British) | 310-0 Energy. 
0-0036 | 2 e S.A.) | 277-0 i 
Kgm./mm.2 2-08 Foot-ton per sq. in. (British) 0-48 Impact test. 
2-34 | ze Ae ne J.8.A.) 0-428 mr 
Kgm./em.5. . 0-635 Foot-ton per cub. in. .. (British) 1-575 | Work of deformation. 
0-71 | = oe (U.S.A.) 1-408 | a. m 
Keal 3-97 B.Th.U... + 0-252 | Heat unit. 
Keal./kg. 1-8 per lb. ee 0-555 Calorific value, specific heat. 
Keal./m.3 .. - 0-113 per cub. ft. .. = = 8-90 | pa 
Kg./m.2 hour deg. C. 2-05 per sq. ft. per hour per 4°88 | Radiation of heat. 
deg. F. | 
Keal./m.2 m. deg. C. hour 0-062 per sq. ft. per ft. per hour 16-0 | Transfer of heat through walls. 
per deg. F. | 
Keal./m. hour deg. C. .. 0-671 : per ft. per hour per deg. F. 1-49 | = + i. 
Kcal./cm.2 em. hour deg. C. 5-62 per sq. in. per hour per 0-178 | Passage of heat. 


deg. F. 





metric units, the British equivalents of which are 
to be found in any text-book or compendium, he 
encounters some difficulties when meeting with 
combined units which are very frequent in engineer- 
ing. Naturally, it is possible, in almost any case, 
to compute the corresponding British unit, but 
much time may be lost in this way. The synopsis 
of the principal combined units which the writer 
has been able to compile from the study of British 
and American, as weil as Continental publica- 
tions, may accordingly be of value to engineers 
generally. 

As the symbols used for the metric units are not 





| 100 tons. p 
|} annually removed from the merchant fleets of the world 
| comes to what may be termed a natural end, being broken 
| up, dismantled, or condemned for reasons not known to 





used in that country. The centigrade heat unit is 
designated by the scientific symbol kcal, for which 
German reviews sometimes use WE. 








SHIPWRECK AND OBSOLETE-VESSEL STATISTICS FOR 
1928.—The statistical summary of ships totally lost, 
broken up or condemned, now published by Lloyd’s 
Register, shows that, during 1928, the gross reduction 
in the mercantile marine of the world amounted to 705 
ships making 1,314,647 tons, excluding all ships of less than 
Naturally a large proportion of the tonnage 


be consequent upon casualty or stress of weather. Of the 


quite uniform in the various countries concerned, | 705 ships mentioned above, 584 vessels, making 1,220,176 


it should be said that the symbols used in the 
above table are those which have been standard- 


| tons, were steamers and motorships, and 121, aggregating 
| 94,471 tons, were sailing ships. The aggregate tonnage of 
| ships broken up or dismantled in this country during 


ised for scientific purposes in the different coun- | 1928 was 174,934 tons. The British ships wrecked at 


tries, and that they at the same time indicate the | *° 
dimension of the unit :—for instance, square metre | 
is written m.* instead of sq. m.; cubic metre, m.* | 


instead of cb. m., &c. 


a during the year numbered 72, totalling 120,446 tons. 
The majority of these were steamers and motorships. 





PROFESSIONAL CLASSES AID CounciL.—The Profes- 
sional Classes Aid Council exists for the relief of distress 


Practically only the following simple units are | among the professional and other educated classes. It 


used for engineering purposes, though other inter- 
mediate units exist :— 


Length—km., m., em., and mm. 
Surface—hectare (ha), m.%, em.?, mm.? 
Volume—m.*, litre (L), em." 
Weight—ton, kg., g. 
The units of time are. of course, identical with the 
British ones, just as are the electrical units. 
The English-speaking engineer is said to think in 


inches and pounds, but, according to the magnitudes | 
concerned, he also thinks in miles, feet and yards, | 
and on the other hand, in long or short tons, | 
As units of volume | 
gallons and cubic | 


hundredweights and grains. 
he uses cubic feet, cubic yards, 


| the training of 7 men and 22 women. 


commenced operations in October, 1914, being then 
known as The Professional Classes War Relief Council, 
and, during the subsequent six years, dealt with 12,000 
applications for help. Post-war conditions still cause 
suffering among the professional classes, as the report 
of the Council for the year ending April 30 last shows. 
The number of applications considered totalled 920, as 
compared with 780 in 1928, and financial assistance 
was rendered to 183 families. Assistance has been 
given in the education of 40 boys and 31 girls, and in 
Q Numerous gifts, 
in cases of illness and of temporary disablement, have 
been made. The scale on which the work is conducted 
may be gauged from the income of the Council, which, 
during the year under review, totalled 10,3407. This is 
derived from subscriptions and donations. Among 
those who consulted the Council last year are clergymen, 
doctors, engineers, architects, solicitors, and secretaries. 
The offices of the Council are at 251, Brompton-road, 
London, 8.W.3. 











THE MOTOR EXHIBITION AT 
OLYMPIA 


THE Motor Show which opened at Olympia yester- 
day, and will be closed on Saturday, the 26th inst., 
is the twenty-third of the series organised by the 
Society of Motor Manufacturers and Traders, Limited. 
It is a large and comprehensive display, but discloses 
few novelties. So far as concerns British manufac- 
turers, their efforts seem to be concentrated on 
improving and developing well-tried types and 
making them suitable, as far as the limit imposed 
by the present form of taxation at home permits, 
for the overseas market. The tendency is towards 
a larger output by fewer makers, and it would seem 
that more firms are endeavouring to increase their 
production by a greater concentration on the over- 
seas market, as the direct, if not the sole means of 
reducing production, and other costs, within the 
limits of the competition with which the British maker 
isfaced. Though there is generally no reduction of 
price for standard models, the value offered is 
greater, since it includes many improvements in 
material and construction, combined with the addi- 
tion of many accessories which until recent years 
either did not exist, or were too costly for the cheaper 
cars. A general improvement is to be noted in the 
smaller six-cylinder models, many of them being now 
capable of sustained high speeds and large output. 
At the exhibition last year, six-cylinder cars formed 
about 50 per cent. of the total, and eight-cylinder 
cars nearly 15 per cent. Both percentages are 
increased at the present Show, though there are 
many four-cylinder models, the makers of which 
are taking full advantage of research into gas tur- 
bulence, and other knowledge which is now avail- 
able. Nevertheless, there is a marked trend 
towards multiplication of cylinders, and it appears 
that the addition of two and more cylinders 
does not seriously increase production cost when 
balanced by a larger output and a wider market. 
Evidence on this score is to be found in many 
of the popular-priced cars, which are now competi- 
tive with the most advanced of imported models. 
It may, indeed, be suggested that this move- 
ment threatens to be overdone. Owner-drivers, 
both those who have no choice, and others who are 
so from preference, are being catered for sedulously, 
and this trend finds expression both in the re-arrange- 
ment and improvement of the fittings which require 
attention periodically. In the case of some cars, 
the manufacturers are putting forward scheduled 
charges for what is now styled “servicing” by 
means of special equipment and tools. 

A general reduction in chassis weight is to be 
noted. In some cases, this has been brought about 
by substituting light pressings for castings and 
drop forgings, and in others, by a larger use of 
aluminium alloys. The use of these alloys for the 
brake drums and other components of large coaches 
indicates that there is nothing experimental in this 
development. One well-known maker has adopted 
such a stamping for the front axle of the latest 
model. In this case, a saving of about 12 per cent. 
in the weight of the chassis is stated to have been 
obtained, the comparison being with the maker's 
former model of the same power rating. Another 
firm is using pressed or sheet steel with welded 
joints almost wholly for its latest model ; and by 
a patented layout, have managed to get the usual 
eight-cylinder-in-line engine into the length of a 
normal four-cylinder engine with the same cylinder 
dimensions. In these and in other cases, the resulting 
combination of high speed and power with reduced 
weight marks a definite advance. Reduction of 
the weight of pistons and connecting rods is a feature 
which has been developed for most engines since last 
year. It is probably seen to greatest advantage In 
the new ranges of small six and eight-cylinder en- 
gines, many of which under former conditions w« yuld 
have required a considerable alteration of chassis to 
carry them. As it is, it may be doubted if there 1s 


|much difference in the weight of a new small 


six-cylinder engine of equal output to a large four- 
cylinder. High crankshaft speeds are a corollary 
to this reduced weight, and with improved combus- 
tion chambers and induction manifolds, there 1s, 19 
many cases, an increase of the compression ratio. 
It is doubtful if a 6 to 1 compression ratio has been 


adopted for many new British engines, though there 
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is one new six-cylinder engine in a well-known 
maker’s latest car with a compression rate of 5-7 
to 1. Light aluminium-alloy pistons are actually 
more favoured than seemed probable last year, the 


gear change is widely retained, though a number 
of reputable makers show the side change and 
emphasise its advantages. The most important 
development of the year is a silent third as well 


explanation being partly on account of the higher|as the usual silent fourth speed or direct drive. 


piston and crankshaft speeds in vogue, and partly 
because of the closer fit now possible for such pistons. 
A few makers employ composite aluminium and 
steel pistons, or one or two forms of specially light- 
weight cast-iron pistons. Closer attention to 
oalancing engine parts is to be noted, one maker of 
a new popular six-cylinder car limiting the tolerance 
to 0-2 oz. for piston and connecting-rod assem- 
blies. Better piston and ring fit is reflected in 
lessened oil consumption and in extended mile- 
age before decarbonising is necessary—a gain 
the more noteworthy because of the higher speed 
of engines and the resultant higher temperature 
of the lubricant. The side-valve engine has gained 
a revived favour with the introduction of improved 
combustion heads, the former objection to the 
earlier improved head, of causing roughness, having 
been overcome in the latest form of the Ricardo 
head. To what extent the overhead-valve layout 
will be displaced is not certain, but, as has been 
pointed out consistently in these columns, an 
overhead-valve engine when it becomes noisy is apt 
to be a nuisance, and may be wasteful. Cheap over- 
head-valve assemblies seem hardly suited for owner- 
drivers other than enthusiasts. An improvement on 
this type of valve gear is that the removal of the 
head does not disturb the timing, the head being self- 
contained with all the valve mechanism. In the 
more expensive layouts the arrangement is naturally 
at its best, and there is then no point to criticise 
except in the few cases when an adjacent part requires 
to be removed before lifting the head. 

Coil ignition, in most cases with governor- 
controlled advance and retard supplemented by 
hand control, is coming into greater use with the 
increase of six- and eight-cylinder engines. It has 
advantages in several layouts at the Show owing to 
the ease of access to the timer-distributor, which 
can be placed on a vertical spindle with sufficient 
space for a governor. It remains to be seen if the 
safe limit of ignition advance, automatic or other- 
wise, has not been reached with the tendency to 
higher compression. An overseas maker of an 
expensive car has adopted a form of synchronous 
dual-plug ignition, and claims a gain of 16 per cent. 
over single-plug ignition. More attention is being 
given to oil cooling, and to air cleaning before admis- 
sion to the carburettor; while forced lubrication is 
being increasingly used. Upper cylinder oiling, and 
the difficulty of circulating the oil when starting 
from cold, are being reviewed, tests on the latter 
point having revealed serious sources of cylinder 
wear from defective oiling before the viscosity of 
the oil has become normal. The use of automatic 
warning devices against oil shortage in engines is 
another important point which is now being 
considered. Most cars being now equipped with 
a fuel gauge, it might be more useful to owner- 
drivers if an automatic oil-level warning device were 
substituted for a cigar lighter or other superfluity 
of the “all on” car. Though dry-sump oiling is 
little favoured at present for cars, it is note- 
worthy that more models are being fitted with 
dual oil pumps, or means of changing the lubricant 
and maintaining it at a more or less constant 
temperature. Lack of suitable oil cooling is prob- 
ably the chief source of the fumes complained of by 
motorists. The fitting of a combined oil vapour 
trap and air filter, and the passing of the oily 
vapour through the carburettor, as carried out in 
one make of new six-cylinder car, will be watched 
with interest. Though there is little change in 
normal carburettors, the difficulties experienced 
with some engines have resulted in redesign of 
induction manifolds and the position of the car- 
burettor, and a larger use of water-jacketed vapour- 
ising chambers. The majority of makers, however, 
retain the simple hot spot in the induction mani- 
fold, and some form of air shutter or strangler to 
facilitate starting. 

Transmission clutches and gear boxes show few 
changes, though there seems to be a tendency for 
American builders of larger cars to fit a fourth gear. 
lhe unit form of engine and gear box being so largely 
flavoured, it is not surprising that the central 





A few British firms have adopted the principle, 
and are using helical gearing which balances end 
thrust. Alternative forms of gear seem dormant, the 
epicyclic variety, introduced by one firm at the last 
Show, being still an alternative, at a substantially 
higher price, for their models. Gear silence, so 
far as rectification after hardening can ensure it, 
should be a feature of the newest cars, the bulk of 
the makers now making use of automatic profile 
gear grinding after hardening. The difficulty of 
gear changing is being reduced by revised gear 
striking layouts, and the use of gear guides or 
plates showing the order of progression for all 
the gears. It is difficult with the prevalent ball- 
socket gear change to employ the reverse catch which 
was usually fitted to the older form of slotted gate. 
Propeller shafts and back axles are remarkable 
only for the return to favour of the all-metal 
star and similar types of coupling, and for the 
wide use of un-enclosed propeller shafts. The simple 
Hotchkiss form of drive is being more favoured by 
makers of larger, as well as smaller and cheaper cars. 
The spiral or helical form of bevel-gear retains its 
popularity, and one of the more important makers has 
adopted the hypoid arrangement, or off-centre posi- 
tion, for the pinion. Wire wheels and underslung 
rear suspension, and a larger use of dropped chassis 
frames, are other features of the latest designs. 

To a less extent, advanced steering layouts may 
be noted, in most cases, whatever the form of 
steering mechanism employed, special efforts have 
been made to prevent the all-too-prevalent dis- 
comfort of wheel-wobble or “shimmy.” The in- 
creasing use of front shackled springs, which 
is a reversal of the usual layout, may be noted 
in this connection. Independent wheel suspension 
finds little favour, at present being limited to 
one notable Italian car, which has other features 
allied with this suspension, and the front-wheel 
driven British car which was reviewed in last 
year’s Show report. Continental designers seem 
more interested in this particular feature, but the 
apparent lack of interest in it among ourselves is 
probably to be explained on commercial grounds, 
and by the quest after a bigger outside market for 
the normal type of chassis. 

Central oiling systems, which were somewhat of a 
novelty at last year’s Show, are more in evidence, 
but the number of makers standardising them is not 
as large as seemed probable. This year, the oil-less 
form of bush and bearing is being employed 
extensively, and its uses include silent trunnions 
for engine and gear-box bearers. It is, however, 
at present impossible to eliminate necessary oil 
points, and these are fitted with new forms of 
injection nipple for manual attention. There is 
scope for improved lubrication in a localised 
form for brake shafts, and one or two other points 
which are apt to be overlooked. Meanwhile, there 
is an alternative course in a more frequent visit 
to a garage or service station where lubrication is 
specially attended to. 

Several makers have dispensed with compensating 
brake-tensioning mechanism, and a few have 
localised the adjustment of the shoes at the drum. 
Other makers have recently adopted a special 
form of brake shoe anchorage, with the object of 
ensuring equalised wear and a larger contact of 
the shoes. The Perrot-Bendix mechanical servo 
four-wheel brake appears in an improved two-shoe 
form, and shares interest with the hydraulic form 
of brake. Vacuum-servo assisted brake control 
continues to be standardised for the bulk of cars 
with the normal form of mechanical brake linkage, 
but the improved alternative forms of brake have 
to be reckoned with. That system which requires 
little attention, and can be regulated with least 
cost and delay, will be preferred by most drivers. 
The special needs of owner-drivers are probably 
responsible for such developments as untarnishable 
fittings with a chromium basis, and more accessible 
drain plugs than formerly, but there is still scope 
for improving access from the repairer’s stand- 
point. This difficulty is partly met by special 
tools supplied by makers of certain chassis, some 





going further by framing a scale of repair charges 
as well as fixing the prices of replacements. Super- 
chargers and other fittings, which have their chief 
value for racing cars, seem to be less prominent at 
this Show, though one model of an expensive British 
car is being standardised with a super-charger. 

Turning now to a detailed account of some of 
the cars on view, we may first refer to the new 
“Twenty-five” six-cylinder chassis of Messrs. The 
Daimler Company, Limited, of Coventry, which 
has some interesting features. It will interest 
owner-drivers from. the several aspects of silence, 
rapid acceleration, and high-speed with reasonable 
economy of fuel and oil, together with the general 
completeness of the details and the low frame, 
which makes it able to carry saloon bodies with- 
out side roll. Moreover, it is not expensive for a 
chassis which embodies results of advanced metal- 
lurgical research in light aircraft, and other special 
alloys. The chassis is illustrated in Figs. 1 and 2 
on page 492. The engine is of the well-known 
Daimler double-sleeve valve type, which was 
introduced by the makers some 21 years ago, and 
has been developed and improved in successive 
models. The six cylinders have a bore of 81-5 mm. 
and a piston stroke of 114 mm., the compression 
ratio being 5-3tol. The formula rating is 24-8 h.p., 
and the output 70b.h.p. The cylinders are cast en 
bloc, and are bolted to the crank-case. Both they 
and the removable heads, together with the pistons, 
are of aluminium alloy with the object of reducing 
weight, and of utilising the high conductivity of this 
alloy to rapidly warm up the engine to the 
working temperature. The usual cylinder liners 
are omitted, since the outer sleeves, being of heat- 
treated steel, are found suitable for working in 
contact with the aluminium cylinder walls. The 
sleeves are supported for their working length in 
the cylinders, and the result is found to be particu- 
larly satisfactory when the engine is running fast. 
They have improved lubrication and a patented 
balanced drive. A cross-section of the engine is 
given in Fig. 4 on page 493. 

The lubrication of the engine has received 
special consideration, and the consumption of oil is 
stated to average a gallon per 800 miles to 1,000 
miles. An air-cooling device, composed of six 
vertical gilled tubes, is embodied in the radiator 
casing, and is in circuit with the oil pump. 
The cooler can be seen in Fig. 5, page 493. 
Much benefit, both as regards oil saving and 
prevention of internal wear, is stated to have 
resulted from this simple method of cooling the 
oil, the working temperature not exceeding 130 deg. 
F.in summer. On the off-side of the engine are a 
large oil filler, the cover of which automatically 
opens the test level cock, a depth gauge of the 
rod and float type, and a special low-level indicator 
which operates a warning light on the dash. Near- 
by is a by-pass Auto Klean scraper-filter, operated 
by a handle. The lubricating oil is pressure fed, at 
30 Ib. per square inch, independently to all bearings 
and reciprocating parts, including the gudgeon bear- 
ings and the timing gear, through a main distributor 
channel below the main bearings, whence the oil is 
circulated through the crankshaft and crank 
journals, returning to the filter. A pressure relief- 
valve prevents overloading the oil circuit. There 
are two oil pumps, the first being for circulating 
the cooled oil, and the second for passing the used 
oil through the cooler. These twin pumps are of 
the gear type, and are placed vertically in tandem 











under the valve shaft, by which they are driven 
through spiral gearing. Provision for prompt 
circulation of the oil, when starting from cold, is 
made by a special system of priming troughs 
located below the path of the connecting rods, 
which have oil dippers attached to the caps, as 
shown in Fig.4. Advantage is taken of the higher 
pressure on the oil system, when cold, to collect the 
oil from the release valve into these troughs, whence 
it is distributed to the cylinder walls, thereby 
minimising the risk of oil shortage until the engine 
has warmed up, when this auxiliary supply ceases. 
Many of the details of this oiling system can be 
seen in Fig. 4. 

The pistons are of somewhat unusual type, the 
skirt being in two separate panels suspended by 
webs from the gudgeon-pin bosses, and also sup- 





ported transversely by struts of Invar steel, the struts 
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being cast into the skirts. The effect is to so control | 
the degree of expansion of the skirts as to permit 
of clearances even less than those used for cast-iron 
pistons. This closeness of fit, it is claimed, is main- 
tained throughout the life of the piston. The 
arrangement of this piston can be seen in Fig. 4. 
The crankshaft is carried in seven bearings formed 
in the upper portion of the casing. A Lanchester 
vibration damper is fitted to the front end of the 
shaft behind the fan belt-pulley, and there is a 
special device on the valve shaft for balancing the 
sleeve-valves. 

The induction manitold is cast on the outside of 
the cylinder block, and extends across the front of 
the block, where it is connected by a flanged joint 
with the carburettor outlet. The exhaust manifold 
is horizontally ribbed, and is mounted on _ the 
near-side with the carburettor, the latter being 
placed high at the front corner, with a warm-air 
muff about the exhaust manifold. The gas passes 
through a jacketted passage, with hot-spot, in the 
exhaust manifold before entering the induction 
manifold. Provision is made, by means of a small 
pocket in the induction manifold, to trap any fuel 
which collects while the engine is cold. 

The carburettor is of the standard Daimler type, 
with multiple jets. It differs from the standard | 


Fig. 2. PLan oF CHassIs. 

















Fic. 3. Hrat-TrREATED ALUMINIUM-ALLOY FRONT AXLE. 


model, however, in that the slow-running jet is an 
ordinary type, with its orifice in the float chamber, 
instead of the special jet previously mounted ex- 
ternally on the carburettor, and the slow-running 
mixture control is a simple air-bleed adjustment 
screw. The fuel feed is by an Autovac system from 
an 18-gallon tank at the back of the chassis, which 


|is protected by the usual Daimler slatted shield. 
| There is a further reserve supply of 2 gallons, and 


both feeds are controlled from the driving seat. 





The fuel consumption, with a standard Daimler 
saloon body under touring conditions, averages 
one gallon to 16 miles. The chassis, it may be 
mentioned here, weighs only 22 ewt. with wire 
wheels and 32-in. by 6-in. tyres. The cooling water 
is circulated by a glandless pump, leakage being 
prevented by a spring-loaded cone, seating against 
compressed graphite. Fig. 4 shows the large area 
of the water space about the jackets and heads, 
and also the aluminium cover. This cover is sealed 
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Fig. 4. 


Cross-SECTION OF ENGINE. 

















Fig. 6. UNDERSIDE OF ENGINE WITH CRANK-CASE REMOVED. 


by arubber joint, and gives access for removing the 
individual cylinder heads. The heads are sealed by 
lower junk rings and upper gaskets. The spark- 
plugs are in recessed central pockets, and are con- 
nected to the high-tension distributor by ‘‘ push-in ” 
terminal leads. The ignition timer-distributor is 
driven, by a cross shaft, through helical gearing 
from the valve shaft. The timing has automatic 
advance and retard, supplemented by hand control 
at the instrument panel. The sleeve-valve shaft, 
ignition mechanism, dynamo, water pump, and the 
oil pumps, are driven by an inverted tooth chain 
at the rear end of the crankshaft. The starting 
motor is housed on the off-side, and has the usual 





Bendix pinion engagement in the toothed rim of 
the flywheel. The car being designed for owner- 
drivers, all necessary details to allow of easy 
inspection and attention by an average owner have 
been carefully considered. 

The engine and gear box are separated by a short 
transmission shaft, the arrangement providing ready 
access to the clutch for removal or adjustment. The 
arrangement of the clutch mechanism comprises 
the flywheel member with a series of thrust springs 
spaced in a ring over the face, a driving plate with 
a sliding action connected to the flywheel, and a 
fabric-faced driven plate, which is connected to 
the gear shaft, and carries a set of three adjustable 


O1L-CooLER IN RADIATOR CASING. 


spider arms, and a thrust sleeve with a central thrust 
spring. Application of the clutch pedal, which 
has a ball bearing, withdraws the clutch from con- 
tact with the sliding plate, and when the pedal is 
released, the springs in the flywheel press the sliding 
member into driving contact with the fabric-faced 
member. The leading features of the four-speed 
gear box are large diameter of the shafts, which are 
hollow, and the limited girth of the box. It has 
centre control by a ball and socket pivotal lever. 
Behind the box is an emergency hand brake, which 
is of the expanding shoe-type in a ribbed drum. The 
wheel brakes are pedal controlled by means of the 
Daimler Company’s patented compensating gear 
between front and rear brakes. A single point 
adjustment, by a tee handle and screw under the 
bonnet, regulates the entire tension control. The 
propeller shaft has a universal metal-to-metal 
coupling, of star form, at both ends. The back 
axle is of the standard Daimler type, with Lanchester 
under-slung worm shaft and semi-floating driving 
shafts, and underslung semi-elliptic leaf springs. 
These and the front springs, of similar pattern, 
but above the axle, are gaitered, and have hydraulic 
dampers. It will be noticed in Fig. 1 that the rear 
springs are outside the frame and close to the wheel 
hubs. The front axle assembly is shown in Fig. 3. 
The axle beam is a heat-treated stamping of alu- 
minium alloy, and aluminium alloy is used for other 
parts of the chassis, such as the change speed gear 
box and axle gear case. The axle gear ratio is 
4-85 to 1, and at an engine speed of 2,600 r.p.m., 
the road speed is 60 m.p.h. 

A cam and lever form of steering gear is used, 
and the angle of the steering post is adjustable. 
Wire wheels and 32-in. by 6-in. tyres are fitted, 
and the instrument board, while ‘not overbur- 
dened, is very completely equipped. The side 
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frame members are 6 in. deep, and the structure is 
cross tied by three main tubular members and one 
stay beam across the front end. The wheel base 
measures 11 ft. 8 in. and the track 4 ft. 9 in., 
the overall length and breadth being 15 ft. 10 in. 
and 5} ft. There is a minimum ground clearance 
of 7 in., and the turning circle is 40 ft. Silentbloc 
(oil-less) bushes are fitted to the spring shackles and 
brake connections; grease nipples of the push-on 
type, for forced injection by gun, being used else- 
where. The well-known silence of the sleeve-valve 
engine has set a standard for the rest of the 
chassis ; provision against drumming and resonance, 
for example, being one of the notable features 
of a generally interesting layout. 

Messrs. Morris Motors, Limited, of Cowley, 
Oxford, are exhibiting a 15-h.p. six-cylinder 
Morris-Oxford chassis, which has some striking 
features, and is remarkable for the completeness of 
its equipment and competitive price as against the 
more popular imported models. The details are 
shown in Figs. 7 and 8 on this page, Figs. 9 to 14, 
Plate LVIII, and Figs. 15 and 16 on page 495. A 
consideration of the special details shows that con- 
siderable thought has been given to producing this 
popular-priced model, which combines features 
hitherto associated mostly with more expensive cars. 
These features include a means of cleaning and 
purifying the air for carburation, and for trapping | 
oil fumes from the crank-case; a mechanically- | 
operated Auto Klean oil filter; and automatic | 
thermostat control of the cooling water temperature. 
Other features are an anti detonating head, effective 
stiffening of the cylinders and crank-case casting, 
and renewable tappet guides. In addition, re- 





ference may be made to the camshaft silencing 
device ; the improved starting gear in conjunction | 
with the Bendix pinion drive; enclosure of the | 
whole of the transmission; use of cam and lever | 
steering ; and hydraulic four-wheel brakes with an 
auxiliary hand brake. The accessory fittings, such 
as the hydraulic shock absorbers, being now more 
or less common to most cars in the same category, 





need not be specially mentioned. The fascia board | 
is particularly neat, with the instruments grouped | 
at the centre. | 
The cylinder bore is 63-5 mm., and the piston | 


20000001 
00000004; 
000000 
290 
go 


OO O00 0! 





838884 | 



































: 














(1863.E) 


stroke 102 mm., which gives a formula rating of 
just under 15 h.p. The output is 35 b.h.p. at 
3,200 revs., and the equivalent road speed is 50 
m.p.h. on top with the standard axle gear. The 
compression ratio is 5-7 to 1. The connecting rods 
are light steel stampings of the usual I section, and 
have ring-type bearings die-cast in the big ends. 
The gudgeon pins are clamped to the connecting 
rods. A modified form of aluminium piston is 
used, and is claimed to be free from slap. The con- 
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necting rod and piston assemblies are balanced to 
within 0-2 of an ounce, and the crankshaft is 
balanced on an Olsen machine, and has four main 
journals with die-cast bearings. 

The cylinders and the upper part of the crankcase 
are cast in one piece, and a point is made of the 
specially reinforced transverse stiffening webs for the 
main bearings. The valves are on the near side, and 
are enclosed. The tappet guides are renewable, and 
there is the usual provision for adjusting the valve 
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and tappet clearance. Access for removal of the 
valves is secured by removing the cylinder head. 
The camshaft is carried in three bearings, and is 
driven by a duplex roller chain from the crank- 
shaft. It is provided with a spring-loaded plunger 
at the forward end bearing against the timing case, 
and maintaining a slight pressure on the thrust 
bearing. The exhaust manifold is on the near 
side and discharges at the front end into a pipe 
which is carried well below the chassis, and dis- 
charges through a tail pipe behind the back axle. 
Below the exhaust manifold, and bracketted clear 
of it, is an S.U. carburettor, supplied with fuel by 
an Autovac system from a 12-gallon tank at the 
back of the frame. The content of the tank is 
indicated automatically by an electric gauge on 
the instrument panel, and the tank is protected 
by a suitable guard. 

Above the cylinders, as shown in Fig. 8, is a light 
metal cover, under which is an absorbent filter 
and air intake. The carburettor draws air through 
a series of holes in the base and ends of the filter, 
from whence it passes to the carburettor, being 
warmed by contact with the cylinder head. The 
fumes from the crankcase pass, through two 
breathers integral with the cylinder casting, into the 
air filter chamber, and leave with the air to the 
carburettor through the curved pipe shown in 
Figs. 7 and 8. A graduated air strangler, operated 
from the driving seat, enables the mixture to be 
varied as may be required. The driving controls 
are operated by three small finger levers, grouped 
round a black disc on top of the steering post. 
One lever sets the throttle for slow-running position, 
the second controls the ignition timing, and the 
third controls the lamps, the head-lamp dipping 
mechanism, and the charging rate of the dynamo. 
The horn switch is in the centre of the disc. A 
centrifugal pump, on the off-side of the engine, 
circulates the water from the base of the jacket 
upwards through three ports, suitably arranged to 
ensure equable cooling, and discharges into the 
radiator. The temperature is maintained constant 
by a thermostat attached to the base of the upper 
tank of the radiator, and by a link motion which 
operates a set of vertically-pivoted shutters in 
front of the radiator, but flush with the casing. 
A belt-driven fan is fitted. The water pump is 
driven in tandem with the dynamo and vertical coil- 
ignition unit on the off-side, the coil unit running 
at half engine speed. This unit is visible in Fig. 8, 
and in the same figure will be noted, at the base, 
the Auto Klean scraper-filter, the handle of which is 
linked to the clutch pedal in order to give the 
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required twisting movement when the clutch is 
operated. A spur-gear pump in the oil sump, and 
driven off the camshaft, supplies oil to all the 
bearings under pressure. The oil is filtered before 
use by means of a filter around the intake, and 
passes through an external filter before entering 
the supply system to the bearings. 

The transmission system is shown in Figs. 9 and 
10, while details of the rear axle are given in Figs. 
11 to 14. The clutch is made up of light alloy 
plates with cork inserts, and is kept lubricated by 
the circulation system already referred to. The 
engine and gear-box are of unit construction, the 
engine bearers being insulated from the frame. 
The starting motor is bracketted to the clutch 
housing alongside the gear-box on the near-side, 
and the enclosed Bendix shaft is supported on both 
sides of the pinion. In the event of the starting 
gear locking, the shaft is provided for a spanner 
grip to facilitate rocking of the shaft to free the 
pinion. There are three forward gears and the 
usual reverse, the primary gear-shaft being mounted 
in ball bearings and the lay-shaft in bronze bearings. 
The splines of the primary shaft are ground all over, 
and the gears are of case-hardened nickel-chrome 
steel. The propeller shaft and back axle layout 
follows the standard model, comprising a totally 
enclosed hollow propeller shaft with a front universal 
joint of the ring type. The final reduction gear 
is of the spiral-bevel form, with a ratio of 5-25 to 1. 
The casing is a banjo-shape pressing of the standard 
Morris pattern. The four-wheel brakes are of the 
Lockheed hydraulic type, with pedal control from a 
self-replenishing master cylinder. The power is 
applied to each pair of brake-shoes through a pair 
of pistons in a double-ended cylinder in each drum. 
The hand-brake operates only in the rear drum, and 
is cable controlled. The lever has a ratchet trigger 
grip, and is normally in the horizontal position, as 
shown in Fig. 9. A fly-nut adjustment for the 
cable is embodied in a boss on the lever. 

Semi-elliptical suspension on long gaitered springs 
is used for both axles, the rear springs being under- 
slung. The front springs are shackled at the front 
ends to the projecting ends of a stout tubular cross 
member. Both sets of springs are outside the frame 
members, and are set so that the top line of the chassis 
is at a height of 18in. when loaded. They are attached 
to the axle slightly in advance of the centre position 
of the springs. This arrangement, though employed 
for some time by a few makers, has been adopted 
by several more because of its value as a preventive 
of front wobble. The steadying effect is supple- 





mented by hydraulic shock dampers, which are 
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fitted to both axles. The steering gear is the 
Bishop form of cam and lever, and can be seen in 
Figs. 9 and 10, while the inclined steering heads, 
brake drum, and ball-bearing hubs of the off side 
front wheel are shown in Fig. 15. The chassis is 
designed for roomy and enclosed bodywork. It is 
composed of the usual pressed-steel channel section 
members, and is stoutly cross-tied. The front ends 
of the side members provide an anchorage for a 
collision fender, which is one of the standard fittings 
of the chassis. The rear ends are tied by a special 
form of box pressing which supports the fuel tank, 
while the extremities have attached to them the 
brackets to which the back springs are shackled. 
The running board bearers are of channel section, 
and are fixed transversely to the lower flanges of 
the side members. Pressings, some of them of 
rather unusual pattern, are used wherever possible, 
and are among the important features of a very 
interesting chassis. 

The post-war models of Messrs. Lancia (England), 
Limited, 49, Pall Mall, S.W.1, have been among the 
few with more or less unique features, striking 
instances being the independent front suspension 
and the arrangement of the cylinder block, both of 
which are patented by the Lancia Company. These 
details have been retained in the new eight-cylinder 
model, which marks a transition from four cylinders 
to eight as a direct step, in contrast to the prevalent 
practice of progressing from a “four” to a “six” 
and onwards. 

Figs. 17 and 18, on Plate LIX, show the layout of 
this new “eight,” which is to be known as the 
Dilambda model. It combines a large horse-power 
with a low weight, following the lead of the maker’s 
older model. The cylinders have a bore of 79-37 
mm., and the piston stroke is 100 mm. The 
formula rating gives 31-2 h.p., but the output 
exceeds 100 h.p. at 4,000 revolutions. The chassis 
weighs 23 cwt. without fuel, but including Rudge- 
Whitworth wire wheels and tyres. It has a wheel- 
base and track of 11 ft. 4% in. and 4 ft. 94 in. res- 
pectively, the overall length being 14 ft. 11 in. 
The engine is shown in Figs. 19 and 20, Plate LIX, 
and Figs. 21 and 22, page 496. It will be seen that 
the cylinders are in two staggered rows of four 
per side with separate exhaust manifolds, having 
the outlets at the front end. The resultant overall 
length of the engine is the same as that of a “four” 
with the same cylinder dimensions. The cylinders 
are not vertical, but are inclined at 14 deg. This 
layout provides sufficient space for a separate 
bearing for each connecting rod big-end, and for 
five main bearings; the cylinders and crank-case, 
with the crankshaft bearing seats being a one- 
piece casting. The sump, or under casing, is 
deeper than usual, and provides ample space for 
lubrication, oil cooling, and access to the pump and 
filter. It is an aluminium casting with external 
ribbing for cooling. The combustion head is held 
by the usual stud bolts. 1t can be removed with the 
complete overhead valve and rocker assembly 
without disturbing the timing, and leaves the centre 
row of tappet guides intact with the camshaft 
underneath. Figs. 21 and 22 make this feature clear, 
Fig. 21 showing the central row of tappet guides 
after the head with the valve assembly has been 
removed, and Fig. 22 the assembly in place on the 
cylinders. The camshaft driving chain will also be 
noted. A pair of American duplex roller chains 
is used for the camshaft and other drives. The 
first or lower chain is arranged triangularly, and 
transmits the drive from the crankshaft to the 
second chain which drives the camshaft, the latter 
in turn driving a six-bladed fan. The first or main 
chain also drives the transmission gear which 
drives the dynamo, water and oil pumps, and 
the coil-ignition timer-distributor. The electrical 
equipment throughout is of Bosch manufacture. 
The position and external layout of these members, 
and of the starting motor, are shown in the off-side 
view of the engine, Fig. 19. The large covers on 
both sides of the cylinders give access to the jackets 
for cleaning, and to the crankcase. The water 
pump is of the rotor type, and is attached to the 
front of the timing case. The water temperature is 
governed by a thermostat. A double Zenith pump 
carburettor, with hot air pipe from the exhaust 
manifold and internal induction across the cylinder 
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| 
block is fitted on the near-side, as shown in| 
Fig, 20. | 
The fuel tank is at the back of the chassis, and the | 
construction suggests that it serves also as a cross- | 
stay for the frame. Its position is shown in the 
plan view of the chassis, Fig. 18, which also shews | 
the unusual centre frame stay. The tank holds | 
22 gallons, and supplies fuel to one or other of a | 
pair of Autopulse electro-magnetic pulsators; the | 
second one being provided as a stand-by, and each | 
having a 1}-gallon reserve to draw on. The position | 
of the oil filler and the Auto-Klean scraper-filter | 
can be seen in Fig. 20. There are two oil pumps, | 
one distributing the oil under pressure to the main 
and connecting-rod bearings, timing chains, and 
valve mechanism, while the other maintains the | 
oil level in the sump from a secondary tank, of | 
3-gallons capacity, on the dash, which also supplies | 
oil to a mechanical distributor forming part of the | 
central oiling laycut of the chassis. The oil is 
cooled before being pumped to the engine, by 
means of channels in the sump, through which the 
oil circulates over a large area along the base. The 
clutch is of the single-plate type, and the drive 
is through a four-speed and reverse gear-box with 
central lever control. An open shaft, in two sections, 
with universal couplings, transmits the drive to the 
axle, which has the hypoid arrangement for the spiral 
gear. With this layout, the driving pinion is offset 
from the centre of the crown wheel. The top gear 
ratio is 4:25to1. The axle casing is of pressed steel, 
of the usual banjo pattern in two sections, and seam 
welded. The four-wheel brakes have ribbed drums of 
16} in. diameter, and are controlled by cables through 
an equalising tension mechanism, which is con- 
veniently accessible, and is protected from mishap. 
The brakes are of the internal-shoe type, with inde- 
pendently-controlled shoes in the rear drums, and a 
single pair in the front drums. The brake drums are 
well within the wheel plane, and the hub bearings 








are correspondingly close to the axle supports. The 
side members of the chassis are 7 in. deep, increased 
to 15} in. forward of the dash. The cross tieing is 
also noteworthy as an example of stiffness combined 
with lightness; all the details are sheet metal 
pressings and welded where structural requirements 
permit. The rear suspension is on underslung semi- 
elliptical leaf springs, fitted with Silentbloc oil-less 
bushes. The front suspension is an improved form 
of the Lancia Company’s patented system, as used 
for the Lambda model. It provides a light and 
effective means of independent wheel displacement 
with a minimum of unsprung weight. The principal 
components are the tubular axle, which combines the 
function of a cross frame tie, and the hydraulic coil 
spring suspension of the front wheels. The steering 
column can be set at various angles to suit body 
requirements. 


(To be continued.) 








ELECTROMAGNETIC SOUND 
RECORDING, 

Tue recording of speech, music and other acoustic 
phenomena, and its subsequent reproduction to small 
or large audiences, has been brought to a high degree of 
perfection by the recent researches of the gramophone 
companies. The arrangements employed, however, 
involve a frequent changing of the discs, so that their 
application to the so-called ‘‘ talking films,’ which are 
now having so wide a vogue, presents certain difticul- 
ties. On the other hand, to overcome this disadvantage 
by the use of photo-electric devices giving a sound 
record on the film itself requires the use of complicated 
apparatus, both in recording and reproducing. Interest, 
therefore, attaches to the e'ectromagnetic system of 
recording and reproducing speech and music, which has 
been jointly devised by the Ludwig Blattner Picture 
Corporation, Limited, of 35, Little Newport-street, 
London, W., and the Telegraphie Patent Syndikat, of 
Berlin. 

This system, which was demonstrated at the studios 
of the former company at Elstree, last week, employs 
a steel wire, which is passed between the poles of an 
electromagnet. This magnet is energised by amplified 
currents from the microphone used for recording speech 
or music, and its poles are shaped so as to form a small 
circular orifice for the admission of the wire. Each 
element of the latter is therefore magnetised to an 
extent which depends on the current flowing through 
the coil at the time it is between the poles. In this way 
a magnetic record of the sound waves impinging on 








the microphone is obtained. If the magnetised 


ENGINEERING. 


31°2-100-H.P. EIGHT-CYLINDER 


[Oct. 18, 19209. 


MOTOR CAR. 


CONSTRUCTED BY MESSRS. LANCIA (ENGLAND), LIMITED, ENGINEERS, LONDON. 

















Fic. 21. 


PLan View oF ENGINE witH ComBusTION HEAD REMOVED. 

















Fig. 22. Puan View or Enerne SHowrna VALVE GEAR. 


wire is now run back between the poles of the same, 
or a similar, magnet, it will, in turn, induce current 
changes in the latter, and these changes can be am- 
plified and reproduced in the ordinary way. It will 
be seen that, in principle, the system is similar to that 
used in the telegraphone which was first shown by 
Valdemar Poulsen at the Paris Exhibition of 1900, and 
improved by him in 1906. It might, at first sight, 
appear that the degree of magnetisation thus obtained 
would be insufficient to give the necessary results, but 
in fact, with the help of an amplifying system, it is 
possible to generate sufficient acoustical volume for 
all requirements without distortion or greater sibilant 
effects than are evident with other systems. When 
used in connection with sound films it is, of course, 





necessary for the film and the wire to be synchronised. 
This, however, presents no difficulties. 

The system has other applications. For instance, 
it would enable a record of telephone conversations 
to be made, and can also be used as a substitute for 
the gramophone disc. In the latter case, it has the 
great advantage that long musical works, such as 
symphonies and operas, can be reproduced continuously. 
The portability of the wire coils also enables them to 
be used for educational, political, and other purposes 
in schools, institutions for the blind, &c. 

We understand that the coils do not easily lose their 
magnetism, and can safely be subjected to the hazards 
of railway and other means of transport without 
affecting their utility. 
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SHEET-METAL TESTING MACHINE. 


CONSTRUCTED BY MESSRS. W. AND T. 


AVERY, 


LIMITED, ENGINEERS, BIRMINGHAM. 
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SHEET-METAL TESTING MACHINE. 


WE illustrate on this page a simple, handy and reliable 
tool, which has been introduced by Messrs. W. and T. 
Avery, Limited, of the Soho Foundry, Birmingham, 
for testing the quality of metal sheets intended for 
press work, or alternatively for controlling the annealing 
of metal sheets of every description. 

The test pieces take the form of strips of metal 
about 2 in. wide and rather more than 4 in. long, and 
the test is made by pressing two cups, approximately 
hemispherical in shape, in the strip, In the first 
instance, the sheet, during the operation, is firmly 
clamped at the edges of the cup, and the test is then 
repeated with the edges free to slip but guided. This 
latter test, if taken alone, may show the metal to be 
ductile, but this is not necessarily a proof of what 
has been termed its workability. An excellent indica- 


tion of this latter property is, the makers state, | 


afforded by a comparison of the heights of the cups, 
en in the two tests, prior to the fracture of the 
metal. 
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The tester is a hand tool, and is shown complete 
with its stand, or base plate, in Fig. 1, above. This 
base plate is intended to be bolted to a bench, or held 
in a vice. It has two square holes formed in it, one 
large and one small, which match with corresponding 
squares on the tester. 

The construction of the latter is clearly shown in 
Figs. 2 to 5, on this page. In making a test, the instru- 
ment is mounted on the base plate so that the square, 
shown at a, Figs. 2 and 3, fits into the larger of the 
two holes in the base plate. The central sleeve b of the 
tool is thus held fast, so that by rotating the handles, 
which pass through a large slot in the outer sleeve c, 
the two hardened steel collars, shown at d, d, can be 
separated from each other, and the specimen slipped 
between them. By reversing the motion of the handles, 
the specimen is then lightly clamped, and its thickness 
read off from the upper set of scales shown in Fig. 3, 
the readings being to 0:01 mm. This done, the 
handles are turned so as to get a good grip on the 
specimen with the serrated surfaces of the collars, 


These heights are read directly from scales | and the tester is then transferred to the second hole 


engraved on the instrument, the greater the difference | in the base plate, into which fits the square shown 
between the two heights, the greater, it is stated, is | at e, Figs. 2 to 4. 


the workability of the material. If the two heights 


If the handles be now rotated, the hardened steel 


are much the same, the metal, soft though it may be, | ball f can be forced up into the plate, producing a 


will not, it is said, withstand severe deformation. 


| cup. During this procedure, the top of the plate is 


kept under observation, and the motion stopped when 
the first crack appears. The depth of the cup is 
then read off from the scales shown in Fig. 2, which 
read to 0:02 mm. 

To make a slip test, the two hardened steel gripping 
collars d, d are reversed in their seats so as to being 
their smooth sides in contact with the specimen. 
This is lightly gripped, and the test made as before. 
Ball bearings are provided both under the lower of the 
two gripping collars and under the ball carrier. 

The tester shown can, if required, be used for mild 
sheets as much as 10 B.G. thick, but the makers 
recommend that, in general, steel sheets to be tested 
should not be more than ¥ in. thick. 








A PNEUMATIC GOBBING PACKER. 


In the longwall system of coal mining, the whole of 
the seam is removed in a long face, the roof behind 
which is allowed to fall, or the excavation, which is 
technically known as the goaf, is filled in with stone or 
rubbish. This system is the most suitable for use at 
great depths, since the pressure of the superincumbent 
strata is thrown on the goaf and its packing and not 
on the coal pillars, which are left when the bord-and- 
pillar system is employed. If, however, the packing 
is to act as an effective support, it must be rammed 
tightly up to the roof, and when the goafs are low and 
extend some distance horizontally this means con- 
siderable strain on the men, if the necessary work is 
effected manually. Moreover, if the packing is not 
tight, gradual subsidences occur, and the disadvantages 
of the bord-and-pillar system are therefore postponed 
rather than overcome. As the expense of packing is a 
material item in the total cost of mining, it follows 
that any method of reducing it is worth considering. 
It is not surprising, therefore, that attempts have 
been made to discover improved means of carrying out 
this work. 

One of these, which experience in the Ruhr district 
has shown to be successful, is the use of compressed air 
for forcing the packing material, or gobbing, into the 
goaf, and a machine, which enables this to be done in 
an easy and convenient fashion, has been designed by 
the Demag A.-G. of Duisburg, Germany. This consists 
essentially of a vibratory plate conveyor supported on 
rollers, down which the gobbing is shaken into a housing. 
Inside this housing it is met by a jet of compressed air, 
which forces it out through an opening at right angles 
to its original direction. The conveyor can be fixed 
at any desired height by means of clamps, and can be 
swung round in any direction. The delivery nozzle 
can also be tilted to an angle of 15 deg. or 20 deg. with 
the horizontal by means of jacks on the top of the 
housing, and this angle can be increased by the use 
of special devices. 

As regards operation, the packer is first fixed to the 
conveyor, which is rigidly supported, so that the nozzle 
is opposite the highest point of the goaf. The conveyor 
is then started, and the compressed air admitted to the 
housing. The result is that the gobbing is forced into 
the goaf at a high velocity, thus giving a firm and solid 
filling. When one section of the goaf has been dealt 
with in this way the clamps, which secure the housing 
to the floor, are slacked back and the filler is automati- 
cally carried along to the next section, owing to the 
motion of the conveyor. To prevent it going too far, 
it is secured by a chain of appropriate length to a hold- 
fast in the wall of the goaf. When the new position 
is reached in this way, the housing is re-clamped and 
the filling operation proceeds as before. The length 
of the chain is arranged so that every part of the goaf 
will be properly filled, and in this way practically 
continuous working is obtained. 

As both the housing and delivery pipe are designed 
so that they can make any desired angle with the 
conveyor, the direction in which the material is pro- 
jected can be easily adjusted to suit the height and 
depth of the goaf. It has also been found unneces- 
sary to use wire-netting or stakes for partitioning 
purposes, since the packing is uniform and no gaps 
are left. 

The compressed air for operating the filler is obtained 
from the mine system through a flexible pipe at a 
pressure of from 4-5 to 5 atmospheres absolute (66 lb. 
to 73 lb. per square inch), and the amount used at these 
pressures varies from 12 cub. m. to 15 cub. m. (424 
cub. ft. to 530 cub. ft.) per minute. The standard 
filler can deal with material up to 100 mm. (4 in.), and 
tests have shown that about 30 cub. m. (1,060 cub. ft.) 
can be filled per hour. As regards labour, from two to 
four men are necessary to load the conveyor, with 
another one or two to look after the filler itself, 
depending on the thickness of the seam. It is stated 
that the filler, a number of which are now in use 
both in the Ruhr and in Silesia, can be worked on 
seams the thickness of which varies from 0-8 m. to 2°5 m, 
(2-6 ft. to 8-2 ft.), and that a pattern, which will 
deal with larger material than that mentioned above, 





is being experimented with. 








THE LATE MR. HENRY NIELD 
BICKERTON. 


Aw outstanding personality in the development of 
the internal-combustion engine and in the engineering 
industry of the Manchester district has, we regret to 
have to record, been removed by the death, on October 6, 
of Mr. Henry Nield Bickerton, the founder and chair- 
man of The National Gas Engine Company, Limited, 
Ashton-under-Lyne. At the date when Mr. Bickerton 
commenced the manufacture of the gas engine, con- 
siderable courage and foresight was required in putting 
on the market a prime mover for which, owing to the 
dominance of the steam engine, there was little demand, 
but, with characteristic energy and determination, he 
set about the task of producing a gas engine to replace, 
for small plants, the combination of vertical steam 
engine and boiler which was then so popular. His 
first design, of a two-cycle engine, was brought out in 
1879, when he was 23 years of age, and a considerable 
number of engines were produced. He was at that time 
working on his own account in a small works in Park- 
street, Ashton, after having acquired a general educa- 
tion in Tettenhall College, near Wolverhampton, and 
engineering experience in the employ of his uncle, who 
was engaged in the manufacture of printing machinery. 

The two-cycle engine was followed by a four-cycle 
design, constructed on such effective lines that it could 
be produced at a price which compared economically 
with the favourite small steam plants. The increasing 
demand which followed necessitated larger premises, 
and Mr. Bickerton removed to a factory in Wellington- 
street, which had been used by Isaac Boulton, a well- 
known locomotive engineer. Here he founded, in 
1890, the National Gas Engine Company, an organisa- 
tion which has steadily progressed until it occupies 
to-day some 30 acres of land, and employs over 1,000 
workpeople. As to the firm’s progress in matters of 
design, the pages of ENGINEERING record a succession 
of developments, not only in size and detail, but in type, 
as witnessed by the description of the National-Michell 
crankless gas engine on page 220 of vol. cxxv. As to 
size, the little engines of the founder’s early days are 
now accompanied by engines developing anything up 
to 1,500 h.p. 

Mr. Bickerton was, however, not content to confine 
his activities to one form of internal-combustion engine 
only, and after investigating the possibilities of the 
crude oil engine, and acquiring the rights of Messrs. 
Mirrlees Watson Company, Limited, Glasgow, in their 
type of Diesel engine, in association with his colleague, 
Mr. Charles Day, he founded the company of Mirrlees, 
Bickerton and Day, Limited. The works of this 
company are situated at Hazel Grove, near Stockport, 
and from them crude oil engines on the two-cycle 
stroke principle up to 2,000 horse power, and on the 
four-cycle stroke up to 1,000-h.p., have been turned 
out. Descriptions of these engines also have from time 
to time found a place in these columns. It may be 
added that Messrs. Mirrlees Watson Company, Limited, 
and Messrs. Mirrlees, Bickerton and Day, Limited, are 
now controlled by the same board of directors. 

In smaller matters as in large, Mr. Bickerton took 
an active part, for instance, he was responsible for the 
development of the penny-in-the-slot gas meter, now 
in such general use. That he found time to take an 
effective share in the public life of Ashton and district 
is indicated by the fact that Mr. Bickerton was a 
Justice of the Peace for Lancashire, and a member of 
the County Council. Failing health only, no doubt, 
prevented his election to the Mayoralty of Ashton. 
Mr. Bickerton became a member of the Institution of 








Mechanical Engineers in 1903, and extended a welcome 
to those members of the Institution attending the | 
summer meeting of this year to his beautiful seat, | 
Thornycroft Hall, near Crewe. Those members, how- | 
ever, who were able to accept the invitation were | 
disappointed that sickness prevented Mr. Bickerton, | 
who was 73 years of age, being present himself at | 
the enjoyable function he had provided. | 
| 

} 

| 

| 








THE STAHL UND Eisen TRADES DIREcTORY.—-The 
—- of the German technical journal Stahl und | 

isen have issued a trades directory, compiled from | 
advertisements appearing in the journal and written | 
in the German language. The brochure is divided into a | 
number of sections, the first of which consists’ of a list of | 
the names and postal and telegraphic addresses and the | 
telephone numbers of advertising firms. The second 
section comprises a key to.the.telegraphic addresses and a | 
list of the codes used by the firms. The trades directory | 
proper contains an alphabetical list of materials, products | 
and equipment, and under each heading is to be found a | 
list of manufacturers of the material or product concerned. | 
Glossaries of the headings in English, French, Spanish, 
and Italian are included in the brochure. The directory | 
is of handy size and is well printed. Engineers familiar 
with the ENGINEERING Directory will not fail to note the | 
close similarity between the German work and our own. | 
The Stahl und Eisen Directory (Bezugsquellen-Nachweis) 
is obtainable from Messrs. Verlag Stahleisen, m,b,H., 
Breite Strasse 27, Diisseldorf, Germany. 
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TENDERS. 

WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the referenee number given being quoted in each case. 

Points and Crossings.—The supply of spring points 
and crossings for 40-kg. rails. The Companhia dos 
Caminhos de Ferro da Beira Alta, Portugal ; October 24. 
(Ref. No. A.X. 8655.) 

Timing Clocks.—The supply of timing clocks. The 
Deputy Director of Posts and Telegraphs, Melbourne, 
Australia; January 7, 1930. (Ref. No. B.X. 5762.) 

Exhauster Fans.—A firm in Winnipeg, Canada, 
desires to receive quotations for the supply of a pair 
of exhauster fans and motors. (Ref. No. A.X. 8643.) 

Battery-charging Generators.—The supply and delivery 
of battery-charging motor generators, transformer and 
oil switch for the Posts and Telegraphs Department, 
Wireless Section, Simla. The India Store Department, 
Simla; November 12. (Ref. No. B.X. 5774.) 

Canal Construction.—The construction of the Haccourt- 
Briegden section of the projected Liége-Antwerp Canal. 
The Belgian Ministry of Public Works; November 29. 
Ref. No. A.X. 8663.) 

Motor Cycle and Cycle Accessories.—The supply of 
cycle, motor-cycle and motor-car accessories and spare 
parts for the South African Police. The Union Tender 
Board, Pretoria, South Africa; November 21. (Ref. 
No. A.X. 8659.) 

Telegraphic Testing Instruments.—The supply and 
delivery of testing instruments. The Deputy Director, 
Posts and Telegraphs Department, Melbourne Australia ; 
January 7, 1930. (Ref. No. B.X. 5786.) 

Spring Points.—The supply of spring points for 30-k.g. 
Companhia dos Caminhos de Ferro da Beira Alta, 
(Ref. No. A.X. 8679.) 


rails. 
Portugal ; October 25. 





BOOKS RECEIVED. 


United States Bureau of Mines. Technical Paper 
No. 454. Permissible Junction Boxes. By L. C. 
InsLtey and R. A. Kearns. Washington: Government 
Printing Office. [Price 10 cents. ] 

Modern Architecture. By Bruno TAavt. The 
Studio, Limited. [Price 30s. net.] 

Facades of Buildings. Fronts of Old and Modern Business 
and Dwelling Houses. By WERNER HEGEMANN. 
London: Ernest Benn, Limited. [Price 42s. net. ] 

A Schedule System for the Control of Operations in Work- 
shops. By H.H. Saunpers. Technical Paper, No, 273. 
[Price 8 annas or 10d.] No. 275. An Enquiry into 
the Method of Preparation of Periodic Financial 
Returns on the Railways of Great Britain, Egypt and 
Palestine. By Mason H. W. Waastarr. [Price 
10 annas or ls.] Calcutta: Government of India, 
Central Publication Branch. 

Mines Department. Safety in Mines Research Board. 
Paper No. 54. The Ignition of Fire Damp by the 
Heat of Impact of Metal against Rock. By M. J. 
Burcess and R. V. WHEELER. London: His 
Majesty’s Stationery Office. [Price 6d. net.] 

Mines Department. Seventh Annual Report of the Safety 
in Mines Research Board, 28. London: His 
Majesty’s Stationery Office. [Price ls. net.] 

Aeronautical Research Committee. Reports and Memoran- 
da No. 1238. The Effect of Body Interference on the 
Efficiency of an Airscrew. By C. N. H. Lock. [Price 
6d. net.] No. 1239. The Application of the Theoretical 
Velocity Field round a Spheroid to Calculate the Per- 
formance of an Airscrew near the Nose of a Streamline 
Body. By C.N.H. Lock. [Price 4d. net.] No. 1241. 
Experiments on a Series of Symmetrical Jonkowski 
Sections. By A. Face and oruHers. [Price ls. net.] 
No. 1242. The Force and Moment on an Oscillating 
Aerofoil. By H. Guavert. [Price 9d. net.] No. 1243. 
Wind Tunnel Tests on a Symmetrical Aerofoil (Gottin- 
gen 429 Section). By W.-G. A. Perrine. [Price 4d. 
net.]. London: His Majesty's Stationery Office. 

Institute of Metals. Nineteenth May Lecture. States of 
Mind which Make and Miss Discoveries with Some 
Ideas about Metals. By Str OLIVER Lopce. Reprinted 
from the Journal of the Institute of Metals. Vol. XLI. 
1929. London: Offices of the Institute. [Price 5s. 


net. } 





London : 


| Department of Overseas Trade. Economic and Financial 


Conditions in Germany, 1928-29. Report. By J. W. F. 
J. KavanacH. London: His 
Majesty’s Stationery Office. [Price 3s. 6d. net.] 
China. A New Aspect. By H. Strincer. London: 

H. F. and G. Witherby. [Price 12s. 6d. net.] 

Ente Autonomo per L’Acquedotto Pugliese. Relazione 
al Parlamento. Sull’ Andamento dell’ Azienda Durante 
L’Anno 1928—VI. Bari: Gius. Laterza and Figli. 

Overhead Power Lines. Elementary Design and Calcula- 
tions. By Capt. W. MorecomBE. London: Chapman 
and Hall, Limited. [Price 15s. net.] 

American Society for Testing Materials. 1929 Supplement 
to Book of A.S.T.M. Standards. Philadelphia: Offices 
of the Society. [Price 1 dol. 50 cents. ] 

University of Michigan. Proceedings of the Fifteenth 
Annual Conference on Highway Engineering. Held at 
the University of Michigan. February 20 to 23, 1929. 
Ann Arbor, Mich.: University of Michigan. 

Department of Overseas Trade. Economic and 
Financial Situation in Egypt. June, 1929. Report. 
By R. M. Turner. London: His Majesty's Sta- 
tianery Office, [Price 2s, 6d. net.] 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—While supply of Cleveland 
pig iron is such as to enable customers readily to cover 
needs, it is not too plentiful, and a small increase in 
demand would tend to tighten up the position. Second 
hands are underselling makers somewhat, but their 
holdings are not heavy, and ironmasters continue to 
arrange home contracts for supply up to the end of the 
year at their fixed minimum figures. The few export 
inquiries in the market lead to small odd sales only. 
Prompt parcels are obtainable at prices named for 
forward delivery. Makers’ stocks are low and output 
is well taken up as it becomes available for distribution. 
A little Midland foundry iron is still being consumed at 
works on Tees-side. No. 1 Cleveland is 75s.; No. 3 
g.m.b., 72s. 6d.; No. 4 foundry, 71s. 6d.; and No. 4 
forge, 71s. 

Hematite.—Producers of East Coast hematite are unable 
to secure orders except by accepting terms entailing 
something like 4s. loss, and rather than sell at such figures 
some firms are stocking their output. Unless values 
quickly approach nearer economic level, a few furnaces 
may ut out of action in the near future. Mer- 
chants hope to be able to obtain prices better than those 
ruling at present, and are consequently less disposed than 
they have been to unload their holdings. Quotations 
are not definitely fixed, but market rates may be put 
at the equivalent of ordinary qualities at 76s. 6d. 


Foreign Ore.—Sellers of foreign ore have little to 
offer, and consumers are sufficiently well bought to 
enable them to pursue a waiting policy. Nominally, 
market rates remain on the basis of best rubio at 24s, 6d. 
c.i.f. Tees. 

Ironstone Miners’ Wages.—Cleveland ironstone mine 
owners met the miners’ representatives this week, when 
the latter submitted a proposal to alter wages so as to 
increase the base rates, but after a long discussion the 
owners intimated that in their opinion, with the industry 
in its present transitional state, the time was inopportune 
for re-opening the base rate question. It is stated that 
the suggestion of the miners would mean an addition of 
something like 25,0001. to the annual wage bill at the 
mines. An advance of 1} per cent. in ironstone miners’ 
wages for the last quarter of the year was agreed to. 


Blast-Furnace Coke.—Increasing scarcity of Durham 
blast-furnace coke is causing much uneasiness. Up to 
23s. 9d. is named for good average kinds delivered 
here. 

Manufactured Iron and Steel.—Manufactured iron 
and steel output is heavy, and, in all departments, firms 
have good order books, but new business develops 
slowly. Quotations remain steady and firm. Common 


iron bars are 101. 15s.; best bars, lll. 5s.; double 
best bars, 117. 15s.; treble best bars, 12/. 5s.; iron 
rivets, 111. 10s.; packing (parallel), 8/.; packing, 


(tapered), 10/.; steel billets (soft), 61. 17s. 6d.; steel 
billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 2s. 6d.; steel rivets, 11/. 5s.; steel ship plates, 
8l. 12s. 6d.; steel angles, 8/. 2s. 6d.; steel joists, 
81. 2s. 6d. ; heavy sections of steel rails, 87. 10s. ; black 
sheets, 10/. 7s. 6d.; and galvanised corrugated sheets 
137. 10s. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Hull Coal Traffic.—That big strides are being made in 
the effort to recapture and extend export trade is con- 
vincingly shown by the latest returns relating to coal 
traffic via Hull. Though last month was only a four 
weeks period, the quantity sent overseas, 196,774 tons, was 
45,552 tons greater than that in the corresponding month 
last year, and represented a four weeks record for the year. 
The nine months’ exports, which aggregated 1,579,261 
tons, were 700,218 tons in excess of those for January 
to September, 1928. Last month large sales were made 
to France, Holland, Germany, Lithuania and Esthonia. 
In each of these cases business was on a broader basis 
than in September, 1928. Sweden, Italy and Norway 
again took considerable tonnages, though each bought 
less than in the corresponding month last year. Active 
conditions were also maintained with Canada, Egypt, 
Belgium and the Falkland Islands. 


Iron and Steel.—Production in the local heavy trades is 
much greater than pessimistic writers would have the 
public believe. Sheffield was one of the few centres 
which was able to show a greater output of steel in August 
than in July. Totalling 113,400 tons, that output 
was 16,000 tons larger than in the preceding month, 
and represented an expansion of over 25,000 tons as 
compared with production in the corresponding month 
last year. Basic steel was again the principal medium, 
though the output of acid steel was surprisingly large 
having regard to the apparent paucity of railway orders 
on both home and foreign accounts. Steps are being 
taken to reduce steel foundry capacity, which is in excess 
of current requirements. Operations at forges and 
rolling mills continue to be of a spasmodic character. 
Latest quotations are as follow :—Siemens acid steel 
billets, 97. 10s.; hard basic-steel billets, 7/. 12s. 6d. to 
91. 12s. 6d.; soft basic-steel billets, 7/.; Derbyshire 
foundry pig iron, 73s. 6d. ; Derbyshire forge iron, 69s. 6d. : 
Lincolnshire foundry iron, 75s. 6d. ; crown iron bars, 111. ; 
iron hoops, 12/.; steel hoops, 9/. 58. to 101. 5s.; sott 
basic rods, 8/.; basic steel scrap, 69s. 6d. The heavy eng!- 
neering trades expect to derive considerable advantage 
from the de-rating scheme providing benefits are wisely 
applied, and are not used to feed internal competition. 
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through the bolstering of uneconomic selling prices. 
Steelmakers who cater largely for road-making and quarry- 
ing implements are preparing to increase supplies of 


rolled materials. The placing of orders for the large | 


amount of equipment which will be needed for the further 
electrification of the main line from London to Brighton 
is awaited with interest. A Derbyshire firm which is 
also busily engaged in the manufacture of cast-iron pipes 
is to supply a large winding engine for gold mining 
purposes in South Africa, Admiralty orders have been 
received for micrometers, and stainless parking place 
studs are to be made locally for the Ministry of Transport. 
Active conditions prevail in the manufacture of magnets 
and hacksaw blades. 


South Yorkshire Coal Trade.—-Considering the mild 
weather, orders in the house-coal section are fairly healthy, 
though forward business is not developing quickly at 
the advanced rates. Industrial fuel is a moderate 
market on inland account, but export requirements 
are encouraging, best steams and washed grades being 
indemand. A better inquiry is reported for rough slacks 
and smalls. The strength of the coke position is main- 
tained in all departments. Quotations: best branch 
hand picked, 26s. 6d. to 28s. ; Derbyshire best brights, 
21s. to 23s.; best house coal, 20s. 6d. to 21s. 6d. ; screened 
house coal, 18s. 6d. to 20s.; screened house nuts, 16s. 6d. 
to 18s.; Yorkshire hards, 15s. 6d. to 17s. ; Derbyshire 
hards 15s, 6d. to 17s. ; rough slacks, 9s. to 10s.; nutty 
slacks, 7s. to 8s.; smalls, 3s. to 5s. 








NOTES FROM THE SOUTH-WEST. 


CarDIFF, Wednesday. 

The Coal Trade.—In the event of the coalowners and 
the miners being able to come to an agreement in respect 
to wages and the hours of working in the coal industry 
after the end of this year, the outlook for 1930 may be 
regarded as encouraging. Contracts have already been 
negotiated for deliveries during 1930, at prices in excess 
of those obtaining a year ago. This, however, does not 
mean that the values for next year are in all cases at 
remunerative levels, for business contracted for a year 
ago for delivery in 1929 in most cases have shown 
heavy losses. It does not follow, therefore, that the higher 
figures now obtained will mean profits. The prospects 
of the industry, provided there is no stoppage, are, how- 
ever, much brighter, for contracts for 1930 have been 
placed on a larger scale than was the case a year ago. 
A considerable volume of business is also under dis- 
cussion. Amongst the new inquiries in the market are 
the British Admiralty, who want about 250,000 tons of 
coal compared with a pre-war taking of 1,750,000 tons. 
As usual, no quantity is mentioned, but collieries are 
invited to state how much they are prepared to supply 
and at what price. The Algerian State Railways also 
want prices for 220,000 tons of patent fuel or large 
coal, with delivery over eight'months, and the Portuguese 
State Railways are asking for 150,000 tons of small over 
five months. The Paris-Orleans Railway have bought 
25,000 tons of patent fuel, and are asking prices for 
50,000 tons of coal, while the Paris, Lyons and Mediter- 
ranean Railway invite tenders for 25,000 tons of patent 
fuel. Tenders have just been opened-for the Brazilian 
Central Railway’s requirements of 200,000 tons of large 
and small coal delivered over four months. The lowest 
price has been submitted by a Cardiff firm, but the busi- 
ness is not expected to be placed for another week at 
least. The Norte Railways of Spain and the Egypt- 
ian. State Railways are also in the market for large 
coal. Even if all this business is placed for Welsh 
coal, it will only represent a fraction of the output 
of South Wales, which at present is in the neighbourhood 
of 96,000 tons a week. Furthermore, the business does 
not represent new orders, but the renewal of bookings. 
Nevertheless the interest now shown in Welsh coal 
and fuel is decidedly encouraging. Yet, despite the 
fact that foreign shipments of coal in the past month, 
at 2,158,504 tons, were 353,043 tons greater than was 
the case in August, to-day one colliery had no fewer 
than 3,800 wagons held up under load with 40,000 tons 
of large coal, on account of failure to secure orders and 
obtain a clearance of trucks. Many collieries are unable 
to continue winding on account of the slow movement of 
large coal and the consequent scarcity of empty wagons. 
On the other hand, demand for sized and small varieties 
continues as keen as ever, but production is curtailed 
and collieries and shippers are in arrears with deliveries. 
While large coal is plentiful at the schedule of minimum 
prices, sized and small varieties command relatively 
high prices. 








_ SWANSEA Trn-PLaTE Market.—The Incorporated 
‘Swansea Exchange informs us that the inquiry for 
tin-plates has been good during the past week, and that 
more business has been done. Most of the works are 
now well booked up with orders, and have little material 
to sell for delivery before February next. 





oe THE PuysicaL AND Opticat SocretIEs’ EXHIBITION.— 
rhe twentieth annual exhibition of electrical, optical and 
other physical apparatus is to be held by the Physical 
and the Optical Societies on January 7, 8 and 9, 1930, 
at the Imperial College of Science and Technology, 
South Kensington, London, S.W.7. As on previous 
occasions there will be a trade section and a research 
and experimental section, and, in addition, a new section 
tor the work of apprentices and learners is to be intro- 
duced. _ Offers of exhibits in the research section should 
be received not later than October 30 by the Secretary, 
Exhibition Committee, 1, Lowther-gardens, Exhibition- 
road, London, S.W.7. Printed particulars of the 
apprentices’ section will be sent on application to the 
Secretary at the address given ahove, 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—Conditions in the Scottish steel 
trade have shown little change during the week. The 
home consumers continue to specify a fair tonnage of 
material but export orders are fewer in number and the 
total volume shows signs of falling off. Local ship- 
builders, in general, are not booking any distance ahead. 
In the black-sheet trade a fair amount of activity is the 
order of the day, but makers are quite fit to cope with a 
heavier demand than has yet come from the overseas 
buyers. The tonnage already booked for the Eastern 
market is, nevertheless, very satisfactory. The heavier 
kinds are still very dull and buyers are few. Home prices 
are unchanged but Continental material is being offered at 
fairly attractive prices. The following are the current 
market quotations :—Boiler plates, 10/. 10s. per ton; 
ship plates, 8/. 12s. 6d. per ton; sections, 8/. 2%. 6d. per 
ton; black sheets, 4 in., 91. per ton; galvanised corru- 
gated sheet (No. 24 gauge), 13/. 10s. per ton, all delivered 
at Glasgow stations. 

Malleable-Iron Trade.—In the West of Scotland mal- 
leable-iron trade a very dull state prevails and the 
demand is very much of the hand-to-mouth description. 
Orders are coming in very slowly and difficulty is often 
experienced in securing sufficient work to keep plant 
running. The re-rollers of steel bars are also very quiet 
and in each branch of the industry the severity of the 
Continental competition is very keenly felt. The current 
market quotations are as follow :—‘‘Crown” bars, 
10/. 5s. per ton for home delivery and 9/. 15s. per ton for 
export ; re-rolled steel bars, 7/. 15s. per ton both for home 
and export lots. 

Scottish Pig-Iron Trade.—There has been no expansion 
of business in the Scottish pig-iron trade during the week 
and the present output can more than meet the current 
demand. Consumers of foundry iron are not specifying 
for any large lots and hematite is also rather slower of 
sale. The demands from overseas are somewhat poor 
at present. The following are the prevailing market 
quotations: Hematite, 80s. per ton, delivered at the 
steel works; foundry iron, No. 1, 78s, 6d. per ton, and 
No. 3, 76s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, October 12, amounted to 596 tons. Of that 
total, 536 tons went overseas, and 60 tons coastwise. 
During the corresponding week of last year the figures 
were 515 tons overseas and 66 tons coastwise, making 
a total shipment of 581 tons. 


Shipbuilding.—Messrs. John Lewis and Sons, Aber- 
deen, are reported to have received an order to build a 
vessel of 1,600 tons deadweight for Messrs. R. W. Lamb 
and Company, Sydney. This vessel is intended for 
trade between Australia and New Zealand. Messrs. 
Lewis have also booked an order for a 500-ton collier of a 
special type for a Sydney firm of owners.—Messrs. 
Alexr. Stephen and Sons, Limited, Linthouse, have 
secured a contract to build two large vessels for the 
British-India Steam Navigation Company, Limited. 
These will be twin-screw turbine vessels of large pas- 
senger-carrying capacity. 








THE INDUSTRIAL DEVELOPMENT OF DONCASTER.—A 
large area of land within and adjoining the County 
Borough of Doncaster, and known as the Doncaster 
North West Development Scheme, is to be opened up 
for industrial purposes. The land will have both rail and 
river frontages. A railway trunk line is under construc- 
tion from the London and North Eastern Railway main 
line, and sidings can be obtained from it to the works sites. 
The Sheffield and South Yorkshire Navigation Company 
will give facilities for the transport of goods by water 
to Sheffield, Goole, and Hull, An abundant supply of 
water is available, and as there are seven collieries within 
five miles, and 23 within ten miles, of the Borough, a 
plentiful supply of coal can be relied upon. Cheap and 
reliable supplies of electricity and gas are also available. 





Contracts.—Messrs. The Westinghouse Brake and 
Saxby Signal Company, Limited, 82, York-road, London, 
N.1, are supplying power-signal material for the 
re-signalling, on the electro-pneumatic principle, of 
Bombay Central Station, on the Bombay, Baroda and 
Central India Railway. The material includes an 
119-lever power locking frame, an illuminated diagram, 
alternating-current track circuits, &c., electro-pneumatic 
facing point layouts, three-aspect colour light signals, 
and two-aspect globe-type shunt  signals.—Messrs. 
Siemens Brothers and Company, Limited, Woolwich, 
S.E.18, have received the contract to make and lay a 
new Anglo-Belgian telephone cable, over 75 miles in 
length, which will run from Canterbury to La Panne, 
Belgium. The cable will duplicate the present land 
and submarine line laid by Messrs. Siemens on the 
same route in 1926.—The contract for the construction 
of 56 motor coaches for the Buenos Aires Central 
Railroad and Terminal Company’s new underground 
railway, at present under construction in Buenos Aires, 
has been awarded to Messrs. The Metropolitan-Cammell 
Carriage, Wagon and Finance Company, Limited, 
Birmingham. The electrical equipment of the coaches 
has been sub-let by the contractors to The General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2.—Messrs. John I. Thornycroft and 
Company, Limited, have received an order to build a 
twin-screw steel motor yacht for Mr. V. G. Graae, of 
London. The vessel will be 136 ft. in length, 23 ft. in 
breadth, and 13 ft. 3 in. in depth. The propelling machinery 
will comprise two sets of Gardner marine cold-starting 
heavy-oil engines, each developing about 250 b.h.p, 





NOTICES OF MEETINGS. 





INSTITUTION OF MECHANICAL ENGINEERS,—To-night, 
6 p.m., Storey’s Gate, S.W.1. Presidential Address by 
Dr. D. Adamson. Graduates’ Section : Monday, October 
21,7 p.m., “ Safety in Flight,’’ by Mr. S.S. Hall. Midland 
Branch: Thursday, October 24, 6.30 p.m., Queen’s 
Hotel, Birmingham. “Corrosion of Metals and its 
Prevention,”” by Mr. H. E. Yerbury. London: Friday, 
October 25, 7 p.m., Storey’s Gate, S.W.1, Informal 
Meeting. ‘‘ The Requirements of Overseas Locomotive 
Engineers in respect of Locomotive Design and Details,” 
introduced by Mr. P. C. Dewhurst. 

JUNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘‘ Some Recent French 
Railway Construction,” by Mr. W. A. Willox. Friday, 
October 25, 7.30 p.m., “ Electric Welding as Applied to 
Bridges and other Structures on the L, and N.E. Rail- 
way,” by Mr. H. Bruff. 

INSTITUTION OF ELECTRICAL ENGINEERS.—North 
Eastern Centre : Monday, October 21, 7 p.m., Armstrong 
College, Newcastle-upon-Tyne. Chairman’s Address; by 
Mr. B. A. Robinson. London: Thursday, October 24, 
6 p.m., Victoria-embankment, W.C.2. Presidential 
Address, by Colonel Sir T. F. Purves. 

BraDForD ENGINEERING Socrety.—Monday, Octo- 
ber 21, 7.30 p.m., Technical College, Great Horton-road, 
Bradford. ‘‘ Fuel Economy with Smoke and Grit 
Prevention,” by Mr. A. B. Scorer. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanp.—Tuesday, October 22, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow. ‘The Steam Turbine Locomotive,” 
by Mr. J. MacLeod. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
October 22, 7.30 p.m., 198, West-street, Sheffield. 
“Volume Changes taking place during the Solidification 
of some Metals and Alloys of Low-Melting Point,” by 
Mr. W. E. Goodrich. 

INSTITUTION OF AUTOMOBILE ENGINEERS.— Manchester 
Centre: Wednesday, October 23, 7 p.m., Engineers’ 
Club, Albert-square, Manchester. Presidential Address, 
“The Member and the Institution,” by Professor W. 
Morgan. 

Betrast ASSOCIATION OF ENGINEERS.—Wednesday, 
October 23, 7.30 p.m. Municipal College of Technology, 
Belfast. Presidential Address. ‘‘ A City’s Modern Pas- 
senger Transport Problems,” by Major R. J. McCreary. 

INSTITUTE OF FuEL.—Annual Conference.—Thursday, 
October 24 and Friday, October 25, Institution of 
Mechanical Engineers, Storey’s Gate, 8S.W.1. Thursday, 
October 24, 11 a.m. Presidential Address by Sir D. 
Milne-Watson. At 2 p.m. “ Pulverised Fuel for 
Marine-type Boilers”’ (Four papers), 7 Mr. C. F. 
Jefferson, Admiral W. M. Whayman, Mr. H. E. Yarrow, 
and Dr. G. E. K. Blythe. At 7.15 p.m., Annual Dinner, 
Connaught Rooms, Great Queen-street, W.C.2. Friday, 
October 25, 10.15. a.m., Institution of Mechanical 
Engineers, Storey’s-gate, 8.W.1. “‘The Installation 
and Operation of Gas Producer Plants for Industrial 
Furnaces,” by Mr. J. 8. Atkinson. ‘“‘ The Econcmics. of 
Coke-oven Gas Utilisation in Industry,” by Mr. E. C. 
Evans. At 2.30 p.m. ‘“‘ Heat Insulation,” by Mr. 
E. H. Lewis. ‘‘ Fuel Control in the Ceramic Industry,” 
by Mr. A. J. Dale and Mr. A. T. Green. ‘‘ Refractories 
in Application to the Fuel Industries,” by Mr. A. J 
Dale and Mr. A. T. Green. 

Royat AERONAUTICAL SocreTy.—Thursday, October 
24, 6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. ‘The Art of Flying Land and Sea Machines,” 
by Captain N. MacMillan. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
October 24, 6.30 p.m., 10, Upper Belgrave-street, S.W. 1. 
“Some American Comparisons,”’ by Mr. G. 8. Bowers. 

Nortu-East Coast INsTItTUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, October 25, 6 p.m. Literary and 
Philosophical Society. Newcastle-upon-Tyne. Annual 
General Meeting. Presidential Address, by Mr. L. E. 
Smith. 

INSTITUTION OF CHEMICAL ENGINEERS.—Friday, Octo- 
ber 25, 6.30 p.m., Institution of Civil Engineers, Great 
George-street, S.W.1. ‘The Fabrication of Acid- 
Resisting Steel Plant,” by Dr. W. H. Hatfield. 

INsTITUTION OF LocomoTIVE ENGINEERS.—North- 
Eastern Centre: Friday, October 25, 7 p.m., Hotel 
Metropole, Leeds. ‘“‘Some New Developments in the 
Stephenson Loco Boiler,” by Mr. R. P. Wagner. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
October 25, 7.15 p.m., Engineers’ Club, Albert-square, 
Manchester. ‘ Bearing Alloys,” by Mr. R. T. Rolfe. 








Tue AvSTRALIAN WELDING InstTITUTE.—It was 
announced recently by the executive committee of the 
Victorian Institute of Welding Engineers that the organi- 
sation would be known, in future, as the Australian 
Welding Institute. The change has been rendered neces- 
sary by the influx of members from all parts of Australia. 
Branches of the Institute will be formed in the other 
States of the Commonwealth. 





PEeRSONAL.—By agreement with the Rockbestos 
Products Corporation, New Haven, Connecticut, U.S.A., 
Messrs. British Insulated Cables, Limited, Prescot, 
Lancashire, have taken over the sale and manufaeture 
of all asbestos-covered cable, wire, and other similar 
products made under the patented processes of the 
Corporation, and marketed under the trade mark 
** Rockbestos.’’—Mr. L. Kenward, of the Dunlop 
Rubber Company, Limited, has been elected President 








of the Institute of the Motor Trade for the current year , 
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REINFORCED CONCRETE BRIDGE OVER THE ELORN RIVER, FINISTERRE. 


(For Description, see Page 485. 
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Fig. 8. CENTRING BEING MovepD INTO PosITION FOR SECOND ARCH. 
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ARCHED CENTRING BEING DEMOLISHED AFTER COMPLETION OF THIRD ARCH. 
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REINFORCED CONCRETE BRIDGE OVER THE ELORN RIVER, 
FINISTERRE. 


(For Description, see Page 485.) 
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Fic. 2. Timper ARCHED CENTRING UNDER CONSTRUCTION ON FORESHORE. 
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PLATE LVII. 










REINFORCED CONCRETE BRIDGE OVER THE ELORN RIVER, 
FINISTERRE. 


(For Description, see Page 485.) 























Fic. 4. First ARCH UNDER CONSTRUCTION. 
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Fig. 5. CENTRING BEING FLOATED OUT AFTER COMPLETION OF First ARCH. 




















(To face page 487.) 


























*“ENCGUECRING” 


PLATE LVIII. 








1 (Onl 
WZ 

wy 

QB 


es 
we eS 


SSS 
22! 1@) 


OXFORD. 


Ss 


ee 
LL, 
OLILITEOTTL 


SSS 


\'¢ 
‘2 
= 


~ 
“ 





COWL 





RS, 





ENGINE AT OLYMPIA. 





E 


x 
“ 


NGINE 


~ 
u 


= 




















LIMITED, 








(For Description, see Page 490 ) 
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31°2-100-H.P. MOTOR-CAR WITH EIGHT-CYLINDER ENGINE AT OLYMPIA. 
CONSTRUCTED BY MESSRS. LANCIA (ENGLAND), LIMITED, ENGINEERS, LONDON. 


(For Description, see Page 490.) 
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Fig. 17. NEAR-SIDE OF CHASSIS. 























Fig. 18. PLAN oF CHASSIS. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 


We desire to call the attention of our readers to 
the fac: that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 


TELEGRAPHIC ] “‘ ENGINEERING,” WESTRAND, 
ADDRESS } LONDON. 
TELEPHONE NuMBER—TEMPLE BAR 3663 
(2 lines). 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 











For the United Kingdom........................ £3 5 0 
For Canada— 
Thin paper copies ...............s:0000+ £2 18 6 
Thick paper copies................0++ £3 3 0 
For all other places abroad— 
Thin paper copies ................:.00+ £3 3 0 
Thick paper copies................:::0++ £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed, Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Poston Thursday. In consequence 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of publication. 


All accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘“‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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AGENTS FOR ENGINEERING. 

AUSTRALIA: Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
N.S.W. TT. Willmett and Company, Townsville, North 
Queensland. W. ©. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, 2, Qnt.: Wm. Dawson Subscription Service, 
Limited, 91-93, Queen-street, East. 

DENMARK, Copenhagen: Kaat-Jensen and Company, Vester 
Farimagsgade 22. 

EDINBURGH : John Menzies and Company, Limited, Rose-street. 

FRANCE, Paris: Ricour, Chevillet et Cie. 22, Rue de la Banque. 

GERMANY: Hermann Fromm, Liitzowstrasse, 84, Berlin, W.35 

GLASGOW : William Love, 221, Argyle-street. John Menzies and 
Company, Limited, West Nile-street. 

HOLLAND, Rotterdam: H. A. Kramer and Son, Limited. 

Inp1A, Calcutta : Thacker, Spink and Company. 

Bombay: Thacker and Company, Limited. 

IraLy: U. Hoepli, Milan. Anonima Libraria Italiana, Torino 
and any post office. 

JAPAN, Tokio: Maruzen Company, Limited, and all branches. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER : John Heywood, Limited, 143, Deansgate. 

New ZEALAND: Gordon and Gotch, Limited, Wellington, 
Auckland and Christchurch. 

Norway, Oslo: Cammermeyer’s Boghandel, Carl Johans Gade, 
41 and 43. 

SouTH AFRICA: Central News Agency, Limited. Head Office— 
Johannesburg; and Pretoria, Cape Town, Port Elizaheth, 
Bloemfontein, Durban and various branches and _ book- 
stalls throughout South Africa. Wm. Dawson and Sons 
(South Africa), Limited, 29, Long-street, Capetown. 

TASMANIA: Gordon and Gotch, Limited, Launceston, Hobart. 

UNITED STATES, New York: For subscriptions, The International 
News Company, 131, Varick-street. For advertisements, 
J. 8. Allan, 30, Church-street. 
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ECONOMIC INVESTIGATIONS ON 
RAILWAYS. 


Ir the student of affairs were asked what, in his 
opinion, had been the most significant movement in 
the world of industry during the past few years, he 
would probably answer the grouping together of 
firms engaged in the same field, with a view both to 
eliminating competition and to making the best use 
of their resources, economic and material. Such 
combination is not, of course, new, nor has it 
always been regarded as worthy of commendation. 
But while in the early days it was generally under- 
taken to benefit the few, its adoption is now 
frequently suggested as a means of ensuring the 
good of the many and of rescuing industries from 
the slough, into which the pressure of still recent 
events has driven them. Nevertheless, combina- 
tion or trustification or rationalisation, or whatever 
other name the phenomenon may be given, is a plant 
of slow growth and is still limited to industries, 
whose interests are directly competing. Thus, 
while we have seen a number of concerns engaged 
in the production of such commodities as tobacco 
and chemicals merged into one national or inter- 
national unit and know of arrangements, whereby 
firms producing machinery are linked up with steel 
works and even with coal mines, very little progress 
has been made towards the combination of under- 
takings which are supplying the public with alter- 
native means of doing the same thing. It is true 
that it has been proposed that there should be closer 
working between the electricity supply and gas 
industries, but it is not suggested that this combina- 
tion should extend further than making arrange- 
ments for the better joint utilisation of their common 
raw material, coal. Indeed, the merest hint that 
the field of distribution should be limited as between 
the two parties is received with a conspicuous lack 
of enthusiasm by both. 

The views put forward by Sir Josiah Stamp in the 
Presidential Address, which he delivered to the 
Institute of Transport on Monday, are therefore 
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imbued with a certain spice of novelty. They 
are the result of a survey of the field of trans- 
port as it exists to-day. In this field, he says, we 
have both severe competition within each particular 
form of transport, combined with severe competition 
between the different forms, as well as a varying 
degree of external regulation, presumably in the 
public interest. Under such a system there is no 
guarantee that one section will not embark on 
projects, which may be rendered obsolescent by 
developments in another section ; or will refuse to 
embark on projects because of the fear that such 
developments may occur. If, on the other hand, 
there were a single economic control, whose duty it 
would be to weigh up the advantazes of the better 
services which could be obtained by the use of new 
methods, against the disadvantages of annihilating 
a certain amount of capital, the maximum benefit 
to the public would result. Having stated his 
ideal, Sir Josiah, however, proceeds to run away 
from it, and not only describes as utopian the 
vision of the economic mind going beyond what 
would be the most favourable balance sheet for 
itself and making sacrifices for the sake of the larger 
good beyond, but throws overboard his own proposal 
for a co-ordinated capital expenditure on all forms 
of transport. He follows this dual sacrifice by 
descending to the lower level of holding that all that 
can be done at the moment is to discover how 
the capital in one field can be expended to the 
greatest public advantage. We are not a little 
distressed at this display of pusillanimity. It is 


2} refreshing to ascend into the empyrean on occa- 


sion; and we should like to have accompanied him 
thither. But we are to some extent consoled 
when we study what remains; for we find in it 
plenty to criticise. 

The remainder of the address is not, however, con- 
nected, except by a slender link, with the large thesis, 
of which some indication has just heen given, though 
through it there runs the thread that, in tackling the 
different problems with which they are faced, the 
various transport agencies must realise that large 
as they are they are still only part of a still greater 
whole. For instance, it is considered that “‘ atten- 
tion ought to be given to sce that the pressure of 
scientific research is applied equally at all points 
of the problems of transport.” But, if an equal 
pressure is applied at all points the result will 
be equilibrium, while scientific is certainly not 
the adjective and research hardly the most happy 
description to apply to the sort of investiga- 
tion the President has in mind. Nevertheless, 
there is a great deal in his argument that much 
good would arise from a careful examination of 
road and rail costs for a similar service before any 
large expenditure of capital were undertaken. This 
is the more important, since the economies in unit 
production, which are rendered possible by modern 
methods, may be offset by high transport charges 
between the place of manufacture and the consumer. 

We can also agree that, in order that any improve- 
ment, technical or economic, may be utilised in 
the best possible way, a very real partnership is 
necessary between those with a generalised know- 
ledge of supply and those with a particularised 
knowledge of demand, so that the new idea may be 
correctly applied. In this connection it is inter- 
esting to see that Sir Josiah admits that pressure 
for improvement generally comes from the technical 
man, though he adds that there is no reason why the 
commercial side should not open the ball by pointing 
out to those responsible for operation that a reduc- 
tion in costs is necessary, nor why the latter. should 
not indicate to the engineers that this can be achieved 
if they in their turn will enable heavier trains to be 
hauled. If the engineers find that the cost of 
reconditioning, which would allow this end to be 
achieved, is prohibitive, then the problem must 
be examined afresh by all three to see whether a 
solution can be obtained by some other method. 
But, as Sir Josiah says, it is doubtful “if much 
happens in this way,” because, as has been suggested 
in the report of the Bridge Stress Committee, the 
mechanical engineer may sometimes pay little 
heed to the problems of the civil engineer, while 
they both may little concern themselves with the 
troubles of the accounting, legal, and economic 





staffs. This attitude, it is only fair to say, has its 
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complete counterpart among those whose dealings 
lie with less tangible matters than bridges and 
locomotives. 

Perhaps, however, engineers are less to blame 
for this than the other parties concerned. At any 
rate, they have as a body, and in co-operation with 
individuals and institutions with similar aims, 
done a great deal by investigating such varied 
questions as track-circuiting, electric locomotive 
design, boiler pressures and balancing, to improve 
the quality of their products, and in this laudable 
endeavour they have been assisted by the enterprise 
of metallurgists and others, whose objects are the 
general advancement of knowledge rather than the 
prosperity of a particular form of transport or 
industry. If, as Sir Josiah seems to hint, full advan- 
tage has not been taken of such knowledge as is 
available, the fault is easily remedied. For instance, 
we seem to have heard that a central plant for testing 
locomotives would be an advantage to the railway 
industry. Yet, so far as we know, little or nothing 
has been done to establish it. And since the tech- 
nical utility of such a plant can hardly be gainsaid, 
we must suppose that some formidable economic 
obstacle prevents its formation. If this be so, it 
would seem pre-eminently to be a case for co-opera- 
tion between the engineers and the economists so 
that its removal may be secured. In other words 
it is a matter for what Sir Josiah calls ‘‘ scientific 
research.” 

Indeed investigation into existing conditions and 
for the suggestion and examination of further 
improvements is not confined to the engineering 
branch. On the economic side it is even more urgent, 
because so little is known and so much remains to be 
done. As Sir Josiah rightly says, there should be in 
every department some “ minds set aside ” for con- 
sidering change and improvement, and for experi- 
ment. These “ minds” should be detached from 
ordinary routine duties, though working in close 
co-operation with those concerned in the latter to 
the benefit of both. It is an idea, of course, with 
which engineers have long been familiar, so much 
so that we are reminded that imitation is the 
sincerest form of flattery. We hope, however, 
that these economic investigators, when they are 
recruited, will turn their attention to problems a 
little more fundamental than those which are 
suggested for their consideration in the address. 
If they are to be worth their salt, their efforts 
must be directed to something of higher value than 
making the change from empirical to experimental 
methods on the way to establish general principles 
and be directed to a goal beyond the production of 
that curious and miscalled entity, the scientific 
tariff. “The type of research,” says Sir Josiah, 
“that goes to proper rate fixing may be very well 
termed scientific.” And he goes on to give an 
illustration showing the need in a particular case 
for the prices quoted being not only reasonable, but 
equitable, as between the various applicants. Yet 
we seem to remember a dictum to the effect that 
“the true price of anything is just as much as it 
will bring,” and begin to wonder whether there is not 
more good in honest trade than in half the economic 
creeds. 

Again, surely these investigators could be more 
usefully employed than in preparing plans for the 
creation of new goods yards, an operation which is 
dignified by the President as research, though it 
appears that it would be more correctly described 
as an ordinary matter of routine. The same applies 
to the determination of how these yards shall be 
equipped and to the utilisa: ion of containers for the 
better handling of goods. If the economists are 
really to help the engineers in improving railway 
transport, their investigations must be conducted 
on higher planes than these. Sir Josiah seems to 
some extent to admit this when against the 
researches that are now being conducted into the 
use of fuel, he places on the economic side the need 
for greater knowledge of the unit cost of operation 
and of the limit of profitable expenditure on par- 
ticular services. In this connection his investi- 
gators might begin by collecting and sifting such 
information as can be made available about the 
economics of electric traction. Both electrical 
and mechanical engineers have views on this subject, 
but they cannot be said to be unbiassed. The 
adoption of this method of operation, generally or 
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in a particular case, may, or may not be profitable. 
But at present apparently the only way to discover 
which is to undertake the conversion, a proceeding 
from which directors naturally shrink. The result 
is that comparatively little is done, though it is 
conceivable that considerably more might be worth 
while. If the economists will tackle this problem 
and tabulate the pros and cons, so that a balance 
can be struck, they will have not only justified 
their existence, but will have made a good start in 
a direction in which further investigation is 
urgently required. For it should be constantly 
borne in mind, when the operations of public trans- 
port undertakings are passed under review, that 
what the public wants is cheapness, speed, safety, 
comfort, punctuality, frequent service, and good- 
will, which means half a dozen things which, when 
stated in one word, are easy to appreciate, but which 
are sometimes difficult to define and describe. If 
these demands can be met by intensified engineering 
research and economic investigation, it is worth 
while doing a great deal to encourage both, and 
even to spend money for that purpose. The 
shareholders will not suffer as a result. Rather 
their position will be improved, since it is not the 
amount of expenditure which prevents adequate 
dividends being paid, but the proportions that are 
respectively productive and unproductive in its 
make-up. 








THE PROGRESS OF GERMAN 
INDUSTRY. 


THE study of contemporary industrial history 
in other countries is interesting from at least two 
points of view. On the one hand, it discloses the 
course that is being taken by our competitors, 
our customers, or our suppliers, of which, for obvious 
reasons, it is important to have the earliest possible 
knowledge. On the other hand, it may exhibit 
the manner in which other countries are dealing 
with problems similar to those that present them- 
selves in our own industries. From both points of 
view the chronicles of contemporary German 
industry have a special value, notably to British 
engineers. While this country is the largest cus- 
tomer of Germany, German industry is among its 
strongest competitors in the markets of the world, 
especially in the engineering trades. The diffi- 
culties which German trades were faced at the 
end of the war are probably unexampled in indus- 
trial history, and though some of the success with 
which they have been met up to now may possibly, 
if not certainly, have been due to the accidental 
course of events, a large part of it is the result of 
bold and deliberate executive methods, applied 
consistently on a tremendous scale. The re-evolu- 
tion of the German engineering trades seems now 
to have reached the stage at which they are likely 
to exert an increasing effect in the markets of the 
world. For some years past British engineers 
have been particularly well placed for taking stock 
of the course of German industry through the reports 
of Mr. J. W. F. Thelwall and Mr. C. J. Kavanagh, 
which are issued annually by the Department of 
Overseas Trade, and the report which has just been 
published (Economic and Financial Conditions in Ger- 
many, 1928-1929. H.M. Stationery Office. 3s. 6d. 
net), which describes the events during the 16 months 
ending April 30 last, is no less informative and sug- 
gestive than its predecessors. Speaking broadly, 
it shows the chief measures of re-equipment and 
reconstruction of German plant as being now almost 
complete. Largely through this cause, the home 
market for machinery has fallen off, but simul- 
taneously, in spite of financial disadvantages. the 
exports of these trades and of the country generally 
have increased, while the imports have somewhat 
decreased. It may be of interest to consider a 
few details which the report gives in regard both 
to the trading and to the technical measures of 
reorganisation that have been adopted, and to refer 
briefly to the British use of similar methods. 

As a whole, the exports of manufactured or partly 
manufactured iron and steel wares in 1928 were 
about 10 per cent. higher than in 1927, and the 
imports, which were about half as large, had de- 
creased by about 15 per cent. In machinery, the 
imports rose by about 15 per cent., but in each 
year were only about an eighth of the exports, and 








these had increased by about 20 per cent. The 
machinery exports were assisted to some extent 
by a system of export bounties, whereby machine 
builders obtain supplies of partly manufactured 
iron and steel for export orders at a rebate off the 
German home prices, bringing them to the level of 
world market prices. With this rebate, which, 
however, existed also in 1927, the exports of machi- 
nery and of electro-technical products increased in 
1928 by about a fifth and a sixth respectively, 
while the exports of vehicles, though considerably 
lower in tonnage, were higher by one-sixth in value. 
Exports of machine tools, in spite of a falling off 
in the demands from Russia, increased by some 
15 per cent., those of textile machinery between 
25 and 30 per cent., agricultural machinery by 
about 5 per cent., and electro-technical plant by 
over 20 per cent. The locomotive industry, on the 
other hand, is passing through a difficult time. 
Before the war the German State Railways used to 
place orders for 1,600 to 1,800 iocomotives a 
year, while in addition there were orders from 
German private lines. With the support of this 
large home demand, German manufacturers com- 
peted successfully on the world market, and 
exported largely. For some years past, how- 
ever, the orders of the State Railways have 
represented less than 10 per cent. of their former 
amount, while the programme for 1929 provides 
only for a few narrow-gauge and branch-line 
locomotives; in 1928 the exports were less than 
half those of the previous year. A somewhat 
similar position, except as to exports, seems to 
exist in the carriage and wagon works. 

The motor-car industry shows a considerable 
increase in exports, and a somewhat similar increase 
in the still greater number of imported vehicles. 
The exports, however, amounted to only about a 
twentieth, and the imports to about an eighth of 
the total production, which had practically doubled 
in value since 1926. Though now of a value ex- 
ceeding 50,000,000/., it seems likely to continue to 
increase. The total census of motor vehicles in 
Germany shows three or four times as many persons 
per vehicle as in this country, and over 25 times as 
many as in the United States. The market, indeed, 
seems one of the few to be found in Germany in 
which British manufacturers have some opening, 
provided no tariff alterations interfere. It would, 
however, be necessary to compete with other 
countries, not only in price but in service. Of solid 
fuel, reckoning lignite as representing two-ninths 
of its weight in coal, the production last year was 
slightly over that of 1927, but it was nearly 20 per 
cent. more than Germany produced within its 
present frontiers in 1913. and 90 per cent. of the 
production within the old frontier. 

Mr. Kavanagh’s report gives reason for ascribing 
these remarkable results to two main causes. 
The productive equipment of the German engi- 
neering trades has been revised anda renewed on 
a scale exceeding greatly its previous extent, 
and the works themselves have come to arrangements 
by which their resources are directed to the manu- 
factures they can undertake to the best advantage, 
and they are protected against cut-throat com- 
petition between each other. As Mr. Kavanagh 
remarked in his review of the German metallurgical 
and engineering industries for 1927, a complete 
change has taken place in German ideas in regard 
to the application of new and more efficient 
mechanical equipment, and to mechanise, renovate, 
and re-equip plant has become a habit of German 
industry. In part the stimulus to such measures 
came from the depreciation of the currency, which 
ended in its practical annihilation. As a conse- 
quence mortgages and other fixed charges on 
industrial undertakings were virtually extinguished, 
and whether this effect was foreseen or not, it 
not only gave an unprecedented opportunity for 
reconstructing, renewing and extending industrial 
plants, but furnished an overwhelming incentive 
to do so. Events have shown, however, that this 
motive was not the only factor that led to the re- 
equipment or reorganisation of works in the engi- 
neering trades. The leaders of industry sought 
out combinations by which each class of work 
might be done in the works that by their geographi- 
cal situation or technical equipment were able to 
produce it most economically. By agreement or 
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amalgamation they made either short-term or|a life in which there is little incentive to work or 


permanent provision for ensuring this economical | desire to exist. 


Dr. Haslam’s Report, published 


production, as well as for reducing the burden of | some time since, on ‘‘ Schistosomiasis and Malaria 


competition and attaining other advantages which 
co-operation could offer; and when they had done 
all this, they turned to scrapping redundant. or 
obsolete or even obsolescent plant wherever there 
was economical reason for doing so. This practice 
began indeed with the inflation windfall, but it has 
continued without interruption since the currency 
was stabilised, and, in recent years, much of the 
re-equipment of works in the iron and steel trade 
has been done profitably on money borrowed at 
from 6} per cent. up to as much as 8 per cent. The 
Vereinigte Stahlwerke, for instance, which includes 
something less than half the steel productive power 
of the country, as well as a smaller but substantial 
part of its coal and allied interests, was founded in 
1926, and since its formation has spent over 
13,000,000/. on technical reorganisation and im- 
provement of plant. Yet with a balance sheet of 
about 100,000,000/., which includes only a nominal 
sum for patents and goodwill, and reserves and 
allowances for depreciation which appear already 
to amount to about 15,000,000/., it has paid, in 
1927 and 1928, 6 per cent. on its 40,000,000/. 
capital. 

To set down such results is far from explaining 
how they have been produced. The combinations 
of which the Vereinigte Stahlwerke is an example 
are not merely vast amalgamations glorying in 
their-bulk. As Sir Josiah Stamp has remarked, 
there is a general tendency in popular discussion to 
exaggerate the economies possible through mere 
concentration, and to underestimate the cost of 
bringing them about. Combinations for manufacture 
are profitable when they provide the means of 
making every product where and in the way in 
which it can be made best, and an essential con- 
dition of their success is that those who direct 
them can both appreciate from their own technical 
and practical experience the relative value and 
appropriateness of the measures they have to 
consider, and have at their command the means by 
which the best measures can be applied. In their 
Final Report published this year, the Committee 
on Industry and Trade pointed out that it was 
of the utmost importance for an industry to be 
able to re-equip itself with the most modern plant 
whenever it was commercially advisable, and that 
old plant should be retained only as a result of 
calculation and choice, and not under the constraint 
of financial weakness. Even with the necessary 
combination of technical knowledge, economical 
judgment and financial resources, it may happen 
that re-equipment may be hampered, as the same 
report suggests, nor only by unduly conservative 
habits but by the insistence on obsolete trade 
customs and lines of demarcation. Each of these 
circumstances has doubtless played its part in 
determining the present position of British industry. 
In an earlier report the Balfour Committee estimated 
that at the outside afifth of the people engaged on 
production in this country are affected directly 
by combinations, and its final report expressed the 
opinion that the iron and steel industry, though 
far more efficient than it was ten years ago, has 
probably progressed less rapidly than some of its 
principal competitors since the end of the war. 
The continued advance made by Germany during 
the past few years may not be conclusive evidence 
that the methods adopted there are suitable to the 
industries of this country. It seems, however, 
certain that it would be a good thing for those 
industries if our manufacturers made themselves 
fully familiar with what has been done in Germany. 








THE RELATION OF DISEASES TO 
IRRIGATION. 

THE presence of diseases due to existing irriga- 
tions and the possible invasion of further lands by 
these diseases as irrigation is extended to new areas 
of deficient rainfall, is a problem for the anxious con- 
sideration not only of the medical investigator, but 
also of the engineer engaged in the design of irriga- 
tion projects. Primarily a question of public health, 
it is becoming an economic factor of first importance 
to the financier, while to the labourer it may mean 








in Relation of Irrigation,” by The Empire Marketing 
Board (price Is. 3d. net) was prepared for the irri- 
gation Sub-Committee of the Committee of Civil 
Research, and is a valuable summary of our present- 
day knowledge of the subject and the practical 
methods employed in protecting labour from the 
incidence of disease. Malaria we know as the second 
great killer in the world and of schistosomiasis in 
Upper Egypt, where water is supplied for irrigation 
only during and after the time of High Nile, the 
incidence amongst labour is about 20 per cent., 
whilst in Lower Egypt, Cairo being on the dividing 
line between Upper Egypt and the Delta, where 
water is supplied for irrigation all the year round, 
the incidence may be as high as 75-80 per cent. 

Water is essential for the propagation of both of 
these diseases, and in this lies their relation to irri- 
gation. Mr. Keen in his ‘‘ Memorandum on Irrigation 
Practice and Proposals” has pointed out that 
nearly one-third of the earth’s surface has only 
10 in. of rain or less annually, and that over one- 
third the rainfall is between 10 in. and 20 in. “On 
land receiving less than 10 in. annually, irrigation 
is generally essential if any form of profitable crop 
production is to be undertaken.” And there is, of 
course, a high proportion of land receiving up to 
20 in., which, owing to the incidence of the rainfall, 
require irrigation for intensive cultivation. In 1920, 
he estimated that 7 per cent. of the total cultivated- 
area of the earth was farmed by irrigation. The 
instructive point to note is that in general where an 
irrigation project in these areas of deficient rainfall 
is likely to be undertaken, one or both of these 
diseases is waiting for admission by the way of the 
water channels. 

As an example, Dr. Haslam quotes the great 
irrigation schemes which have been announced in 
the daily press as being projected for Northern 
Africa. ‘The barren area proposed for cultivation 
has all along its northern boundary endemic malaria 
and schistosomiasis, and the latter is present in the 
oases dotted over this desert.” Morrison, 1928, 
reports: ‘“‘Irrigation schemes for the arid places 
in the Northern Provinces (Nigeria) will, most prob- 
ably, be approved in the near future. If this 
happens, it is more than likely that a local increase 
in the incidence of bilharziasis (schistosomiasis) will 
result.” 

Leiper has stated that the extension of perennial 
irrigation appears to have encouraged the spread 
of bilharziasis in Egypt. The disease is much more 
common at the present day in the Delta and in the 
Fayum than in those parts of Upper Egypt still 
supplied only with basin irrigation. 

The Upper Provinces are supplied with water for 
irrigation only during and after the time of High 
Nile, except in the case of certain pumping installa- 
tions, and the water carries naturally far more 
sediment than is the case in the perennial irrigation 
schemes. 

Sir William Willcocks, in a paper read at Cairo, 
December 18, 1928, before a meeting of the Inter- 
national Congress of Medicine, expressed a forceful 
opinion that irrigation with clear water, in the 
cases of India and Egypt, is a cause of alarming 
increases in the incidence of malaria and in the 
case of Egypt of schistosomiasis and hookworm, 
and he states that in Upper Egypt where perennial 
irrigation by large pumps has been introduced, and 
where watercourses are never allowed to run dry 
since they have to provide drinking water, schistoso- 
miasis has increased in an extraordinary way. 
“Egypt, irrigated with the muddy water of the 
Nile when it is in flood, is greatly protected against 
malaria—there is malaria fever in localities outside 
the Nile Valley, where irrigation has been intro- 
duced in sandy soil through which water filters and 
forms pools of clear water where no clovers and 
leguminous fodders are grown.” Sir William Will- 
cocks instances several cases in India in which 
malaria is stated to have decreased following irriga- 
tion with muddy flood water, and a case in which 
a stretch of leguminous fodder crops, Lathyrus 
sativus, the “ gilban” of Upper Egypt, coincided 
with an immunity from malaria. The argument in 
this paper is that irrigation by ‘muddy ” flood 





water and the cultivation of leguminous crops will 
result in the practical elimination of malaria due 
to irrigation. It may be accepted that perennial 
irrigation schemes with their numerous canals and 
small channels will increase the number of potential 
breeding-places for anopheles and frequently cause 
an actual increase in the number of these mosqui- 
toes, but statistical inquiries into the question 
whether canal irrigation in India has or has not 
been followed by an increase of malaria have reached 
conflicting conclusions—[Indian Science Congress at 
Lahore (Gill, 1927) and S. M. Jacob (Punjab Census 
Report, 1921, page 62)]. In the case of flood irriga- 
tion the amount of mosquito breeding is propor- 
tional not to the area of water surface, but to the 
length of water edge, and large water areas more 
easily reach a temperature inimical to mosquito 
breeding than do small weed-sheltered pools and 
ditches. The cultivation of certain crops will have 
the effect through root action of increasing the 
active acidity of the ground water (P, value). 
These are questions on which further experimental 
work is much to be desired. 

Both schistosomiasis and malaria are known to be 
diseases of great antiquity. It is not at all improb- 
able that the decay of the great Mesopotamian 
civilisation is attributable to the inroads of these 
diseases which later played their part in the decline 
of the Egyptian and Roman powers. As we have 
said above, Dr. Haslam’s report gives an excellent 
summary of the practical lessons to be drawn from 
existing knowledge of a very complex subject. In 
the appendix to his report an extended list of 
references to the literature of the matter is given, 
with five very clear maps showing distribution of 
rainfall and areas in which the diseases under dis- 
cussion occur. 








NOTES. 
THe Rattways or SoutnH AUSTRALIA. 


THE total length of the railways now under the 
jurisdiction of the South Australian Railways 
Commissioner is 2,527 miles, 1,449 miles of which are 
of 5-ft. 3-in. gauge, and 1,078 miles of 3-ft. 6-in. 
gauge, and it is interesting to recall that 75 years 
ago, on May 18, 1854, to be precise, the first line in 
the province was opened. This measured a little 
over six miles, and ran from Goolwa to Port Elliot, 
south of Adelaide. Two years later a railway some 
seven miles in length, connecting Adelaide and Port 
Adelaide, was completed. Since these dates 
progress in railway building has been continuous, 
and scarcely a year passed without witnessing the 
opening of a new section of track. The Report of 
the South Australian Railways Commissioner for 
the year ending June 30th, 1928, shows that many 
new works are in hand. In addition to a number of 
widenings, track rearrangements, and station and 
goods yard alterations and relayings, a stretch of 
5-ft. 3-in. gauge line, 20 miles in length, linking 
Renmark, on the Murray River, with Barmera, on 
Lake Bonney, is under construction. The survey 
for the Kielpa to Mangalo Hall Railway, a 3-ft. 6-in. 
gauge line 26 miles in length, in the Eyre Peninsula, 
was also completed during the twelve months 
under review. Possibly the most spectacular event 
of the year was the completion, on June 30, 1928, 
of the large new passenger-station building at 
Adelaide. The mechanical equipment of the 
building includes a central-heating installation, a 
vacuum-cleaning plant, a pneumatic despatch-tube 
system, and elevators in all parts of the building. 
A refrigerating plant, together with boilers, cooking 
equipment and hot-water service, have been installed 
for the station refreshment rooms and kitchens. 
The platforms and permanent way have been 
altered in such a way as to bring all the tracks up 
to the western alignment of the building. Butterfly- 
type platform roofs have been built over all the 
platforms. In addition to the usual repair work, 
23 rail motor cars, 12 trailer cars, 160 forty-ton and 
fifty-ton freight cars, 16 tank cars, and 10 caboose 
cars have been constructed at the Islington work- 
shops, which, incidentally, were recently remodelled 
and re-equipped with new machinery. Ten Mikado 
5-ft. 3-in. gauge locomotives and large numbers of 
cattle and sheep vans, freight cars, and other rolling- 





stock, were in course of construction at Islington 
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on June 30, 1928. Turning to questions of finance, 
the earnings for the year under review totalled 
3,999,583/. and the ordinary working expenses to 
3,426,0071. When, however, the depreciation applic- 
able to the year, and the charges due to worn out 
and obsolete assets are added, this latter figure 
becomes 3,727,759/., and the net earnings 271,8241. 
The earnings per train-mile were 147-6d., against 
142-92d. in the previous year, and the working 
expenses 137-57d. per train-mile, as compared with 
203-19d. in 1927. The road-vehicle competition in 
South Australia is becoming increasingly keen, and 
the somewhat gloomy view is taken in the report 
that this competition will prevent any increase in 
the present goods traffic and will cause a decrease, 
from year to year, in the passenger traffic. 


THE WoRLD’s SHIPBUILDING AND MARINE 
ENGINEERING. 

The position in our shipbuilding yards, at the 
present time, may be said to be more or less sta- 
tionary. After some four years of alternate periods 
of depression and of renewed activity, what appeared 
to be a definite improvement in the total tonnage 
of the shipping building in this country manifested 
itself during the fourth quarter of 1928, and per- 
sisted until the end of June last. Our reason for 
referring to the present position as being stationary 
is that there was no further increase in the tonnage 
under construction during the September quarter ; 
on the contrary, a slight decline took place. 
According to Lloyd’s Register shipbuilding returns 
for the third quarter of this year, the merchant 
vessels under construction in this country on Sep- 
tember 30 last, amounted to 341, aggregating 
1,448,355 tons, compared with 365, making 1,453,906 
tons, on June 30, and 234, totalling 1,089,780 
tons, on September 30, 1928. The totals for 
the tonnage commenced and for that launched, 
namely 360,087 and 369,445, respectively, while still 
high, were, nevertheless, considerably below those 
for the previous quarter. Of the 341 ships under 
construction in the home shipyards on September 30 
last, 231 were steamers, 101 were motorships, and 
nine were steel sailing ships or barges. The total 
merchant tonnage now under construction abroad, 
namely, 1,368,984, is 15,335 tons below that in 
hand at the end of the previous three months. 
It will be seen, therefore, that the arrest in ship- 
building activity is not confined to this country. 
Germany retains her leading position among foreign 
shipbuilders with 235,499 tons in hand, a total con- 
siderably smaller than that for the previous quarter. 
Holland, however, records a large increase as com- 
pared with the previous quarter. The figure for this 
country was 224,029 tons, which displaces Japan 
from second place, the latter having the reduced total 
of 156,810 tons in hand. France and Russia, with 
smaller totals of 135,776 tons and 112,073 tons, retain 
fourth and fifth places, respectively. The only re- 
maining countries with tonnages of over 100,000 in 
hand were the United States, with 112,010 tons, and 
Sweden, with 111,427 tons. The total horse-power 
of the marine engines building or being installed 
on board vessels at the end of September amounted 
to 2,289,971. This otal, however, is exclusive of 
marine turbines constructed in Germany, the 
figures for these not being available. The grand 
total just quoted is made up of 520,776 i.h.p. 
of reciprocating steam engines, 434,955 s.h.p. of 
steam turbines, and 1,334,240 i.h.p., which was 
the aggregate power of the oil engines completed 
or under construction. Great Britain and Ireland 
headed the list with 1,030,035 h.p., Denmark 
was responsible for 184,050 h.p., Germany, ex- 
eluding turbines, for 145,820 h.p., Holland for 
135,180 h.p., France for 133,040 h.p., the United 
States for 128,147 h.p., and Italy for 122,350 h.p. 
In conclusion, it should be pointed out that the 
tonnage figures quoted are gross tons, and that 
no account has been taken in the returns of 
vessels of less than 100 tons gross. 


Joint PREMISES FOR TECHNICAL SOCIETIES. 


The question of joint premises in London for 
the various engineering societies has been discussed 
from time to time in the past. The idea put 
forward has been that the large societies should 
combine to construct an imposing central building 
with a common lecture hall, or lecture halls, and a 








common library, but having independent office 
accommodation for the various institutions. This 
idea has never attracted wide support among 
the larger institutions for the obvious reason, if for 
no other, that they each already possess adequate 
self-contained premises of their own. The matter 
has, however, recently been revived in connection 
with some of the smaller or younger institutions 
and appears likely to proceed to practical ends. 
There are many societies, some of them of old 
standing, some younger, which, while all possessing 
headquarters accommodation, have never yet 
been able to build or purchase headquarters con- 
taining an adequate theatre, or extensive library 
and reading room accommodation. Such institu- 
tions have much to gain from a central build- 
ing which would contain accommodation for large 
meetings, and at the same time provide indepen- 
dent private suites for the various administrative 
headquarters. A building of this kind would do 
away with the necessity for the societies holding 
their meetings in one of some half-dozen existing 
theatres or lecture halls loaned to them by various 
other institutions. It can in no case be a conveni- 
ence to hold, say, the annual London meeting of 
an important institution away from its own head- 
quarters. This question of a central building 
was referred to at the annual dinner of the Institu- 
tion of Petroleum Technologists held at the Con- 
naught Rooms on the 11th instant, under the 
chairmanship of the President, Dr. A. E. Dunstan. 
It would appear that this Institution is interested 
in the proposal, and, although no other societies were 
mentioned at the dinner, we understand that, among 
others, the Iron and Steel Institute, the Institute 
of Metals, the Institute of Fuel, the Institution of 
Mining and Metallurgy, the Institution of the 
Rubber Industry, and most, or all, of the chemical 
institutions, are interested. In all, some nine 
bodies are concerned, and we understand that 
the present proposal is that, while there should 
be common meeting rooms and a general library 
and reading rooms, each institution would have 
its own offices and retain its special library separate 
from the general library. This matter was men- 
tioned at the Petroleum Technologists’ Dinner, 
both by the President and Sir John Cadman. 
Other speeches at the Dinner were made by Sir 
Robert Robertson and Sir Joseph Petavel, who 
dealt with the special work by the petroleum 
technologist and its relation to scientific research 
generally. The toast of ‘“‘The Guests” was pro- 
posed by Major Sir Richard Barnett, and replied 
to by Sir Brodie Henderson. 


British EMPIRE TRADE EXHIBITION, BUENOS AIRES, 
1931. 

The recent appointment by the British Govern- 
ment of the D’Abernon Mission to inquire into our 
economic relations with Argentina and Brazil 
furnishes evidence of the strong desire which exists 
in official and other circles to press on vigorously 
the campaign to recover Britain’s trade supremacy 
in South America. Consequently, the suggestion of 
holding a British Empire Trade Exhibition at 
Buenos Aires, put forward some time ago by the 
British Chamber of Commerce in that city, was well 
supported by Anglo-Argentine interests, both in 
this country and abroad. After a careful examina- 
tion of the whole project, it was finally decided to 
hold the exhibition in the spring of 1931. _The date 
has now been definitely fixed ; the exhibition will 
remain open for six weeks, namely, from February 18 
to April 2, 1931. The nature of the reception given 
to the proposal in Argentina itself may be gauged 
from the fact that the Argentine Rural Society, a 
highly important organisation, has placed its grounds 
and permanent buildings at the disposal of the 
Exhibition Committee, free of charge. We under- 
stand that, without this generous offer, the holding 
of the exhibition would not have been possible. 
These grounds have an area of 25 acres and are 
close to the centre of the city. They adjoin Palermo 
Park, the principal recreation ground of Buenos 
Aires, and are easily accessible by railway, tramway, 
and omnibus. Within the grounds are eight large 
buildings which have a covered area totalling nearly 
7 acres. In order to give an English setting to the ex- 
hibits, it is proposed to convert the exterior of the 
buildings in such a way as to give the whole the 








outward appearance of an old English country town. 
This will also provide an unfamiliar and attractive 
spectacle to Argentine and South American visitors ; 
in this connection it should be remembered that 
exhibitions are not as common in Latin America as 
they are in Britain. The exhibition authorities are 
specially desirous of getting into touch with manu- 
facturers who possess an incomplete knowledge of 
South America or who have never before entered 
the South American market. Special measures will 
be taken to facilitate transport services and Customs 
formalities, and an endeavour will be made to 
relieve exhibitors of as much trouble as possible. 
Full particulars regarding the exhibition may be 
obtained from the General Manager, British Em- 
pire Trade Exhibition Buenos Aires, 5, Parliament 
Mansions, Orchard-street, Victoria-street, London, 
8.W.1. The local exhibition offices are at Calle 
Reconquista 46, Buenos Aires, Argentina. 








THE LEON GasTER MEmoRIAL FunD.—In order to 
commemorate the services rendered by the late 
Mr. Leon Gaster, founder, vice-president and honorary 
secretary for nearly twenty years of The Illuminating 
Engineering Society, it is intended to collect a fund 
of not less than 2001. The interest on this sum will 
be devoted primarily to the establishment of a premium 
to be awarded annually for the best contribution on 
any aspect of illuminating engineering submitted to 
the society during each year by a subscribing member. 
It is hoped that the requisite fund will be collected, 
and the necessary trust completed, in time for the 
first award to be made in 1931. Promises of contri- 
butions to the fund, ranging from 5s. to 5l. 5s., have 
already been received. Contributions should be sent 
to the honorary secretary, Mr. J. S. Low, 32, Victoria- 
street, London, S.W.1. 





Nortu-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—The annual general meeting of the 
North-East Coast Institution of Engineers and Ship- 
builders is to take place in the lecture theatre of the 
Literary and Philosophical Society, Newcastle-upon- 
Tyne, on October 25 next, at 6.30 p.m. Mr. L. E. Smith, 
C.B.E., will be installed as president, and will deliver 
his presidential address. The tablet erected in the 
Institution library in commemoration of the work of 
Alexander Taylor as a pioneer of the triple-expansion 
engine will be unveiled just prior to the meeting. The 
report of the Council for the session 1928-1929, which will 
be submitted at the meeting, shows that there were 
1,250 members on the register on July 31 last. The 
Council records, with regret, the death of 21 members of 
the Institution. These include Messrs. W. H. Dugdale, 
J. R. Dixon, H. Foster, J. Richardson, T. M. Tait, and 
R. Traill. ‘The Marquess of Londonderry and Professor 
R. L. Weighton have been elected honorary fellows of 
the Institution. Gold medals have been awarded to 
Mr. K. O. Keller for his paper ‘‘ Combustion and its 
Difficulties in Marine Oil Engines,” and to Mr. J. D. 
Young for his paper ‘‘ Losses in Efficiency in Steamship 
Operation.”” The Institution Scholarship has been 
awarded to Mr. W. Pratt. Prizes have also been 
awarded to Messrs. A. R. Ross, K. Fairbairn, and J. L. 
Hobson, who, although unsuccessful, did well in the 
examination. The first award of the Thomas Fenwick 
Reed Medal has been made to Mr. S. A. Roberts. The 
income of the Institution for the year ending July 31 last 
amounted to 3,952/., and the expenditure to 3,931. 





British Samine Sxrps.—Apart from dumb barges 
and similar craft, the world tonnage of sailing vessels of 
100 gross tons and upwards, not fitted with auxiliary 
engines, was about 906,000 gross tons on June 30, 1929. 
Of this total, according to Lloyd’s Register of Shipping, 
only 17,800 gross tons were owned in Great Britain and 
Ireland. The returns published by the Registrar-General 
of Shipping and Seamen record that 108 sailing ships, total- 
ling 12,538 gross tons, were added tothe United Kingdom 
Register during the year ending June 30, 1929, including 
54 new vessels having a total gross tonnage of 7,450, 
built during 1928 and 1929. The number of sailing 
vessels added to the Register, however, is more than 
offset by the number removed from it. The returns 
show that the vessels removed for various causes during 
the period July 1, 1928, to June 30, 1929, totalled 196, 
and the aggregate tonnage 20,336. According to the 
ninth annual report of the British Sailing Ship Owners 
Association, which will be laid before the annual meeting 
of the association to be held on December 3 next, the 
membership for the year 1928-29 included 325 owners with 
a total of 642 ships, making 48,018 net tons together. 
Among other matters the report deals with the improve- 
ment of port facilities. It states that, having regard to the 
policy of the present Government to promote schemes for 
the relief of unemployment, the Association, through the 
Chamber of Shipping and the Shipowners’ Parliamentary 
Committee, has urged upon the Government the need for 
giving consideration to improving the facilities at the 
ports. Mr. H. M. Cleminson, general manager of the 
Chamber of Shipping, who has been secretary of the 
Association since its formation, has retired, and Mr. H. E. 
Gorick, who has been assistant secretary for nearly 
seven years, has been appointed secretary, assisted by 
Mr. J. D. G. Hooper; both are on the staff of the 
Chamber of Shipping. 
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Electromagnetic Problems in. Electrical Engineering. By 
Hacvug, D.Se., &c. Oxford University Press. 

London: Humphrey Milford. [Price 30s. net. ] 

THE task of presenting theoretically-derived matter 
in a form assimilable by engineers is often difficult, 
a fact which possibly explains the rare appearance 
of such treatises. In the present instance, we think 
it will be agreed that the mode of treatment adopted 
will be within the grasp of the more serious student 
of electrical engineering. The author describes his 
book as “‘ an elementary treatise on the application 
of the principles of electro-magnetism to the theory 
of the magnetic field and of the magnetic forces in 
electrical machinery and apparatus.” In short, 
a treatise on the applications of electromagnetic 
theory. In addition to his own work, the author 
develops, from first principles, solutions of electro- 
magnetic problems discussed by Rogowski, Roth, 
Searle, Strutt, and others. 

Whatever the cause, it will be admitted that 
magnetic and electrostatic phenomena are not so 
well understood by students as the more familiar 
fundamentals of electrodynamics. The author’s 
effort to remedy this deserves the highest praise. 
An attempt to avoid confusion is made by dispen- 
sing with artificial hypotheses, introducing at once 
the conceptions of vector potential and flux. The 
fact that the results are not directly applicable to 
design problems ought not to nullify its value to 
the engineer, any more than to the student. Such 
work should not be regarded as academic, for a 
better appreciation of the mechanism of the 
apparatus they deal with cannot fail to be of 
considerable benefit to students and engineers to 
whom technical knowledge is essential, while to 
those of an inquiring or philosophical turn of mind, 
a book like the present will well repay careful study. 

The earlier chapters deal with the general pro- 
perties of the magnetic field, and its mathematical 
representation. The discussion is clear and detailed, 
but in places the student will find that careful 
thought is necessary if he is to arrive at logical 
conclusions from the alternative and sometimes 
conflicting viewpoints that are discussed. The 
theory of the vector potential and other theorems 
of modern mathematical magnetic treatment are 
clearly set out, and a wealth of information, 
not readily found in a convenient form elsewhere, 
is given. Methods are developed for determining 
the field of current-carrying conductors in the 
presence of various forms of permeable boundaries, 
the conductor in all these problems being a single 
small wire. Several methods of determining the 
magnetic field distribution are used, including the 
direct method, the method of images and the use 
of Fourier’s expansions; in short, the treatment 
is a model of the elegant and almost intuitive 
application of the simplest method to each 
particular problem. Part I concludes with a 
general discussion of the forces on current-carrying 
conductors, including an examination of the force 
on a conductor buried in a plane-faced block of 
iron, when situated in a uniform field. The physics 
of bg remarkable phenomenon deserves careful 
study. 

In Part II, the material and methods of Part I 
are applied to problems simulating, as far as is 
practicable within the scope of the book, actual 
conditions. The conductor in the gap between 
concentric iron cylinders is examined and its field 
determined, and the results are extended to coils 
and coil-groups. The mathematical work here 
becomes rather intricate, but is a remarkable 
demonstration of the flexibility of a process which 
dispenses with many artificial restrictions, such as 
infinite dimensions in one plane and _ infinite 
permeability. The practical utility of the solutions 
to the designer is reduced by the fact that the 
actual induction machine (the nearest approach to 
the ideal machine dealt with) has a very small 
air gap with an air gap field for each coil which 
scarcely departs from the plain rectangle as assumed 
by the most elementary treatment. Again, the 
important effects of tooth saturation introduce 
enormous complications. 

Further subjects considered in Part II are the 


of field coils, followed by an examination of the 
leakage field in transformers and of the electro- 
magnetic forces on various simple circuits. 

The diagrams in the book are carefully and 
accurately drawn. The omission of equipotentials 
in some of them is unfortunate, as these would have 
been an indication of the solution of conjugate 
problems in electrostatics. The whole work has 
been prepared and checked with great care, and 
is an education in scholarship, presentation and 
method. Typographical errors are negligible. 


Mail and Passenger Steamships of the Nineteenth Century. 
By Caprain H. PARKER and FRANK C. Bowen, 
London: Sampson, Low, Marston and Company, 
Limited. [Price 3/. 3s.] 

THE steamship and the steam locomotive are to-day 

faced by rivals claiming superior virtues or con- 

veniences of one kind or another. In some fields, 
the struggle between old and new is severe, and 
it may be that these vessels and machines as we 
now know them will pass out to make way for 
something nearer to the needs of a still more 
highly developed society. The steamship and 
the locomotive, however, in the course of the 
nineteenth century, changed the face of the world, 
and it is well that record of their early work, and 
even record of their early appearance, should not 
be lost. Record, in the general sense, of neither 
will be lost, but the history of both is built up 
of that of thousands of units, each with its own 
characteristics and appearance. A fully detailed 
account of neither can be made ; nor is it necessary. 

If something can be told of the types, and something 

of the history and appearance of the more famous 

examples, it is probably needless to ask for more. 

As the steamship, in general, is held to be a 
more picturesque subject than the locomotive, 
and certainly faces life in more varied places 
and circumstances, it is natural that its records, 
particularly its pictorial records, are fuller than 
those of the locomotive. The general interest 
which the steamship has aroused in the past is 
well illustrated by the very large number of prints 
referring to it which are contained in the famous 
Macpherson Collection of Marine Prints which, 
owing to the munificence of Sir James Caird, has 
been preserved for the nation. These examples 
could not have existed in the numbers that the 
collection shows they did had the subject not 
aroused a wide interest. A number of the prints 
of the collection have been reproduced in the book 
with which we are here concerned, and are thus 
made available to a wider circle than those who are 
likely to be able personally to inspect the Collection. 
Captain Parker, Mr. Bowen, the publishers, and 
the printers have done their work well and produced 
a volume of wide and appealing interest. 

The matter of the book, which Mr. A. G. H. 
Macpherson himself tells us in the introduction 
covers only about a twelfth part of the Collection, 
is of particular interest to engineers, in that it is 
confined to steamships. Most men of middle age 
or older, whose early experience brought them 
into contact with marine engineering, will find 
in it matter recalling early, and one trusts happy, 
memories. To us it has been a keen pleasure to 
consult the records of some of the smaller steam 
craft which plied in and about the Irish Sea in 
the early nineties, and to see again reproductions 
of such old acquaintances as the Colleen Bawn, of 
the Liverpool and Drogheda service, and the famous 
Irish mail steamer Leinster, built by Samuda in 
1860. This brief recollection is not intended to 
suggest that the records of the volume go back only 
to the early ‘nineties. They, indeed, go back to the 
beginning and form an epitome of the history of 
steam navigation during its first century or so. 
About 180 of the prints of the Macpherson Collection 
are reproduced, some of them in colour, but the 
volume contains accounts of hundreds of other 
vessels, with particulars of the prints referring to 
them contained in the Collection. The brief 
histories give much incidental information on 
early shipbuilding and shipping matters, and will 
fascinate any reader who has ever heard the call 
of the sea. One learns unexpected things, such 
as that the Arizona of the Guion Line, built in 





magnetic fields of conductors of large section and 


1879, and one of the wonders of our youth, ultimately 


became the U.S.S. Hancock, carried troops to 
France during the war, and was broken up near 
San Francisco only in 1926. She was a very 
famous ship in her day, breaking the Atlantic record 
on her first voyage, and trying to run down an 
iceberg in her early years. 





Engineering Drawing. By H. H. Jorpan, B.S., and 
R. P. Hoetscuer, M.S., of the University of Illinois, 
U.S.A. New York: John Wiley and Sons, Inc. 
London : Chapman and Hall, Limited. [Price 15s. net. ] 

As stated by the author, this book has been written 

with the object of ‘‘ putting together many closely 

related bits of knowledge into a complete and 
harmonious whole.” As a result, an extremely wide 
range of subjects has been included in a somewhat 
cursory manner, and it may be questioned whether 
the student’s purpose would not have been better 
served by providing him with several text-books, 
each dealing completely and thoroughly with its 
own branch of the work. For instance, it is asserted, 
quite truly, that ‘‘ the draughtsman must know the 
capabilities and limitations of the shops,” and an 
attempt is made to cover the ground as regards 
pattern shop, foundry, forge, and machine shop, the 
latter including the lathe, milling machine, planer, 
shaper, jigs and fixtures, &c., in a single chapter of 
eight pages. On the other hand, the opening 
chapter consists of a rather elaborate dissertation 
on the art of lettering drawings, which extends over 

36 pages, and although it is admitted that “the 

day of fancy letters has passed,”’ examples of the old 

Roman alphabet, reconstructed from the base of the 

Trajan column at Rome, and also of Old English 

characters have been included “ on account of their 

general utilitarian aspect.” In some respects the 
arrangement of the book is peculiar. Instructions 
on the use and care of instruments and the most ele- 
mentary principles of geometry and projection seem 
to indicate that the book is intended for a mere 
beginner with no previous knowledge of the subject. 

Going further, we proceed to working drawings 
and to inking or tracing a drawing, to oblique and 
isometric projection, sketching and reproduction of 
drawings, all of which is well done, without, how- 
ever, introducing anything new either in matter or 
treatment, and it cannot be said that the work is in 
any sense of an advanced character. Later, the 
student is introduced to pictorial drawing and 
perspective, chart and diagram drawing, map 
drawing, and architectural drawing. Whilst it is 
quite true that the fundamental principles under- 
lying all projection drawing are the same, it is 
doubtful if the average student can cover the ground 
indicated, even in a superficial way, in the time at his 
disposal in the usual technical school or college 
course. The authors consider that a general 
knowledge of architectural drawing is valuable to 
any engineer, whether civil, mechanical or electrical, 
as it may be necessary for him to make house or 
industrial building plans on his own responsibility. 

We think he would be ill-advised to undertake this 

task, but in any case, he would require a far more 

intimate knowledge of the subject than can be 
obtained from the study of one chapter of 20 pages. 

A series of problems, referring mainly to mechanical 

drawings, which is given at the end of the book, is 

admirable and the accompanying sketches are 
excellent, and of a very practical character. 








Arrcrart INSPECTION BY LLOYD’s REGISTER OF 
SurpPinc.—It was announced, in July last, that the Air 
Ministry had authorised the British Aviation Insurance 
Group to undertake the inspection of civil aircraft for 
the renewal of certificates of airworthiness, the authority 
being limited, for the time being, to the inspection of 
privately-owned and club aircraft. We understand that 
arrangements have now been made, with the approval 
of the Air Ministry, whereby this duty is transferred 
from the British Aviation Insurance Group to the Com- 
mittee of Lloyd’s Register of Shipping. In consequence, 
the latter has appointed Mr. L. J. Hill, until recently 
stationed at Croydon Aerodrome in charge of the inspec- 
tion of civil aircraft on behalf of the Air Ministry, to be 
the Society’s surveyor of aircraft. The procedure will be 
similar to that at present in force. The owners of the 
aircraft concerned wil! make the usual application to the 
Air Ministry for the renewal of the certificate of air- 
worthiness. They can, however, have the inspection 
carried out by Lloyd’s Register of Shipping, whose sur- 
veyor is authorised by the Air Ministry to issue a pro- 
visional certificate immediately after the aircraft is 
found to be satisfactory, pending the endorsement by the 





Ministry of the original certificate for a further period. 
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LETTERS TO THE EDITOR. 


THE REPORT OF THE BRIDGE 
STRESS COMMITTEE. 


To THE EprTor oF ENGINEERING. 

Sir,—Apropos of the publication of the British Bridge 
Stress Committee’s Report, and the recent discussion 
as to work done in India on this subject, I think it 
may interest your readers to see the following com- 
parative results of actual test values of impact on an 
Indian railway bridge, and the corresponding calcu- 
lated values of impact—firstly, by the Indian basic 
formula, and, secondly, by the Indian covering formula. 

I enclose a series of deflectometer diagrams, Fig. 2, 
on the opposite page, taken at the centre of the 214-ft. 
main girders under the test train, a diagram of which 
is given in Fig. 1, run at various speeds. The engines 
are of the goods type, and normally will not exceed 
30 m.p.h. Tests were made up to 40 m.p.h. It should 
be noted that synchronism occurred at 30 m.p.h. The 
calculated critical speed was 27 m.p.h. It is believed 
that 30 m.p.b. was the true critical speed. 


The following is a comparative statement :— 


A,—Observed Impact (maximum) :— 


in. 
Max. dynamic deflection = 0-975 





Max. static deflection = 0-83 
Added deflection = 0-145 
Impact fact «i: ae 
mpact factor + 
= 0°17 
B.—Calculated Impact :— 

sez 10-5 x 2P, 
(i) Basic (two engines) = (w+ p)ed 


10°5 x 2 x 0-699 

= (2-92-+-2-43) x 16-1x0-83 
_ 10-5 x 2 x 0-699 
~ 6-35 X 16-1 x 0-83 
= 0:205 
_ 65 
~ 45+ 1 
am 65 

45 + 214 
= 0-25 

I think your readers will agree that the results 
obtained experimentally are in close agreement with 
both the basic formula and, in the nature of the 
problem, with the covering formula. The latter must, 
of course, cover general cases, and the present instance 
is an example which well illustrates the validity of 
our covering formula, the truth being that the covering 
formula is obtained from the basic formula, and the 
basic formula is obtained from a fundamental con- 
sideration of the essential dynamical features of the 
problem. 

A photograph of the Allahabad-Jumna bridge on 
which the tests were made is reproduced in Fig. 3. 

For the benefit of those readers who are not familiar 
with the basic formula I may state that :— 

P, = hammer blow in tons of one engine at one 


revolution per second. 
W = equivalent dead load per foot of the complete 


erg 
.U.D.L. load per foot. 

circumference of locomotive drivers in feet. 
static deflection in inches. 


Yours faithfully, 
L. H. Swat. 








(ii) Covering 


toi dl 


Chief Engineer’s Office, 
East Indian Railway, 
Calcutta. 
September 19, 1929. 








MULTI-CRANK UNIFLOW ENGINES. 


To THE Epitor oF ENGINEERING. 


Str,—May I be permitted to express the view that 
the multi-crank compound uniflow engines, as fully 
illustrated in your last issue, mark a real advance 
from the original compound uniflow engines of 1827- 
1828 ? 

This new engine is equivalent to the original Perkins 
engine of 1827, with its large low-pressure cylinder 
divided into two, thus giving a greatly-improved turn- 
ing effort. The Perkins (now so-called “ uniflow ”’) 
engines were designed to work with safety at up to 
2,000 Ib. per square inch, using resaturated superheated 
steam generated in a manner somewhat similar to that 
recently reintroduced by Professor Loeffler. With 
Perkins uniflow cylinders, the compression in the 
H.P. cylinder would be dangerous but for the provision 
of a number of safety devices well known to present- 
day users, and these Perkins originally provided to 
such an extent that he called it the “ patent safety- 
engine.” To make up a compound engine, he simply 


coupled his standard single-expansion uniflow engine 
to a cylinder of eight times the volume, but without 
any valve on the L.P. cylinder, since the H.P. piston 
conveniently formed a piston-valve. 

Both cylinders were, therefore, uniflow. Since the 
only advantage in the “ uniflow” type is the saving 
of the heat which, in the ultimate expansion, is wasted 
into the condenser, there would be no thermal gain by 
intermediate ‘ uniflowing.” In effect, with 90 per 
cent. compression periods in the H.P. cylinder, the 
use of superpressure steam was discovered to be 
dangerous by Perkins, and to counteract this he fitted 
anti-compression relief valves in the piston itself, these 
being opened by a projecting spindle coming into 
contact with the cylinder cover before the compres- 
sion became too high. When this valve opened, the 
pressure of the compression between the piston and 
the steam-admission valve fell to that of the vacuum 
in the condenser, for, at that moment, the L.P. exhaust 
ports all round the L.P. cylinder were wide open to 
the condenser, and, as there was no valve to close the 
H.P. exhaust ports, the vacuum then extended from 
the condenser to the steam-admission valve on the 
H.P. cylinder. 

In consequence, there would have been a ‘‘ hook” 
on the H.P. indicator cards, resembling in outline a 
very high-heeled shoe, so adding to the diagram area 
and eliminating all dangerous compressions. Both 
pistons moved together in parallel, so that, until the 
large circumferential ports in the L.P. cylinder were 
closed to the condenser, the H.P. piston commenced 
its working stroke against a vacuum on its opposite 
face, just as when working single expansion and 
condensing. The L.P. piston was made to work with 
an advance of 5 per cent. on the H.P. piston-stroke. 
Consequently, the condenser was only closed to the 
H.P. cylinder when its piston had advanced 5 per cent. 
of its stroke, and there was no dead-point on the out- 
stroke. 

Such remarkable conditions as those described 
appear never to have been realised in any steam engine 
since those of Perkins, and nothing so simple, mechanic- 
ally, as a single admission valve, without any exhaust 
valves, is to be found elsewhere in the history of the 
compound steam engine. The single-beat admission 
valve was operated by tappet trip gear, with screw 
adjustment giving variable cut-offs down to zero, while 
running, although Perkins maintained that less than 
6 per cent., or 16 expansions, for very high-pressure 
steam in simple uniflow engines was not economical, and 
modern practice has verified his experience. At the 
earliest public demonstration of the compound uniflow 
engine, in 1828, the engine was at first operated as the 
ordinary Perkins single-expansion engine, with the 
large L.P. piston disconnected from its crank and 
dropped clear of the cold-belt annular orifices in the 
bottom of the L.P. cylinder, so working under ideal 
conditions with regard to the free exhaust to the 
condenser. The L.P. piston was subsequently con- 
nected up to the crankshaft, and the assembled com- 
pany then observed, with astonishment, that the load 
on the brake had to be increased by 88 per cent. to 
stop the engine in compound working with a 33-fold 
expansion as compared with simple working with the 
same cut-off of 25 per cent. This was witnessed by 
members of the Institution of Civil Engineers, and was 
referred to in Perkins’ paper before that Institution in 
1836. 

A peculiarity resulting from an engine having only 
a single admission valve and no exhaust valve, with 
two cranks, was that, whatever the H.P. cut-off 
might be, the L.P. cut-off was necessarily fixed and 
constant at double the exhaust period of the H.P. 
piston. In the public tests, with 25 per cent. H.P. 
cut-off for overload working, the L.P. cut-off would 
have been only 20 per cent.; yet the work done by 
both the cylinders in staged expansion was equal, 
according to Perkins’ brake tests. Obviously, the 
shorter L.P. cut-off tended to raise the L.P. initial 
pressure, as stated in your article on the new three- 
crank uniflow engine, and this, as is well known, is 
the effect obtained in modern so-called ‘“ extraction 
engines,” where “ bleeding ”’ of the receiver for process 
work is compensated by simply reducing the L.P. 
cut-off so as to keep the power of both cylinders 
equal, while the governor automatically adjusts the 
H.P. admission. 

For process work, where any traces of oil in the 
condensate would be detrimental to the goods to be 
treated, Jacob Perkins, in 1826, made the first practical 
step by introducing his improved bell metal for piston 
rings and glands, which gave better results with no 
greasy lubricant whatever than were obtained with 
engines working with lubricants, while any danger 
from internal corrosion of the cylinder walls, due to 
condensation on their surfaces when the engines were 
shut down, was avoided by the use of zinc plates and 
by a proportion of zinc in the Perkins alloy. When 
the ‘‘ no-oil” engines were opened up for inspection 





the cylinder walls were found to be “ polished like 


silver mirrors.”” This ‘“ no-oil” metal is still made 
by descendants of the Perkins firm. 

As most of the important advances with high- 
pressure steam are now found to embody some of the 
many original processes of steam generation intro- 
duced by Perkins more than a century ago, one of the 
most notable being that of rapidly generating super- 
pressure steam by the circulation of hot water in closed 
tubes, there now only remains to effect further im- 
provements in the engines themselves. The new engine 
described by you appears to me to follow, and yet to 
improve upon Perkins, and a better knowledge of his 
work would, I think, result in still further advances 
as regards reciprocating engines of high thermal 
efficiency. 

Yours faithfully, 


London, N.W. CHartes R. Kina. 





THE EILDON DAM FAILURE IN 
AUSTRALIA. 


To tHE Epiror oF ENGINEERING. 


Srr,—From Mr. Ackermann’s letter in your issue of 
the 11th inst., and his experiments with London clay, 
we can deduce one clear fact which affects the design 
of clay-cored dams, namely, that there is a definite 
limit in height, depending on the water content and 
kind of clay, to which we can safely build a clay wall 
when no lateral support is relied upon. 

Mr. Ackermann’s results show that, in the case of 
London clay of 125 lb. per cubic foot weight, and con- 
taining 24 per cent. of water, the pressure of fluidity 
occurs when the clay wall reaches a height of 66 ft., 
not allowing for any lateral support. In an actual 
case, lateral support, on the one hand, and a factor of 
safety on the other, should be allowed for. 

In the case of the Eildon Dam, assuming the clay is 
comparable with London clay with 24 per cent. of water, 
not only was this height exceeded by 24 ft., but it was 
even proposed to add an additional 40 ft. without ade- 
quate lateral support. The success of clay-cored dams, 
of a height above that where the pressure of fluidity 
occurs, lies in the provision of such adequate lateral 
support that the clay is prevented from flowing. 

Yours very truly, 
Hat GUTTERIDGE. 

17, Victoria-street, Westminster, London, 8.W.1, 

October 14, 1929. 








CUSTOMS DELAYS AND OVERSEAS 
TRADE. 


To THE Eprror oF ENGINEERING. 


Smr,—Through the medium of the Press, the business 
world is being constantly reminded that the solution 
of unemployment lies in increased trade overseas. It 
is therefore exceedingly vexing to find that one’s efforts 
to put this exhortation into practice are frequently 
stultified or hampered by official attitude and action. 
The prevailing indifference in certain Government 
departments is strikingly illustrated by the following 
facts relating to the procedure of H.M. Customs. 

Annually, a large number of fractured motor car and 
machinery parts are expressly sent to this country for 
repairs which cannot be executed elsewhere. We have, 
at this moment, 13 cases of fractured parts from Persia 
held up at the docks, pending the completion of Customs 
formalities. These parts are so urgently required by 
the owners that, to save time, all correspondence 
relative thereto is being transmitted by air mail. 

The Customs authorities have asked for the name 
of the vessel upon which the goods were originally 
shipped, and the date of its sailing. But, most absurd 
of all, they require us to declare the value of the goods 
when new. Now, manifestly, we cannot possibly 
supply this information, as we do not know where the 
parts were made. Moreover, they were not sold as 
separate units, but as parts of a complete machine or 
motor vehicle. 

We have offered to pay a deposit of duty, or, alterna- 
tively, to give bond pending the re-exportation of the 
goods, but, in spite of this, the goods remain at the 
docks, apparently because the Customs authorities 
cannot make up their minds as to the value of them. 
Actually, until they are repaired, the value of the 
contents of these cases is that of scrap metal. It 
does not need an expert to see that these broken parts 
are absolutely useless in their present state. 

We admit that the Customs must see that proper 
duty is paid on all dutiable goods imported into this 
country, but we feel very strongly that, in the execution 
of their duties, they should endeavour to assist business 
firms, especially when documentary evidence exists to 
prove that damaged goods are being sent to reputable 
firms for the sole purpose of reconstruction. 

In placing obstacles in the way of prompt clearance, 
the authorities are actually destroying the chance of 
extended business, by making prompt delivery of the 

















repaired goods to the owners a sheer impossibility. So 
long as the attitude of certain Government depart- 
ments remains as it is, so long will increased overseas 
trade be a mere ideal, and not a practical issue. 
Yours faithfully, 
Barimar, Limited. 
C. W. Brett, 
Managing Director. 
14-18, Lamb’s Conduit Street, 
Theobald’s-road, 
London, W.C.1. 
October 11, 1929. 








LABOUR NOTES. 


On Friday last week representatives of the railway 
companies, the National Union of Railwaymen, the 
Associated Society of Locomotive Engineers and Fire- 
men and the Railway Clerks’ Association met in 
London for the purpose of discussing the proposal of 
the men’s organisations to end the arrangement under 
which wages and salaries were reduced a year ago by 
24 per cent. The conference lasted for over five hours, 
and at its close the following official joint statement 
was issued :—‘‘ The railway companies and the repre- 
sentatives of the three railway unions have come to 
an understanding that they will recommend that the 
existing agreement under which a deduction of 24 per 
cent. is made from salaries and wages, shall be con- 
tinued for a period of six months until May 12, 1930, 
when the deduction will cease. For a further six 
months, until November 12, 1930, no general proposal 
to vary pay or conditions, shall be made by either side. 
The trade unions will call special meetings of their 
delegates, at which these recommendations will be 
submitted for approval. The railway companies have 
already held a preliminary meeting with the trade 
unions representing the shop employees, and a further 
conference with these and the trade unions concerned 
with other sections of the staff will be arranged as 
early as possible.” The agreement arrived at is subject 
only to ratification by delegate conferences. 





Mr. Findlay, the General Secretary of the United 
Pattern Makers’ Association, states in the latest 
official report of the organisation that the number of 
unemployed members has increased from 486 to 
573. This is, he adds, “an insistent reminder that 
winter is again approaching, and that all our best en- 
deavours will be required to get and keep as many of 
our members shopped as possible. Members in work 
are asked to make a respectful and proper representa- 
tion to the foremen and managers (when required) 
that overtime is neither to their interest nor to ours, 
and can be largely avoided by the utilisation of men 
on the books.”” The membership of the Association 
is returned as 11,033. 





In consequence of the refusal of the North Western 
Engineering Employers’ Association to increase the 
wages of members of the United Pattern Makers’ 
Association, the Clyde District Committee of the men’s 
organisation has put an embargo on all overtime as 
from September 30. ‘The decision to place an 
embargo on all overtime,” Mr. Richmond, the Clyde 
delegate, states, ‘‘ can be justified, and the rank and 
file having given the order, C.D.C. are quite satisfied 
that they will carry out the instructions to the very 
letter. It is too early yet to say what effect the 
embargo will have, but we fail to see how other than 
good can accrue. It should mean a decrease in the 


number of our unemployed members, and that in itself | 


is all to the good.” 





On the suggestion of the Eccles Branch of the United 
Pattern Makers’ Association, the Executive Council 
have decided to ask employers to pay a compensatory 
bonus of 8s. per week where no payment by results 
scheme is in operation. The same branch suggested 
that the Executive Council should ask the Trade 
Unions Congress General Council to call an early 
meeting of all unions catering for wood workers * to 
consider common objects, a :ommon policy and the 
possibility of confederation.” The Executive Council 
have decided to take a vote of the members on the 
subject in the March quarter. 





The uninterrupted working week decided upon by 
the Council of Commissars came into force in Soviet 
Russia on October 1. The Decree establishing it 
provides that the system is to be introduced, in the 
first place, in six groups of undertakings. The first 
group comprises coal mining and peat cutting ; under- 
takings producing building materials and electric 

wer; State undertakings ; co-operative and public 

uilding undertakings; and railway and road con- 
struction. The second group comprises those under- 
takings in manufacturing industry which can be pro- 


| 





[Oct. 18, 1929. 








ENGINEERING. 


fuel. The third group comprises those workshops in | crimination required by employers when mechanics 
heavy industry the development of which is specially | and tradesmen of various kinds are being sought. We 
necessary. The fourth includes all loading and unload- | have only to refer to the numerous branches of the 
ing work, the fifth all wood working undertakings, and | engineering trade, with its highly specialised methods 
the sixth State commerce, both wholesale and retail, | of production and processes, to illustrate the futility of 


and the co-operative movement in towns and industrial 
settlements. 





| Provision is made for the establishment of a special 
| committee under the Council of Labour and Defence. 
This committee will have the duty of supervising the 
introduction of the uninterrupted week, and is also 
to study the possibilities of increasing the proportion 
of technical staff in undertakings, as well as the problem 
of training skilled labour. The Decree contains no 
provision as to hours of labour and days of rest under 
the system. It lays down only that the uninterrupted 
working week shall be introduced in undertakings and 
institutions in such a way that all the interests of the 
workers and salaried employees shall be fully safe- 
guarded. After the introduction of continuous work, 
the number of days of rest hitherto allotted to each 
worker and salaried employee may not be decreased, 
and likewise the total number of hours of labour for the 
whole year may not be increased. 





In the undertakings which adopted the uninter- 
rupted working week before the publication of the 
Decree, the organisation of labour varies considerably. 
Thus, in the building industry in Moscow the week of 
six working days followed by a day of rest has been 
maintained. Certain State building undertakings 
have introduced.a week of five working days, followed 
by a day of rest. There even exists an undertaking in 
which the workers receive a day of rest after three 
days’ work. In commerce and the public services 
there is in general either a nine-day week, consisting 
of seven days’ work followed by two consecutive 
days’ rest, or a five-day week consisting of four working 
days followed by a day of rest. The Commissariat 
of Labour suggests as a model week, a week of five 
working days followed by a day of rest. In certain 
classes of undertakings which will be announced later, 
the day of rest will not be granted except after six 
days’ work. The number of official holidays will be 
reduced to five. These are January 22, the anniversary 
of the death of Lenin, May 1 and 2, and November 
7 and 8, the date of the Bolshevist Revolution. Religious 
festivals and New Year’s Day will no longer be con- 
sidered holidays. In addition, on the day before 
holidays and days of rest, the hours of work will be 
the same as on other days, while at present they are 





| expecting a person who has probably never seen the 
|inside of an engineering establishment to select the 
| type of workmen required; and what applies to our 
| own trade is probably common to many others.” 





Proceeding, the writer points out that the experience 
of employers who have given the suggested method a 
trial has not been at all satisfactory. “In the case of 
general labourers,” he says, “it may prove of advan- 
tage; but with mechanics the present methods of 
applying to the trade unions and of personal visits of 
applicants to the factories are preferable. As a general 
rule, an unemployed mechanic would not call upon 
an employer whose work he could not perform ; but 
if he was sent from an Exchange, he would be com- 
pelled to go under penalty of forfeiture of benefit. If 
compulsory notification of vacancies were to become 
law, it would probably prove another means of dis- 
qualification for benefit, as it does not require much 
imagination to visualise the reception afforded by 
employers to a series of unsuitable applicants. These 
are some of the reasons that should actuate all trade 
unions to oppose a suggestion that would drive them 
still further into the toils of an often unsympathetic 
Government Department.” 








According to Man and Metal, the organ of the Iron 
and Steel Trades Confederation, ‘‘ genuinely seeking 
work ” is a phrase which ought to be deleted from the 
legislation dealing with Unemployment Insurance. 
‘“The present Minister,” the writer says, ‘‘ has made 
some modifications, but these do not go far enough. 
The trade union practice has hitherto been to ask the 
man to sign a book during working hours if he were 
claiming unemployment benefit, and this has been taken, 
at once, as proof that he was out of work and of his 
desire to find work. This position is simple and 
straightforward and was part of the administration of 
the Unemployment Insurance Acts up to 1921. It 

~ be restored.” 





A conference on the wages question took place in 
London on Thursday last week between the executive 
council of the Boilermakers’ and Iron and Steel Ship- 
builders’ Society and the executive committee of the 
Shipbuilding Employers’ Federation. A claim for an 


only six hours on Saturdays and the days before holi- | advance of 6s. per week on time rates and 15 per cent. 


days. 


On October 7, 
persons on the registers of Employment Exchanges in | 
Great Britain was 1,207,200. Of these, 868,900 were | 
wholly unemployed, 261,600 were temporarily stopped, | 
and 76,700 were persons normally in casual employ- 
ment ; 927,100 were men, 35,200 boys, 213,100 women, 
and 31,800 girls. Of 1,181,862 on the registers on 
September 30, 1929, 845,683 were wholly unemployed, | 
261,870 were temporarily stopped, and 74,309 were | 





persons normally in casual employment; 905,252 | 
were men, 35,161 boys, 209,246 women, and 32,208 girls. | 
The number of unemployed persons on October 8, 
1928, was 1,319,706, of whom 1,028,544 were men, | 


39,268 boys, 217,131 women, and 34,763 girls. | 





In September, the home branch membership of the | 
Amalgamated Engineering Union increased from | 
193,184 to 193,533, and the Colonial branch membership | 
decreased from 27,704 to 27,502. The number of | 
members in receipt of sick benefit increased from | 
5,129 to 5,253, and the number of members in receipt | 
of superannuation benefit from 10,347 to 10,401. The) 
total number of unemployed members increased from 
11,815 to 12,407. 

The writer of the “‘ Editor’s Notes ” in the October | 
issue of the Amalgamated Engineering Union’s Monthly | 
Journal says that there appears to be a movement | 
afoot in some quarters to compel employers to apply to 
Employment Exchanges each time they are in need of | 
workpeople. Anything better calculated to bring the 
Exchanges under fresh and more severe criticism | 
is, he declares, difficult to imagine. ‘The staft at | 
the Exchanges consists,” he says, ‘‘ of permanent 
Civil Servants and temporary employees. The latter 
is a fluctuating quantity and is often recruited from | 
the ranks of purely clerical workers. While we have | 


1929, the number of unemployed | 


| on piece prices was submitted by the men’s repre- 


sentatives, who argued that such an increase was 
warranted by the present position and prospects of 
the industry. The employers intimated that the case 
which had been presented would be reported to an 
early meeting of the Central Board of the Shipbuilding 
Employers’ Federation. 





In the October issue of the Monthly Report of the 
Boilermakers and Iron and Steel Shipbuilders’ Society, 
Mr. John Hill, the General Secretary, states that the 
trade returns for September showed a little improve- 
ment, but there were still 11,342 members out of work, 
as against 11,526 in August. Members must not, 
he adds, idly wait for a tide of good trade to employ 
them. The Government had done well in foreign 
affairs, but their peace efforts had, so far, reduced 


|empjoyment for shipyard and dockyard men. They 


had a right to demand that attention should be given 
to home affairs and the putting into practice of the 
promises of all political parties to cure the evil of 
unemployment. They had been making an endeavour 
to persuade the Government to come to the aid of ship 
building and engineering, and had reported these 
efforts to the branches. They had also asked branches 
to approach members of Parliament. In shipbuilding 
as in other industries, they had been content to rest 


| on their laurels until other countries, by research and 


industry, had left them behind. Unemployment in 
shipbuilding had been greater than in mining, for 
which so much was now being attempted. 





At a mass meeting on Monday of the shipyard 
joiners who have been on strike at Belfast for five 
months in support of a claim for an advance of 3s. per 
week, a resolution was passed unanimously protesting 
against the action of the Executive Council of the 
Amalgamated Society of Woodworkers in agreeing 
with the Shipbuilding Employers Federation to submit 
an omnibus proposition, involving a sacrifice on the 








vided with sufficient quantities of raw material and | are very few who are capable of exercising the dis-| ployment problem. 


no desire to disparage the work these men and women part of Belfast members, to a ballot of the whole 
are called upon to undertake—often under very difficult | society. Acceptance of the Night Shift and Overtime 
circumstances and with inadequate office accommoda- | Agreement was also condemned on the ground that 
tion—we venture to affirm in all seriousness that there | it would seriously prejudice the solution of the unem- 
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| be made to 20 seconds of arc, which on a circle of 4 in. | 








ZEISS OPTICAL DIVIDING HEAD. 


»,ON page 665 of our last volume we outlined the 
development and manifold activities of the form of 
Carl Zeiss, Jena. We now illustrate one of the 
characteristic productions of the firm which are of 
interest to the engineer. This has been placed on 
the market by Messrs. Schuchardt and Schiitte, of 
Berlin, to whose agents in Great Britain, Messrs. 
Dowding’s Machine Tool Company, Limited, of 
38, Albert-embankment, Vauxhall, S.E.11, we are 
indebted for the particulars given below. This 
production, an optical dividing head, has been in use 
for a few years, but is probably not familiar to a 
number of our readers. 

The optical dividing head can be easily and quickly 
Set, and its accuracy is maintained in service owing 
to the fact that the worm and wheel merely serve 
for the purpose of setting by rotating the spindle, 
while the accuracy of indexing is obtained by the 
microscopic observation of an annular graduated 


| diameter would correspond to a chord of 0-0002 in. | 
Tables corresponding to divisions, ranging from 2 up | 
to 200, are supplied with the dividing head. In this | 
way one graduated ring suffices for obtaining easy 
submultiples, such as 10 or 12 divisions, &c., as well as 
for inconvenient numbers, such as 71, 199, &c., without | 
any further calculations. 
Details of the dividing head are given in Figs. 1 to 5, 
above, while Fig. 6, annexed, shows it in use at | 
| the works of Messrs. Elliott Brothers, Lewisham. | 
|The height of centres is 130 mm. (6 in.), and the 


| weight about 76 kg. The spindle is mounted in a 


conical bearing at its front end with a cylindrical | : ‘ : 
LEER hae as 4 ' Any strain due to the locking action would be rendered 
bearing at the rear end, the front end being bored to | visible by the high magnification used. This property 


sollar ( Fig i ) Lola condnediget Jorgen npn o% | was put to a severe test in the Zeiss works by milling 


The bearing of the worm is eccentric | a : 9 
when the worm is out of gear and the spindle is free for bar of Siemens-Martin steel of 50 mm. (2 in.) 
| depth of 6mm. with a feed of 20 mm. per minute; the 


| a square ; 
approximate adjustment. | side, with a milling cutter of that diameter, cutting to a 
| aid of the auxiliary scale (Fig. 3). When the worm is | maximum deviation from the correct dimensions 

amounted to + 5 seconds of arc. There being no 








Fig. 6. 


that the shoes grip the spindle collar tangentially. 











This is effected with the | 
aes | thrown in again, the close setting is obtained by the | 
glass dial. Exact division of this dial is easily secured | worm gear by means of the handwheel (Fig. 2), the). Se aaa ee my . P 
and maintained, but the worm is liable to = ts even | final Pic Be being made by a small knob actuating mechanical drive, very little lubricant is required. 
if initially accurate. All the delicate optical parts are the hand wheel. The fine adjustment is controlled by 
securely mounted within the body of the instrument, | means of the graduated glass ring (Fig. 1), which is 
and need not, and indeed should not, be touched} mounted in the central portion of the spindle under 
i normal working. One of the objects of the design | the microscope, which has a magnifying power of 60. | 
was to dispense with the necessity for dismantling for; The observer, looking through the eyepiece, sees | 
cleaning purposes. A special lock relieves the worm | three horizontal lines representing degrees of arc, say, | 
gearing of the working pressure. The worm can| 44, 45, 46, and underneath these lines a fine graduation | 
be thrown out of gear, and the spindle quickly set to | of 60 minutes of arc, reading, e.g., 45 deg. 3-5 minutes. 
the approximate angle with the aid of an external | Quarter minutes can easily be estimated without a | 
auxiliary scale. The head can be swivelled from the | vernier. When the head has been adjusted to the | 
horizontal to the vertical, after slackening a clamping | required position the spindle is locked. The ratchet | 
lt, and the eyepiece can be swivelled to a position | on the hand wheel prevents any turning of the worm 
convenient for observation. Readings of angles can | while the spindle islocked. The brake is so constructed | 








THE AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 
—Mr. A. P. M. Fleming, of the Metropolitan- Vickers 
Electrical Company, Limited, has been appointed by 
the Board of Directors of the American Institute of 
Electrical Engineers to be honorary secretary for England 
for the two-year period, August, 1929, to August, 1931. 
The local honorary secretaries are appointed under 
Section 46 of the Constitution of the Institute. The duties 


| of the appointment include assisting the Board with 


regard to applications for membership, extending 
courtesies to travelling members, and other services. 
Mr. Fleming succeeds Mr. C. Le Maistre, whose term has 
just expired. 
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COMPRESSED AIR SUPPLY ON THE 
RAND.* 


By Bernarp Pricz, O.B.E., M.Inst.C.E., M.I.E.E. 
(Concluded from page 481.) 


Robinson Plant.—At Robinson, there are five 
electrically-driven compressors, three of which were 
manufactured by the Gutehofinungshiitte, and two 
by the A.E.G. Each set comprises two air cylinders 
mounted on separate shafts, and, in the case of the 
G.H.H. sets, each cylinder is divided into two stages 
with an intercooler between them. Intercoolers are 
also provided between the two cylinders on all sets, 
and, in the case of the G.H.H. sets, the high-pressure 
stage discharges through an after-cooler. All sets 
have diaphragm and jacket cooling, the design being 
generally similar to that of the A.E.G. sets at Rosher- 
ville. The cooling water is circulated through a spray 
pond, the make-up for which is purchased from the 
Rand Water Board. As the plant at Robinson is only 
run during the peak load, from about 7 a.m. until 4 p.m. 
daily, the quantity of make-up water is not very large. 
The automatic valve arrangement for preventing 
surging is also similar to that on the A.E.G. sets at 
Rosherville. 

The ten motors, each having a maximum continuous 
rating of 2,200 kv.-a., are of the synchronous type, 
operating at a pressure of 1,700 volts, and designed 
to run at a leading power factor, thereby materially 
improving the power factor of the electrical system. 
The sets are run up by means of a starting motor- 
generator, the synchronous A.C. generator of which 
is driven by an asynchronous slip-ring type motor 
having water regulating resistances in the rotor 
circuit. While both machines are stationary, the 
alternating-current generator is electrically connected 
to the compressor motor, and, after each has been 
fully excited, the motor of the motor-generator set is 
switched on. The two rotors then run up together 
until full speed is reached, when the compressor motor 
is synchronised on to the supply ’bus bars. To 
expedite the consecutive starting up of a number of 
motors, the motor-generator is brought to rest quickly 
by electrical braking. For obvious reasons, the high- 
pressure unit of the compressor set is started first. 

Pipe System.—Although consumers are fed by short 
single branch pipes, the network of mains affords a 


duplicate supply to all branches excepting those situated | 
The risk of breakdown on the | 
pipe system is extremely remote, and certainly would | 
not, in itself, justify a duplication of supply, but the | 


east of Rosherville. 


alternative route is desirable in order that maintenance 
work may be carried out without affecting supply. 


The pipes are in two standard lengths, namely 26 ft. | 


and 40 ft., the former being the maximum length 
which the manufacturers could supply at the date when 
the pipe system was first laid. The total length of 
piping on the system is 32} miles, more than half of 
which is in sizes ranging from 20 in. to 27} in. Only 
14 per cent. of the total length of piping has a diameter 
of 12 inches or less. All the pipes are of mild steel, 
lap welded, and those above 6 in. in diameter have 
one plain end and one bell-shaped end to form a 
stuffing-box joint. The loose flanges are of wrought 
iron. 

Test pieces cut from the steel plates from which the 
pipes were made were specified to have an ultimate 
tensile breaking strength of not less than 23 tons and 
not more than 27 tons per square inch, a minimum 
elongation (on 8 in.) of 25 per cent., and a yield point 
not less than 50 per cent. of the ultimate tensile breaking 
strength. After welding, the pipes were annealed and 
then coated internally and externally with a bitumastic 
compound. Each pipe was hammer tested at the manu- 
facturers’ works under an hydraulic pressure of 285 Ib. 
per square inch for 3 minutes. In order to demonstrate 
that the tensile strength of the welds was satisfactory, 
a selected pipe was tested at a pressure which stressed 
the plate to 19} tons per square inch. 

To facilitate the original work of installation and the 
subsequent maintenance of the pipes, sleeves have 
been used for making the ‘inal connection between the 
pipes and all fixed points, such as anchored valves 
and bends. These sleeves. of which there are nearly 
300 on the system, are merely short lengths of pipe, 
2 ft. to 6 ft. long, belled at: each end and of sufficient 
diameter to slide comfortably over the plain ends 
of the standard pipes which they interconnect. The 
sleeve is slipped on to one pipe, then drawn over the 


dimensioned thrust blocks of concrete supported on | Rapide type fitted with a renewable seat. The grit is 
solid foundations. |readily extracted, when necessary, by closing the 

Jvints.—Figs. 6 and 7 show the two designs of stuffing- | isolating valve and removing the collector, no interrup- 
box joint in use, that shown in Fig. 6 being a little | tion of supply being involved. A sectional view of the 
cheaper than that shown in Fig. 7. Both have given | water trap is shown in Fig. 8. There are 81 water traps 
satisfactory service, but the joint shown in Fig. 7, | on the system (72 with grit collectors and 9 without), 
which was adopted for the initial scheme, is perhaps | and they have given very satisfactory service. Care 


to be preferred. Stuffing-box joints are only used on | 
pipes the diameter of which is more than 6 in. Pipes | 
of 6-in. or smaller diameter are screw jointed, but | 
flanged joints are inserted at every fifth or sixth joint | 
to facilitate disconnection for repairs. Originally all | 
stuffing-box joints throughout the system were packed 
with a continuous ring of moulded rubber. It was | 
soon found, however, that although the rubber packing ! 
in joints on cold sections retained its nature and 
remained permanently tight, hardening of the rubber, , 
with consequent leakage, occurred on hot sections where 
the temperature exceeded 45 deg. C. On the cold' 
sections, the only difficulty experienced with rubber 
packing has been a tendency for it to flow between the | 
pipes at the bottom of the stuffing box and between 
the gland and the pipes at the top of the box, but 
this has readily been overcome by inserting asbestos ' 
packing on either side of the rubber. Good results 
are obtained by using two turns of thin asbestos in the | 
bottom of the stuffing box, then the rubber ring, and | 
finally a sufficient number of turns of larger asbestos 
packing to fill the box. For joints of the type shown 
in Fig. 6, in which the sides of the stuffing box are not | 
parallel, a rubber ring of circular section gives satis- 
factory service, but for that shown in Fig. 7, rubber | 
moulded to the shape of the stuffing box is preferable. 





= Y A A) 
SoZ 


SANA 












| 
| 





Fig.7. 











— 
(1612, F) “ENGINEERING” 


On hot sections, the ideal packing would be an elastic | 
material capable of retaining its nature at tempera- 
tures up to 125 deg. C., and it appears probable, from 
trials now proceeding, that such a material will be 
found. The hardening of the packing, however, was 
not the only difficulty encountered on the hot joints. 
Whereas on cold sections the temperature is virtually 
constant, the pipes on the hot sections are subjected 
to considerable variation of temperature from a maxi- 
mum during the peak load period each week-day to a 
minimum at week-ends. If the pipes are buried solid 
in the soil, the movement at the joints, produced by 
expansion and contraction of the pipes, draws grit into 
the stuffing boxes and tears the surfaces of the packing. 
To overcome this trouble, and pending the discovery 
of an ideal material for hot joints, asbestos packing 
has been used, and the joints have been opened up and 
left exposed in fenced pits, so that leakage may be 





readily detected and the joints periodically tightened. 
| Joints which cannot be exposed in this way and which, 
| therefore, remain buried, have been provided with a 
| galvanised-iron cover, arranged so as to prevent the 
| soil from reaching the joint. A small pipe is then car- 
| ried up to ground level from the enclosed underground 
space surrounding the joint, thereby rendering possible 

| the detection of leakage before it has had time to do 
|any serious damage to the pipe. In an endeavour 
|to find a packing which will retain its elasticity for | 
| longer periods at the working temperatures experienced | 
|on the hot sections, asbestos, in combination with a/| 
| special preparation of rubber, under the trade name of 
| Dexine, is at present being tried, and favourable 
| results have been obtained during the six months it 
| has been in use. 
In order to remove the moisture condensed from the | 

| air as it cools and the grit (produced by internal corro- | 








gap of a few inches between the ends of the two pipes | sion) which collect in the system, suitable devices have | 
and jointed in the usual manner in the stuffing boxes at! been fitted to the pipes at selected points along their | 
each end of the sleeve. At all points where the path| routes. In the most recent arrangement, a flanged 6-in. | 
of the air diverges from a straight line or comes to a| branch pipe is welded to the bottom of the air main, | 
dead end, such as bends and valve pits, the unbalanced | and to this is connected a 6-in. isolating valve. Below 
forces due to the pressure are taken care of by liberally | the valve, a grit chamber is fitted, having an outlet | 
—— | tube so placed that it draws off the water from the | 
* Paper read before Section G of the British Asso- | top of the chamber in which the grit settles. The outer | 
ciation at Johannesburg, South Africa, on July 31,/| end of this tube is connected through a small valve | 
1929, Abridged. to the water trap, which is of the Royles Syphonia | 





was exercised when laying out the system to grade the 
pipes to definite points, thereby avoiding pockets where 
the collection of water would restrict the free passage 
of the air through the pipes. 

All valves on the pipe system are of the gate type 
with gunmetal seats, the largest size in use being 24 in. 
Where 24-in. valves are used on pipes of 274 in. diameter, 
suitably shaped reducers are inserted on either side of the 
valve. Valves on pipes of 9-in. diameter and over are 
by-passed, the by-pass pipes and valves ranging from 
24 in. for a 9-in. valve up to 4 in. for the 24-in. valves. 
Very little trouble has been experienced in maintaining 
the valves. Unless operated frequently, the grit which 
collects in the bottom pocket is liable to prevent 
the valve from closing quite tightly, but the leakage 
that results when isolation of a section has been effected 
is too small to be of any consequence. 

The pipes are subject to internal corrosion over 
those portions of the routes in which condensation 
of moisture takes place. The aggregate length of mains 
for which these conditions apply is only about two 
miles. As internal cleaning and painting is a tedious 
and expensive business, the expedient was tried of 
spraying oil through a fine nozzle into the air stream. 
This, however, proved to be only a palliative and not a 
cure, the film of oil deposited on the pipe soon being 
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washed off and failed to penetrate the rust effectively. 
The metallisation process has also been tried, but is 
difficult and costly to apply, owing to the confined 
space inside the pipes, the obnoxious fumes produced, 
and the restricted means for ventilation. In applying 
this process, the metal surfaces are first cleaned 
thoroughly by sand blasting, and a coating of metal, in 
this case lead, is then sprayed on in the molten state 
through a nozzle, an acetylene flame being used for 
obtaining the requisite high temperature. As a result 
of the unfavourable conditions under which the work 
had to be performed, the coating did not always adhere 
properly to the pipes, and, in course of time, came away 
in patches. The problem is still receiving attention, 
but, in the meantime, fairly satisfactory results are being 
obtained with bitumastic paint of the best quality. 
Under the conditions obtaining in this district, it 
has been impossible to select routes involving no risk of 
contamination by seepage from slimes, dams and 
sand dumps, or by deleterious drainage from other 
sources. When the system was originally installed, 
the pipes were laid in what appeared to be good soil, 
but subsequent inspection disclosed active corrosion, 
first at one point and then at another. The action 
has naturally been more rapid and severe on hot sec- 
tions, where evaporation has concentrated the corrosive 
solution and accelerated the chemical action. Those 
lengths of the cold sections over which the soil has 
remained uncontaminated have given no trouble 
whatever during the 18 or 19 years since the pipes were 
originally installed. No external painting has been 
necessary, and the buried joints have remained per- 
fectly tight without attention of any kind. At the 


| points on the cold sections where conditions for corro- 


sion exist, buried pipes can, as a rule, be protected 
adequately by paint. The metal surfaces are first 
cleaned, then given a coat of linseed oil, and when this 
has dried in, a coat of bitumastic paint is applied. On 
the hot sections, however, these measures were ineffec- 
tive, and it became clear that it would be cheaper in 
the long run to open up the pipes and to support them 
on concrete blocks, either above ground level, where 
this is feasible, or, alternatively, in trenches properly 
fenced. Similar steps have been taken on cold sections 
where the conditions for corrosion were specially 
severe. Though somewhat expensive in initial cost. 
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this remedy facilitates inspection and cheapens the 
cost of all future work on the pipes and joints. 

In some instances, after heavy rain, the contaminated 
water has reached the raised pipes and caused corrosion 
of the surfaces resting on the concrete piers. This 
localised corrosion has been successfully overcome by 
metallising with lead that portion of the pipes which is 
in contact with the concrete. Over a portion of the hot 
section leaving Robinson, where the pipes could not 
be left open, they have been metallised with a lead 
coating and then painted. The lead coating is liable 
to injury in handling the pipes, but bitumastic paint is 
found to afford adequate mechanical protection. This 
method of treatment has been successful, but it is 
more expensive than opening and fencing the pipe 
trenches and erecting the pipes on concrete piers. To 
protect the open pipes on hot sections from atmospheric 
corrosion, various paints have been tried. Bitumastic 
paint dries out rapidly, and eventually cracks, pul- 
verises and becomes washed off by the rain. Oil paints 
last longer, but ultimately dry and peel off. Alu- 
minium-powder paint, though more expensive, has 
given the best results, and will probably pay for itself 
in the long run. 

Air Measurement.—At the time when the scheme was 
initiated both parties to the contracts realised that 
the measurement of compressed air in these large 
quantities introduced a new and difficult problem. 
Special methods had to be devised for testing the sample 
compressors, and commercial meters had to be specially 
designed for measuring the number of air units supplied 
month by month to the various mines. It was agreed 
that a series of shaped orifices widely spaced in series 
in a straight pipe should be used for testing the com- 
pressors, and Mr. A. M. Robeson, who at that time 
was consulting engineer to the Rand Mines Group, 
wisely decided to design and construct a large master 
meter for use as an ultimate standard of reference in 
case of dispute and for calibrating the orifices and the 
various meters used for commercial measurements. 

This master meter, which belongs to the Group, 
was built by Messrs. Fraser and Chalmers, and erected 
in an air-testing station at Ferreira Deep Mine. It is 
a simple displacement meter, having, at full speed, a 
capacity of 20,000 cubic feet of free air per minute 
and comprising three double-acting pistons and 
cylinders 36 in. in diameter and 27 in. stroke. The 
inlet and outlet of air to and from the cylinders is 
regulated by piston valves actuated through eccentrics 
on a crankshaft driven by piston rods, crossheads and 
connecting rods. These valves open and close when 
the pistons are passing the dead centres on the crank- 
shaft, and this latter shaft actuates the recording mech- 
anism and revolution counter. The meter is inserted 
in a closed circuit, which can be charged with air up 
to the desired pressure, either by means of a small high- 
speed compressor or by a supply taken from the 
Power Company’s air system. By means of a Rateau 
blower, the air in the closed system is circulated 
through the master meter and the apparatus to be 
tested, and also through two receivers, one for smoothing 
out pulsations and the other for cooling or heating the 
air to any desired temperature. Being of the displace- 
ment type, the meter enables direct measurement to be 
made without the use of empirical formule, and tests 
have shown that, when working at full capacity, the 
maximum error due to leakage past pistons, valves, 
stuffing boxes and joints is less than one part in 
2,000. 

Company’s Meters.—With regard to the commercial 
meters, the Power Company selected the Venturi type, 
as manufactured by Messrs. Geo. Kent, Limited, and 
the excellent performance which these meters have 
given is mainly due to the ingenuity and ability dis- 
played by Mr. J. L. Hodgson of that firm, who designed 
the original meters and whose pioneer work in this 
field is universally recognised. It was agreed that, 
as the small variations in temperature of the delivered 
air would have but a negligible effect upon the accuracy 
of registration, it would not be necessary to render the 
temperature correction automatic. Provision was, 
therefore, made for adjusting the recording mechanism 
to correspond with the mean temperature at which the 





by a battery of steel diaphragms, which actuates a 
cam. This cam is so shaped that it gives a displace- 
ment proportional to the logarithm of the required 
function of the pressure. Thus two displacements are 
obtained, one proportional to the logarithm of the 
weight and the other proportional to the logarithm of 
the pressure function of the air passing to the consumer. 
These two displacements are then added together 
by means of a differential gear, and the combined dis- 
placement is finally converted, by means of an anti- 
logarithmic cam, into a displacement proportional 
to the desired product. In order that the dials may 
read direct in air units, a ratio-wheel is introduced 
into the gearing, which makes the necessary allowance 
for the factor 0-641, and for the other constants in- 
volved in the definition of the air unit. Integration 
is performed by means of a clock-driven shaft running 
at a constant speed of one revolution in two minutes. 
This shaft is brought into gear with direct-reading 
recording dials at intervals of two minutes, and the 
displacement to be integrated regulates, by means of 
a clutch, the length of time during which the recording 
dials are driven forward by the clock-driven shaft. 
To avoid winding, the clock is driven by a small con- 
stant-speed air turbine. 

The effective range of the meter is from full load to 
one-twentieth of full load. All recorders are identical, 
with the exception of the ratio-wheel, thus enabling 
any recorder to be used for any temperature of supply 
and with any Venturi tube. The Venturi tubes them- 
selves are fitted with interchangeable gunmetal throats, 
so that, when the requirements of a consumer alter, it 
is merely necessary to change the Venturi throat and 
the ratio-wheel on the recording apparatus. Con- 
siderations which influenced the Power Company in 
selecting the Venturi type of meter were that no 
moving parts are necessary in the path of the air; 
the characteristics of the Venturi throat do not vary 
over long periods of use; the registering mechanism 
can be calibrated in situ by means of a standard dead- 
weight pressure tester, the accuracy of which is free 
from doubt; and the loss of pressure in the main 
circuit is small. The first three features are par- 
ticularly valuable, as they enable a high degree of 
accuracy to be attained and maintained continuously 
in commercial practice. Venturi throats which have 
been removed and re-tested against the master meter 
after long periods of service have shown no measurable 
change, and the meter can, in fact, be regarded as similar 
in type to electrical meters worked off current and 
potential transformers. 

Consumers’ Meters.—The mines have installed their 
own meters in series with those of the Power Company, 
and the mean of the readings of the two instruments 
is taken for the accounts. The consumers’ meters are 
of the gate type, in which a weighted vertical flap valve 
is opened to a greater or lesser extent by the flow of 
air passing it. The performance of this moving part 
in the path of the air stream cannot conveniently be 
tested in situ, and consequently the gate meters have 
to be dismantled and transported to the Ferreira Deep 
Air Testing Station for periodic calibration against the 
master meter. They have the advantage over the 
Venturi type, however, of being sensitive down to a 
somewhat smaller percentage of full load. For measur- 
ing the smaller supplies taken by industrial con- 
sumers, the Company has adopted a chart-drawing 
instrument known as the F.M.L. graphic recorder. 
This meter, which is manufactured locally, is the joint 
invention of Messrs. E. J. Laschinger, W. H.G. Furnivall 
and D. B. McLaren, three members of the staff of the 
Rand Mines Group, and is being used extensively for 
air measurement in the mines. Essentially it is a gate 
meter operating with a differential aperture at the gate. 
The casing containing the vertical weighted gate is 
arranged to house a brass shield, so shaped that its 
clearance from the bottom edge of the gate progressively 
increases as the gate swings open. By suitable design, 
the relationship between the angular movement of the 
gate and the weight of air passing it at a given constant 





pressure and temperature is made to follow a straight- 
line law, with the result that the chart has an equally | 
divided scale, and the area of the record drawn upon | 


bulk of the air is delivered to any particular mine. | it is a true measure of the integrated flow. If the aver- | 
Having eliminated the temperature function in this | age pressure or temperature of the air deviates materi- | 
way, the meter had only to measure and integrate | ally from the value for which the meter has been | 
the product of the weight of air passing and the proper | calibrated, the necessary correction can be read off a | 


tunction of the pressure. 
The weight of air is measured by causing the drop 


| 


diagram provided with the instrument. These meters | 
are relatively inexpensive, robust and reliable, even | 


of pressure across a Venturi tube to displace vertically under the onerous conditions of mining underground. | 


an inverted bell sealed by oil. This vertical displace- 


| 
} 


The output at compressor stations is measured by | 


ment is then transmitted to and controlled by a specially | plate orifices i.serted in straight lengths of piping | 
shaped float, which is submerged to a greater or lesser | placed beyond the main stop valve of each set. The 
extent in a mercury bath. The shape of the float is | pressure drop across these orifices is read off half-hourly 
such that the vertical displacement of the bell is|on water manometers, and from these readings the | 
proportional to the logarithm of the number of pounds | output of air units is deduced by means of a chart | 
of air passing through the Venturi tube at a given | specially prepared for the use of the operating staff. | 


pressure and temperature. The arrangement is 
sensitive to a Venturi head of less than 0-0001 Ib. per 
*q. in. The pressure of the delivered air is measured 





the requisite accuracy, would have to be taken at | 
inconveniently frequent intervals, but the large 


If the load were variable, these readings, to obtain | 





capacity of the pipe system, acting as a receiver 
between the compressors and points of consumption, 
smooths out any irregularities in the demands and 
maintains a very steady load on the compressing 
lant. 

' In concluding this brief description of the scheme, it 
may be remarked that, when air has been compressed 
and cooled again to atmospheric temperature, it con- 
tains no more energy than it did initially. Actually, 
the air discharged by the compressors is relatively 
warm, but before it reaches the consumer it has again 
assumed atmospheric temperature. It follows, there- 
fore, that all the energy in the coal burnt for producing 
compressed air is ultimately dissipated as heat, most of 
which is transferred to the cooling water of the turbines 
and compressors; none of it appears in the com- 
modity produced for sale. When the compressed air 
at atmospheric temperature is used by the consumer, 
all the energy absorbed in working the drills and other 
machines has to come from the compressed air itself. 
Having performed its work and been exhausted into 
the mine, the air, at much reduced temperature, 
rapidly absorbs heat again from the surrounding 
atmosphere, and thus helps to cool the underground 
workings. The process, therefore, only changes the 
availability of the energy contained in the atmospheric 
air. 

There can be no doubt that the purchase of com- 
pressed air in bulk at a flat-rate price has been an 
advantageous arrangement for the mines concerned. 
It has saved them much capital expenditure, cheapened 
their working costs, and facilitated the search for 
economy in use of air power. From the company’s 
standpoint, however, the proposition has not been so 
attractive, for, whereas the overall capital cost per 
kilowatt is, if anything, greater for compressed air than 
for electricity, the load factor of the air business is 
very little more than half that for the electrical 
business. Were it not for practical difficulties, the shape 
of the load curve could be greatly improved in one or 
both of two ways, namely, by storing compressed air 
at night in disused workings underground for use 
during the day and/or by displacing in time the cycle 
of operations on a certain number of mines. Un- 
fortunately, neither of these methods has proved 
feasible, but each still remains worthy of considera- 
tion should conditions tend in its favour. 

The chief difficulty, under the former alternative, is 
the enormous volume required when working over the 
relatively small range of pressure at which such a 
storage would have to function. Hydraulic arrange- 
ments for maintaining constant pressure in a much 
smaller volume of stored air have been considered, 
but the cost of any scheme on these lines has been 
found to be prohibitive. Under the second alternative, 
the idea was that a given mine should work alternately 
for periods of one or more weeks as a morning-shift 
and an afternoon-shift mine. In this way, full diversity 
could be obtained between the load curves of the two 
classes of mine, both for electricity and compressed 
air, but the conclusion ultimately reached by con- 
sumers, after considering every effect upon mining 
operations and costs, was that objections outweighed 
advantages. 

The author desires to express his thanks to those 
members of the Power Company’s staff who have 
assisted in the preparation of this paper. 


APPENDIX. 
METHOD oF CALCULATING WEIGHTS OF AIR 
IN AN Arr UNIT. 

The weight of air in one air unit for a delivered pres- 
sure of 100 Ib. per square inch gauge, is calculated as 
follows :— 

The work done in foot-pounds in compressing one 
pound of air isothermally is :— 


P 
R Tq log, ( =) 
P,)” 
where :— 
R = 53-463 ft.-lb. per 1 deg. F. per lb. of air. 


(This is the gas constant for air under the agreed 
average Rand conditions.) 
Ta = 520-7 deg. F. absolute. 
(The average atmospheric temperature on the 
Rand.) 


Average humidity = 55 per cent. of saturation. 


Pg = 12-086 lb. per square inch absolute. 
(The average atmospheric pressure on the Rand.) 


P = 112-086 Ib. per square inch absolute. 
(The pressure to which the air is compressed at 
100 lb. per square inch gauge.) 
RT¢ = 27,838. 
P ae 
log. (5.) = 2-22716, 


R Ta log, (5) = 62,000 ft.-lb. per pound. 
a 
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One kilowatt-hour - 2,654,155 ft.-lb. 


per hour. 
tae etm pease 
[ ¥ ~ ~62,000 
= 42-809 lb. 
Weight of air at agreed efficiency 
of 64-1 per cent. = 42-809 x 0-641 
= 27-44 lb. 


The following table gives the weight of air and the 
number of cubic feet of free air in an air unit for three 
different delivery pressures :— 


Cubic feet of Free Air 
in one Air Unit for 


Weight of Air in 
Average Rand Condi- 


Delivery Pressure, 
one Air Unit, Ib. 


lb. per sq. in. gauge. 





tions. 
7 i 
100 27-441 | 443 
105 26-913 435 
110 26-427 | 427 
' 








THE REDUCTION OF SHRINKAGE 
CAVITIES AND VACUUM MELTING.* 
By Dr. W. J. P. Roun. | 


Ir is well known, to all who are familiar with the 
production of castings, that the cavity which we find | 
close below the top end of an ingot is not caused, as | 
formerly suggested, by gases which are given off from | 
the molten metal during solidification, but is mainly | 
caused by shrinkage. If the mould is filled with molten | 
metal, solidification occurs only by loss of heat, and that | 
loss can only take place through the walls of the con- | 
tainer which holds the liquid metal. If, during the | 
process of solidification, gases are given off from the | 
molten metal, then often a great number of blowholes | 
are formed which displace a part of the metal, so that | 
the volume of the shrinkage cavity is diminished. In | 
this way, it is possible to get ingots nearly free from 
true shrinkage cavities, and this kind of ingot is | 
preferred sometimes for making seamless tubes by | 
the piercing mill. There is no serious danger for the | 
finished product, because, during the rolling process, | 
the majority of these small blowholes are welded | 
together by the rolling process, but this method cannot | 
be used with non-ferrous metals and alloys which do 
not weld under pressure. 

A well-known method of reducing shrinkage cavities 
consists in heating the top end of an ingot, immediately | 
after the mould is filled, by an electric are or by a| 
blowpipe or torch. With this method, however, a | 
secondary shrinkage cavity frequently remains, because 
the influence of the heating effect of these ee | 
means does not penetrate deeply enough into the interior | 
of the ingot. For the same reason, the success of the | 
hot top provided by placing a tubular ceramic body | 
on the top end of the mould is also not very satisfactory. | 
By all these methods, the size of the shrinkage cavity | 
may be decreased to a certain degree, but the formation | 
of a cavity is not entirely avoided. 

It may be of some interest to discuss the question | 
why we find no shrinkage cavities in the cross section | 
of thick-walled tubes which are produced by centrifugal 
casting. Freezing begins at the outside surface of the 
liquid metal, where the heat is allowed to dissipate. 
There is no opportunity for heat losses from the inside 
surface of the liquid metal, except only from a small 
region in the neighbourhood of the ends, because every 
part of this inner surface is heated by radiation from | 
all the other parts. It will be readily understood 
that the freezing process can only advance gradually | 
from the outside, so that the development of any | 
shrinkage cavity is absolutely avoided. 

In producing ingots, a reduction of the shrinkage 
cavity may be obtained by filling the mould with the 
molten metal very slowly, so that the lower part of the 
ingot is solid before the mould is filled. If sand-moulds 
or moulds of any ceramic material are used, the transfer 
of heat through the walls of the mould is so small that 
it is not possible to fill the mould slowly enough. 
Even with moulds made of ordinary cast iron, the heat 
conductivity of the mould is too small, so that it is 
impossible to pour the metal with a sufficiently thin jet. 
But if a water-cooled copper mould is used, as shown 
in Fig. 8a, the transfer of heat from the liquid metal 
can be increased sufficiently, so that solidification 
follows at every instant close below the surface of the 
liquid metal. In this way, it is possible to produce 
ingots nearly free from shrinkage cavities. An ingot | 
of 250 kg. weight and a diameter of 8 in., for example, | 


| 
| 





may be poured in from 12 minutes to 18 minutes. | 
Such a thin jet of metal, however, as would be needed | 
for this purpose, offers a comparatively large surface | 
to the air, and metal with a high content of oxygen | 
would result, causing red-shortness; consequently, | 





* Paper read before the Institute of Metals, at Diissel- 


dorf, Germany, on Wednesday, September 11, 1929. | tube, as shown in Fig. 8c, where the heat transfer | is the primary coil. 
Abridged. 





this method may only be used with full success when 
melting and pouring are carried out in vacuo. If 
pouring is carried out in the open air, the time allowed 
| for casting an ingot of 100 kg. cannot be longer than 
3 minutes. The cross-section of the top end of such 
an ingot is shown in Fig. 10, on the opposite page, which 
| shows only one-third of the total length of the ingot. 
If a mould of the usual hematite cast iron had been 
| used, the shrinkage cavity would have been twice as 
great asin thisexample. The composition of this ingot 
is 49 per cent. nickel, 50 per cent. iron, and 1 per cent. 
manganese, an alloy used for air-tight glass seals ; the 



















































P is as perfect as elsewhere. In addition, a number of 
propeller-shaped bodies, C (Fig. 8a), are inserted in 
the water channel to provide a screw-like motion of 
the cooling water, thereby preventing the same fila- 
ment of water remaining always in contact with the 
wall of the mould. By this method, it was possible 
to construct moulds for pouring ingots in vacuo, in 
which more than a thousand ingots were cast without 
any trouble at a temperature between 1,560 deg. 
and 1,680 deg. C. This may be contrasted with the 





















































| pouring temperature was 1,580 deg. C., while the | Fig. 11. a lo] 
| melting point of the alloy is about 1,470 deg. C. It | ° Ss 
|may be of some interest to note that the transfer of : ° S 
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the surface remains bright, and not oxidised. 

If, on the other hand, the casting operation is per- 
formed in vacuo, in the absence of air, every insulating 
layer between the liquid metal and the wall of the 
mould is eliminated, and the contact between the liquid 
metal and the wall of the mould is a very intimate one. 
If, then, the water-cooled copper mould is constructed 
as shown in Fig. 8d, all the points indicated in the 


| figure by letter P are damaged if they are touched by 


the jet of the liquid metal, because, at these points, 
the conduction of heat is diminished, owing to the 
space between the wall A of the mould and the strips 
B, which, serve as guides for the cooling water. Success 


| was not attained until moulds were made by machining e : 
| the cooling channels in a solid, very thick-walled copper | melted by high-frequency induction. In this case, © 


| solidified surface of the ingot has been formed, and for | behaviour of the usual cast-iron or mild-steel moulds, 
this reason such an ingot, weighing 100 kg. to 120 kg., 
can be taken out of the mould 8 minutes to 10 minutes 
after the casting operation, the ingot still having a|in the air, and are mostly destroyed during the first 
temperature of about 900 deg. to 950 deg. C. The/ three casting operations if these are carried out i 
surface of such ingots is so smooth that, in most cases, | vacuo. The surfaces of the ingots produced are so 
machining is not necessary before rolling. If the ingot | smooth that no machining is needed before rolling. 
is allowed to cool down to 200 deg. C. inside the mould, | Furthermore, the volume of the shrinkage cavities ot 


which, at such casting temperatures, have a life of 
100 to 150 ingots if casting operations are carried out 


| such ingots is very small indeed. 

| The best method of avoiding shrinkage cavities 
absolutely is to carry out the melting process by electric 
heating. In this case, a crucible can be used, the shape 
of which corresponds with:the shape of the ingot to be 
produced, as shown in Fig. 11, in which A is the crucible, 
Bis the molten metal, and C is a heating element of the 
resistor type. The crucible is placed on a movable 
support, which can be lowered after the melting process 
is completed. If the speed of lowering is suitably 





controlled, the solidification of the liquid metal starts 
| at the bottom end of the crucible, and advances with 
| the same speed as that at which the crucible comes 
down. The same method can be used if the metal is 


If the weight of the melt is too 


‘from the liquid metal to the cooling water at the points | great to allow of the convenient use of a movable 
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support, then the heatingyelement or the induction 
coil may be provided with tappings, as shown on the 
left of the drawing, and successive sections of the 
heating element or of the inductor coil can be cut out 
gradually, starting from the bottom. 

Figs. 13, 14 and 16 show vertical cross-sections through 
a number of ingots. The first was produced by 
melting the metal in the crucible, and simply cutting 
out the whole heating current as soon as melting was 
complete, while the crucible remained inside the 
heating chamber; Fig. 13 is a longitudinal section of 
this ingot. Traces of shrinkage cavities can be seen 
down to a distance of one-third of the length of the 
ingot from the bottom end. The second, Fig. 14, was 
produced by cutting off current from the bottom end, 
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after melting was completed, at a rate of 4 in. per 
minute. The shrinkage cavity is less than one-half of 
that in the first case. The next ingot was made 
by cutting off current at a rate of } in. per minute. 
The volume of the shrinkage cavity was further 
reduced, and no traces of holes could be found in the 
lower parts of the ingot. The fourth ingot, Fig. 16, 
was made at a rate of } in. per minute; in this the 
shrinkage cavity disappeared totally. It is clear that 
the second, third, and fourth ingots will show crystal 
grains of large size, because solidification advances 
very slowly. Smaller crystal grains can be obtained 
if the growth of grains during the period of solidifica- 
tion is disturbed by stirring or jolting, or by an oscil- 
lating movement around a vertical axis. 

In the earlier parts of this paper mention was made 
of the use of water-cooled copper moulds in connection 
with melting and pouring in vacuo. Perhaps it may be 
of interest to give some further details of the methods 
and means by which the melting and casting process 
is carried out in vacuo. To-day, charges of 4,000 kg. are 
melted and poured in vacuo at pressures of 2-5 mm. 
of mercury up to a temperature of 1,600 deg. to 1,700 


deg. C. This pressure is equivalent to one of 0-5 mm. | used for making the furnace lining proved very unsatis- 
to 1 mm. mercury at room temperature ; the pressure | factory, and a new method had to be developed. It 
should remain constant, even if the exhausting pump | must also be understood that the life of the lining of 
be stopped. If a melt is poured before this low and | such a vacuum furnace is very short, because the furnace 
constant pressure is reached, ingots show blow holes | is charged in the cold state, then closed, exhausted, 
caused by gases which are given off during solidification, | heated up, and cooled again after melting and pouring 
but if the degasification has been complete, the resulting | have been completed. This alternation of high and 
ingots can be sawn into discs } in. thick, and by examin- | low temperatures causes cracking of the furnace 
ing every disc with a lens, no holes or pores can be | linings. The following method constituted a very 
found. The furnace used for such purposes is of the | important advance: A ring-shaped sheet template 
induction type with a horizontal ring-shaped melting | of the same form as the desired hearth of the furnace is 
bath, as shown in Fig. 24. The iron core is divided into | made (A, Fig. 24). This template is filled with the 
a number of parts, C, so as to obtain a very homogeneous | constituents of the first melt to be made in the furnace, 
magnetic field, and to avoid any induction effect in | the weight of the template being calculated as a part of 
the casing. The primary coil consists of water-cooled | the melt. The space between the template and the 
| primary coil T of the furnace is filled with dry sand of 
| the refractory material to be used as lining, such as silica, 
|fused alumina, or magnesite. If necessary, a small 
‘amount of an auxiliary material is added, such as 








Fig. 16. 
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| tubes, T, of electrolytic copper. Jt is divided into | powdered glass or boric acid. Then the charge, to- 
| four parts, which are placed at the inside and outside gether with the template, is heated in the ordinary 
| and at the top and bottom of the cage formed by the | manner. As the temperature is raised up to 50 deg. 
| single cores C. The melting bath is therefore surrounded | below the melting point of the template, the refrac- 
| on all sides by water-cooled tubes, and the transformer | tory material sinters and forms a strong lining; the 
| cores are kept cool. If these four parts of the primary | thickness of the sintered layer then increases as the 
| coil are connected in series, the magnetic field is a very | melting process progresses. By this method, moisture 
homogeneous one, and a very small stirring effect |or other impurities are excluded from the interior of 
|occurs. During the degasifying reaction, one part of | the vacuum furnace. This method of making linings 
| the primary only is fed. This produces a much stronger | for high-temperature melting furnaces was mentioned 
stirring effect, which facilitates every slag reaction and | by Campbell* in his paper at the 1929 Spring Meeting 
degasifying process. Two moulds are coupled directly, | of the Institute of Metals; it is regarded as one of the 
with an air-tight connection, to the main casing of the | cheapest and most effective methods available. Only 
furnace, and a number of windows of fused quartz | by using these linings was it possible to develop the 
are provided to allow observation of the progress of | vacuum-melting process on a technical scale and; to 
the melting and degasifying process and the pouring | make use of it with a certain economic success. 
operation. Pouring is carried out by tilting the whole | A metal or alloy freed from gases by vacuum melting 
furnace; the second pouring operation cannot be! remains free from gases, in spite of all rolling, drawing, 
carried out until the ingot first poured has solidified. and annealing operations, except that a smal] quantity 
For the success of the vacuum-melting process, it is | of oil and moisture is adsorbed by its surface. If a 
of the utmost importance to keep the furnace abso- | quantity of thin wire—e.g., one- or two-tenths of a 
lutely free from all moisture or other volatile | 
substances. On this account, the methods formerly ; 





+ See ENGINEERING, vol. cxxvii, page 439 (1929). 
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millimetre in diameter, which has been made from 
vacuum-melted metal—is remelted in a vacuum furnace, 
a certain quantity of gases is given off until the tem- 
perature has been raised to 400 deg. C., these gases 
being developed from the oil and moisture adsorbed at 
the surface of the wire. From 400 deg. C. up to and 
above the melting point, no further gas is given off. 
Metals free from gases, as for example, pure nickel, 
have proved useful in the construction of the inner 
parts of high-vacuum tubes, such as radio valves and 
X-ray tubes. A 50:50 nickel-iron alloy is used for 
air-tight glass seals, because from the degasified alloy 
no bubbles are developed around the sealed-in wire if the 
wire comes in contact with the heated glass. Nickel- 
chromium allows, containing from 15 to 33 per cent. of 
chromium and, if desired, a certain percentage of iron, 
are used in a wide range as heating elements for 
industrial electric and heat-treating furnaces and for 
domestic heating and cooking appliances. 

The main advantage of vacuum-melted metals and 
alloys seems to be that the grain boundaries are nearly 
free from slags and impurities. From an alloy con- 
taining 15 per cent. of chromium, 63 per cent. of nickel, 
20 per cent. of iron, and 2 per cent. of manganese, 
notched-bar impact tests, made with the small Charpy 
machine, gave values of 13 m-kg. per sq. cm., while the 
same alloy melted in an arc furnace gave no more than 
4 m-kg. per sq. cm., if test-pieces were taken from the 
interior of the ingots. After hot-rolling from 8 in. to 
4in. diameter, the values were 14 m-kg. and 26 m-kg. per 
sq. cm., respectively. It may be for this reason that 
some alloys can be worked by rolling if they have been 
melted in vacuo, while they cannot be satisfactorily 
worked when they have been melted in the open air. 
Some well-known alloys containing chromium, nickel 
and molybdenum, which are useful on account of 
their high resistance to acids and a high creep limit 
at elevated temperatures, can now be handled on a 
commercial scale, while their production was formerly 
very inconvenient owing to the large amount of scrap 
produced during working. 








BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosion Acts, 1882 
and 1890, inquiries have been conducted by Board of 
Trade officials into a number of explosions. Reports 
of the investigations have been published recently, 
and of some of these we give brief summaries below. 


Explosion of Donkey Boiler in S.S. “* Kildrummy.’’— 
The 8.8. Kildrummy, built in 1924 and owned by the 
Aberdeen, Newcastle and Hull Steam Company, 
Limited, was provided with a donkey boiler of the 
vertical type made by Messrs. Blake Boiler, Wagon and 
Engineering Company, Limited, Darlington. Though 
only four years old on October 23, 1928, while the 
ship was lying at Boston, Lincolnshire, the boiler gave 
out, a hole # in. X } in. being formed in the shell 
close to the bottom. The boiler had a firebox with 
a circular upper half while the lower half was in the 
form of an oblique truncated cone. There were fire 
tubes placed horizontally between the upper half of 
the firebox and the shell of the boiler. The boiler 
was designed to work at 100 Ib. per square inch. 
The upper half of the firebox was rigidly stayed to 
the top of the shell. From the first there seems to 
have been trouble with the rivets where the base of 
the firebox was attached to the bottom of the shell, 
and an examination subsequent to the accident showed 
very considerable wasting of the shell plates. The 
examining officer said that “ sufficient allowance had 
not been made for the upward expansion of the firebox 
when at its working temperature. Undue mechanical 
stresses were thereby imposed locally on the lower 
shell plate, which became corroded and reduced in 
thickness until it could not withstand the pressure to 
which it was subjected.” 


Explosion of a Boiler in S.S. “‘ Sir James Bell.”’>—The 
conditions under which the boilers of some ships 
are still worked are exemplified by the report on the 
collapse of the combustion chamber top in one of the 
boilers of the S.S. Sir James Bell, owned by the Bell- 


view Shipping Company, Linited, Hull. The boiler | 


was an ordinary single-ended eturn-tube marine boiler 
working at 180 lb. per squere inch. The accident 
occurred while the ship was on voyage from Alexandria 
to Dundee, on November 13, 1928, and the direct 
cause of the collapse was considered to be overheating 
through shortness of water. The report states, how- 
ever, that there had been much leakage from the tubes, 
that make-up feed in large quantities had been taken 
from the sea, and that blowing down had frequently 
to be resorted to. Sea water contains about one- 
thirty-second of its weight of solid matter, but sea- 
faring engineers are accustomed to speak of the density 
by the ounces of solid matter to the gallon, sea water 
containing 5 oz. to the gallon. In the Sir James Bell, 
the density rose to as much as 15 oz. to 20 oz. to 
the gallon. Needless to say, under the circumstances, 
with boilers working at 180 lb. pressure, trouble was 





bound to occur sooner or later from scale. The 
report, in fact, says that there was scale an inch thick 
round the necks of the stays and } in. thick on the 
plates. Though the boiler was apparently short 
of water when the combustion chamber crown came 
down, no one will disagree with the remarks of 
the Engineer Surveyor-in-Chief that ‘“ the conditions 
under which the boilers in the ship were run were 
very hard” and that ‘‘ Where an evaporator is fitted, 
as in this ship, it should be kept in good working 
order to supply water for make-up feed. 

Explosion of a Boiler in S.S. “ Trentwood.”’—A large 
number of boiler repairs to-day are done by welding, 
and in most cases such repairs are quite satisfactory. 
The method, however, has its limitations, and the 
accident in the small 8.8. Trentwood showed that it is 
unsuitable for dealing with faulty combustion-chamber 
stays. The boiler of the Trentwood, of the single- 
ended return-tube type, was seventeen years old. For 
some time, some of the screwed stays at the back of the 
combustion chamber had given trouble through leakage. 
To overcome this, welding was reso to. On 
March 16, 1929, while the vessel was on voyage from 
Ghent to Middlesbrough, ‘‘ the four bottom rows of 
stays in the centre combustion-chamber back and the 
adjacent marginal stays in the wing combustion- 
chamber backs, together with tbree wrapper-plate 
stays, fractured and the boiler back plate and the 
centre combustion-chamber back bulged.” This failure 
was traced to the giving way of the welding over 
the stay ends. ‘The only satisfactory method of 
dealing with slack combustion-chamber stays,’ says 
the report, “is to renew with stays made a good fit 
after re-tapping the holes in the plates. The capping 
by welding of stays is bad practice, as it hides the fact 
that the stays are slack, and the welding may be 
called upon to take in tension the whole load placed 
upon the stay.” 

Explosions of Steam-Heated Ovens, d&c.—Inquiries 
Nos. 2995, 3007, 3012, and 3015 relate to accidents to 
steam-heated ovens and cooking apparatus, and are of 
interest on account of the care usually devoted to the 
design of such equipment. The first accident dealt with, 
Report No. 2995, occurred in the bakery of Messrs. 
Mitchell and Muir, Limited, Aberdeen, on April 6, 1929. 
The oven had only been in use three months. The 
heating unit consisted of a closed circuit of solid-drawn 
steel tubes of 14, in. external diameter and -in. bore, 
partially filled with water. The tubes had been tested 
hydraulically to 5 tons per square inch. It was one of 
these tubes which burst. The makers’ instructions 
were hung in the bakehouse, and the ovens were usually 
looked after by the foreman baker. On the night of 
April 6-7, however, the fires were being attended to 
by the night watchman, who had other duties to attend 
to. It was considered that in the intervals between his 
visits the tubes became seriously overheated. Though 
no person was injured by the explosion, a fire was 
started which caused damage estimated at over.14,000/. 

The second inquiry, No. 3007, dealt with an accident 
to a steam-heated oven twenty-five years old at Exeter 
on February 13, 1929. The oven belonged to the 
Exeter Co-Operative and Industrial Society. The 
sealed tubes in this case were of wrought-iron with 
butt-welded seams, hydraulically tested to 4,000 Ib. 
per square inch. The tubes were 1,% in. in external 
diameter with a }-in. bore. This explosion was also 
considered to be due to the overheating of the ruptured 
tube, the overheating being traceable to the Wearing 
away of the brickwork. ‘ Grave risks to attendants 
exist in these explosions,” says the Engineer Surveyor- 
in-Chief, and it is imperative that owners should safe- 
guard their employees by having such ovens periodically 
inspected by competent persons.” In the third report, 
No. 3015, relating to an explosion of a tube in a hermeti- 
cally sealed circuit, the accident was attributed to a 
defect in the material which had escaped visual detec- 
tion and had not led to a failure of the tube when 
under a 5-ton hydraulic test. The oven belonged 
to Mr. F. J. Sayer, Aintree Road Bakery, Bootle, and 
was only seven months old. ‘‘ A microscopic examina- 
tion of the tube,’’ said the inspecting officer, ‘‘ disclosed 
a reediness. or longitudinal fissure on its outside surface 
extending from the ends of the fracture, and the 
unsoundness had been present in the bar before it was 
manufactured into tubular form.” 

Report No. 3012 refers to the bursting of a 
steam-heated cooker, which, unfortunately, resulted in 
the death of the attendant. The cooker, used for the 
preparation of food for pigs and poultry, was of pail 
form, made with inner and outer steel shells 4 in. 
thick. Steam was admitted between the casings. 
Though only suitable for working with low-pressure 
steam, the cooker was connected directly to a high- 
pressure boiler and there was neither reducing valve nor 
suitable relief valve. The cooker belonged to Mr. J. 
Dall, and the accident occurred at Westbridge Gardens, 
Elmfield, near Ryde, Isle of Wight, on May 11, 1929. 

Miscellaneous Inquiries—Many of the Board of 
Trade Inquiries relate to failures of plants of a miscel- 





laneous character and to plants which are neither 
insured nor periodically inspected. Accidents arise from 
many causes, and, when all the circumstances are taken 
into consideration, it is a matter for congratulation 
tbat more damage and injury do not result. It can, 
perhaps, be said that, with proper supervision, nearly 
all the accidents were avoidable. The miscellaneous 
character of the Inquiries will be seen from the follow- 
ing notes. Report No. 2963 deals with the failure of a 
rag boiler, 53 years old. Supposed to be supplied with 
steam at a reduced pressure of 40 lb. per square inch 
from a Lancashire boiler working at 110 Ib., the 
reducing valve failed to function, steam at high pressure 
entered the boiler, there was no relief valve, and accord- 
ingly the cast-iron cover of the plant fractured. After 
the accident, the reducing valve was changed, a relief 
valve fitted, and arrangements made for insurance 
and periodic inspection. The subject of Report 
No. 3002 was the failure of a cast-iron hot plate for 
heating wax for the processes of fabric printing. The 
plate was only eight months old and was designed 
for 10-lb. pressure. When it exploded it probably 
had a pressure of 40 lb. per square inch upon it. A 
reducing valve and relief valve have since been fitted. 
Report No. 3005 deals with the failure, in a confectionery 
works, of a steam-heated pan of uncertain age, origin- 
ally intended to work at 70 lb. per square inch. The 
inquiry showed that the pan was much worn, the pres- 
sure was 50 per cent. above that originally intended 
to be used, and the pan had not been inspected 
by a competent authority. Another instance of a 
failure through excess pressure is recorded in Report 
No. 3016, dealing with a 23-year old drying cylinder 
in a cotton factory, which, after the accident, was 
shown to have been working at 50 lb. per square inch 
when only intended for about 10 1b. ‘Suitable fittings 
had been provided,” says the Report, “for the safe 
working of this machine ; but the persons who carried 
out the re-erection and those responsible for its sub- 
sequent operation apparently did not understand the 
correct use of such fittings. . . .”’ “‘ The erection and 
working of steam plant without competent supervision, 
as in this case, is a procedure that cannot be too strongly 
condemned.” 








CATALOGUES. 


Woodworking Machines.—Messrs. Wadkin and Com- 
pany, Leicester, have sent us a booklet illustrating a 
full range of woodworking machines driven by electric 
motors which are incorporated in the framework. 


Screwing Dies.—Messrs. B. 8S. A. Tools, Limited, 
Sparkbrook, Birmingham, have issued a leaf catalogue 
describing their rectangular die screwing sets made for 
easy adjustment in the stocks and easy removal for 
grinding. 

Dust Extraction.—A pamphlet describing and illustrating 
a number of dust-extraction installations is to hand from 
Messrs. James Keith and Blackman Company, Limited, 
27, Farringdon-avenue, London, E.C.4. They are 
mainly for the removal of wood refuse from the wood- 
working machinery. 

Power Plants.—Messrs. Tangyes, Limited, Birmingham, 
have issued a booklet illustrating various plants which 
they have made and installed, including pumps and oil- 
engine sets, electrically-driven treble-ram pumps, gas 
engines, gas-producer plants, steam engines, presses 
and lifting tackle. An axle-turning lathe is also dealt 
with. 

Steam Traps.—Messrs. The Drayton Regulator and 
Instrument Company, Limited, West Drayton, Middlesex, 
have issued new catalogues of radiator and industrial 
steam traps and of the Nicholson and differential steam 
traps. The industrial traps have connections for }-in. to 
2-in. piping, the Nicholson traps for 1 in. to 5-in. pipes, 
and pressures up to 600 lb. per square inch, and the 
differential traps for } in. to 2 in. pipes. 


Steel Strips and Bars.—A new catalogue to hand from 
Messrs. United Strip and Bar Mills, Limited, The Ickles, 
Sheffield, shows a large number of strips from 0-23 in. 
to 0-252 in. thick, and from 1 in. to 5} in. wide. 
The bars include rounds, squares, angles and several 
other sections, and also flats of spring steel. Dimensions 
are given, with line drawings of sections. The firm 
supplies rods for concrete reinforcement, either plain or 
cut and bent to specification. 

Sheet-Metal Work.—A useful catalogue of ventilating 
conduits, pipes, tanks, containers, ash and coal vessels, 
wheel barrows, chimney cowls, gutters, rain pipes, 
corrugated and perforated sheets, and all kinds of sheet- 
metal products, is to hand from Messrs. G. A. Harvey 
and Company (London), Limited, Woolwich-road, 
London, S.E.7. Full ranges of materials for building and 
for ventilating systems are shown in the lists, and prices 
are stated in all possible cases. 

Telephones.—Messrs. Siemens Brothers and Company, 
Limited, Woolwich, London, S.E.18, have issued @ 
catalogue giving a full description of their new telephone 
instrument, known as the ‘‘ Neophone,’’ which they 
have produced in co-operation with the Post Office staff. 
The claims for the new instrument are that it overcomes 
the defects known as “howling and frying,” to which 
telephones are subject when used on a central-battery 
system. We have also received a booklet giving list 
of automatic telephone exchanges supplied by the 
company. 








_ oo 


: kN Pn ty a, | 








OcT. 25, 1929.] 


ENGINEERING. 


515 











THE CONOWINGO HYDRO-ELECTRIC 
DEVELOPMENT. 


THE Susquehanna River, on which the Conowingo 
power plant has been installed, has a drainag area of 
27,400 square mil2s, partly in each o the States of 
Pennsylvania, New York and Maryland. No less 
than 21,060 square miles, or 77 per cent. of the 





The river, with the exception of the St. Lawrence, 
is the most important on the Atlantic Coast. It 
drains into Chesapeake Bay. The area involved is 
one of variable rainfall, both as to district and 
season. The average is placed at 39-4 in. per annum, 
the amount finding its way to the sea being any- 
thing from 5 per cent. to 30 per cent. of the monthly 





figures, averaging over the year to 55 per cent. of the 
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drainage area are in Pennsylvania, this tract repre- 
sen ing 47 per cent. of the total area of that state. 
Some 6,080 square miles, or 22 per cent. of the 
basin are in New York State, representing 13 per 
cent. of the area of that state. For the state of 
Maryland the figures are all smaller. The area is 
260 square miles, or only 1 per cent. of the total, 
Tepresenting 2 per cent. of the area of the state. 

he basin is shown in the map reproduced in Fig. 1. 
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rainfall. Like all rivers on this coast, high levels 
occur at irregular intervals over many months of 
the year, due to melting snows, ice jams, or heavy 
rainfalls, The hydrograph reproduced in Fig. 2, 
representing conditions at Harrisburg, Pa., gives the 
records for 31 years, and indicates the variable nature 
of the flow. The estimated maximum reached in an 
exceptional flood in 1889 was 750,000 cusecs. On 





recorded in 1909. The next highest flood to the 
record quoted, was one having a flow of 650,000 
cusecs. 

It is evident from the foregoing that the river 
cannot be depended upon for the regular develop- 
ment of much power without storage, and this has 
been provided at Conowingo, where, moreover, it is 
possible to use the available supplies to the best 
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advantage by reason of the fact that the Conowingo 
Station is tied in with steam generating plants 
owned by Philadelphia Electric Company. 

The Conowingo plant, as at present developed, 
can produce, with all the units working, some 378,000 
h.p. The eventual output will be 594,000 h.p. 
It is intended to utilise the plant as a base-load plant 
for all the parts of the year for which water supplies 
are adequate. Working in this way, the conditions 
for the Philadelphia system would be represented 
by the load curve reproduced in Fig. 3, the cross- 
hatched area indicating the proportion carried by 
|Conowingo. At times of low flow, the plant is run 
as a peak load station, the steam stations taking the 
bulk of the load, and under these conditions the 
hydro-electric power produced is represented by the 
smaller shaded areas in Fig. 4. When working at 
full capacity on base load with ample water supply, 
the normal flow of the river is not interfered with, 
but when the plant is turned on to peak-load working, 
its peak-load capacity is greatly increased by the 
storage provided by the great dam which forms 
part of the development. The hours for which 
peak load is carried are comparatively small, and 
it will be evident that the maximum peak demand 
which can be met by the storage accumulated 
during the idle intervals is relatively high. In 
fact, although at times of low flow the unregulated 
river would only be able to produce 30,000 kw., 
the initial installation is capable of delivering to 











the other hand, a flow as low as 2,200 cusecs was 


Philadelphia 1,250,000,000 kw.-hr. per annum, and 
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can be relied upon to meet a minimum peak demand 
of 180,000 kw. 

It has already been stated that the Susquehanna 
basin is in three different states. The site of the 
development, Conowingo, is actually in Maryland, 
as shown in Fig. 1, but the undertaking was due to 
the Philadelphia Electric Company. This company 
is prevented by its charter from doing business in 
Maryland, so, for the purposes of the undertaking, 
the Susquehanna Power Company, incorporated in 
Maryland, was formed and owns the whole plant. 
The plant is worked by the Susquehanna Electric 
Company on lease, and this company is under 
contract with the Philadelphia Electric Company 
for the supply of all energy produced. The trans- 
mission line, lands for reservoir, &c., in Pennsyl- 
vania are owned by the Philadelphia Electric Power 
Company, a company owned by the Philadelphia 
Electric Company. The construction was in the 
charge of the engineering department of the parent 
company. Messrs. Stone and Webster, Inc., were 
responsible for the design of the dam, power house, 
and other parts of the work. 

The development consists of a dam and power 
house incorporated in the dam structure. The small 
plan, Fig. 5, Plate LX, represents the works, from 
which it will be seen that the dam consists of four 
sections. On the extreme right is an abutment 
section 1,200 ft. long; next to this is a spillway 
section 2,250 ft. in length; next follows a section 
135 ft. in length accommodating regulating gates, 
this being followed by the power-house section 
950 ft. 6in. in length. On the right bank is a 
retaining wall 140 ft. long. Various sections of the 
dam are given in the figures on Plate LX. The dam 
is of the gravity type, founded on rock at an 
average elevation of + 15. The normal maximum 
water level is set at + 108-5, and the normal net 
head available is 89 ft. Fig. 7, Plate LX, shows a 
section taken through the east (left bank) abut- 
ment section. Figs. 10 to 16 relate to the spillway 
section. Figs. 8 and 9 show details of the regulating 
section, while Figs. 17 to 25 are drawings of the 
power-house section. The abutment section calls 
for no special remark. The spillway and regulating 
sections will be seen to be of ogee form, with a 
10-ft. overhanging crest and an upturned toe. 
The spillway section has a crest elevation at + 86, 
and consists of a length of dam providing accom- 
modation for 50 crest gates, 22 ft. 6 in. high by 
41 ft. long. The regulating section, it will be 
seen, has a crest elevation of + 98-5, and in this 
length provision is made for three regulating gates, 
10 ft. high by 41 ft. long. For the whole of the 
spillway and regulating sections the overhanging 
crest has been curved to conform approximately 
to the lower nappe of an overflowing stream of 
22 ft. 6 in. depth. The western 17 spillway bays 
have a toe about 5 ft. above the rest. This section 
is represented by the left of the plan, Figs. 26 and 27, 
on this page. The centre of the figures shows 


the main part of the dam, the two parts being | 


separated by a training wall. The right of Fig. 27 
shows the junction of the spillway and abutment 
sections, shown also in Fig. 16, on Plate LX. 
The upturned toe is only provided in the case of the 
three regulating gates and the next 17 spillway gates. 
This was adopted as a result of model tests. The up- 
ward turn amounts to one of 12} deg., and forms an 
apron 20 ft. wide beyond the toe of the ogee. The 
mode! tests indicated that, with the form adopted, 
the point of maximum erosion might be expected to 
be removed to about 150 ft. away from the toe. The 
view reproduced in Fig. 28, on this page, gives a 
good idea of the effect of the upward turn. Figs. 8, 
10 and 16, Plate LX, show the two forms. The 
regulating gates are employed for the finer regulation 
of the water level, after approximate control by the 
spillway gates. Both types of gates are either set on 
the sill or hoisted clear and suspended by pawls in 
the superstructure, no allowance being made for 
intermediate positions. For the length of the power 
house that structure is built into the dam. The dam 
proper, at this part of the works, is shown in section 
in Figs. 17 and 18, Plate LX, both of which also 
show parts of the building. The former is a section 
through one of the intakes and penstocks leading 
to the main units ; the latter is a section midway 
between two units, and shows the ventilating duct, 
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THE CONOWINGO HYDRO-ELECTRIC DEVELOPMENT. 





























Fig. 30. CoNncrETING PLANT AND TRESTLE. 


a series of which run from the main generator floor 
level to upper parts of the building. 

The plans, Figs. 22, 23 and 24, are given for 
three different elevations, viz., + 120, + 70, and 
+ 24. The first shows the decking of the dam, the 
second a section through the main wall combined 
With a plan of the turbine-room floor, and the third 
4 section through the intake passage to the main 
units. Fig. 25 is a vertical section giving details 
of the mat at one of the intake passages. 

The superstructure of the dam consists, for the 
main part, of a series of piers at 45 ft. centres, 
Which, on the upstream overhanging side, are 
corbelled out and accommodate slots for the gates, 
and overhead trackways for gantry cranes for 
handling them, and for crabs for the trash-rack 
takes on the power-house section. The piers are, 





further, of sufficient width up and down stream to 
accommodate a 20-ft. highway at elevation + 114, 
with a 5 ft. parapet on each side. It may be stated 
that the reservoir upstream of the dam: extends 
back 14-6 miles to Holtwood, and covers an area 
of 14 sq. miles. The flooding of this area made it 
necessary to re-locate 16 miles of railway and a 
number of roads, and also involved ‘the re- 
moval of the village of Conowingo. One of the 
roads crossed the river by a bridge about 2 miles 
above the dam site at a point now submerged. 
The opportunity offered by the dam structure 
was taken advantage of in the manner described 
to provide for the relocation of the road connection 
thus interfered with. 

For the purposes of construction, joints were 
introduced into the concrete work, as shown in the 


| several drawings. The key pians, Fig. 6, Plate LX, 
and Fig. 26, on the opposite page, show the principal 
joints in the vertical plane, while sections, such as 
Figs. 7, 8 and 10, show construction joints in the hori- 
zontal plane. The section Fig. 25 indicates the 
treatment, for construction purposes, of the sur- 
roundings of the power-house penstocks. As we 
shall explain later, and as is indicated in Fig. 26, 
for the main part of the dam the work was divided 
into a series of sections alternately 52 ft. and 38 ft. 
long. The former included a 38-ft. length of spill- 
way and two 7-ft. piers; the latter only the length 
of plain spillway. The vertical contraction joints 
between the two types of sections included chases 
or keys, as shown in Figs. 7, 8, 10, and 16. These, 
as shown in Fig. 13, were 12 in. deep and tapering 
from 3 ft. wide to 2 ft. wide. Similar keys were let 
into the horizontal construction joints, as shown in 
the first three of these figures. The level of these 
horizontal joints was determined by the progress 
of the work. In addition to these keys, a vertical 
sealing strip was inserted at each joint, about 14 in. 
behind the upstream face. Details of these strips 
are shown in Fig. 12. The strip was made of 
No. 20 copper sheet, 17 in. wide, with end joints 
soldered. It took finally a square Z-shape, but for 
construction purposes was first of all made of 
L-shape, as shown in Fig. 12. In this shape it was 
fixed to the forms, with a 2 in. by 12 in. spruce 
plank to hold it in place, the arm of the L, projecting 
at right angles to the forms, being embedded in the 
concrete as the work proceeded on the 52-ft. sections. 
When the forms were removed and the work on 
the intervening sections was taken in hand, the 
exposed flat strip was bent to L-shape, thus making 
a square Z for the whole. The spruce plank, which 
finished 6 in. below the crest, was allowed to remain 
embedded in the concrete. As a further precau- 
tion, the outermost 12 in. of the vertical contraction 
joints, both up and down-stream, were painted 
with thick asphalte. Grouting, at 25-lb. pressure, 
was forced into holes 25 ft. deep, drilled at 10-ft. 
intervals along a line 2 ft. inside the upstream face 
of the dam, to provide a cut-off. 

An inspection gallery runs the whole length of the 
abutment and spillway sections of the dam. This 
is 5 ft. wide by 7 ft. high, and is set in 10 ft. from 
the upstream face and at El+ 40. Drains are 
extended from the roof of this gallery upwards 
towards the crest, at 45-ft. intervals. Other vertical 
drains extend downwards at 45-ft. intervals from 
the gallery to a longitudinal drain 24 in. by 18 in. 
on the rock base, and from this similar drains are 
run at right angles, downstream to the toe. 

Figs. 14 and 15, Plate LX, show details of the gate 
seats. When pouring the crest, two grooves or 
pockets were formed in it, as shown. In these, heavy- 
section wide-flanged joists were set and grouted in. 
The two seats are provided for the regular working 
gates and for service gates when placed in grooves 
in front of them. 

For the size of the undertaking the work, once 
put in hand, was very expeditiously carried out. 
It was commenced in March, 1926, and it was 
planned to have the first unit running in June, 
1928. Actually, such good progress was made that 
two units were put into commercial service on 
March 1 of that year, and a third a few days later. 
The power-house end of the dam was carried out 
by the main contractors, Messrs. Stone and Webster, 
Inc., but the construction of the spillway and 
abutment sections was sublet to the Arundel 
Corporation, of Baltimore. The two firms started 
operations from the west and east banks, respec- 
tively, and each had large construction camps laid 
out and equipped in a very excellent manner. The 
power-house end of the structure was constructed 
inside a cofferdam which remained intact until 
the work was completed. It consisted of a double 
row of timber box cribs, rock-filled and separated 
by a puddle chamber 10 ft. wide. The timbers of 
the cribs were 10 in. by 12 in., and the puddle 
chamber was sheathed with two laps of 2 in. by 
10 in. planking. The area enclosed was 14-7 acres, 
and the length of the cofferdam 2,575 ft. For the 
construction of the tailrace, an extension down- 
stream enclosing 11-1 acres was necessary. The 
head works and power house involved the excava- 
tion of 100,000 cu. yds. of rock, the tailrace requiring 
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200,000 cu. yds. A view of the area enclosed on 
the west shore is given in Fig. 31, page 530. 

Owing to the necessity for making provision for 
floods, the construction of the main part of the dam 
presented quite a different problem. For this, the 
cofferdam required was divided into two sections, 
the first to be completed in the 1926 season and the 
second in 1927. In the first season, a cofferdam 
1,100 ft. long and 170 ft. wide was thrown out from 
the east bank. It consisted of two lines of cribs, 
16 ft. wide, with 10 ft. spaces between them which 
were spanned by stop logs. The upstream cribs 
were 30 ft. long and those in the downstream line 
were 24 ft. long. 

The cofferdam was built by locomotive cranes 
working from the finished cribs. Inside this coffer- 
dam, which was commenced in April, 1926, and 
unwatered in June, and which is shown in Fig. 32, 
page 530, the rock was cleared and the dam founda- 
tion placed up to El. + 20. Above this only the 
alternate 52-ft. sections were continued, 7.e., the sec- 
tions embodying a length of dam and two piers, the 
intervening 38-ft. sections being allowed to remain 
open. When these alternate sections had been built 
to above high water, the stop logs of the cofferdam 
were removed, and the river allowed to flow between 
the cribs and through the gaps in the dam. 

In the next season, 1927, a second cofferdam was 
extended from the first to close with that built 
out from the west shore, and when this was un- 
watered and the main base of the dam laid, alternate 

2-ft. sections were again pushed forward and the 
cofferdam subsequently opened for the river to pass, 
as before. 

When the piers had been completed to the full 
height for all the sections thus built, the highway 
bridge was completed. Subsequently, the 32-ft. 
sections, in two groups of 10, were filled in alter- 
nately in approximately 10-ft. lifts, a 5-ft. difference 
in elevation being maintained between the two 
groups, while eight 10-ft. by 18-ft. temporary 
openings were also left through the dam to take care 
of the flow of the river. These openings were finally 
closed by means of 75-ton gates made of reinforced 
concrete, dropped into place by cranes, the tem- 
porary sluiceways downstream of them being filled 
in with concrete. 

For the rapid construction of the dam, a very 
interesting plant was provided. The concrete plant 
is shown in the foreground in Fig. 32, and is also to 
be seen in Figs. 29 and 30, on page 517. It was a 
frame structure, built parallel with a construction 
trestle of structural steel which was extended the 
whole length of the dam along the toe. The trestle 
bents were placed at 45-ft. centres, 7.e., opposite 
the dam piers, and were erected on concrete-block 
foundations. This trestle accommodated three 
standard-gauge railway tracks, and these were used 
by trains supplying concrete, and also by gantry 
travellers which were employed for form-setting 
and pouring. 

These travellers took the form of large rectangular 
frames of structural steel, with platforms 45 ft. 
above rail level. At one corner, each was fitted 
with a 15-ton derrick with an 80-ft. jib, and at 
another corner with a concreting tower 100 ft. high, 
used for the later stages of the work. The derrick 
handled forms, &c. The towers were fitted with 
30-ft. booms and counterweighted chutes. The 
gantries travelled at a speed of 56 ft. per minute. 
Three were employed on the work. The two views, 
Figs. 29 and 30, show the steel trestle, Fig. 29 
showing the concrete footings. In Fig. 30, the 
bottom part of the dam is being poured, this being 
done direct from the trestle platform level. Part of 
one of the travellers is to be seen to the right, and 
the same machine will be noticed in Fig. 29. The 
towers were erected when chuting of the concrete 
from a greater height became necessary as the work 
progressed. 

The gantries were kept supplied by petrol locomo- 
tives working at 16 m.p.h. and hauling 36-ft. flat 
cars carrying four 2-cu. yd. side-discharge hoppers. 
A locomotive and car are to be seen in Fig. 30. The 
plant attained a maximum output of 3,627 cu. yds. 
of concrete poured in a day (double shift) and of 
56,000 cu. yds. placed ina month. The total required 
for this part of the work was 430,000 cu. yds. 


(To be continued.) 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Presidential Address by DantEL ADamson, D.Sc.* 


Prestige of the Institution—There has been a great 
increase in the prestige of the Institution of recent 
years. Several Government Departments attach such 
importance to our qualifications for membership that 
the care taken by our Membership Committee in 
scrutinizing all applications for original entry, or 
subsequent transfer, is well justified. 

The director of a large technical college states that 
the co-operation between the engineer and the educa- 
tionalist, in connection with our system of National 
Certificates, emphasising as it does the need for a 
thorough grounding in scientific principles, has aided 
the development of the younger members, improving 
their qualifications and enabling them to meet the 
growing demand for men who can claim practical ex- 
perience, combined with a scientific attitude of mind 
induced by study. This result has strengthened the 
interest of younger members in the future of the 
Institution, its membership, its vitality, and its use- 
fulness to the profession. 

Advantages of Membership.—The first and greatest 
advantage to the individual member is the opportunity 
afforded to meet his fellows, to hear what is going on 
in the world. May I venture to add that our meetings 
are also a mart where leaders can find helpers and 
progressive younger members can find opportunities 
for advancement. We talk a great deal about the 
advantages of education, but there are no opportunities 
for education, in mechanical engineering, equal to 
those afforded by attendance at our meetings, and 
I believe our provincial branch meetings and our 
informal meetings here in London are the most valuable 
part of our work as an Institution. 

Of recent years our meetings have suffered from the 
fact that papers as presented leave very little to be 
criticised. Better a thin suggestive paper with a good 
discussion than one that has been so refined and 
polished as to leave no opening for assault. Our 
informal meetings are successful because of the greater 
freedom of discussion. 

Grades of Membership.—Thanks to the conscientious 
work of previous councils and past-presidents, the 
membership of the Institution now follows a more 
logical sequence than that of some of the other large 
Institutions. The students are those who, having 
passed a matriculation examination or its equivalent, 
are now training for mechanical engineering. The 
graduates are qualified by examination and training 
for corporate membership, to be attained as soon as 
they have acquired sufficient practical experience. 
Candidates for corporate membership, who have 
passed a qualifying examination, are admitted some 
years earlier than those who have not so qualified. 
Whilst this difference may be defensible when admission 
as associate member is in question, my own opinion 
is that by the time a candidate has attained sufficient 
responsibility to justify admission as full member, 
there ought to be no distinction as regards age, between 
one who has passed an examination in his earlier years 
and one who has the gift of self-education in preparation 
for responsibility during his later years. 

Prospects.—The education and training of mechanical 
engineers have often been referred to in presidential 
addresses, and during the years of depression following 
the inflated period about 1920, the Council have been 
very concerned as to the immediate prospects for 
young engineers in our own industry, as distinct from 
the opportunities afforded in the chemical and similar 
industries. Time will show whether the latter do not 
lead to “‘ blind alley” occupations. My own fear is 
that the experience gained will be very limited, and 
the young man will find that he is tied to the one job 
without opportunity to enlarge his experience and fit 
himself for greater responsibility. 

On the other hand, there is, in my opinion, an increas- 
ing number of openings for properly trained mechanical 
engineers, who have had works experience, in many 
industries not necessarily associated in our minds with 
mechanical construction. The combination of a sound 
knowledge of physical laws with experience of organisa- 
tion has enabled young engineers to accomplish good 
results in many varied industries, when favourable 
opportunities have been afforded them. This is a 
field that could usefully be explored by our younger 
mem bers. 

Works Experience.—By works experience is meant 
experience in the actual application of knowledge, 
whether it be in field or works operations, designing 
to suit workshop conditions, or even in clerical work 
which leads to improvements in the rate of progress, 
or reduction in the costs of work done. It does not 
necessarily mean the acquisition of skilled craftsman- 
ship, although this is a great asset if it can be achieved, 


but it does mean acquiring knowledge of commercial 
limitations. 

A. E. Cowper, in his presidential address in 1881, 
regretted that so many brilliant scientific men had 
had to rely upon others to carry their discoveries into 
practice, thus throwing into greater prominence those 
in whom the combination of science and practice makes 
it possible for manufacturing to be carried on in the 
most economical manner. Works training is therefore 
essential for mechanical engineers, and let it be taken 
at as early an age as possible. Works experience 
soon means the taking of responsibility in a way that 
does not arise in the colleges. The most successful 
men are those who have had to shoulder responsi- 
bilities at an early age. 

Boiler-Making.—You will observe that I appear 
to attach more importance to works experience than to 
theoretical training, and it may be that this attitude 
of mind is due to the atmosphere of the particular 
industry my family has been connected with for the 
past two or three generations. Boiler-making is 
pecujiar in that it is affected by many influences not 
directly connected either with the ownership, manage- 
ment, or making of the actual article. In other in- 
dustries there are usually only two interests concerned, 
the maker and the user. A boiler, due, I suppose, 
to the very spectacular nature of a few untoward 
incidents, attracts to itself the attention of Government 
departments and insurance authorities, with the result 
that new developments run the risk of not being 
adopted on their merits, as assessed by those imme- 
diately concerned. 

In addition to this difficulty, boiler design is bound 
to be more empirical because of the many unknown 
factors in operation. Few engineering appliances are 
subjected to the same extreme changes of temperature, 
and at the same time are expected to retain safely 
their fluid contents. These temperature changes bring 
about stresses that so far are beyond the powers of 
the physicist or the mathematician to resolve. 

The Editor of ENGINEERING has said :* ‘‘ structural 
engineers are not entirely happy in dealing with 
temperature stresses.” If this can be said about the 
effects of the gradual changes in atmospheric tempera- 
ture, how much more important is practical experience 
when temperatures varying more rapidly and more 
frequently from that of the atmosphere to that of nearly 
perfect combustion of fuel have to be provided for ? 

Benefits of Increased Membership.—Just as the most 
valuable part of university life is the opportunity to 
meet others on common ground and discuss questions 
of mutual interest, so the greatest value to be obtained 
from membership of the Institution lies in frequent 
meetings with our fellow members. To make this 
possible, it is necessary for each of us to do all we 
can to increase the total membership, so that more 
local branches can be formed, embracing smaller 
geographical areas, and thus making it possible for 
every member of a local branch to attend meetings 
at which subjects likely to be of interest to him are 
discussed without being deterred by difficulties of 
long distance transport. 

The Council have already given considerable encou- 
ragement to local branches, by providing sufficient 
financjal support for present requirements, by co-opting 
local chairmen to the Council, and by arranging for 
occasional meetings in London of all the local honorary 
secretaries ; all this is in addition to the help given by 
arranging for papers, lectures and addresses to be 
delivered at local meetings. As the local branches 
increase in number and importance, increased recog- 
nition and support is bound to be forthcoming from 
the Council. It may be that local branches will show 
themselves to be of sufficient importance to justify 
applications for financial assistance in the form of capi- 
tal expenditure, supplementing local efforts to establish 
buildings in the provinces to house engineering insti- 
tutions. 

Discoveries.—The Institution provides, by its meet- 
ings and publications, the best medium for making 
known the details of progress in scientific developments 
connected with mechanical engineering. A discovery 
is not accepted by the world at large until it has 
been brought to its notice so effectively that it cannot 
be ignored. In 1878, a gas company did not anticipate 
any serious competition ‘‘ by reason of Edison’s alleged 
discovery.” In 1845, surface condensers were not 
adopted for marine work because their use would 
prolong the life of boilers and injure trade. Mushet’s 
steel, discovered about 1860, was not in general use 
until, perhaps, thirty years later. Taylor-White stecl, 
owing to more modern methods of publicity, took 
only about five years to be appreciated, and has already 
been improved upon since it was shown publicly at 
the Paris Exhibition in 1900. An initial discovery 
of a scientific truth is not always appreciated at its real 
value; the ignorance, and often the jealousy, of con- 
temporary “‘ authorities’ has first to be overcome, 0T 
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lived down, then other investigators take up the work 
and in time the rate of development accelerates. 

In Scott Russell’s Memoir of George Stephenson,* 
he stated that “‘ the unhappy moments of his (George 
Stephenson’s) youth were those in which his inventions 
encountered the opposition of prejudice and interest 
and when his propositions were decried because of 
their very originality, because they were new, strange, 
unheard of, and therefore contrary to verified opinion. 
What he wanted, and could not find in his youth, 
this Society presents to the youthful genius of this 
generation—an enlightened, unprejudiced, and first 
ordeal, where every youthful inventor, every mechanic 
of original talent, every proposer of that which is new 
and promises to be useful, will find a body of experi- 
enced practical men, ready and willing to listen to the 
plans, to test the proposals, and to award the praise 
and approbation to which the rising Stephensons of 
this generation may aspire.” 

Osborne Reynolds, in bis 1891 Memoir of Joule, 
refers to the early papers of Joule as being ignored 
by the eminent physicists of the time because the facts 
he revealed, although now familiar as accepted truths, 
were then novel and apparently heterodox. The 
views he expressed were so much in advance of any- 
thing accepted at the time that no one had sufficient 
confidence to venture an expression of acceptance or 
rejection. Even Sir William Thomson (Lord Kelvin) 
felt inclined to rise and say Joule must be wrong, but as 
he listened he realised that Joule had made a great 
discovery. Faraday was there but did not enter into 
the new views. It was many years before any of the 
scientific chiefs began to give their adhesiont. 

A dramatic incident of the same character occurred 
in 1878, when a young chemist named Sidney Gilchrist 
Thomas, near the close of a meeting of the Iron and 
Steel Institute, said he could remove phosphorus in the 
Bessemer converter. His seniors, if they stayed to 
listen to him at all, failed to realise the importance of 
his announcement and in fact took no notice of it, 
until he repeated it about a year later, when E. Windsor 
Richards recognised its possibilities and initiated 
investigations in South Wales and at Middlesbrough. 

The advantages of high-speed flow of hot gases in 
improving the rate of heat transmission were shown 
fifty years ago by Osborne Reynolds but are not yet 
made full use of in practice. 

The lessons taught by Lasche in connection with spur- 
gearing are still ignored, or we should have fewer 
troubles with double-reduction turbine drives. 

The benefits arising from a second heat-treatment 
when hardening high-speed steel were not appreciated, 
even by the makers, until Professor Dempster Smith 
so improved the durability of Paravane cutters in 
war-time that notice had to be taken of his methods. 

Research.—Research is (according to the dictionary) 
an endeavour to discover facts by scientific study of a 
subject. Note that there must be a subject, or aim, 
or objective. Research has come to mean, to many, 
merely the working of some expert in a laboratory, 
hoping that something of value may be discovered, 
whereas it ought to be a point of view of the manage- 
ment of an industry, a willingness to inquire where 
improvements can be effected in present practice, or 
possible new requirements anticipated. 

One result of the opportunities afforded by the 
Institution for teachers, makers, and _ professional 
advisers to meet on common ground, is the valuable 
series of researches for which the Institution has been 
responsible during the past fifty years. Researches, to 
be of direct value to any industry, must combine correct 
scientific control with a proper appreciation of com- 
mercial limitations and practical requirements. 

Of the researches encouraged by the Institution, 
Beauchamp Tower’s experiments, in 1883, were, per- 
haps, the most original in character, especially when 
the state of knowledge of the subject at that time is 
remembered, and they have been frequently quoted as 
being complete and of direct application to actual 
practice. 

In 1881, was published a report on ‘‘ Experiments on 
Riveted Joints” that led to a better understanding of 
the relations between net plate section and bearing 
surface of the rivets, and of the serious objections to 
punching holes for rivets, regarding which accurate 
knowledge had been confined to a few pioneers and 
very erroneous opinions were held by responsible 
authorities. 

_ The Marine-Engine Trials of 1889-1894 showed that 
it was “ perfectly practicable to carry out a complete 
test of the propelling machinery of a steamer without 
seriously interfering in any way with the ordinary 
working.” In my opinion, the chief advantage of 
researches of this type lies not so much in possible 
comparisons of the results obtained, but in the publicity 
given to new methods, with resulting encouragement to 
financiers and others promptly to adopt economical 





* Proc. I, Mech. E. 1848. 
_ + Memoirs Manchester Lit. and Phil. Soc., 1892, 4th 
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methods that otherwise would be neglected, over- 
looked, or delayed in application. As an example of 
this may be cited the Manchester tool-steel experiments 
of 1903. These were initiated to show by official 
trials the possibilities of British high-speed steels at a 
time when, owing to their novelty, there was some 
scepticism as to the results that could be obtained. 

The work of the Research Committee on the value of 
the steam-jacket (1886-1894) was not so conclusive as 
was hoped ; the results may be summed up as “ faint 
praise.” They found no case in which the steam- 
jacket had done harm ! 

The reports of the Gas-Engine Research Committee 
(1898-1908) appear to have dealt more fully with the 
scientific apparatus required for such trials than with 
the possibility of improvement in economy ; in fact, 
the reporter took pride in the fact that he had ignored 
mechanical efficiency and had declined to mix commerce 
and science in that way. 

The last twenty years, however, have seen a great 
improvement in the relations between theory and 
practice within our Institution. A recent example of 
co-operation between science and commerce is given 
by the Marine Oil-Engine Trials of the Institution 
(1924-1926), made possible by the facilities offered by 
the owners and engine builders of several sea-going 
vessels and the co-operation of the Admiralty and two 
other technical Institutions with our own. The work 
of the Steam-Nozzles Research Committee is said, in 
some quarters, to be the most valuable we have under- 
taken for some time past. 

Looking over my own insignificant contributions to 
the proceedings of this and other Institutions, the 
conditions affecting durability have received the most 
consideration. What size must a part be made to last 
a reasonable time under ordinary conditions? As a 
result, spur-gearing is being investigated at the 
Massachusetts Institute of Technology, Boston, by a 
committee under the chairmanship of Mr. Wilfred 
Lewis, and wire ropes at Woolwich Polytechnic by 
Dr. Scoble and a committee of our Institution. 

Examinations.—The established practice of selection 
by examinations, introduced originally to overcome the 
evils of patronage and nepotism, must tend to per- 
petuate a time-lag between old and new knowledge. 
Cramming by analysis of all past papers is the surest 
way of succeeding in examinations, and gives an undue 
advantage to bright boys with good memories, or those 
whose mental development has been rather more rapid 
than that of the average boy, without inculcating 
knowledge that will be educative, or even intrinsically 
useful. 

As the “ one dissentient ’ in February, 1912, when 
compulsory examination for admission to associate 
membership was approved by a general meeting of the 
Institution, I have been very interested in the success 
of our scheme of National Certificates, which has been 
developed subsequently. In this scheme, the association 
of our Council with the Board of Education ensures the 
practical value of the examinations and our co-opera- 
tion with many engineering colleges in regard to their 
curricula is all for the good of mechanical engineering. 
What is wanted now is that the Institution should 
foster the co-operation of reputable engineering 
employers and endeavour to include on the National 
Certificates a record of the holder’s practical training in 
works. 

In my opinion, the great value of these National 
Certificates is that they encourage young engineers, 
who are obtaining the workshop experience I believe 
in to give attention to theoretical studies and thus 
qualify as useful members of society and of the Institu- 
tion. At the same time, the control of the examinations 
by the Institution will avoid the discouragement of 
desirable candidates for membership. 

Progress.—As the future prosperity of our country 
is so intimately associated with the growth of our own 
industry, we must spare no effort to increase our know- 
ledge and improve our practice. The nations that are 
best equipped technologically are the most likely to 
survive, and it behoves those who now lead to spare no 
effort to maintain their position. Mechanical civilisa- 
tion is providing every man with comforts and con- 
veniences that were previously unobtainable by kings 
or millionaires. The fact that struggles for survival 
still persist in all for our good: indolence and apathy 
are the greatest evils that can come to mankind. 

We have been so prosperous in the past century, 
due to the earlier developments here of mechanical 
engineering, that there has been a tendency for us to 
take things more easily than those who live in less 
favoured countries. I have asked, in other countries, 
the reason for the more rapid progress there of dis- 
coveries that were originally made in our own country, 
and the answer was, and I believe a true one, that the 
foreigner has worked much harder the last generation 
or so than we have in this country. 

Further Developments.—Mr. Patchell, in his Address, 
told us to look to the future as well as on the past. 
Bramwell, in 1874, suggested that great inventions 


would be made in the next fifty years, and he has proved 
to be a true prophet; neither is there any indication 
that the rate of development is likely to slacken, 
although the direction taken is not always what is 
expected. The faster the rate of development the better 
for our own industry ; power plant and machinery now 
become obsolete much more rapidly than formerly. 

The great reduction in national expenditure or 
armaments in all countries has hit the engineering 
industry very hard. Nevertheless I believe that, as 
soon as the commerce of the world shows some indica- 
tion of recovering from the results of the war, en- 
lightened leaders of our affairs will realise that general 
peace is essential to our progress. Great Britain can 
best ensure that condition by being fully prepared for 
all emergencies. 

Robinson, in 1878, pointed out that it is absurd to 
blame over-production in times of depression, when 
agriculture, clothing and transport call out for greater 
efficiency. These problems are with us still. We have 
overcome the causes of depression in the past, and must 
do so again. Over-production is rather the result of 
working too long in the same groove when we ought 
to be breaking fresh ground in methods or markets. 

The Institution has heard little about the progress 
of agricultural machinery since that time. Mechanical 
engineers can help here by replacing animal traction 
by mechanical means. Transport has certainly 
developed, but more will have to be done before we 
are able to distribute bumper harvests in one part of the 
world to starving people in another. Textile machinery 
does not seem to lend itself to discussion before the 
Institution. This, I think, will be remedied as the 
local branches grow in strength. Lifting appliances 
for goods and passengers are likely to increase in 
importance on account of the time and labour saved 
by their extended use. The greater use of machinery 
in building construction will call for better organisation 
at the headquarters of the contractor. 

Great strides have been made in fuel economy in 
many directions, and there seems to be little more to 
be done by really up-to-date concerns until the chemists 
show us some short cuts from the latent energy in the 
fuel to mechanical power. As soon as this problem 
is solved in the laboratory, further development on a 
commercial scale becomes a mechanical-engineering 
operation in which the members of this Institution are 
directly concerned. 

There is room for team work amongst engineers. In 
other countries, mutual assistance is practised to a 
much greater extent than in England. If a number of 
us collectively preach economy and indicate methods 
by which this can be obtained the results will be better 
than if we individually push our own pet method and 
decry those of our fellow members. If engineers con- 
tradict and criticise one another, the outsider is inclined 
to doubt us all, and progress and mechanical engineering 
suffer. 

In the official report of the proceedings for the pro- 
longation of the Parsons turbine patent in 1898 occur 
the words “‘ the greatest opposition was encountered 
from engineers, engine builders and others.” Lord 
Macnaghten said: ‘‘new methods are not welcomed 
by workmen, or manufacturers, or even by mechanical 
engineers. The greater the novelty the greater the 
apathy and hostility to be overcome.” 

Public Affairs—It may be that engineering would 
be better appreciated outside these walls if our members 
took a more prominent part in public affairs, instead of 
leaving them to members of other professions. If 
this could be achieved, we might see some improve- 
ment in the educational methods of the country. 
Engineers are brought up to consider the end as well 
as the means, and if they are able to exert an influence 
proportionate to their stake in the country, there should 
therefore be an improvement, unless the politicians and 
the permanent officials are too strongly entrenched. 
The engineer is often blamed for not taking greater 
interest in public affairs, to his own advantage and the 
public benefit, but one of our difficulties, no doubt, is 
that the technical developments that interest us are 
so much in advance of public knowledge that the 
public cannot understand us or our works, and we are 
too interested to stop to explain ourselves. 








One indication of the danger of leaving everything 
in public life in the hands of non-producers is the 
tendency to extend the school years, overlooking the 
fact that if a living has to be earned, then the sooner 
the individual gets the habit of steady application the 
better. When a youth or young man leaves school or 
college for business or workshop, the change in hours 
alone is a great wrench. Why should not school 
hours and college terms compare more nearly with 
business conditions ? A man has to keep his health 
and work forty-eight hours per week for fifty weeks 
in the year. If school hours were gradually increased 
as the student increased in years, the change into an 
industrial occupation would not be so great, and the 
number of years at school and college could be reduced, 





and productive work started earlier. The long vacations 
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have the effect of making many young people believe 
that it is impossible to get through a year without 
Jong’ holidays. 

Another blunder perpetrated by the non-working 
politician was the reduction in working hours from 
fifty-three to forty-seven per week, ostensibly to save 
the early rising on dark mornings. As a result, costs 
of production were increased just when we ought to 
have been getting a grip on the markets lost during the 
war. 

The reduction in working hours in the textile fac- 
tories, combined with much higher wages, has increased 
the cost of production by 200 per cent. whilst our 
foreign competitors, by working two or three shifts, 
have kept their costs down to about 100 per cent. above 
pre-war figures. The effect in engineering workshops 
is that the men either arrive at the works after a 
poor and hurried breakfast, or their wives have to 
do the early rising to cook their breakfasts for them. 
I know it is said that in some shops little work was 
done before breakfast. This only proves poor super- 
vision. To-day the well-managed shop is brought to 
the low level of the others by reason of the shortened 
day. 
Although many of my audience will not agree with 
these remarks, it may cause them to remember that 
there are two sides to most questions. To secure 
popularity it has always been necessary to prophesy 
“smooth things.” As, however, it is not likely the 
world will change because I say it is wrong, it behoves 
us, as members of this Institution, to adapt ourselves 
to circumstances, and do what we can to carry on in 
the future the good work our predecessors have left 
us to do. 

There is nothing new in the idea that it is essential 
to technical progress for those engaged therein to do 
their utmost to improve the method of thought of 
educated people, so that the possibilities of new develop- 
ments may be realised quickly and not neglected for 
centuries, as was the case twenty centuries ago. Then 
there was no one to appreciate the work of, say 
Archimedes, and we had to wait until comparatively 
modern times for men like Newton to show us that the 
path of progress lies not in ideal speculation as to what 
nature ought to do, but in careful study of what nature 
was prepared to unfold to conscientious observers. 

Thirty years ago, Sir William Crookes prophesied 
that a world shortage of wheat would be experienced 
about the present time, but the work that Crookes 
was doing then with the electric arc has been taken up 
by later scientists of all nations, and to-day the pro- 
duction and use of nitrogen compounds are amongst 
the most important industries of the world. 

Very simple discoveries often have far-reaching re- 
sults. The carbon brush made electric street rail- 
ways possible. Spark ignition ensured the success 
of internal-combustion engines. The separation of 
the condenser from the working cylinder of the steam- 
engine by Watt had so great an effect that it is not 
unusual to hear Watt credited by laymen with the 
invention of the steam-engine. 

When the steam-turbine made it possible to take 
fuller advantage of higher degrees of vacuum than 
could the reciprocating engine, systematic study of 
condensers and air-extraction plant enabled such 
advances to be made in the low-pressure end of the 
machine that the efficiency of a large turbine generat- 
ing plant has been improved by 10 to 15 per cent. from 
this cause alone. Although the system of bleeder 
heating had been devised by James Weir, and its sig- 
nificance expounded by Professor Elliott, and although 
at a later date it received further attention from 
Ferranti, many years elapsed before it was translated 
into universal practice by Baumann. The work 
done by Rankine on entropy, Faraday on electro- 
magnetic induction, and Osborne Reynolds in many 
directions, was not immediately effective because there 
were no means available, such as the Institution can 
now provide, to show the practical advantages that 
would result from the application of their theories. 
If the proper application of what are now generally 
accepted principles produces such results, how much 
greater will be the progress that will result from a 
better appreciation of the more advanced laws of 
physics and chemistry ? It is in such directions that 
mechanical engineers must expect their services to be 
required in the future. 








BritisH PRODUCTION oF PiGc-IRON AND STEEL.— 
The number of blast furnaces in operation at the end 
of September was 168, a net decrease of two since the 
beginning of the month. The production of pig-iron, 
during September, amounted to 664,600 tons, compared 
with 682,000 in August, and 503,900 tons in September, 
1928. The September output of steel ingots and 
castings amounted to 847,900 tons, as against 753,300 
tons in August and 718,600 tons during September, 
1928. The above figures have recently been issued 
by the National Federation of Iron and Steel Manu- 
“70m Caxton House (East), Tothill-street, London, 

Vea. 


NOTES ON NEW BOOKS. 


Tue Annual Report of the National Physical 
Laboratory is a stocktaking of the important part 
which the Laboratory plays in the advancement of 
physical science. From the outline of its principal 
contents, which is given every year in these columns, 
readers can see into what interesting detail it enters 
and how wide a field it covers. For the purposes of a 
reader whose intimate interests are confined to only 
one branch of physical science, the width of field 
covered by the report may, however, be a disadvan- 
tage, both to his convenience and his pocket, and the 
Report for 1928 is therefore being issued not only in 
the complete form of which we have already published 
an account, but also as separate pamphlets dealing 
respectively with the work of the Physics, Electricity, 
Metrology, Engineering, Aerodynamics and Metal- 
lurgy Departments, and the Froude Tank, and includ- 
ing also a special report on The Units and Standards 
of Measurement Employed at the National Physical 
Laboratory (H.M. Stationery Office, price 1s. net). 
This series of separate pamphlets, priced variously at 
from 4d. to 3s. net, should be convenient for many 
readers who would have no use for the complete and 
more costly work. The pamphlet here under notice 
consists partly of clear and precise definitions of the 
units of measurement, international and British 
Imperial, partly of circumstantial accounts of the 
primary standards preserved and maintained at the 
Laboratory to represent these units, together, in a few 
cases, with particulars of secondary standards, and 
partly of statements relating to the work in progress or 
in contemplation at the Laboratory and elsewhere in 
order to improve the convenience and uniformity of 
present units. The collection of precise definitions 
forms a body of information which most persons 
interested in physical literature will find it convenient 
to have handy in the present authoritative form. The 
description of the forms of standard both assist the 
principle of the definitions and embody the history of 
the steps by which they have been reached. The par- 
ticulars of the work in progress serve to indicate 
which of the definitions may be taken as only pro- 
visional until some better unit has been worked out and 
accepted. There is general agreement between the 
laboratories of all countries about the importance of 
international agreement on units, and it may be hoped 
that a wider circulation of the present report may do 
something to reinforce this feeling by the support of 
those who have a practical interest in the matter. 





As the calculus is often something of a stumbling 
block to students, any introduction to the subject 
requires to be carefully handled; it must be at once 
convincing and as simple in character as_ possible. 
These conditions appear to be fulfilled by Calculus 
for Technical Students, by 8S. N. Forrest, M.A., B.Sc. 
(London : Edward Arnold and Company, price 5s.), and 
The Groundwork of Calculus, by William Hunter, M.A., 
B.Sc. (London: The University Tutorial Press, price 
5s. 6d.). Both of these books are written as first courses 
for students, and both are well suited to that purpose. 
It is significant that in both books many applications 
of both differentiation and integration are dealt with 
before the derivatives of the trigonometrical functions 
are established ; in this way, the student is made to 
see both the object and the value of the calculus. Mr. 
Forrest’s book includes differentiation, the evaluation 
of maxima and minima, integration, its application 
to centres of gravity, and of pressure and elementary 
differential equations. Mr. Hunter has not covered 
quite so much ground, but his argument is rather 
more complete, and is more satisfactory from a purely 
mathematical point of view. Both books are well 
provided with worked examples, in addition to those 
supplied, with answers, for the student himself to 
solve. 





The treatment of sewage is so much a matter of 
practical experience that calculations for clarification 
plant can rarely be based upon the predetermined 
composition of the sewage, which is too variable a 
quantity. Yet The Arithmetic of Sewage Treatment 
Works, by Karl Imhoff, translated by Gordon M. Fair, 
professor of sanitary engineering at Harvard Univer- 
sity (New York and London: Chapman and Hall, 
Limited ; price 10s. net), will be welcome, because 
the author, chief engineer to the Ruhrverband, Essen, 
is a well-known authority in this field and has, 
moreover, especially re-written his Taschenbuch der 
Stadtentwasserung, and other material upon which the 
volume is based, to meet American conditions. The 
translator has converted the metric data into the 
British equivalents, but does not explain what c.f.s. 
and m.g.d. mean, whilst p.p.m. (parts per million) and 
g-p.m. (gallons per minute) are explained. For large 
plants the author recommends the use of screens, skim- 





tanks, and further digestion of the sludge. He 
deprecates field dressing with fresh sewage, though 
nearly half of the nitrogen is lost by the digestion. 
In the Imhoff (or Emscher) two-storey tank, which is 
considered cheap and efficient, the sewage flows only 
through the upper compartment, which is partly sepa- 
rated by inclined slabs of reinforced concrete from the 
lower vertically subdivided digestion chambers. Inter- 
mittent sand filters and trickling filters are unpopular 
in Germany, as are one-storey septic tanks, except for 
small plants. Submerged contact aerators (Emscher 
filters) are bacteria beds working under water, aeration 
being effected through swinging, perforated pipes, and 
the sludge and growths are flushed into the secondary 
settling tanks. Activated-sludge tanks should not be 
adopted for the treatment of the non-settling, dissolved 
matter in the sewage when complete aeration is not 
intended ; otherwise the sludge may turn sick. Three 
examples of activated-sludge treatment in different 
tanks are worked out, and throughout the book the 
reader will find the details of dimensions, flow rates, 
temperatures, time periods, &c., required for estimates. 





The term “shanghaied’’ long ago found its way 
into the English dictionary, and even forms the title 
of a novel by a popular writer, but, while its meaning 
is, therefore, quite well-known, philologists would be 
puzzled to account for its derivation and history. We 
have just come across an interesting and very possible 
explanation. It is the ambition of the well-to-do 
Chinamen, who exist in no inconsiderable numbers in 
California, to be buried in China, and up till quite recent 
times there was a regular traffic in such deceased 
Orientals across the North Pacific to Shanghai. The 
dislike of seamen to sailing in a ship with a corpse on 
board, which would no doubt make ships on this route 
unpopular, may have given rise to that method of 
overcoming unwillingness to ship by physical force 
which is known as being shanghaied. This explana- 
tion is given by Mr. Frank C. Bowen in a little book 
entitled Sea Slang, published by Messrs. Sampson Low, 
Marston and Company, Limited, London, at 3s. 6d. 
net. The sub-title of the work states that it is a 
dictionary of the old-timers’ expressions and epithets, 
but the definitions cover a much wider field than this, 
as slang terms and phrases which became current only 
in the great war are included, an addition which will 
make the work more interesting to large numbers of 
men who forsook the land for the sea in those stirring 
days now rapidly being forgotten. We agree with the 
view expressed by Mr. Bowen in his introduction that 
many of the phrases, both old and new, are worth 
preserving. A word or two only may throw a useful 
sidelight on sea history, as for example, ‘“ perishable 
cargo,” i.e., slaves, in 18th century slang, or ‘‘ Black 
Monday,” when, in the 17th century navy, the ships’ 
boys received their accumulated week’s whipping. 
Again “ panic party,” though quite modern, enshrines 
the memory of a gallantry at least equivalent to that 
shown by the boarding parties of Nelson’s day. The 
range of the definitions is extensive, and covers not 
only local expressions, such as those still obtaining in. 
the fishing ports of Great Britain, but those common 
on the Atlantic and Pacific seaboards of the United 
States and Canada. Some of the modern naval slang, 
however, may have had a somewhat narrow use, 
several of the expressions we have never heard used, 
and others very familiar to us are missing ; for example, 
we do not find the verb “to shark” in the sense of 
appropriating, say, someone else’s seat in the ward 
room, recorded, and this, at one time, was a far from 
uncommon phrase. But, on the whole, the work may 
be said to be thoroughly well done, and while com- 
mending the book to all journalists and writers of sea 
stories, it must be added that the general public will 
find it both entertaining and instructive. 








THe Late Mr. A. A. Dircxs.—We regret to note the 
death of Mr. A. A. Dircks, on September 1 last, at his 
home at Beecroft, a small town 17 miles north of Sydney. 
N.S.W., Australia. Mr. Dircks, who retired in 1913. 
from the position of Chief Electrical Engineer of the 
Postal Department of New South Wales, was born in 
Balmain, a suburb of Sydney, in 1858. After com- 
pleting his general education, he entered the New South 
Wales Postal Department as a cadet, and rose rapidly 
to the position of Assistant Electrical Engineer. In 
1906, he proceeded to Western Australia, having been 
appointed a special commissioner to investigate matters 
connected with the administration of the Post Office 
Engineer’s Department, and when this was reorganised, 
he became Chief Engineer. Five years later, in 1911, 
he was given the position of Chief Electrical Enginee! 
of the Postal Department of Victoria and, while thers. 
superintended the installation of the automatic telephon« 
exchange at Geelong, the first of this type to be intro- 
duced into the Commonwealth of Australia. Mr. 
Dircks succeeded Mr. Nelson as Chief Electrical Engi- 
neer of the N.S.W. Postal Department in 1916, ani 


ming tanks aerated from below (to remove oil), and | remained in this position unti his retirement, two ye°'s 





grit chambers before the sewage passes into settling | later. 
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23-73-H.P. CAR WITH 


SIX-CYLINDER ENGINE AT OLYMPIA. 


CONSTRUCTED BY MESSRS. HUMBER, LIMITED, ENGINEERS, COVENTRY. 


(1670.A. 


THE MOTOR EXHIBITION AT 
OLYMPIA, 
(Concluded from page 496.) 


BEFORE continuing our description of the exhibits, 
it will not be out of place briefly to discuss the 
prospects of trade expansion in the coming year. 
It is hardly necessary to refer to the home market, 
which is relatively stable and shows a steady expan- 
sion year by year. As regards the export market, 
we mentioned in our first article on the show that 
British manufacturers are making a definite effort 
to remove the reproach that their models are not 
suitable for overseas countries. It would, perhaps, 
be more correct to state that they are endeavouring 
to extend their export trade by catering for a wider 
market abroad, since several of the British models 
have been suitable for ordinary colonial roads for 
some years. What is, in fact, happening is that 
certain home manufacturers are either modifying 
their existing models, or introducing new models, to 
bring their products more in line with the lower- 
priced American cars, for which the majority of 
colonial buyers show a marked preference. There is 
no reason to doubt that this policy will increase our 
export trade, the extent of the increase turning on 
such questions as first cost and service, rather than 


on the suitability of the vehicles for the colonial | 


market. It is satisfactory to note that apart from 
the special efforts that are now being made, our 
export trade has shown a fairly regular increase in 
the past three years. 

_ Returning now to the exhibits at Olympia, an 
interesting example of a powerful six-cylinder car 
in the medium-price category is the new 23-73 
h.p. ‘Snipe ” model, shown by Messrs. Humber, 
Limited, of Coventry. This firm have for some time 
used the overhead inclined position for the inlet 
valves, the latter being operated by enclosed push- 


\ 





rods and rockers from an internal camshaft, and 
the side position for the exhaust valves, which are 
worked from the same camshaft as the inlet valves. 
This layout has certain advantages, one of which is 
that the overall length of the cylinder block is less 
than when the valves are all in a single line ; it also 
provides a large area of port and valve seat. In their 
latest model, the chassis of which is illustrated in 
Figs. 23 and 24, on this page, the details being shown 
in Figs. 25 to 43, on pages 522, 523 and 524, this com- 
bination of valve layout is retained, the inlet valves 
being overhead, and the exhaust valves and cam- 
shaft on the near side. The overhead-valve mechanism 
has been lightened by using a hollow rocker shaft, 
which serves as an oil duct for lubricating the rockers 
and for the spherical ends and sockets of the push- 
rods. The cylinders have a bore of 80 mm. and 
a piston stroke of 116 mm., giving a formula 
rating of 23-8-h.p. and an output of 73 brake horse- 
power at 3,200 r.p.m. The cylinders are cast 
en bloc, and are bolted to an aluminium casing, to 
which are also bolted the clutch housing and the 
gear-box. The engine and gear-box unit has four- 
point suspension on Silentbloc rubber bushes in 
capped trunnion bearings. The combustion head, 
of which the form can be seen in Fig. 27, is machined 
internally and is detachable with the inlet valve and 
rocker mechanism. Access to the exhaust tappets 
lis through a longitudinal space with a cover plate 
|on the near-side of the engine, as shown in Fig. 27. 
| A self-adjusting duplex roller chain, with a triangular 
| drive, serves for the camshaft and dynamo, and 
_also for the coil-ignition mechanism, all these parts 
| being on the off-side of the engine and accessible. 
| The coil-ignition unit is on a vertical spindle, and 
| has automatic timing control at the steering wheel. 
| This position is also used for the electric-horn switch 
| and light-dimming switch, and for the starting-motor 
|switch. An aluminium cover, shown in Figs. 25 
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to 27, encloses the overhead mechanism, and has an 
oil-tight joint. Pressure lubrication, at 40 lb. per 
square inch throughout the engine, is maintained by 
a submerged pump, shown in Fig. 30. The fuel is 
pressure fed by a pump, driven at right angles off 
the camshaft, and is combined with a gauge filter 
chamber. The position of this pump and filter on 
the nearside of the engine is shown in Fig. 30. 
The fuel tank is in the usual position at the back of 
the chassis,and holds 14 gallons with a 2-gallon 
reserve supply, a two-way cock near the driver 
controlling both. An improved Stromberg carbur- 
ettor, on the off-side of the cylinders, feeds the 
mixture through a cast-aluminium water-jacketed 
manifold, from which it passes by two openings into 
the cylinders, each port supplying three cylinders 
The necessary heat is supplied by an independent 
pipe in circuit with the cooling system, the circula- 
tion being assisted by an impeller mounted on the 
front of the cylinder block together with the fan, 
the two units being driven in common by a vee-belt. 

Temperature control is effected automatically by 
a thermostat behind the radiator, the thermostat 
operating a set of vertical hinged shutters in front 
of the radiator. The latter, it may be added, is of 
improved form to harmonise with the new body 
design. Zephyr composite aluminium-steel pistons, 
shown in Figs. 26 and 27, are used, the skirts being 
of steel. The connecting-rods are light steel stamp- 
ings of the usual section. The exhaust manifold 
has the connection from the pipe at the front end 
with the object of dissipating the exhaust heat 
more readily by exposure to the air draught from 
the fan, an arrangement common to many new 
cars. The starting motor is bracketed alongside 
the gear-box on the near-side, its position and the 
enclosed two-to-one reduction gear which meshes 
with the flywheel for starting, being shown in 





Figs. 23 and 24. Both dynamo and starter operate 
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23-73-H.P. SIX-CYLINDER MOTORCAR ENGINE AT OLYMPIA. 


CONSTRUCTED BY MESSRS. HUMBER, LIMITED, ENGINEERS, COVENTRY. 


PART SECTION THRO’ 
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A new gear-box layout, shown in Figs. 33 to 36. 
is used, the principal detail being a silent third 
and a direct fourth-speed drive. Helical teeth are 


at 12 volts. In the same figures will be noticed the | dry-plate clutch, with the Humber Company’s 
oil pump and removable filter chamber, the oil filter | toggle-lever form of withdrawal spider, which re- 
being on the near-side of the engine. A Ferodo-faced ! duces end thrust on the crankshaft, is retained. 
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| doubtless to combine stiffness with non-resonance. 
| An automatic gear lock supplements the usual gate 
change, the lever being at the side. The gear ratios 
are 16-82 to | (first), 11-23 to 1 (second), 6-66 to 1 
(silent third), and 4-55 to 1 direct, the axle gear, 
| as Shown in Fig. 37, being of the spiral-bevel form 
| with semi-floating drive shafts and wire wheels. The 
| latter, on the model at the show, had been cellulosed. 
| An innovation particularly noticeable in this 
| year’s cars, namely, cutting out all dispensable oil- 
+ points in favour of oil-less bushes, is incorporated 
|in this model. The propeller shaft has a standard 
| Hardy-Spicer, all metal, star-type universal coupling 
| at each end, and is unenclosed, as shewn in Figs. 23 
and 24. Semi-elliptical suspension is used through- 
out, and the front springs are attached to the axle 
off centre and are shackled to the dumb iron, the 
rear ends being pivoted to hanger brackets. This 
arrangement, though having been used by a few 
leading makers for some time, seems now to be 
more favoured, and is probably connected with the 
exigencies of front braking and an effort to suppress 
wheel or steering wobble. There is, moreover, a 
special provision for this in the form of a friction 
disc at the near-side steering pin. Friction shock 
dampers are fitted to both sets of springs. The rear 
springs are below the axle, and the frame is up-swept 
to clear the axle, and to provide for a high-pitched 
saloon body on a low chassis height. The Marles 
form of cam and roller steering, shown in Figs. 39 
to 43, is used, and the track rod ends have ball- 
jointed self-adjusting bearings. There are three sets 
of internal hub brakes in the four wheel drums. 
Of these, one pair of shoes in the rear-axle drum 
is controlled independently by a hand lever, and the 
other back and front pairs by a pedal with assisted 
servo action on the Perrot-Bendix two-shoe prin- 
ciple, which utilises the drag effect of the momentum 
of the drum to apply the second shoe attached to 
the servo shoe. Special provision is made against 
upsetting the equilibrium of the four-wheel brakes 
in case of fracture of the linkage, only the brake 
| operated by the defective portion being put out of 
| action. The arrangement of the front-wheel brakes 
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used for the third-speed gear and for the constant- 
mesh gears, and are arranged at the respective ends 
of the gear-box so that the thrust is balanced. The 
first-motion shaft is carried on ball bearings, Hyatt 
roller bearings being used for the gear sleeve on 











! and steering pivots is shown in Fig. 43. 

| The new “ Light Six” chassis with a 2-litre engine 
| now by the Rover Company, Limited, Coventry, 
}is remarkable for its clean and workmanlike 
| exterior, and the easy access to items which require 
| frequent attention. It is illustrated in Figs. 44 to 
| 46, on page 525. Dealing first with the engine, shown 
lin Fig. 46, the cylinders and the upper portion of 
the crankcase are a single iron casting. On the 
off side of the engine, the only external fittings are 
the starting motor at the rear corner and an oil 
filter forming part of the circulating system from 
the pump in the crankcase. At the front is a belt- 
driven two-bladed cooling fan and a water circulator, 
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the second-motion shaft, which is stationary on 
the top gear. This combination for the constant- 
mesh shaft and for the spigot-end bearing seems to 
be increasingly favoured on European cars. An 
unusual feature is that the gear-box is of cast-iron ; 
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and a Lanchester vibration damper on the end of | become the standardised layout with the comple- 
the crankshaft. On the near side, the only fittings 
are the Stromberg carburettor, with Autovac feed 
from a rear tank, and the vertical timer-distributor 
for the six-volt ignition system, the distributor being 
driven off the camshaft at engine speed. The 
auxiliary drive is at the rear of the crankcase, and 
consists of a spring-tensioned inverted-tooth chain. 
The valves are overhead, and are operated by 
all-enclosed push-rod and adjustable rocker mechan- | assembly is neatly carried out. A pedal controls 
ism. The cylinders have a bore of 65 mm. and/the four brakes through a cross-shaft and fore and 
a piston stroke of 101-6 mm., the rating being | aft tension rods, and a fly-nut and screw single-point 
15-7 h.p., and the actual output 70 h.p. at 4,000 | adjustment is provided for the complete assembly. 
r.p.m. The oiling is by pressure feed, at 40_lb.|The rear brakes are independently operated by a 
to 50 lb., to all the main bearings, the pressure | hand lever. A double-acting link motion is used 
being reduced for the valve mechanism. 
fuel consumption is stated to average a gallon per | controls. Short cross-shafts, with ball and socket 
23 to 26 miles, and the oil consumption is given as} joints between the side frames and the front brake 
a gallon per 1,000 to 2,000 miles. The oil is double ; drums, are carried above the chassis, an arrangement 
filtered, and the circulation system includes the | which, besides being less exposed to dirt as compared 
clutch bearing and gear-box. The oil filter is| with so many front-brake layouts, results in a more 
intended to be renewed after some 10,000 miles’ | convenient level for the complete tension assembly 
running. The crankshaft is drilled to serve as the! of both brakes. Friction dampers and_ spring 
main oil duct for the crank and connecting-rod | gaiters are included. 
bearings, an external pipe being provided for the} In common with a few other new models, the 
valve mechanism and the tell-tale on the dash. |‘ Light Six”? Rover has an extended front with an 
The layout of the chassis, which is illustrated in| apron covering the space in front of the radiator, 
Figs. 44 an 145, follows standard practice in its main| and steps are substituted for the usual running 
details. The power plant, for example, embodies unit | boards. This enables the width of the body to be 
construction, and the ge: r-box has central change | increased without increasing the track width, which, 
mechanism. The propeller-shaft is enclosed in a|in this case, is only 4 ft. 2 in. for a wheel base of 
torque tube and has a central bearing, while the|8 ft. 10 in. The absence of running boards has 
rear springs are below the axle and are shackled! involved a special means of anchoring the cycle 
at both ends. The axle gear is of the spiral-bevel | type of mudguards used, which is neatly effected 
form, and has a ratio of 4: 7 to 1. The clutch is of | by using the brake-carrier plates or shields for the 
the three-plate type with cork inserts, and the! purpose. The chassis weighs about 16 cwt. 
three-speed and reverse gear-box has a maximum) A new twelve-cylinder chassis with double sleeve- 
reduction (first speed) of 19:1. In the steering | valve engines is being exhibited by the Soc. Anon. 
layout, the worm and sector gear-box is carried | Aéroplanes G. Voisin, 36 Boulevard Gambetta, Issy- 
on a large-diameter vertical shaft nearly to the/|les-Moulineaux, Paris. It is a common belief that 
height of the cylinder-block, and the steering post multiplicity of cylinders increases difficulties as 
is inclined at a smaller angle than in normal layouts. | regards maintenance. In so far as this requirement 
The front springs are shackled to the front end | depends on ease of access, the new Voisin twelve- 
of the frame, a metaod which has been adopted | cylinder engine, shown partly dismantled in Fig. 
very largely for new models, and seems likely to 


advance of the centre of the spring. 
increments are based on an engine speed of 1,000 
r.p.m., at which rate the direct drive gives 17-6 


m.p.h., the corresponding engine speed being about 
4,000 r.p.m. 
with 29-in. by 5-in. tyres. 
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mentary feature of attaching the axle slightly in | 
The speed | 


m.p.h., with a maximum speed, it is stated, of 70) 


The road wheels are of the wire form, | 
The four-wheel brake | 


The | as the compensating medium between the two brake | 


[OcT. 25, 1929. 


AT OLYMPIA. 


COVENTRY. 


Fig. 43. 
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The cylinders have outside flanged bases for through 
bolting to the aluminium crankcase, in lieu of the 
usual row of stud bolts. This arrangement consider- 
ably facilitates the removal of the cylinder blocks, 
and leaves the groups of sleeve valves and piston 
assemblies intact. Tests have shown that little 
more than a minute is required to remove either 
block of cylinders. The cylinders and detachable 
heads are of cast iron, and are covered by aluminium 
casings. The angle of the opposed cylinders is 
/60 deg. The single eccentric shaft for the valves 
is between the cylinder blocks, and is driven by a 
roller chain. Special safety devices are fitted 
for each valve motion to minimise the effect of 
a seizure from lack of lubrication or breakdown. 
The coupling pins for the valve-sleeve rings and 
eccentric straps are of nickel alloy steel. The ignition 
is by a combined timer-distributor, placed vertically 
above the cylinders, and driven at half-engine 
speed from the valve shaft by a spiral gear. The 
timing is automatic, by governor, up to 2,000 engine 
revolutions, and at higher speeds by hand. A 24- 
| volt dynamotor is direct coupled to the front end of 
the crankshaft. The bore and stroke are 64 mm. 
|and 100 mm. respectively, and the output is 115 h.p. 
at 3,900 r.p.m. The crankshaft journals have the 
unusually large diameter of (approximately) 4 in.. 
{but are hollow, and run in three main bearings. 
| The connecting-rods, being in opposed pairs, have 
/one direct bearing and one forked bearing. The 
|large diameter and area of these bearings, and the 
large crank journals, apparently does not curtail the 
| possibilities of a high rotational speed; the maxi- 
/mum revolution rate, we were informed, exceeds 
'4,000 r.p.m. There is a carburettor for each 
block of cylinders, and separate water pipes and 
/exhaust manifold and silencer for the circulation 
‘and exhaust outlets. The 24 sleeve valves are of 
'east iron, the outer sleeves being thinner than the 
/inner sleeves. A four-speed gear-box of aluminium 
‘forms one unit with the engine, and has central 
| brake and gear levers. The first, second and re- 
| verse gears have the usual hand-operated striking 
|mechanism, but the third and fourth gears are in 
| constant mesh and give what is styled a ‘* twin-top 

gear drive. These two gear changes can be made 
|'by push-button operated solenoid shifters within 
the box, or by hand lever in the normal manner. 
| Provision is made for trapping the oil fumes from 
| the crankcase, and utilising the oil vapour for upper 
cylinder lubrication. The weight of the engine 1s 
| stated to be about 420 Ib. Messrs. Voisin fit also 
| the auxiliary twin gear, which they introduced last 


| year, and which is operated by vacuum servo from 
‘the induction manifold. 
47, on the opposite page, has much to recommend it. | magnetic control is substituted for the vacuum 


In the latest form, ° 
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Fig. 47. 12-CyLinpeR SLEEVE-VALVE ENGINE ; 
Messrs. Soc. ANON. AEROPLANES G. VOISIN. 


recently introduced | rapid acceleration. The Sedan model weighs 4,900 
in this country by |lb., and the engine develops 265 brake horse-power 
Messrs. Malcolm |at 4,200 r.p.m., at which speed the power-weight 
Campbell (London), | ratio is nearly | h.p. per 18-5 lb. The layout of 
Limited, St. James-|the chassis is mainly on conventional lines, the 
street, S.W. It is| weight being kept low by the use of steel pressings 
made at Indiana-|and heat-treated aluminium castings. Engine and 
polis, Ind., U.S.A., | gear-box are in one unit. The clutch is composed 
and is among the |of two fabric-faced discs, and a coil spring is inter- 
most expensive of | posed in the clutch hub, which damps out vibrations 
American cars. The | in the crankshaft and prevents them from synchro- 
high price at which | nising with the transmission and causing noise. 
it is listed here in- | Behind the gear-box is a caliper type of contracting 
cludes the 33} per! brake, with hand control. There are three speeds 
cent. import duty | and a reverse, with central position for brake and 
and freightage, a/gear levers. The second and third speeds give a 





The auxiliary gear-box is behind | detail which the recent references to the carin the! direct drive. A rubber-cushioned disc coupling 
the normal four speed and reverse gear, which| daily Press have not mentioned. The American | is interposed between the gear-box and the propeller 
has the usual change lever and striker control. | price of the chassis is 8,500 dols. (1,700/.). Thej|shaft. The latter is enclosed in a tube, the front 
The auxiliary gear provides a total of six speed | chassis embodies details generally confined to racing end of which is in the form of an aluminium 

| cars in Europe, and, with the standard axle gear | yoke, the extremities of which are fashioned as 
The Duesenberg eight-cylinder car has been/ratio of 34 to 1, it is capable of high speeds and | slides within cast-aluminium bearings bolted to the 
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mid cross member. Rubber blocks are interposed 
above and below the yoke-ends. The axle-gear is 
of the hypoid-bevel form, with the pinion 2-in. 
below the centre,line. Aluminium{is used for the 
pinion-shaft housing, and for the back cover of the 
axle casing. The latter is of pressed steel, reinforced 
internally by heavy-gauge tubes which extend the 
full length of the two! halves of the casing. 
The wheel-hub mountings are of alloy steel, of 
about half the weight of malleable castings. The 
axle shafts are 2¥ in. in diameter, and are carried 
in double-row ball bearings at the inner end, and on 
a single plain bearing at the outer end. Wire wheels 
are fitted. Excepting the hydraulic brakes, the 
rest of the chassis embodies standard practice. 
The hydraulic brakes are a speciality of the makers. 
In each drum there are two opposed vertical shoes 
with fabric facings, and between them is a vertical 
power cylinder and piston, controlled by pedal 
from a master cylinder. The latter is self-replenish- 
ing and self-compensating for temperature variations. 
The two brake shoes are pivoted at their base, and 
have a common single adjustment, by means of 
which the forward shoe is brought into contact with 
the drum, leaving the rear shoe undisturbed until 
the first application of the brake, which then serves 
to divide the clearance between the two shoes. 
The shoes are of cast a’uminium, and the drums 
are of wrought steel with external ribs for cooling 
and stiffening. The steering control is by a Ross 
cam-and-lever mechanism. The front axle beam 
is a steel forging of the usual section, and hardly 
calls for special comment. The chassis frame 
is of channel section, with a maximum depth of 
84 in., and a width of 2} in. across the flanges. 
The cross ties are tubular, excepting the mid mem- 
ber, which is of channel section with double flared 
ends. The material is alloy steel. The spring 
shackles have flanged bronze bushings, with a very 
large wearing surface, and are designed to exclude 
dirt. They are automatically lubricated from a 
central distributor, which will be referred to later in 
describing the engine. 

The engine, which is shown in Figs. 48 and 49, 


on this page, has several points of interest. The | 
eight cylinders are cast en bloc, and are combined 
with the upper portion of the crankcase. The bore 
is 3} in., and the piston stroke 4} in. The com- 
pression ratio is 5-2 to 1. There are four overhead 
valves per cylinder, with two overhead camshafts 
along the sides of the cylinder blocks. The valves 
are diagonally inclined outwards, and the inlet and 
outlet passages from the induction pipe and the 
exhaust manifold are almost horizontal, the small 
deviation being determined by the angle of the 
valves. The camshafts are hollow, and are driven 
by inverted-tooth chains, 2-in. wide. The tension 
is automatically adjusted by two idler sprockets. 
There are two chains, the drive being from the 
crankshaft to a large distribution sprocket, from 
which the second chain transmits the drive to the 
two camshafts. These members are automatically 
|lubricated with the rest of the engine and chassis. 
'The crankshaft is carried in five bearings. It is 
|hollow, and the cranks are forged with balance 
|weights. The shaft is of alloy steel. A mercury 
| vibration damper is fitted. It consists of two 
containers nearly filled with mercury, with baffles 
| which are bolted to the opposite sides of the crank 
throw between the first and second cylinders. 
When the crankshaft enters a vibrational period, 
the deflections cause the mercury to flow to and fro 
| over two baffles, and the resulting friction damps out 
the torsional vibration. The connecting rods and 
|pistons are of special aluminium alloy, and the 
rods are heat treated. The power unit has a four- 
point rubber and spring-cushioned anchorage to the 
frame by means of special bearer brackets. The 
ignition is by battery and coil, with automatic 
and hand control of the advance range. The timer- 
distributor is mounted above the cylinder blocks. 
and is driven by bevel-gear from the inlet-valve 
camshaft. 

One of the most interesting features of the} 
layout is the provision made for automatically 
warning the driver that certain operations are | 
| necessary, and also for automatic lubrication. The 
‘unit for these purposes forms part of the fittings 
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Fig. 49. 


on the near-side of the engine, and is adjacent to 
the fuel pump, from which it is driven. By means 
of this mechanism, a dash liglt is turned on after 
running a certain distance, indicating to the driver 
that it is time to change the oil. After further run- 
ning, another light goes on, indicating that water 
should be put in the battery, and at every 75 miles 
the mechanism opens a release valve mounted on 
the fuel-pump housing, which allows oil to be forced 
to all chassis-lubricating points, including the spring 
shackles, clutch-withdrawal bearing, and shock ab- 
sorber connections. When this system operates, it 
switches on a red light, while a green light also 
glows so long as the reservoir has oil in it. 

The lubricating system is by pressure to the big 
end and gudgeon-pin bearings, including the main 
and connecting-rod bearings, camshafts, timing 
sprocket bearings, and lay-shaft bearings. The 
oil is strained twice, once before entering the gear 
pump in the base of the crankshaft, and again 
before leaving the pump through the Purolator. 
In addition to these precautions, the crank-pins 
contain pockets which, it is claimed, imprison by 
centrifugal force any slight amount of dirt which 
may reach them. The lower half of the crankcase 
is a heat-treated aluminium casting, with deep 
cooling fins on both the inner and outer surfaces to 
dissipate the heat in the oil with maximum rapidity. 
The camshafts, being hollow, are used for the 
passage of oil to the five bearings, whence the oil 
passes to a trough running the full length of the 
camshaft, so that the cams and valve cups operate 
in a bath of oil. The oil-pressure adjustment. 
drain-cock lever, and oil-supply level indicator ar 
conveniently placed on the off-side of the engine. 
The wheelbase measures 11 ft. 104 in., or it may 
be 11 in. longer if preferred, and the track width is 
54 in. The top flange of the frame, with 31 in. 
by 7-in. tyres, is 20 in. from the ground. ; 

“We may conclude our description of the exhibition 
by a reference to the annual dinner of the Societ) 
of Motor Manufacturers and Traders, Ltd., during 
which some interesting figures were given relative to 
the industry. The dinner took place on Wednesday. 
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October 16, under the chairmanship of the president 
of the Society, Mr. J. Maughfling. The Minister 
of Transport, Mr. Herbert Morrison, M.P., pro- 
posed the toast of ‘‘The Motor Industry,” but 
somewhat disappointed his hearers by not being 
able to state, with regard to the long anticipated 
Road Traffic Bill, anything more definite than 
that he had high hopes of the Bill being intro- 
duced and passed in the coming session of Par- 
liament. Mr. Morrison also gave some figures 
showing the increase in motor transport. During 
the spring and early summer of the present year, 
he said, motor-cars had been newly registered and 
licensed at an average rate of more than 18,000 a 
month. In the course of his reply to the toast, Mr. 
Maughfling said the trade viewed with satisfaction 
the recommendations of the Royal Commission on 
Transport with regard to speed limits, dangerous 
driving, licences, the grading of roads, uniformity of 
road signs, and the prevention of dazzle, as well as 
its first recommendation that legislation, which was 
long overdue, should be enacted without delay. He 
thought that the settlement of outstanding questions 
on the use and construction of motor vehicles might 
have an important result in the adoption of similar 
rules by the overseas dominions which would facili- 
tate standardisation and cheapen production. 


Mercury-Trin-LEAD SOLDER FOR SHEET-METAL WORK, 
-4 solder which is stated to have given highly satisfac- 
tory results for sheet-metal work has recently been 
placed on the market in the United States. The solder 
s composed of 3 per cent. of tin, 4 per cent. of mercury, 
ind 98 per cent. of lead. It is claimed that galvanised 
iron tubes soldered with the new material remained 
intact at the joints when beaten out tlat with a mallet. 
Galvanised-iron sheets and zine sheets, lapped and 
oldered with the alloy, it is stated, have been bent at 
right angles to the joints without the latter cracking. 
\ similar solder, containing 6 per cent. of mercury and 
6 per cent. of tin, has been found to run rather more | 
easily. We understand that both solders have been 


largely used for ship fittings. 


|are realising the drawbacks of the old systems, is 
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THE BENNIS MARINE-TYPE 
MECHANICAL STOKER. 


THE crude methods of firing coal which usually 
obtain in a marine stokehold equipped with the 
ordinary, or Scotch, type of boiler are often the subject 
of criticism at meetings of naval architects and others, 
and also in the technical Press, both as regards waste- 
fulness and the strenuous labour entailed. That this 
criticism has had some effect, or that those concerned 








evident from the recent developments in the use of 
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pulverised fuel at sea, but the application of the 
mechanical stoker in ship’s stokeholds, although by no 
means new,* has not hitherto received, generally speak- 
ing, the attention it deserves. It is therefore interest- 
ing to record that the well-known firm of mechanical- 
stoker manufacturers, Messrs. Edward Bennis and 
Company, Limited, of Little Hulton, Bolton, have 
utilised their wide experience of mechanical stoking 
systems in the production of a design of marine-type 
stoker, and that the firm showed an example at 


* See ENGINEERING, vol. cxxiv, page 819. (1927.) 
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the recent Shipping, Engineering and 
Exhibition at Olympia. We illustrate this stoker in 
Figs. 1 to 5 on page 527. The stoker possesses the 
general characteristics of Messrs. Bennis’ sprinkler- 
type with the self-cleaning furnace having reciprocating 
firebars, but a modification has been made enabling 
pre-heated air to be used as well as air at normal 
temperature. This modification has involved 
adoption of another, namely, that of forcing currents 
of cold air through the interior of the firebars in order 
to prevent overheating when pre-heated air is being 
used for combustion. Further, in order to avoid the 
loss of water entailed by the use of steam jets for 
inducing the air current, these jets have been 
eliminated in favour of a fan-impelled air supply. 

In Figs. 1 and 2, the application of the stoker to 
a three-furnace boiler is illustrated, while its general 
appearance, as fitted to a small two-furnace boiler of 
the return-tube type for exhibition purposes can be 
seen in Fig. 5. It is understood, of course, that the 
stoker is suitable for use on land plants having boilers 
of the return-tube type, dry-backed or otherwise, and 
that in many such instances it will be more economical 
to use a fan for supplying the air, though the necessity 
for rigidly conserving the feed water lost by the 
steam jets is nothing like so pressing in a land 
installation as in a marine one. As the method of 
supplying the air is one of the cardinal features of the 
new design, it will be first described. As will be seen 
from Fig. 3, the firebars are grouped together in fours, 
with their lower edges enclosed in an air trough. This 
does not differ greatly from previous practice, but it 
will be noticed that there is now, through the centre 
of the upper part of each bar, a circular passage. This 
is formed by casting a tube in the bar, the ends of 
which tube project and fit into corresponding projections 
on the neighbouring bar in line, so that the passage is 
continuous for the full length of a grate made up of 
several bars longitudinally. This will be clear from 
Fig. 2, where there are three bars in the length of the 
grate. At the front of the grate, the internal tubes 
are connected to a transverse duct supplying the cold 
air, and at the back they are coupled to a header of 
the trough containing reversely-curved passages, the 
object being to deliver the air, which has been heated 
in passing through the bars, into the trough, whence it 
passes up between the bars and is used for combustion. 

The original form of trough is somewhat modified 
to suit the primary-air supply, which is delivered at 
a lower pressure and velocity than when steam jets 
are used. The cooling air is delivered at a consider- 
ably higher pressure than that of the primary air 
supply, and may be obtained from a branch on the 
delivery duct of the fan situated between the fan outlet 
and the preheater. The air in the trough is delivered 
to the fuel through narrow air spaces between the bars, 
the sides of which are formed with sloping divisions to 
direct the air obliquely upwards. Any fine ash that 
may find its way into the trough through the air 
spaces is deposited in the ashpit by means of the 
automatic cleaning slide, shown in Fig. 3 at the bottom 
of the trough, which permits its removal with a neglig- 
ible loss of air pressure. The troughs, with the con- 
tained firebars, are reciprocated longitudinally to an 
amount of about 24 in. by the cams seen in Fig. 2, 
the smaller cam pushing the troughs in and the larger 
ones withdrawing them. The L-shaped pieces on the 
troughs near the cams are rubbing strips of chilled 
cast-iron. Each trough, on its outward travel, is moved 
between two other troughs which are, at the moment, 
stationary. The reciprocating action carries the ash 
or clinker slowly to the back end of the firebars, over 
which it is dropped into a closed ash chamber. Here 
it is allowed to remain until it has parted with any 
useful heat, and is then withdrawn through the ashpit, 
an operation which does not interfere with ‘the air 
supply. 

The mechanical stoker proper is, generally, of Messrs. 
Bennis’s standard type, but embodies some improve- 
ments, and may be referred to briefly to render the 
description of the whole apparatus more complete. 
Small fuel or slack is fed mechanically, or by hand, 
into a hopper having a capacity of about 3 cwt., and 
descends by gravity into a feeding box below it. From 
this box, it is pushed out by a plate having a recipro- 
cating motion imparted to it by means of a grooved 
cam. The cam can be adjusted while the stoker is 
working, so that the coal feed can be set at any rate of 
delivery from zero to about one ton per hour. These 
cams and the levers transmitting the motion to the 
pusher plate are shown in Fig. 1, and are also clearly 
visible in Fig. 5. The charge of coal, after being 
delivered by the pusher plate, is thrown at intervals 
on to the fire by the curved shovel seen to the 
right of Fig. 2, an enlarged view of it being given 
in Fig. 4. The throwing action is obtained by the 
sudden release of a spring, connected, through a lever, 
to the axis of the shovel. The spring is compressed 
by the action of a cam on an arm oarrying the shovel, 
and shock on release is prevented by attaching one end 
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to a piston moving in a cylinder, the end of the stroke 
being made against the increasing pressure of entrapped 
air. The cylinder is mounted on a pivot permitting 
an oscillatory movement, and is provided with an 


| adjustable cover to regulate the initial degree of com- 


the | 








pression in the spring. This arrangement will be clear 
from.Fig. 4, but it may be pointed out that the purpose 
of the small internal spring is to prevent the buckling 
of the main spring, and that of the small valve opposite 
the pivot is to admit air below the piston when it is 
nearing the end of the stroke. 

The actuating cam is also clearly seen in the figure. 
It is made with four faces, at different distances from 
the centre, so that, in one complete revolution, four 
different degrees of spring compression are obtained. 
The effect of this device is that the fuel is scattered 
over the fire in four zones, each about 18 in. in width. 
In a furnace having a grate 6 ft. long, the fuel is 
thrown on to a quarter of the area at a charge, thus 
giving time for each zone to become incandescent 
before receiving the next charge. Referring again to 
Figs. 1 and 5, it will be seen that the hoppers are 
portable, an arrangement dictated by the necessity of 
access to the tubes for cleaning, &c., in the return- 
tube type of boiler. In an installation of these boilers 
on land, the filling of the hoppers will present no 
difficulty, as it only follows long-established practice, 
but in a marine stokehold, conveying apparatus of 
some kind would seem to be required if the ordinary 
arrangement of bunkers exists. The fires could, in 
the event of a breakdown of the stoker-driving 
plant, be stoked through the doors seen below the 
feeding boxes. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Coal-Trimming Machine.—The supply, delivery and 
erection at Yallourn power station of one electric power- 
driven, mobile, brown-coal trimming machine with cater- 
pillar treads and booms. The State Electricity Commis- 
sion of Victoria, Melbourne, Australia: February 3, 
1930. (Ref. No. A.X. 8681.) 


Power-Signalling Apparatus.—The supply and delivery 


of direct-current neutral relays for power-signalling 
purposes. The Victorian Railway Commissioners, Aus- 


tralia; March 30, 1930. (Ref. No. B.X. 5793.) 


Wet Concrete Mixers.—The supply and delivery of 
wet concrete mixers. The India Store Department, 
Engineering Branch, New Delhi; November 7. (Ref. 
No. A.X. 8685.) 

Aeroplane.—The supply of a cabin aeroplane, accom- 
modating from 4 to 5 passengers, with a useful range of 
from 450 to 500 miles and a ceiling of 4,500 m. (14,760 
ft.). An air transport company at Berne, Switzerland. 
(Ref. No. A.X. 8688.) 

Drilling Rig.—The supply of one internal-combustion 
motor-driven drilling rig suitable for drilling to a depth 
of 100 m. (328 ft.).. The Ministry of Railways, Posts and 
Telegraphs, Sofia, Bulgaria; November 12. 
A.X. 8689.) 

Vacuum and Steam Pressure Gauges.—The supply of 
vacuum and steam pressure gauges. The South African 
Railways and Harbours Board, Johannesburg ; Decem- 
ber 5. (Ref. No. A.X. 8701.) 


Bridges.—The construction of a new bridge over the 
Nile at Kasr-el-Nil, Cairo, to replace the existing one ; 


February 1, 1930. (Ref. No. A.X. 8704.) The con- 
struction of a swing bridge over the Bahr-el-Baqar 


drain (Charkieh Province); December 9. (Ref. No. 
A.X. 8705.) The Main Roads and Bridges Department, 
Cairo, Egypt. 

Asbestos Mattresses,—The supply of five sets of asbestos 
mattresses for the maintenance of ‘ K ’’-class_ boilers, 
The Victorian Railway Commissioners, Melbourne, 
Australia; November 6. (Ref. No. A.X: 8707.) 
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RoyaLt NavaAt Divistonat ENGINEERS.——The annual 
dinner of the Royal Naval Divisional Engineers will be 
held at the London Tavern, Fenchurch-street, London, 
E.C.3, on November 15 next, at 6.30 p.m. Tickets, 
price 5s. 6d., may be obtained from Mr. F. W. Davey, 
14, Victoria-street, Westminster, London, S.W.1. 


THE INSTITUTION OF NAVAL ARCHITECTS ; ERRATUM,— 
In reporting Professor M. Gleijeses’ remarks on General 
E. De Vito’s paper on ** Atlantic Liners ” 
for September 27 last, page 414, we stated that the 
speaker’s work had its origin in the important work 
of Peskett on the vessels of the Cunard Line. 
Gleijeses requests us to point out, however, that the 
actual words he employed were “questo lavoro ebbe 
origine da considerazioni sull’ importante lavoro del 
Peskett,”” and adds that the considerations of which | 
he was speaking were actually based on his own origina! | 
work, presented to the Ministries of Instruction and | 
Marine, for which he was awarded a gold medal per | 
Vincremento delle scienze navali. i 


(Ref. No. | 


in our issue | 


Professor | 





[OcT. 25, 1929. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—-Supplies of Cleveland pig 
| are sufficient for current needs, but are not excessive, and 
stocks are low. Though second hands are disposing of 
their moderate holdings at a little below ironmasters’ 
fixed minimum figures, the latter are adhering to the 
recognised rates that have ruled for several months 
past, and report further sales to home consumers for 
delivery over the last two months of the year. Overseas 
customers continue very disinclined to pay prices asked 
and export sales are very light. A little Midland 
foundry iron is still going into consumption at Tees-side 
works, but foreign makes are not, as yet, being used by 
local firms. Producers of Cleveland pig declare that 
conditions prohibit reduction in price. No. 1 grade of 
iron is 75s.; No. 3, g.m.b., 72s. 6d.; No. 4, foundry, 


Fle. 


71s. 6d. ; and No. 4, forge, 7 
Hematite.—-Values of hematite iron are gradually 
hardening, but the terms obtainable are still a few shill- 
ings below the cost of output, and the movement of prices 
towards an economic level is much too slow to meet the 
views of producers, who intimate that unless a change for 
the better quickens, they may be reluctantly compelled 
to put furnaces out of operation. Makers have sold 
as extensively as they care to commit themselves at 
unprofitable figures, and merchants are less keen than 
of late to unload their holdings, as they look for higher 
rates in the very near future. Quotations are a matter 
of individual negotiation, and consequently vary, but 
the basis of prices is about 77s. for ordinary qualities. 
Foreign Ore.—Sales of foreign ore are necessarily few 
and small. Sellers have very little to offer, and as 
consumers have long contracts to draw against, they are 
not disposed to purchase at current rates, which are at 
the equivalent of fully 24s. 6d. ¢c.i.f. Tees for best rubio. 


Blast-Furnace Coke.—Local consumers of blast-furnace 
coke are much perturbed at the threatened acute 
scarcity. Supplies are barely adequate for current needs 
and there are prospects of early serious shortage. Durham 
good average qualities are 23s. 9d., delivered here. 

Manufactured Iron and Steel.—Manufactured-iron 
firms are well placed as regards work, and quotations are 
steady. Semi-finished steelmakers have substantial 
contracts to execute, but they experience difficulty in 
securing new orders, as the result of comparatively 
cheap Continental material being offered freely. Finished 
steel producers also have to contend with increasing 
foreign competition. Among the principal market 
quotations are: Common iron bars, 10/. 15s.; best 
bars, 11/. 5s.; double best bars, 11/. 15s.; treble best 
bars, 12/. 5s.; iron rivets, 111. 10s. ; packing (parallel), 
8l.; packing (tapered), 10/.; steel billets (soft), 
6l. 17s. 6d.; steel billets (medium), 7/. 12s. 6d.; steel 
billets (hard), 82. 2s. 6d.; steel rivets, 11/. 58. ; steel 
ship plates, 8/7. 12s. 6d.; steel angles, 8/. 2s. 6d. ; steel 
joists, 8/7. 2s. 6d.; heavy sections of steel rails, 9. ; 
fish plates, 13/.; black sheets, 10/. 5s.; and galvanised 
corrugated sheets, 13/. 2s. 6d. 











NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel._-While the general state of the heavy 
steel and engineering industries leaves considerable room 
for improvement, encouraging progress is reported in 
Continental competitors 
| in bulk steel are endeavouring to attract British customers 

by quoting lower rates, now that industrial conditions 
| overseas have become more settled, but they are not 
| securing by any means the whole of the new business in 
circulation. A notable feature is that despite the rise 
in steel-making costs, consequent upon the increased 
charges imposed for constituent materials, steel billets 
of both hard and soft basic varieties aré obtainable at 
7s. 6d. per ton below the average figure ruling a month 
ago. This represents a uniform effort on the part of 
South Yorkshire furnace owners to stimulate purchases 
on both home and export accounts by continuing to 
| offer attractive quotations. The hematite section is 
| busy. Order books are well filled, and there is a good 
deal of forward trade in circulation. Forge and foundry 
iron, produced in Lincolnshire and Derbyshire, are Is. 67. 
to 2s. 6d. per ton dearer than was the case last month. 
| No quotable change is shown in bars and sheets. Revised 
| quotations are as follow: Hard basic-steel _ billets, 
| 71. 7s. 6d. per ton; soft basic-steel billets, 6/. 7s. 6d. : 
West Coast hematites, 88s, 6d.; East Coast hematites, 
87s. 6d.; Lincolnshire No. 3 foundry iron, 77s.; Lin- 
colnshire forge iron, 73s. ; Derbyshire No. 3 Foundry iron, 
73s. 6d. ; Derbyshire forge iron, 69s. 6d. ; bars, 11/. 10s. ; 
sheets 127. In the heavy engineering section the pro- 
duction of high-pressure boiler drums is making solid 
headway.. The value of orders recently attracted will do 
something to offset the slump in armament orders. 
Drums of record size are to be made for the Ford Motor 
Works at Dagenham. Orders have also been received 
in connection with the new super power stations at 
| Battersea and Liverpool. Sixteen reaction chambers, 
which are to be for the Anglo-Persian Oil Company will 
absorb between 2,000 and 3,000 tons of high-grade steel. 
Their manufacture will provide employment for some 
hundreds of operatives for several months. Sheffield 
firms have also been successful in securing orders from 
the South African Railways for 4,500 axles and 4,300 
tyres. Supplementary work from the same source 
covers the supply of wagons, and steel material of various 
descriptions. Special-steel makers are holding their own 
against keen competition from abroad. Exports last 


| several important directions. 
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month were greater than in August, though the nine | 
months trade of this year, while of a greater monetary 
value, shows a decline in actual tonnage. Encouraging 
reports of increased profits, despite cut prices, are received 
from makers of files, saws and shipyard implements. | 

South Yorkshire Coal Trade.—Despite weakness in some 
of the staple industries a moderate demand prevails for 
industrial coal on inland account. Export business 
is again looking up, and order books indicate promising 
developments. Good business is being done with Ger- 
many, France, Australia, and Holland, and_ bigger 
tonnages are going to several of the Central European 
areas. Coke is a strong market in all branches at former 
values, and coke ovens are taking large supplies of slack. 
House coal shows a slow recovery. Judging f rom the 
present state of order books further advances may 
be postponed. Quotations: Best branch hand-picked, 
26s. 6d. to 28s.; Derbyshire best brights, 21s. to 23s. ; 
best house coal, 20s. 6d. to 21s. 6d.; screened house coal, 
18s, 6d. to 20s. ; screened house nuts, 16s. 6d. to 18s. ; 
Yorkshire hards, 15s. 6d. to 17s.; Derbyshire hards, 
lds. 6d. to 17s. ; rough slacks, 9s. to 10s. ; nutty slacks, 
7s. to 8s. ; smalls, 3s. to 5s. 





| 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. | 

Scottish Steel Trade.—Business in the Scottish steel 
trade is somewhat restricted on account of the state of 
the local shipbuilding industry. As orders for new ton- 
nage are still far from numerous, the demand for plates | 
and sections has gradually declined during recent weeks, 
but the general output has been, and is still, fairly good. 
It is the near future which is causing most concern, as 
few makers can see any distance ahead, and the prospects 
for the on-coming winter are none too bright. Business 
with overseas markets is rather difficult at present, owing 
to keen competition on the part of some of the Continental 
producers. In the black-sheet trade conditions show some 
improvement, and satisfactory bookings have recently 
taken place. All that is now wanted is a further opening | 
out in the demand from the Eastern markets to ensure | 
steady running at the local works. Prices all round are | 
maintained, and the following are the current market 
quotations :—Boiler plates, 107. 10s. per ton; ship 
plates, 82. 12s, 6d. per ton; sections, 81. 2s. 6d. per ton ; 
black sheets, }-in., 9/. per ton; galvanised, corrugated 
sheets (No. 24 gauge), 131. 10s. per ton, all delivered 
at Glasgow stations. 

Malleable-Iron Trade.—There is no change to report 
in the state of the malleable-iron trade of the West of 
Scotland, and makers are very quiet. Specifications | 
are mostly of small tonnage, and there is much difficulty 
experienced in keeping plant employed. The re-rollers 
of steel bars are passing through hard times just now. 
Orders are scarce and the keenest competition exists 
for any business on offer, with the result that margins 
have reached vanishing point. Current quotations 
are as follow :—‘‘ Crown ” bars, 10/. 5s. per ton for home 
delivery, and 9/. 15s. per ton for export ; re-rolled steel 
bars, 7/, 15s. per ton for home delivery and for export. 

Scottish Pig-Iron Trade.—In the pig-iron trade of 
Scotland there has been no expansion lately, and a dull 
tone still exists. Consumers of foundry grades are quiet, 
and although the sales of hematite are being well main- 
tained at the moment, there are signs that the position is 
weakening. The following are the market quotations :— 
Hematite, 80s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 78s. 6d. per ton, and No. 3, 76s. per 
ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish | 
pig iron from Glasgow Harbour for the week ending | 
Saturday last, October 19, was some 486 tons only. 
Of that total, 415 tons went overseas and 71 tons coast- 
wise. For the corresponding week of last year the figures 
were 602 tons overseas and 92 tons coastwise, making a 
total shipment of 694 tons. 




















AUSTRALIAN TRANSPORT RESEARCH BuREAU.—The 
New South Wales Transport and Motor Users’ Parlia- 
inentary Committee announced recently that a Transport 
esearch Bureau had been established. The Bureau will 
act as a centre for all information regarding methods of 
transport in Australia and elsewhere. 
attention more particularly to systems of transport by 
road and air. 
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_ PuBLIc Works IN AUSTRALIA.—The Development and 
‘igration Commission of Australia has recently issued 
reports dealing with the Lachlan river scheme, New 
South Wales, with the construction of the Wyangala 
dam, and with the building of a railway from Roto to 
Hillston. Summaries of these reports are in the hands 
of the Department of Overseas Trade, 35, Old Queen- 
street, London, S.W.1, and British firms desiring to 
peruse these should communicate with the Department, 
quoting Reference No. A.X. 8653. 





Ketvin MEDAL, 1929.—We have been informed that 
the presentation of the Kelvin Medal, which has this 
year been awarded to Mr. André Blondel, the distinguished 
"rench scientist, will be made by Sir Donald MacAlister, 
of Tarbert, Principal of Glasgow University, in the 
Great Hall of the Institution of Civil Engineers, on 
November 5 next, at 5 p.m. The French Ambassador | 
will receive the Medal on behalf of Mr. Blondel, whose 
health does not permit him to travel to London. Sir 
Brodie H. Henderson, President of the Institition of 
Civil Engineers and Chairman of the Award Committee, 
will take the chair. 
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NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 


The Coal Trade.—In spite of a strike of 5,000 men in 
the Garw Valley over the non-unionist question, supplies 





| of large coal, with the exception of the dry varieties, 


continue plentiful to meet requirements, with prices 
on the basis of the schedule, which is 20s. per ton f.o.b. 
for best Admiralty large. 
have, however, filled up, probably on account of the 


rush for anthracite and the placing of business for dry | 


large as a substitute. At any rate, the price of best dry 
large has been increased to 19s. 6d., and for the lower 
grades from 18s. to 19s. Sized products, however, 
remain as scarce as ever and firm, with dry nuts com- 
manding up to 30s. Smalls also are in short supply with 


best bunker classes realising 14s., and the lower grades | 


from 13s. Shipments of coal foreign in the past week 


amounted to 535,930 tons, which was 12,000 tons more | 


than in the preceding six days. 
increased activity have been enhanced by heavy char- 
tering of late. During the past fortnight more than 
200 vessels have been reported as fixed to carry more 
than 800,000 tons of Welsh coal, which does not take 
into account time-charters and vessels visiting the dis- 
trict to transport coal bought on f.o.b. basis. The 
prospects are therefore brighter. 

Coal for Italy.—-Considerable uneasiness was aroused 
in Welsh coal trade circles last week by reports from 
Genoa to the effect that the Italian State Railway 
had delegated to an Italian concern the authority to 
buy the 1,000,000 tons of coal arranged under the Hague 
Agreement, and to distribute it amongst Italian industrial 
firms which had been purchasing direct. The reports, 
however are untrue, for Italian State Railway officials 
arrived at Cardiff to-day for the purpose of examining 
the position in respect to the qualities and prices of 
steam coal available, preparatory to the purchase of 
1,000,000 tons for use by the Italian railways. Whether 
the bulk of this business will come to South Wales will 
depend on the suitability of the qualities offered and the 
prices. 

Lysaghts and Newport.—Negotiations are proceeding be- 
tween the Great Western Railway Company and Lysaght 
Limited, which it is expected will result in Messrs. 
Lysaght removing their galvanising works from Bristol 
to the Monmouthshire port. This will mean employ- 
ment for some 700 men. At present the plates are rolled 
at Newport, and despatched to Bristol where they are 
galvanised, and then shipped at Avonmouth. The dis- 
cussions with the Great Western Railway Company are 
for the purpose of arranging rates, which at present are 
ls, per ton in favour of Avonmouth. 

Iron and Steel.—Exports of iron and steel goods last 
week totalled 14,232 tons, which was less than half the 
quantity dealt with in the preceding week. Shipments 
of tin-plates and terne-plates fell from 14,311 tons to 
7,231 tons, black-plates and black-sheets from 4,400 tons 
to 1,207 tons, galvanised sheets from 4,229 tons to 2,612 
tons, and other iron and steel goods from 8,813 tons 
to 3,182 tons. 








ELEcTRIC TROLLEY OMNIBUSES, BRAzIL.—A syndicate 
in Brazil, having in view the establishment of a service 
of electric trolley omnibuses over a distance of 100 km. 
(62 miles) desire to receive literature upon the subject 
from British manufacturers. Interested British firms 
should communicate with the Department of Overseas 


Trade, 35, Old Queen-street, London, 8.W.1, quoting | 
| Reference No. A.X. 8616. 


Contracts.—Messrs. The English E ectric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, 
have received a contract from the South Indian Ra‘lway 
Company for the rolling-stock, required for the electrifica- 
tion of the Madras suburban services. The order com- 
prises 17 three-coach articulated units, each unit con- 


| sisting of three all-steel coaches, together with the 


necessary electrical equipment. In addition, four 
electric goods locomotives have been ordered.—Messrs. 
Ruths Steam Storage, Limited, Africa House, Kingsway, 
London, W.C.2, have recently obtained a contract from 
The Thames Board Mills, Limited, for a steam accumu- 
lator to be installed at the firm’s Purfleet mills.—Messrs. 
Vickers-Armstrongs, Limited, Barrow-in-Furness, have 
received a contract for the machinery for a large cement 
plant in the Far East, namely, the Green Island Cement 
Company, Limited. The new works will comprise two 
units, each having a capacity of 1,000 tons of cement a 
week.—Stated to be the largest order for 60-watt lamps 
ever given in Australia, a contract has been placed by 
the Civic Commissioners of Sydney, N.S.W., with Messrs. 
The British General Electric Company, Limited, of that 
City, for more than 125,000 Osram lamps. The whole 


Stems for dry large coals | 


The prospects of | 


| 


of these lamps will be made at the Osram Lamp Works, | 


Hammersmith, London.—In order to effect economies, 
the power plants of The North Broken Hill, Limited, 
The Broken Hill South, Limited, and The Zine Corpora- 
tion, Limited, Australia, are to be co-ordinated in one 
station. The new power station will supply the whole 
of the compressed-air and electric-current requirements 
of the three companies. The Diesel engines for the 
prime movers of the compressed-air plant have been 
ordered from Messrs. Mirrlees, Bickerton and Day, 
Limited, Hazel Grove, Stockport, and will comprise four 
1,230-b.h.p. Mirrlees-Diesel engines, each engine driving 
a Belliss and Morcom air compressor. The electricity 
generating sets have been ordered from Messrs. Sulzer 
Brothers and will consist of six 3,000-b.h.p. Diesel engines, 
each driving alternators manufactured by The British 
Thomson-Houston Company, Limited, Rugby. The 
main contractors are The Australian General Electric 
Company, Limited. 


| types and 33 quay-side cranes. 





INSTITUTION OF CHEMICAL ENGINEERS.—To-night, 6.30 
p.m., Institution of Civil Engineers, Great George-street, 
S.W.1. ‘The Fabrication of Acid-Resisting Steel 
Plant,” by Dr. W. H. Hatfield. 

INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
| 7 p.m., Storey’s-gate, S.W.1. Informal Meeting. ‘‘ The 
| Requirements of Overseas Locomotive Engineers in 
Respect of Locomotive Design and Details,” introduced 
| by Mr. P. C. Dewhurst. Friday, November 1, 6 p.m. 
Thomas Hawksley Lecture : ‘* Critical Relations between 
Water and Steam,” by Professor H. L. Callendar. 

Junior INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘‘ Electric Welding as 
ed to Bridges and other Structures on the L. and 
Railway,” by Mr. H. Bruff. Friday, November 1, 
| 7.30 p.m. Kinematograph Film, “‘ The Age of Speed.” 


NortH or Eneianp Institute oF MINING AND 
MEcHANICAL ENGINEERS.—Saturday, October 26, 2.30 
p.-m., Newcastle-upon-Tyne. Presidential Address by 
Mr. R. S. Anderson. ‘ Burnt Outerops of the High 
| Main Coal at Newcastle-on-Tyne,” by Mr. R. G. Car- 
ruthers. ‘‘ The Distribution and Sequence of the Non- 
| Marine Lamellibranchs in the Coal-Measures of Northum- 
berland and Durham,”’ by Dr. W. Hopkins. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Birmingham, 
Coventry, and West Midlands Branch : Saturday, October 
26, 6.30 p.m. Chamber of Commerce, New-street, 
Birmingham. ‘Coal Dust in the Foundry,” by Mr. B. 
Hird. Lancashire Branch, Junior Section; Saturday, 
October 26, 7 p.m., College of Technology, Sackville- 
street, Manchester. Presidential Address by Mr. R 
Miles. ‘Large Castings made by Jolt Ramming 
Methods,” by Mr. A. L. Key. Lancashire Branch : 
Saturday, November 2, 4 p.m., College of Technology, 
Sackville-street, Manchester. ‘‘ Some Aspects of Modern 
Foundry Practice,”’ by Mr. F. Griffiths. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
October 28, 7 p.m., Victoria-embankment, W.C.2. 
Informal Meeting. Discussion on ‘‘ Systematic Research 
by Industrial Undertakings.’’ Opened by the President. 
Friday, November 1, 7 p.m., Meter and Instrument Sec- 
tion Meeting. Chairman’s Address by Mr. E. W. Hill. 

INsTITUTION OF MINING ENGINEERS.—Wednesday, 
October 30, 11 a.m., Geological Society, Burlington 
House, Piccadilly, W.1. Annual General Meeting. 
Presidential Address by Mr. H. E. Mitton. ‘“* Abstract 
of Report on the Underground Conveying and Loading of 
Coal by Mechanical Means,”’ by Mr. R. Clive. 

InstITUTION oF CrIviL ENGInEERS.—Manchester and 
District Association : Wednesday, October 30, 6.45 p.m., 
Manchester Literary and Philosophical Society, 36, 
George-street, Manchester. ‘‘ Renewal and Strengthen- 
ing of Railway Bridges,” by Mr. J. W. F. Gardner. 

INSTITUTION OF LOCOMOTIVE ENGINEERS (LONDON).— 
Thursday, October 31, 6 p.m., Denison House, 296, 
Vauxhall Bridge-road, S.W.1. ‘‘ Locomotive Regulator 
Valves,” by Mr. T. H. Shields. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Birming- 
ham Centre: Thursday, October 31, 7 p.m., Queen’s 
Hotel, Birmingham. Presidential Address. ‘‘ The 
Member and the Institution,” by Professor W. Morgan. 

DiesEL-ENGINE Users’ AssocrtaTion.—Friday, No- 
vember 1, 3.30 p.m., Caxton Hall, Westminster, S.W.1. 
“Modern Engineering Cast-Irons and Their Properties,” 
by Mr. J. G. Pearce. 

Nortu-East Coast INstiTuTION OF IENGINEERS AND 
SHreBUILDERS.—Friday, November 1, 6 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘‘The Development 
and Performance of the Richardsons-Westgarth Oil 
Engine,” by Mr. W. 8. Burn. 


ee 








THE COMMERCE AND INDUSTRY OF WEST HARTLEPOOL. 
—Prior to 1835 Hartlepool was a mere fishing village. 
In that year a first set of docks was constructed and 
connected by a short railway line to one of the Durham 
Coalfields. In 1841 the Stockton and Hartlepool Railway 
was opened, and, from this date, progress was rapid and 
continuous. The modern West Hartlepool has been 
built round the old village of Stranton, and the name 
West Hartlepool appeared for the first time in 1844. 
Hartlepool and West Hartlepool are still separate local 
authorities, although efforts to amalgamate the two 
districts have been made from time to time. They 
are both, however, united in the interests of commerce 
and industry, and have come to be known by the general 
name of The Hartlepools. The dock system at the Har- 
tlepools comprises, at the present time, a water area of 
103} acres, and a quayage of 22,346 lineal feet. The 
port also possesses 23 coal shipping appliances of various 
Five large warehouses 
are situated at various points on the dock estate and 
provide accommodation for all kinds of general goods ; 
their aggregate floor area measures 111,800 sq. ft. Ice- 
houses are also provided for the benefit of the fishing 
industry. In an endeavour to increase the trade of West 
Hartlepool and in order to demonstrate the commercial 
and industrial facilities of the town, an illustrated hand- 
book entitled, West Hartlepool : Commercially Considered, 
has just been issued by the Corporation of the Borough. 
The brochure contains much of interest regarding the 
history, industrial development and commerce and 
industry of the northern port, while particulars concerning 
the public services post administration of the County 
Borough of West Hartlepool and a local classified trades 
index are also included. Copies of the handbook may 
be obtained on application to the Town Clerk, Municipal 
Buildings, West Hartlepool. 
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THE CONOWINGO HYDRO-ELECTRIC DEVELOPMENT ON THE SUSQUEHANNA RIVER. 


(For Description, see Page 515.) 
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Fic. 31. CorrERDAM EXTENDING FROM WEsT BANK, FOR CONSTRUCTION OF PoWER-HOUSE SECTION. 














Fig. 32. Concretine PLANT on East BANK AND First CoFFERDAM FOR CoNSTRUCTION OF SPILLWAY SECTION. 


THE GEOPHYSICAL SURVEY OF AUSTRALIA.—The | that, at the conclusion of the two years’ stay in Australia, University, who has charge of the gravimetric work. At 
Imperial Geophysical Survey party, which has been | the head of the Survey, Mr. Broughton Edge, will return | present, one section of the survey is endeavouring to 
operating in Australia, will terminate its labours in| to England, and his assistant, Dr. E. Beiler, will again | discover shallow underground water in the Mallee ; 
February, 1930. It will then have spent two years in the | take up his position as Associate Professor of Physics at | another is at Northampton, West Australia, where lead- 
island continent. The survey party comprises experts | McGill University, Montreal, Canada. Among the | zinc ores are believed to exist; and a third is occupied 
from all parts of the British,Empire, and it is thought! Australian members is Dr. N. B. Lewis, of Melbourne | on work connected with oil prospecting. 
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Fig.6. KEY PLAN. 
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‘VELOPMENT ON THE SUSQUEHANNA RIVER. 
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Offices for Publication and Advertisements, | 
35 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of our readers to 
the fac" that the above is our SOLE ADDRESS, | 
and that no connection exists between this | 


Journal and any other publications bearing | 
somewhat similar titles. ; | 








TELEGRAPHIC ) ‘‘ ENGINEERING,” WESTRAND, | 
ADDRESS LONDON. 
TELEPHONE NuMBER—TEMPLE BAR 3663 


(2 lines). | 


SUBSCRIPTIONS, HOME AND FOREIGN. | 


“ ENGINEERING” may be ordered from any | 
newsagent in town and country and at railway book- | 
stalls, or it can be supplied by the Publisher, post free, | 
at the following rates, for twelve months, payable in | 
advance :— 





For the United Kingdom....................0.4 cor 6 O | 
For Canada— | 
Thin paper copies ...............:c000 £2 18 6 
Thick paper copies.....................+4 £3 3 0 
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INSTITUTION PROCEDURE. 

Ustne Professor Morgan’s Presidential Address 
to the Institution of Automobile Engineers as a 
text, we ventured, in our leading article of the week 
before last, to suggest that the Institution of 
Mechanical Engineers might find it profitable to 
consider a revised form of procedure. Instead of 
the present practice of headquarters meeting in 
London and local branch meetings in the Provinces, 
we suggested that a London branch might profitably 
be formed to deal specifically with the interests of 
the London members. This London branch would 
be constituted on the same basis as the provincial 
branches, and would hold its own meetings in exactly 
the same way as, say, the Midland branch now does, 
The Institution, as a whole, would meet at what we 
called ‘“‘ plenary” sessions, held once or twice a 
year in London, or elsewhere, the meeting extending 
over one or two days. It was suggested that these 
plenary meetings would be likely to attract members 
from all over the country, in a way that headquarters 
meetings can hardly be said to do at present. The 
provincial member is now so well catered for by his 
branch meetings that there is little inducement for 
him to attend the London meetings. A plenary 
session, once a year or so, would, however, be 
more likely to attract him. It would naturally be 
the business of the Council to arrange for important 
papers to be read at such plenary sessions, and 
the likelihood of an important audience might be 
expected to attract able contributors. We dealt 
with this suggestion so fully in our recent article that 
we need not here repeat the various considerations 
which would appear to support it. We may, how- 
ever, repeat that the scheme is based on the present 
practice of the Institute of Metals. 

We are reverting to this matter so soon after our 
original proposal, as we find encouraging support for 
it in no less promising a sphere than the latest 
Presidential Address to the very Institution with 
which we are concerned. Dr. Adamson, in his 
interesting discourse, delivered on Friday of last 
week, stated that he believed the provincial branch 
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meetings and the informal meetings in London to 





be the most valuable part of the work of the Institu- 
tion. It would seem a legitimate deduction, from 
this statement, that the London headquarters’ 
meetings are not the most valuable part of the 
work of the Institution. This, we would suggest, 


81 is exactly what we said a fortnight ago, and it is 


difficult to think that it can be a matter of satis- 
faction to any member that what should be the 
chief gatherings of the Institution have come to 
occupy this second place. Any increase in the 
number of local branches would naturally tend to 
decrease still further the general interest in the 
London meetings. Such an increase in numbers 
was referred to by the President as a desirable thing. 

Dr. Adamson was in no way directly concerning 
himself with the proposal we have under discussion. 
The leit motiv of the part of his address from which 
we have quoted was the educational value of the 
Institution to the members, a large part of this 
educational value lying in the opportunities for 
discussion which it affords. His expressions of 
opinion, however, lend weight to the proposal we 
have put forward. In one place he said, “our 
informal meetings are successful because of the 
greater freedom of discussion.” This statement, 
as also the other we have already quoted, 
is equivalent to saying that the informal London 
meetings are the best and most successful London 
meetings. It is no improper extension of this 
contention to suggest that these informal meetings 
are already taking the place of such a London 
branch as we have suggested, and it would surely 
be better to recognise the fact frankly than allow 
this embryo London branch gradually to sap the 
interest of the main meetings. 

This, however, does not exhaust the powerful, 
if perhaps unintentional, support which Dr. Adam- 
son has given to our proposal. In one place he 
said :—‘‘ Of recent years our meetings have suffered 
from the fact that papers as presented | ive little 
to be criticised. Better a thin suggestive paper 
with a good discussion than one that has been so 
refined and polished as to leave no opening for 
assault.” This is nicely put, but if it means any- 
thing it means that of recent years the meetings 
have not been very interesting. We suggest, 
however, that the trouble is not that the papers are 
too polished, but that the criticism of them is too 
diffused. If the majority of the members of the 
Institution who are the experts on a particular 
subject, were assembled in London at the reading of a 
paper on that subject we cannot think it would 
escape criticism, no matter how high the polish. 
The present state of affairs, however, as set forth by 
the President, means that the least interesting and 
valuable parts of the activities of the Institution are 
those which are printed in the Proceedings and 
stand for the chief contribution of the Institution to 
mechanical science. Dr. Adamson says, “ better 
a thin suggestive paper with a good discussion ” 
and so on, but we can hardly think he would suggest 
that thin papers, no matter how suggestive, should 
form the bulk of the Proceedings which form the only 
documents which go out into the world to represent 
the work which the Institution of Mechanical 
Engineers is doing. 

The quandary of polished papers and poor discus- 
sions, or thin papers and good discussions, appears to 
be admirably met by our proposal for a London 
branch and plenary meetings. The London branch 
could indulge in papers as thin as it liked, while the 
plenary meetings might be relied on to produce 
important contributions to mechanical engineering 
accompanied by discussions worthy of them. In 
our issue of May 17, dealing with the proposed 
Charter, we pointed out that the Institution of 
Mechanical Engineers is not taking the place it 
should in the two important branches of mechanical 
work represented by the internal-combustion engine 
and power plant development. These purely 
mechanical interests appear to have passed almost 
entirely to other institutions. All the reasons for 
this undesirable state of affairs we need not now 
discuss, but it appears likely that one of them is that 
authors cannot safely look forward to an adequate 
discussion by authoritative speakers at the head- 
quarters meetings. The proposed plenary meetings 
should do something to correct this relative neglect 
of these important branches of mechanical work. 
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Such meetings should immediately take a position 
as the most important mechanical engineering | 
meetings in the country, for which authoritative | 
writers would be prepared and glad to produce 
important papers. With properly representative 
meetings, such as might be expected, there would 
be no fear of weak discussions and the Institution 
would be able to include in its Proceedings authori- | 
tative ‘contributions on two of the more important | 
phases of its own subject which it now to a large | 
extent neglects, and at the same time produce 
better discussions in the fields to which it now gives 
attention. 

Dr. Adamson’s important address was largely con- 
cerned with Institution matters, but we cannot but 
think that those parts of it to which we have drawn 
attention were perhaps most of all worthy of atten- 
tion, concerning as they do in essence the future of 
the Institution. The whole of his remarks should, 
however, be studied. Dr. Hele-Shaw, proposing a 
vote of thanks after the reading of the address last 
Friday evening, managed to suggest some obscure 
connection between Dr. Adamson and the elder son 
of our common father, Adam. We are not sure if 
the allusion was complimentary. For ourselves, 
reading his address and weighing its implications, 
rather would we call him ‘‘ A Daniel come to judge- 
ment! Yea, a Daniel!’ Much has he written on 
which we have not been able to comment. This 
we must leave our readers to study for themselves 
elsewhere in this issue or, in due course, in complete 
form in the Proceedings of the Institution. 











WATERWORKS LEGISLATION. 


In the last half century many circumstances 
have conspired to increase the demands for water 
in this country and the intensity with which water 
supplies have been developed. Apart from the 
mere growth of population and of industry, social 
habits demand much more copious rations of 
water than formerly, and both the number of 
communities that now are served by waterworks 
and the size of the works have enormously increased. 
As a rule great changes in the circumstances of 
an industry are followed not long after by changes 
in the general legislation which governs it. The 
legislation relating to waterworks is an exception 
to this rule. The general law in regard to water- 
works was enacted in 1847, and since that date 
only a partial revision of it has been made, and that 
as far back as 1863. Water undertakings, indeed, 
have been initiated by companies, local authorities, 
and Joint Boards, but most of them have had their 
own special acts, and though these have often 
followed each other in many respects, nothing like 
a uniform code exists. As a consequence many 
of the provisions applying to existing waterworks 
are no longer suitable to modern conditions, and 
one detail in the anxiety now generally felt to 
improve the system and efficiency with which water 
supplies are used, is a desire to obtain a general 
legislative expression of conditions under which 
waterworks should operate. 

For some years past the Ministry of Health 
has been considering questions relating to water 
under the advice of an Advisory Committee on 
Water, composed of leading waterworks engineers 
and other officers, assisted by officials of the 
Ministry. Six years ago this Committee appointed 
« Legislation Sub-Committee, which has already 
submitted a report on measures for the protection 
of underground water, ana now, with the endorse- 
ment of the Advisory Committee, has published a 
series of suggestions for a consolidated code for 
waterworks operation. In the main their proposals 
follow what are regarded as the best precedents in 
recent Parliamentary practice. The Committee 
has thought it inopportune to deal with certain 
important questions pending the results of other 
deliberations now in progress. The position, for 
instance, of statutory water undertakings in 
relation to mining interests is still regulated by 
the Act of 1847, the effect of the provisions of 
which have been examined recently by the Royal 
Commission on Mining Subsidence, and comment is 
thought undesirable until the Mines Department 
has completed its examination of the Commission’s 
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ference with highways by water undertakers is 
only part of a much wider question involving the 
interests and duties of other bodies, which is now 
under review. The safety of reservoirs, which 
under the existing law is safeguarded only by 
provisions of the 1863 Act, is understood to be 
under consideration by the Government, and recom- 
mendations on the subject are therefore for the 
moment considered premature. There remain, 
however, a large number of questions in regard 
to which many undertakings are governed by 
widely different provisions, some of which do not 
fulfil the requirements of modern circumstances. 
Part of the present proposals relate to the general 
law of water supply, and consist mainly in simplify- 
ing the procedure now necessary for carrying on 
or extending a water undertaking, and in placing 
all undertakers as far as possible on a uniform 
footing. The proposed simplification provides that 
the desired facilities and powers shall be con- 
ferred by Order of the Minister of Health whenever 
the grant and its terms are agreed by all interested 
parties after due opportunity for opposition has 
been given. The proposal does not seem to come 
reasonably under the stricture, sometimes passed 
on similar suggestions, that it is unduly extending 
the powers of a government department, and the 
provision for unifying the conditions under which 
water undertakers of various classes work seem 
to be generally advantageous. 

From the technical and economical points of view, 
however, the chief interest of the report lies in the 
proposed amendments of the Waterworks Clauses 
Acts of 1847 and 1863. The extent to which 
these clauses fall short of providing for existing 
needs is well illustrated by the fact that, except 
for provisions in individual acts, not only baths 
but water closets are excluded from the domestic 
supplies which these clauses give in return for the 
water rate. The proposed amendments revise the 
definition of domestic supplies in conformity with 
modern practice. They also clear up an anomalous 
situation which exists under the present law, 
whereby supply pipes passing under the highway 
from the main to private premises are usually the 
property of the private owner, and have to be main- 
tained by him. There are, of course, districts in 
which this inconvenient arrangement is not adopted, 
but in the far greater number to which it applies 
the private owner has to lay the pipe to the main, 
break up the road and pavement as far as is neces- 
sary, and pay compensation for what damage he 
does. When this work has been completed and 
the water rate paid, he then becomes entitled to 
his domestic supply, and if he chooses, he may 
walk off with his pipes at the end of his tenancy 
on paying compensation for any damage he does 
in removing them. This may have been well enough 
for earlier road structures and conditions of traffic, 
but at the present time opening up a road is a 
dearer, more difficult, and longer process than it 
was formerly, and may cause permanent damage 
to the structure of the road, especially if done often. 
It seems obvious that the right party to do such 
work is the water authority itself, and in proposing 
to leave to the Minister of Health the decision of 
what addition to the water rate should be made 
in respect of this additional liability on the water 
authority, the report provides that in the event of 
opposition the order shall require confirmation by 
Parliament. It is also proposed that the present law 
should be strengthened in its provisions for 
preventing waste, misuse or contamination of the 
water supply. 

Primarily no doubt this is for the benefit of the 
water authority, but in the long run it is of funda- 
mental importance to the community, and if they 
are administered reasonably, the suggested pro- 
visions must be regarded as both fair and expedient. 
Of the same character, and of even more funda- 
mental importance, are the provisions in connection 
with the contamination of underground water, 
put forward in the earlier report of the Sub-Com- 
mittee, and now repeated with renewed emphasis, 
whereby it is proposed that all water undertakers 
should have the same powers for protecting any 
of their waters and works against pollution and 
damage as are usually granted by Parliament 





recommendations. The question, again, of inter- 


is proposed that water authorities should have the 
power, already enjoyed by undertakers under the 
Public Health Acts, of erecting service reservoirs 
of a capacity not exceeding 100,000 gallons. 

It is unnecessary to rehearse in detail the numerous 
other provisions embodied in the report. There is 
good precedent for most of them, and their uniform 
application will be felt generally to be of advantage. 
As much, however, may possibly not be thought 
of the clauses by which it is proposed to maintain, 
with slight modification, the restrictions on the 
reserve and contingency funds. Under the present 
law the reserve fund is to be available for the 
equalisation of dividends and to meet .any extra- 
ordinary claims or demands, while the contingency 
fund is to include among other contingencies the 
renewal of works as well as their repair, enlargement. 
or improvement. The present suggestions have 
the advantage of enabling the two funds to be 
administered as though they were one. They 
retain, however, the restrictions on the amount of 
these funds, made with the intention of insuring 
what is described as a more equitable adjustment 
of the water charges to the yearly profit of the 
undertaking. These provisions date back to 
Acts of 1845 and 1847, and no grounds are shown 
for assuming that they remain appropriate to 
the control of waterworks operations at the present 
day, in spite of the wide differences that have 
occurred in their circumstances. Under the clauses 
proposed, indeed, these funds will be worse off 
than they are at present. They will certainly 
gain a liberty they do not now enjoy to carry 
profits to reserve even when the prescribed maxi- 
mum dividends have not been earned in the current 
or previous years, but apparently they will be 
precluded from carrying forward, or into the reserve 
or contingency funds, any amount in excess of 
the sum required to pay dividends and _ interest 
in the current and following year, even when the 
reserve or contingency fund is not up to its per- 
mitted maximum. 

The purpose of this provision is to ensure that 
benefit of a successful year’s working is passed on to 
the consumer in the form of a reduction of rates. In 
regard both to this provision and to the 1845-47 
restrictions placed on the reserve and contingency 
funds the present proposed legislation seems a 
suitable opportunity for considering whether the 
limitations that were appropriate 80 years ago are 
sufficient to provide for existing conditions. It is 
not always prudent finance to be hasty in passing 
on the benefit of a successful year’s working. The 
circumstances of modern waterworks must often 
call for a longer vision in dealing with sources of 
supply, and a more costly renewal or replacement 
of plant, than was necessary when these clauses 
were enacted. It may well be that when a water- 
works is administered by a public authority, the 
constitution of which is dependent on popular 
election, it may be desirable for a standard procedure 
to be ensured, through the intervention if necessary 
of the Minister of Health. It does not seem 
necessarily equally desirable when the water 
authority is a private body, whose action cannot 
be influenced by considerations of local politics, 
and must be guided simply by technical and 
economic considerations. If such a_ body is 
satisfied that its interests are best promoted by 
sacrificing its immediate dividends and increasing 
its reserve funds, there is something to be said in 
favour of the belief that it may possibly understand 
the interests of its undertaking better than an 
outside body can. It does not seem desirable 
that the present restrictions on the possible thrift 
of water companies should be continued without 
explicit reconsideration. 








ELECTRICITY SUPPLY AND FUEL 
CONSUMPTION. 


Tue Return of Fuel Consumption and Units 
Generated, for the year ended March 31, 1929, was 
issued by H.M. Stationery Office on Tuesday. 
October 15, at a price of ls. 6d. net. This return i 


| prepared annually by the Electricity Commissioner~ 


under the provisions of Section 27 of the Electricit) 
(Supply) Act, 1919, and contains information. 
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electricity is increasing, but that it is now being| the Southampton Corporation, the Stalybridge, 
generated with greater economy. On the other| Hyde, Mossley and Dukinfield Tramways and 
hand, there is not much indication that the policy Electricity Board (Hartshead), the Stepney Borough 
of concentration is yet beginning to work, as the | Council, the Stockport Corporation, the Sunderland 
return still covers 564 stations, a figure only six| Corporation, the Tunbridge Wells Corporation, 
less than that of the previous year. As a matter of | the Wallasey Corporation, the West Ham Corpora- 
fact, however, 27 stations were actually shut down, | tion, the Wigan Corporation, the Woolwich Borough 
but 13 new ones were started up, while eight others | Council, the York Corporation (Foss Islands), and 
are included in the return for the first time. 'the Yorkshire Electric Power Company (Ferry- 

The total electricity generated in these stations | bridge). This total of 59 compares with 32 in 
during 1928-29 was 10,878,980,925 kw.-hr., com- | 1927-28 and with 16 in 1926-27. This may be 
pared with 9,500,598,847 kw.-hr. in the previous | described as highly satisfactory, and we hope that 
year, an increase of 9-58 per cent. This increase | the progress that is being made along these lines 
is considerably less than that in 1927-28, when it will be continued, especially as the fuel consumption 
was 18-7 per cent., but this is explained by the fact | of a number of other stations only falls slightly 
that the coal strike of 1927 has ceased to affect the | above the arbitary line we have selected. It may 
results, and a return to normal conditions has taken | be added that 70 oil-engine stations are recorded 
place. The total coal, coke and fuel oil consumed | as consuming less than 1 Ib. of fuel per kilowatt-hour 
was 9,562,109 tons, compared with 9,224,151 tons in | generated, compared with 39 in 1927-28, the most 
1927-28, an increase of 3-66 per cent. This per-| economical being that of the Buxton Corporation 
centage increase is also less than last year, and | with 0-61 lb. Progress in this field is therefore 
may therefore be termed satisfactory. Of the total | also satisfactory. 
electricity, 95-39 per cent. is produced in coal-fired | As regards thermal efficiency, the best figure was 
stations, 2-2 per cent. from waste-heat, 1-37 per | obtained by the Padiham station of the Lancashire 
cent. by water power, 0-68 per cent. in oil-engine | Electric Power Company with 21-35 per cent. 
stations, and the remainder by gas engines and | This is better than the 21-03 per cent. reached by 
from refuse destruction. In the previous year the | the same station last year, but not so good as the 
percentage for coal-fired stations was 95-7 per cent. | record of 21-83 per cent. obtained by the Barton 
The very small reduction thus indicated is due to| station in 1926-27. The other steam stations 
correspondingly infinitesimal increases in the | in which 20 per cent. was exceeded were the Barking 
amounts generated by oil engines, waste heat and | Station of the County of London Electric Supply 
water power. The quantity generated by gas| Company, the Barton station of the Manchester 
producer plant and from refuse destruction has | Corporation, the North Tees Station of the New- 
fallen slightly. | castle-upon-Tyne Electric Supply Company, the 

Turning to the results obtained by individual | Hartshead station of the Stalybridge, Hyde, Mossley 
stations, which are as usual divided into thirteen | and Dukinfield Tramways and Electricity Board, 
groups according to output, eleven stations (as | and the Ferrybridge station of the. Yorkshire Electric 
against nine in 1927-28) generated more than | Power Company, an increase from three to five. 
200,000,000 kw.-hr. during the year, the new stations | Actually ‘ the highest: figure under this heading 
in this class being the Deptford East and Grove was obtained by the oil-engine station of the Lewes 
Road stations of the London Power Company. | and District Electric Supply Company, with 28-59 
The North Tees station of the Newcastle-upon- | per cent. What 18 equally satisfactory is that some 
Tyne Electric Supply Company was the most | of the stations with very low thermal efficiencies 
economical in this group, with a fuel consumption | have improved their positions. There are still, 
of 1-35 Ib. per kilowatt-hour, compared with | however, a number of stations with moderately 
1-39 lb. in the previous year. This figure does | large outputs whose thermal efficiencies do not much 
not, however, quite descend to the level of | exceed 12 or 13 per cent. ; : 
1-33 lb., which was reached by the Barton station| On the basis of load factor the very high figure 
of the Manchester Corporation in 1926-27, and is | of 94-6 per cent. is recorded for the station of the 
obtained by the Padiham station of the Lancashire | Hebden Bridge Urban District Council, while the 
Electric Power Company, whose output was stations at Bampton, Felixstowe, Port Dundas 
67,043,877 kw.-hr., in the present return. It is satis- | (Glasgow), Middleton, Rushden, Stoke Newington, 
Tonbridge and the waste-heat plants of the 
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factory to note that the number of stations whose 
fuel consumption is less than 2 lb. per kilowatt-hour 
venerated is steadily increasing, and now includes 
those owned by the Aberdeen Corporation, the Bath 
Corporation, the Battersea Borough Council, the 
Bradford Corporation, the Bury Corporation, the 
City of London Electric Lighting Company (Bank- 
side), the Clyde Valley Electrical Power Company 
(Clyde’s Mill and Yoker), the County of London 
Electric Supply Company (Barking), the Coventry | 
Corporation, the Croydon Corporation, the Derby- | 
shire and Nottinghamshire Electric Power Company | 
(Spondon), the Dundee Corporation (Carolina Port), | 
the Edinburgh Corporation (Portobello), the Glas- | 
sow Corporation (Dalmarnock), the Hackney | 
Borough Council, the Halifax Corporation, the | 
Hastings Corporation, the Lancashire Electric Power 
Company (Padiham and Radcliffe), the Liverpool | 
Corporation (Lister Drive No. 3), the Llanelly and | 
District Electric Supply Company, the London | 
Electric Railway Company (Lots Road), the London 
Midland and Scottish Railway (Formby), the London 
Power Company (Bow, Deptford East, Grove Road 
and Willesden), the Maidstone Corporation, the 
Manchester Corporation (Barton), the Mersey 
Power Company, the Newcastle-upon-Tyne Electric 
Supply Company (Carville, Dunston and North 
lees), the North Metropolitan Electric Power 
Supply Company (Brimsdown B and, Willesden), 
the Norwich Corporation, the Oldham Corporation, 
the Preston Corporation, the Rawtenstall Corpora- 
tion, the Rotherham Corporation (Prince of Wales), 
the Salford Corporation (Agecroft), the Scottish 
Central Electric Power Company (Bonnybridge), 
the Sheffield Corporation (Neepsend), the South 
Lancashire Tramways Company (Atherton), the 
South Wales Electrical Power Distribution Company, 











Newcastle-on-Tyne Electric Supply Company at 
Blaydon, Bowden Close, Horden A, Redcar and 
Shotton give results exceeding 70 per cent. In a 
number of cases these are comparatively small 
stations, which are shut down for considerable 
periods, and the load factor is therefore based on 
the actual running hours. Of the whole-time stations, 
the plants of the Cornwall Electric Power Company 
at Hayle, of the Cumberland Waste Heat Owners 
Company at Cleator Moor, of the Lanarkshire 
Hydro-Electric Power Company at Stonebyres, 
of the Mersey Power Company, of the Newcastle- 
upon-Tyne Electric Supply Company at Carville, 
of the West Hartlepool Corporation, and of the York- 
shire Electric Power Company at  Ferrybridge 
had had factors exceeding 50 per cent. 

It is interesting to see that the electricity gene- 
rated in the London and Home Counties District 
amounted to 3,138,079,198 kw.-hr., compared with 
1,078,203,863 kw.-hr. in South-East Lancashire, 
and 1,221,221,760 kw.-hr. on the North-East Coast. 
But as neither population nor acreage figures are 
given, direct comparison of the degree of electrifica- 
tion of these areas is not possible. 








A YEAR’S SHIPBUILDING 


As already stated in these columns on numerous 
occasions, the year commencing July 1, 1927, was 
an abnormal one in the post-war annals of the 
shipbuilding industry. Upon the return to normal 
conditions after the long-continued coal stoppage, 
the shipyards immediately began to work off orders 
which had accumulated during the period of enforced 
idleness. The result was an apparent large increase, 
as compared with the previous four years, in the 

















number and aggregate tonnage of the ships built 
during the twelve months ending June 30, 1928. 
It need hardly be emphasised, however, that if the 
work of the shipyards could have gone on uninter- 
ruptedly, a considerable proportion of this artificial 
increase would have been credited to the previous 
twelve months, the net result being that the years 
1926-27 and 1927-28 would have been periods of 
normal and gradual progress. Bearing these 
facts in mind, the year 1928-29 may be considered 
to have been a fairly satisfactory one, on the whole, 
from the shipbuilders’ point of view. A perusal 
of the annual report of Lloyd’s Register of Shipping, 
which covers the twelve months ending June 30, 
1929, shows that the number and gross tonnage of 
new vessels to which the classification of the Society 
has been assigned were 547 and 1,748,507, respec- 
tively, compared with 578 and 1,885,533 during the 
previous twelve months. We have already charac- 
terised the output for this latter year as being 
abnormal, hence our reason for stating that the 
totals for the present year are fairly satisfactory. 
We hasten to add, however, that the present position 
still leaves much to be desired, especially if it be 
remembered that the new tonnage classed by Lloyd’s 
Register in the year ending June 30, 1914, reached 
the high total of 2,020,185. Nevertheless, given 
stable labour conditions, there is no reason why the 
level attained during the year covered by the report 
should not be maintained and perhaps exceeded 
during the ensuing year. An encouraging feature 
is that. plans for as many as 589 vessels, making 
together 1,766,130 tons, were passed by the Society 
during the course of the year. These totals are 
considerably in excess of those for the previous 
twelvemonths, which were 476 vessels and 1,454,050 
tons. Of this projected tonnage, 67-5 per cent. 
is to be constructed in Great Britain and Ireland. 
Of the vessels built during 1928-29 and classified 
by the Society, 18 are of 10,000 tons and upwards. 
Six of these are steamships and the remaining 12 
motorships. The largest vessel is the 29,511-ton 
turbine steamer Statendam, owned by the N.V. 
Maildienst der Holland Amerika Lijn; she was 
built by Messrs. Harland and Wolff, Limited, Belfast. 
The next two largest, namely, the 23,970-ton motor- 
ship Vulcania, and the 20,233-ton motorship Kungs- 
holm, are, respectively, owned by the ‘ Cosulich ”’ 
Societa Triestina di Navigazione and the Svenska 
Amerika Linien A/B. The remainder of the vessels 
of over 10,000 tons are mainly British-built and 
owned, and include the 20,022-ton turbine steamers 
Duchess of Richmond and Duchess of York, owned 
by the Canadian Pacific Railway Company, the 
19,648-ton turbo-electric steamer Viceroy of India,* 
owned by the Peninsular and Oriental Steam Navi- 
gation Company, the 16,755-ton motorship Rangitiki, 
owned by the New Zealand Shipping Company, 
Limited, and the three 14,130-ton motorships 
Highland Monarch, Highland Brigade and Highland 
Chieftain, owned by the Nelson Steam Navigation 
Company, Limited. In addition to the vessels 
completed during the year under review, a number 
of large ships are at present in course of construction 
to the Society’s classification. The most note- 
worthy of these include the 42,000-ton quadruple- 
screw steamer Empress of Britain and the 25,000-ton 
twin-screw steamer Empress of Japan, each of which 
is in hand for the Canadian Pacific Railway Com- 
pany. The first is being built by Mer rs. John 
Brown and Company, Limited, and the second by 
Messrs. The Fairfield Shipbuilding and Engineering 
Company, Limited; both are to be propelled by 
means of geared turbine machinery. A_ third 
vessel, the 26,840-ton motorship Britannic, is being 
built by Messrs. Harland and Wolff, Limited, for 
the Oceanic Steam Navigation Company, Limited 
(White Star Line), and is intended for passengers 
and cargo service between Liverpool and New York. 
Bulk-oil carrying ships of all types, built under 


|the superintendence of the Society during the 


twelve months covered by the report, totalled 85, 
making together 419,879 tons. The importance 
of oil-tank ships under present-day conditions 
will be realised when it is stated that the tonnage 
figure just quoted represents 23-8 per cent. of the 
total tonnage of the shipping classed by the Society 





* A description of this vessel will be found in Enat- 
NEERING, vol. cxxvii, page 637, et. seg. (1929). 
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during the period. In order to illustrate the 


extent to which the demand for oil tankers has | 
grown of late years, it is only necessary to state | 
that the aggregate tonnage of all vessels of this | 
type, as recorded in Lloyd’s Register Book, has | 
increased steadily from 1,478,988 in July, 1914, to | 
7,071,015 in July, 1929. | 

Passing on to marine-propelling machinery, we | 
learn from the report that 14 new vessels, repre- | 
senting a total of 167,337 gross tons, have been | 
equipped with steam turbines. This total includes 
the Viceroy of India, which, as already stated, is 
propelled by means of turbo-electric machinery. 
Of the remaining 13, seven employ single-reduction 
gearing and six double-reduction gearing. Oil-fuel 
burning equipment was installed in 62 steamers, 
aggregating 351,113 tons, which latter figure 
represents 36-9 per cent. of the total tonnage of 
new steamers classed by the Society during the 
year. Pulverised-coal firing for marine boilers, 
which is rightly regarded by the Committee of 
Lloyd’s Register as being fraught with consequences 
of the most far-reaching importance to the coal 
industry, is shown to have passed the initial experi- 
mental stage. Several steamers have been fitted 
with pulverised-coal installations under the inspec- 
tion of the Society’s surveyors, and other vessels 
are also being similarly fitted. The Committee is 
continuing to keep in close touch with further 
experiments in connection with this system. 

The fact that 170 vessels, making together 
786.353 gross tons, and furnished with internal- 
combustion engines, have been classified during 
the year, indicates that this method of propulsion 
continues to find favour. With very few exceptions, 
Diesel engines have been installed. Out of the 
totals just mentioned, Great Britain and Ireland 
were responsible for 71 vessels, aggregating 333,976 
tons. A table, compiled from the Society’s records 
and contained in the report, illustrates the relative 
proportions of reciprocating steam engines, steam 
turbines, and internal-combustion engines fitted in 
vessels built to Lloyd’s classification during recent 
vears. This shows that, whereas 65-5 per cent. of 
the tonnage built during the year 1928-29 employs 
oil as a fuel, either in internal-combustion engines 
or for burning under boilers, only 34-5 per cent. 
is entirely dependent on coal. It should, of course, 
be pointed out that, included in the first category, 
are a number of vessels which can burn either coal 
or oil in the furnaces of their boilers. 

An important and growing section of the Society’s 
work is that dealing with refrigerating machinery 
and insulation. During the year covered by the 
report, refrigerating installations were fitted in 
65 vessels under the Society’s superintendence. 
The total insulated space involved is over 7,100,000 
cub. ft. A further 50 vessels which are to be 
fitted with refrigerating machinery are at present 
under construction. Among the vessels furnished 
with installations of large capacity during the 
twelve months under review may be mentioned 
the motorships Highland Brigade, Highland Chief- 
tain and Highland Monarch, each having over 
500,000 cub. ft. of insulated space, and the motor- 
ships Karamea and Rangitiki, each having well 
over 400,000 cub. ft. Another section of the 
Society’s work is the survey of frozen-meat stores 
on land and, in this connection, nearly 11,500,000 
cub. ft. of cold-storage space have been inspected 
during the year. The Society also undertakes the 
testing of chain cables and anchors, and of ship 
and boiler steel. The large total of 1,029,702 | 
tons of ship and boiler steel was tested during | 
the year; while this is below the figure for 
1927-28, it is well above that for any other year 
since 1920-21. We may conveniently conclude this 
article by quoting a few figures to indicate the 
extent of the operations of the Society. The 
number and total tonnage of the merchant. vessels 
afloat to which the classification of Lloyd’s Register 
has been assigned amounted to 9,740 ships and 
31,427,109 tons at the end of June last. _ If to these | 
figures be added the number of vessels under con- | 
struction to the Society’s classification at the end 
of the period under review, namely, 417 ships, 
making together 1,777,011 tons, it will be found 
that the final total will come to 10,157 vessels and 








nearly 33} million tons. 


ENGINEERING. 


THE BRITISH ASSOCIATION IN 
SOUTH AFRICA. 


(Concluded from page 386). 


SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCES. 

THE remaining papers in Section A were in- 
cluded in the Department of Cosmical Physics, in 
which three papers were read on Thursday, 
August | and five on the following day. 


THE SPecTRA OF CARBON, NITROGEN, OXYGEN 
AND SILICON. 

Among the papers read on Friday, August 2, 
was one by Professor A. Fowler, F.R.S., entitled 
“The Spectra of Carbon, Nitrogen, Oxygen and 
Silicon at Successive Stages of Ionisation.” The 
frequencies of spectrum lines due to an element 
in its ionised state can be arranged in series ; 
these series have a well-known form involving a 
constant R, the Rydberg constant. When the 
element is ionised, that is to say, when it loses an 
electron, the series of lines now emitted by the 
atom have the constant 4R instead of R. For 
successive stages of ionisation, the constant is 
9R, 16R, &c. Consequently, by the resolution 
of lines into series, the state of ionisation of the 
atom giving rise to the spectrum can be deduced. 
This is of importance in the discussion of stellar 
atmospheres, and other astrophysical problems, 
since the hotter a layer in a star is, the higher will 
be the ionisation of the elements there. For this 
kind of application, the practice is to select par- 
ticular strong lines associated with different stages 
of ionisation and to use these as test lines ; usually 
the potentials required to excite these lines, ‘.e., 
the excitation-potentials, are used to express results 
instead of the wavelengths of the lines themselves. 

Mr. R. H. Fowler, F.R.S., followed with a paper 
dealing with the application of Professor A. Fowler’s 
experimental data to astrophysical problems. The 
spectra of carbon, nitrogen, oxygen, and silicon, 
at various stages of ionisation, are particularly 
important, because these lines can be observed in 
the spectra of the B and O type stars, and these 
are the hottest stars in the classification. By 
analysing the stellar spectra, it is possible to deter- 
mine approximately the projortion of atoms at a 
given stage of ionisation, and so to fix roughly the 
temperature. In this way, the temperatures of the 
sub-groups of the B and O type stars have been 
fixed. The ‘“nebulium” lines are particularly 
interesting in this connection, since they correspond 
to * forbidden ” transitions in the spectra of oxygen 
and nitrogen. 


CoLouR TEMPERATURE OF STARS. 


In Mr. W. M. H. Greaves’ paper on ‘* The Colour 
Temperature of Early Type Stars,” the author 
explained the method whereby the temperatures 
of many stars of early type were measured at 
Greenwich Observatory. Every hot body radiates, 
and the heat-radiation has a spectrum. The inten- 


|sity of the radiation of any particular wavelength, 


or band of wavelengths. depends upon the tem- 
perature. Consequently, by comparing intensities 
for the same band of wavelengths, relative tem- 
peratures can be determined, and by comparing 
with a terrestrial source of known temperature 
(in this case an arc), the absolute temperatures can 
be deduced. A chain of observations was made, 
comparing different stars with one another. In 
many cases, the temperatures so obtained were not 
in agreement with those expected from the ionisa- 
tion theory. It was suggested that the discrepancies 
might be due to the passage of the light through an 
interstellar cloud causing a reddening of the light, 
similar to that which occurs when sunlight passes 
through a fog, or to the reduced pressures in the 
reversing layers. 
SoLutions OF LAPLACE’S EQUATION. 

The last paper to which we propose to refer was 
entitled ‘* Generalised Solutions of Laplace’s Equa- 
tions,” the author being Dr. Dorothy Wrinch. 
Frequently the solution of a mathematical-physical 
problem requires some function V_ satisfying 
Laplace’s equation y? V =0; for example, the 
distribution of electricity on freely-charged con- 
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ductors, and on conductors in a field of force. 
The equations are also frequently required in 
problems in hydrostatics. In this paper, it is shown 
how to construct a harmonic function V to solve 
problems associated with various types of surfaces 
of revolution. The technique is more readily 
applicable in some cases than in others ; for example, 
it is readily applicable to problems associated with 
spheroids. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Ir would have been unthinkable not many years 
ago for a civilian to suggest that a military organi- 
sation should impart any of the results of its 
experience to engineers in general, or for an officer 
to admit in public that the technical proficiency of 
the service to which he belonged owed anything 
to the work of civilian engineers, but it is symp- 
tomatic of the changing standards of to-day that 
both these phenomena recently occurred within 
a few minutes of one another. The occasion was 
the annual dinner of the Institution of Mechanical 
Engineers, which opened the winter session of the 
Institution on Thursday, October 17. Mr. Alan 
E. L. Chorlton, in proposing the toast of ‘‘ The 
Royal Air Force,” referred to the national charac- 
teristic of unwillingness to speak of national achieve- 
ments, which had deprived us, in the minds of many 
other peoples, of our rightful position as a technically 
efficient nation. Continuing, Mr. Chorlton said that 
the Air Ministry was most progressive, and had 
the finest body of research workers in the country. 
It was a pity that the results obtained by it could 
not be transferred to other branches of industry, 
and it was to be hoped that the Secretary of State 
for Air could devise some means of distributing such 
information. He thought there had been a good 
deal of ill-informed criticism regarding the airship 
R. 101. In his opinion, she had achieved what was 
aimed at, and results of real value to mechanical 
engineering had been obtained. 

Replying to the toast, Brigadier-General the 
Right Hon. Lord Thomson, Secretary of State for 
Air, said that the young service was desirous of 
emulating the older services in all that was best, 
and when he visited the Air Force he always 
impressed on young aviators that they should 
maintain the traditions of the service which was 
represented at the table that night by the First 
Sea Lord, Admiral Sir Charles E. Madden. It was 
necessary, moreover, for every member of the Air 
Force to be a skilled technician. Demands were 
made on them which necessitated a combination of 
extraordinary skill and courage with engineering 
knowledge. The young men were under unceasing 
medical observation, with the result that they 
were nearly perfect examples of the human machine. 
A good pilot had to be not merely a good horse- 
man, but must understand his engines, and one of 
the tests imposed was that he should go out on a solo 
flight with some engine defect. If he discovered 
this defect, he was expected to be able to repair it. 
The Air Force had always had a very close associa- 
tion with the Institution of Mechanical Engineers. 
and the three years’ course at Halton was framed to 
lead up to the National Certificates. The Air Force 
was gratified that this course was regarded as a 
practical training by the Institution, and was 
grateful for the encouragement it gave to the 
younger men to become associate members, as such 
membership gave them some standing for future 
employment. The ideals of the Air Force were to 
work with the Institution, and it was only by such 
co-operation that a high state of efficiency could 
be guaranteed in the future. With regard to R. 101, 
he was assured by experts that the engines had 
more than surpassed expectations, and he wished 
to acknowledge Mr. Chorlton’s valuable work in 
connection with them. 

The toast of ‘The Institution of Mechanical En- 
gineers ’” was proposed by Sir Gilbert C. Vyle, who 
said that there was so much printed technical matte: 
nowadays that a research department to select the 
work that mattered and obliterate that which did 
not, would seem to be desirable. The engineering 
industry was very highly organised on the labour, 
technical and commercial sides. The machinery 
was first class, and so were the men. Yet only 
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60 per cent. of the total capacity was made use of. 
The Institution was, he recognised, a purely techni- 
cal one, but surely the massed brains of its 10,000 
or more members should be able to hammer out some 
contribution to the solution of the problem of 
unemployment. The President, Dr. Daniel Adamson, 
who occupied the chair, replied to the toast, and, 
touching upon the functions of engineering and its 
contact with other industries, said that engineers 
were often engaged in a crusade against the powers 
of unbelief. As to the question of unemployment, 
all recognised the great anxiety the possible loss of 
work caused the men, but nowadays employers 
also went to bed very often wondering whether the 
country would not have taken their living from them 
by the morning. Engineers were, as a rule, too 
busy to take an active part in politics. He thought 
that was a great loss to the country. Mr. Loughnan, 
St. L. Pendred, in proposing the toast of ‘‘ Our 
(Guests, alluded to the presence of the Earl of 
Crawford and Balcarres, whose interest in the 
preservation of the natural beauties of the country- 
side was well known. He suggested that engineers 
might also interest themselves in such matters, 
whether their work was on the Thames side, the 
Sussex Downs, or the Severn, and hoped that in 
a few years they would regard it as part of their 
duty to supply the amenities, in the manner in 
which they were quite capable, without robbing the 
countryside of its beauty, and also to protect from 
injury what artists and architects had produced 
for us in the past. Sir Josiah C. Stamp, in 
acknowledging this toast, said he had been struck 
by Lord Thomson’s remarks on the physical fitness 
of those employed in the Air Force. As this had 
increased with the extension of the use of intricate 
machinery, it surely tended to remove the ancient 
nightmare, supported chiefly by Samuel Butler, 
that improvement in machines meant decadence in 
men. 

On the following evening, Friday, the 18th inst., 
the first general meeting of the Institution was held 
at Storey’s Gate, Westminster, there being a very 
yood attendance to hear the | residential Address 
delivered by Dr. Adamson. An abstract of this 
address is given on page 518 of this issue, and we 
comment on one aspect of it in our leading article. 
At the commencement of the meeting the President 
announced that telegrams of regret for non-attend- 
ance had been received for Mr. R. W. Allen and Mr. W. 
Reavell, both gentlemen being at present attending 
the Engineering Congress at Tokyo. At the conclu- 
sion of the address, Dr. H. Hele-Shaw, as the senior 
past-president present, proposed a vote of thanks, 
in doing which he referred to the address as being 
full of practical sense, humour and encouragement. 
It would, he felt sure, be read with profound 
interest by the younger members, apart from its 
appeal to the older practical men. Mr. H. Patchell 
seconded the vote of thanks, which was carried with 
sustained acclamation. The secretary then an- 
nounced that an informal meeting would take place 
on Friday, October 25, the subject being ‘ The 
Requirements of Overseas Locomotive Engineers 
in Respect of Locomotive Design and Details.” 
'he Thomas Hawksley Lecture on “Critical Rela- 
tions Between Water and Steam ” would be delivered 
by Professor H. L. Callendar on Friday, November 1. 








NOTES. 

THE RECONSTRUCTION OF WATERLOO BRIDGE. 

AFTER the protracted discussion regarding the 
fate of Waterloo Bridge, it is satisfactory to note 
that a decision has now been reached, though 
whether that decision will meet with general approval 
\s perhaps open to question. It may be remem- 
bered that the London County Council, in December, 
1925, instructed its Improvements Committee to 
take steps for the complete reconstruction of the 
bridge with not more than five arches over the river, 
and with a width sufficient to accommodate six 
lines of vehicular traffic. Some six months later, 
the Royal Commission on Cross-River Traffic in 
London having intervened, it was decided to defer 
action. The Royal Commission recommended that, 
instead of entirely reconstructing the bridge, certain 
of the piers and arches should be rebuilt, that the 
foundations of the remaining piers should be recon- 
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structed, and that the roadway should be widened 
to 35 ft., leaving the footpaths at their present 
width. As far back as March, 1927, the Council 
decided to give effect to the recommendations of the 
Royal Commission on the basis of a contribution by 
the Government of 75 per cent. of the expenditure, 
provided that steps were taken to construct a bridge 
and approaches at Charing Cross with a similar 
contribution by the Government. These provisos 
have now been met by the decision of the Council, 
in July last, to apply for powers to carry out the 
Charing Cross bridge scheme, and by the decision 
of the Minister of Transport to make a grant of 
75 per cent. of the net cost of both works. The 
cost of the Charing Cross bridge scheme is esti- 
mated at 12,500,000/. and that for widening and 
reconditioning Waterloo Bridge at 946,000/. Accord- 
ingly, the Improvements Committee have recom- 
mended that the recommendations of the Royal 
Commission with regard to Waterloo Bridge should 
be carried out forthwith, and this recommendation 
was adopted by the Council at a meeting on Tuesday 
last. In view of its extreme difficulty, the Committe 
also recommended that Mr. Frederick Palmer, of 
Messrs. Rendel, Palmer and Tritton, should be 
appointed as engineer to be responsible for the work 
in association with the Council’s Chief Engineer, 
Sir G. W. Humphreys, and the adoption of this 
recommendation will certainly be received with 
satisfaction by the engineering profession in general. 
We note, with interest, that, in accordance with the 
recommendation of the Royal Commission, the 
decision as to the exact outline which the widened 
bridge shall take is to be left to the Royal Fine 
Art Commission. 


ELectric TRACTION ON THE SOUTHERN RaILway. 


It would appear possible that the announcement 
made by the Southern Railway Company, that it is 
intended to electrify a further 68 miles of its route, 
foreshadows other announcements of the same 
kind. It is clear that pressure is being brought by 
the Government to induce the railway companies 
to undertake as much work as possible likely to 
increase employment and that, apart from the capital 
expenditure agreed to as a result of the removal of 
the passenger duty, assistance is likely to be rendered 
under the Development (Loan Guarantees and 
Grants) Act. The projected work is interesting in 
that it will apparently extend low-tension direct- 
current working well outside the London suburban 
area, and as far as Brighton. Although there are 
2,700 holders of season tickets between London and 
Brighton, and the line carries a further 1,250,000 
passengers annually, none the less the service is 
largely maintained by a series of non-stop trains and 
constitutes the type of traffic which is usually 
considered to be most economically handled, in 
this country at least, by steam locomotives. With 
the remarkable suburban development which has 
taken place in recent years in the outer districts 
around London and which shows no signs of coming 
to an end, itis possible, however, that the railway 
company foresees a form of outer suburban develop- 
ment most of, or all, the way to Brighton and which 
for proper cultivation will demand the frequent 
type of service which is best given by an electrified 
line. It would appear possible that the decision to 
proceed with this work can hardly have been foreseen 
when it was decided to do away with the high- 
tension single-phase system on the Brighton line. 
With the unification after the war, which led to the 
formation of the Southern Railway, it is clear that 
the desirability of having a common system for the 
suburban tracks of the three combined railways may 
well have over-ruled any objection to the elimination 
of a large amount of single-phase plant which could 
hardly have reached the end of its economic life ; 
the high-tension single-phase system was, however, 
originally installed, on the advice of Sir Philip 
Dawson, entirely with the idea that the main 
Brighton line might ultimately be converted, and it 
would appear that, at least in the matter of the 
voltage of this line, the repercussions of the amalga- 
mation have not been altogether favourable. The 
putting in hand of this further conversion will, 
none the less, be generally welcomed in the 
country, if only from the point of view of the 
employment it will create. 
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THE CHILEAN SUBMARINE TORPEDO 
SHIP ‘*‘ ARAUCANO.”’ 


THE latest addition to the Chilean Navy, the sub- 
marine depot ship Araucano, was launched on Tuesday 
last, October 22, at the Barrow-in-Furness shipyard 
of Messrs. Vickers-Armstrongs, Limited. The vessel 
is destined to be the depot ship of the six large sub- 
marines of the Capitan O’Brien class, representative 
units of which have recently been described in our 
columns. The Araucano is a single-screw coal-burning 
steamer; she has a length, between perpendiculars, of 
390 ft., a breadth, moulded, of 55 ft., and a depth, 
moulded to upper deck, of 30 ft. 3 in. Her mean 
draught, when loaded, is 16 ft. 6 in., and her speed 
will be 13 knots. She will carry supplies of oil-fuel 
and battery-charging apparatus for the submarines 
under her care, while workshops for running repairs, 
spare torpedo body and head stowage, and accommoda- 
tion for the submarine officers and crews are also 
provided. In the double bottom ample space is pro- 
vided for oil-fuel, reserve feed water and fresh water. 
Special attention has been given to the lifting appliances 
for transferring quickly stores, torpedoes, and spare 
parts of machinery to and from the submarines when 
moored alongside the depot ship. 

The workshops are situated forward of the machinery 
space and comprise heavy and light machine shops, 
pattern shop, foundry, carpenters’ shop, and torpedo 
and electrical workshop. Suitable stores are provided 
adjacent to the various shops. The electrical generat- 
ing machinery consists of two turbo-dynamos for the 
ship’s general service and for lighting purposes, and 
two turbo-dynamos for battery-charging purposes. 
Two large and two small searchlights, telephone and bell 
systems, gyro-compass equipment, an electrical rudder 
indicator, an under-water signalling system, an echo 
depth sounding machine, and wireless and direction- 
finding equipment are also provided. The captain of 
the vessel and the submarine commanders and officers 
are each provided with a comfortably-appointed cabin, 
and bathrooms and lavatories are provided in con- 
venient positions. Accommodation is also arranged for 
68 warrant officers in four-berth cabins, 80 petty officers 
in folding bunks, and 386 seamen and stokers, together 
with the necessary bathrooms and lavatories. Ample 
store rooms are provided for supplies and provisions 
for prolonged service at sea. 

The main propelling machinery of the Araucano 
comprises one set of Parsons’ compound turbines, 
driving the single four-bladed propeller through single- 
reduction helical gearing, having the Vickers-Bostock- 
Bramley enveloping tooth. A description of this latter 
will be found in ENGINEERING, vol. cxvii, page 257 
(1924). The turbines comprise one impulse-reaction 
high-pressure, and one all-reaction low-pressure, work- 
ing in series, and driving separate pinions engaging 
with the main gear wheel. Two astern turbines are 
fitted, comprising an impulse wheel in the high-pressure 
ahead cylinder, working in series with an impulse- 
reaction turbine embodied in the low-pressure ahead 
cylinder casing. The total shaft horse-power deve- 
loped is about 2,500 and the astern turbines have about 
65 per cent. of the full ahead power. Steam is supplied 
by three single-ended cylindrical boilers, arranged for 
coal burning only under Howden’s system of forced 
draught. The total heating surface of the boilers is 
about 7,000 sq. ft. The condenser is of Weir’s re- 
generative type, and all the usual auxiliaries are 
installed. 








A Guive To Evectric CaBLe MANnuracture.—The 
various processes necessary to the manufacture of electric 
cables have in the past been mysteries, which were only 
revealed to the expert. Messrs. British Insulated Cables, 
Limited, have, therefore, taken a step in a fresh direction 
by issuing a handsomely illustrated guide to their works 
at Prescot and Helsby. The first of these factories was 
established in 1891. It now covers nearly 35 acres, on 
which shops for the production not only of cables, but of 
aluminium and copper sheet, rod and wire and for the 
manufacture of welders, fittings for overhead work, 
meters and pinions are erected. Almost the whole of 
this output is manufactured from the raw material, the 
shops comprising wire mills, foundries and even a 
department in which the familiar wooden drums are 
built. The cables range from those of the largest size 
for power supply, down to the enamelled wire which is 
now being used in increasing quantities in telephone and 
wireless apparatus and magnetos. Finally, there is a 
well equipped research laboratory. The Helsby works, 
which was established in 1886 and now cover 30 acres, 
are mainly devoted to the production of rubber and 
bitumen covered cables and such accessories to electri- 
city supply as flexibles and switchboard cables. Con- 
densers are also made here. As in the case of the Prescot 
works, the guide fully describes the various processes 
carried out and the explanations are made clearer by the 
generous use of photographs. It may be added that 
canteens are provided at both works, and that the com- 
pany has lately endowed a fund for granting compas- 
sionate allowances to those workpeople or their 
dependants who may need them. 
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LETTERS TO THE EDITOR. turbines, and to 40,000 kw. for turbines with 


double exhaust. At 1,500 r.p.m., the output can be 

raised to about 90,000 kw. with only one exhaust 

HEADQUARTERS AND LOCAL and without exceeding the ordinary factors of 
SECTIONS. safety. The advantage of the unbored disc in the low- 





To THE EpiTorR oF ENGINEERING. 

Srr,—Your leader on the above subject is, no doubt; 
primarily based on the unfortunate fact that, for some 
years past, the papers and discussions at the London 
meetings of the Institution of Mechanical Engineers 
have but too frequently been unsatisfactory, and 
materially Jess instructive and interesting than the 
proceedings at certain of the local centres. This is 
probably, in part, attributable to the circumstance 
that so many leading firms have left the London area, 
taking their technical staffs with them. Messrs. Yarrow, 
for example, transferred their works to the Clyde, 
and Messrs. Thornycroft to Southampton. Many 
other cases could be cited, and the result has been 
that the London centre is heavily handicapped since 
so many of the ablest members of the Institution 
now reside far from Storey’s-gate. Presumably this 
has been responsible for the arrangement by which 
important papers and lectures are read in succession at 
different centres, with the result, as pointed out in your 
leader, that there is proportionately less personal 
intercourse between leading members than was formerly 
the case.’ From this standpoint, there is no doubt 
much to be said in favour of your suggestion that the 
papers and lectures of special interest should be 
reserved for what may perhaps be termed “ union ” 





pressure part, as compared with the bored disc, is | 


that the former is subject to smaller radial stresses at 
the same peripheral speed and the same loading at the 
rim, since, as is well known, the boring of the centre 
of the disc greatly increases the local stresses. 


Attaching the discs to drums of average diameter | 


has the further advantage of ensuring greater rigidity, 


so that fluttering or loosening of the discs cannot pos- | 
sibly take place. It may also be pointed out that the | 


construction of this type of rotor is extraordinarily rigid, 
and the critical speed of these machines is far above the 


}normal running speed. This construction, which for 


reasons of rigidity, originated, in the first instance, in 
the low-pressure end, is now also introduced into the 
high-pressure end. Here again, the discs are secured by 
means of closely fitting axial bolts, and all radial 


stresses avoided, so that the high-pressure end of the | 


rotor also, notwithstanding its comparatively small | 
dimensions, is rigid and runs below the critical speed. | 

The construction has the further advantage that its 
susceptibility to variations in temperature caused by | 
fluctuations in the load, is extraordinarily small, as | 
shifting or fluttering of the first wheel, which is fre- | 
quently subjected to the effects of varying qualities of | 


(Oct. 25, 1929. 
practice being to grade it at the elevators, and also to 
give it a final dressing at that stage. On the other hand. 
| the English machine divides the grain into three grades 
| and gives it a final dressing, although it is not usual 
'to fit English machines with automatic weighers 
which register the amount of grain passing out of the 
|machine, an advantage which the steel machine 
possesses. 

Steel threshers may, of course, be driven from the 
| old steam tractors or portable engines, or they may, 
where cheap electricity is available, be driven by a 
portable motor. A petrol tractor is not essential to its 
operation, neither is it necessary to widen any gateways 
to permit of its passage. The sooner British farmers 
| overcome their prejudices and adapt their methods 
and marketing to suit modern conditions, the sooner 
will they be able to use modern machinery to the 
advantage of both themselves and the engineering 
industry. 


Yours faithfully, 
: F. W. OLtIver WHITE. 
Forest House, Forest Road, 
Nottingham. October 16, 1929. 








SCIENCE AND ELECTRICAL 
ENGINEERING. 


THE opening meeting of the Mersey and North 
Wales (Liverpool) Centre of the Institution of Elec- 





steam, can never occur. In conclusion, it is to be | trical Engineers, for the present session, was held at 
noted that, by this construction, the great advantage is | the University, Liverpool, on Monday, October 21, 
obtained that these machines can be started up exceed- | when Professor E. W. Marchant delivered his Chair- 





rng in London, vi — — ge 5a ingly quickly, notwithstanding their great output, and | 
would, presume, extend over two or three days. a s » reas ‘ne is | 
The varied programme thus provided would certainly noche ype eg ei i oh er peg mm 
be highly attractive to provincial members, and Yours faithfully, : 
judging from the experience of other societies, full (Signed) é 
attendances might be expected. Indeed, I fear a 
difficulty might arise in this connection, since even | 
as matters stand the attendance on such occasions | 
as the delivery of the Hawksley lecture taxes the | 
accommodation at Storey’s-gate. Objection may | 
also be taken to your proposal on another ground, viz., THRESHERS. 

that whilst heads of departments might have had | To THE Eprtor or ENGINEERING 
no difficulty in attending the special meetings in| | Sas ; cae Ne ; 
London, this could not be the case with many sub- |. Sir,—The interesting article on page 482 of your 
ordinate engineers and officials who now make valuable | 88ue of October 11, leads one to hope that nae 
contributions to the discussions when one and the | farmers and agricultural engineers oe ce hg bad | 
same paper is read at a number of local centres. | realise the many advantages to be gained by the use | 


Whilst recognising London’s need for improvement, 


of combined machines in this country. Your a 
| would suggest, therefore, that your proposals should does not mention the use of steel threshers of the | 
not be adopted without very full and careful con- 


American type, except in so far as you mention the | 

sderation and discussion | combined harvester and thresher. Many thousand steel | 
Ss - ie ret me s . i | 

I enclose my card, but prefer to sign myself merely as | thre she rs are made and sold in Canada and in the | 
WELLWISHER, | United States. 


It is not always desirable in Great Britain to reap | 
|and thresh at the same time, as the conditions under | 
which grain ripens in this country are very different | 


RECENT PROGRESS IN STEAM- |from those met with in North America and Argen- | 
TURBINE PLANT tina. This is an important objection in the minds | 


5; : of farmers here against the use of the combined | 

To THE Epitor or ENGINEERING. | machine. However, this question does not arise when | 

Sir,—I have read with interest the paper by Sir | using a portable steel thresher of the American type, | 
Charles A. Parsons on ‘ Recent Progress in Steam | as the farmer may harvest his crop and thresh it when 
Turbine Plant,” of which a reprint appeared in | he pleases. 
ENGINEERING of August 16, 1929. Sir Charles is of | The chief difference between the combined machine | 
the opinion that the maximum output for turbines | and the steel thresher, and the English wooden machine 
running at 3,000 r.p.m. is 40,000 kw., and that, for such | lies in the different type of threshing drum. The 
outputs and speeds, it is necessary to provide a triple | Americans and Canadians use a steel drum with pro- | 
exhaust (see page 214 ante). Here it is also stated | jecting teeth, which run between similar teeth in a/| 
that, at 1,500 r.p.m., an output of 40,000 kw. can be | steel or cast-iron concave. This is known as a “ peg- 
achieved in a single-flow turbine. /drum” or ‘tooth cylinder.”” The English machine 

In opposition to this, | would venture to draw your | has a ‘* beater-drum ” which is fitted with a number of 
attention to the fact that Messrs. Siemens-Schuckert | corrugated bars, known as ** beater-bars,”’ running in a 
have developed turbines with outputs of 30,000 to | concave fitted with similar beater-bars. The action of 
49,000 kw. at 3,000 r.p.m. by means of a special design | the peg-drum is more of a ripping or pulling action in 
which only requires a double flow. As rightly pointed | separating the grain from the head, by comparison 
out in Sir Charles’ paper, the output of a turbine is| with the beater drum, which has more of a rubbing 
limited by the cross-section of the final blade ring. | action. 
To deal with the great volume of steam, the low-pressure | The American type of machine is cheaper and, size 
part of the rotor is provided with individual discs | for size, has a considerably greater output than the 
carrying the blades at their cireumference. By the| English machine. Being made of steel it is also con- 
special construction of tie low-pressure discs of the | siderably lighter in weight, besides being stronger, 
Siemens-Schuckert turbines (Roeder’s Patents D.R.P.| both important factors where rather long journeys over 
367275) the boring of the disc in its centre is avoided, | rough roads and broken ground have to be undertaken. 
and the discs are fixed to a flange by means of close- | Many features of its construction are considerably more 
titting bolts. | up-to-date than those of the English machine; for 

The radial stresses caused by pressing the discs on | instance, the use of ball and roller bearings with grease- 
the rotor shaft, as is done in other designs, are elimi- | gun lubrication, in place of the old brass and white | 
nated, and the older construction is replaced by a| metal bearings, oil lubricated. 
purely axial fixing of the discs, which, by a suitable! The main advantage of both the combined machine 
arrangement of radial dovetailing, completely relieves | and the steel thresher over the wooden machine is 
such axial stresses. As an illustration of the develop- | the saving in labour which is effected. In this respect, 
ment in construction of the low-pressure part, with | the combined machine is the most economical, but when 
double exhaust only for 3,000 r.p.m. I may mention | using the steel machine a saving in labour of 25 per 
turbines having capacities of 24,000 kw. and 30,000 kw. | cent. may be effected. Unfortunately, the action of the 
the latter with an overload capacity up to 36,000 kw., | peg-drum and the action of the wind-stacker (used on 





Dr. MELAN. 
Berlin-Siemensstadt. 
October 3, 1929. 
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London, October 19, 1929. 








man’s Address on ‘ Science and Electrical Engineer- 
ing.” He remarked that, in a year which was so near 
to the centenary of Faraday’s discovery that an 


electric current could be generated by moving a 


magnet near a coil of wire, it might not be inappro- 
priate to survey the progress that had occurred in 
electrical engineering as the result of scientific research. 
The earliest discovery of importance in electro- 
magnetism was that of Oersted, who found that a 
compass needle was deflected when there was an 
electric current in a neighbouring wire placed in 
proper relation to it. This opened the way to 
another method of signalling, and gave to research an 
impulse which was as far reaching as it was momen- 
tous. It was 17 years, however, before Wheatstone 
applied Oersted’s ‘‘ beautiful discovery”? to the 
electric telegraph. The next epoch in the history of 
electrical development began when Faraday discovered 
how to produce an electric current by means of a 
magnet. Nowadays, his experiments seemed so 
simple that it was difficult to realise their tremendous 
importance when they were made. It was worth 
while, however, to try and do so, as it enabled possible 
developments of almost equal magnitude, due tu 
apparently insignificant discoveries, to be visualised. 
Without minimising the work of those who had brought 
the generator to its present state of efficiency, it was 
well to remember that the whole technique of the 
production of electrical energy would be altered it 
some method were discovered whereby a larger fraction 
of the energy in coal could be transformed directly 
into electricity than was possible with the steam boiler, 
turbine, and alternator. All scientific work of a 
fundamental nature should therefore be encouraged. 
It was also well to remember that most of the important 
physical discoveries were the result of purely scientific 
investigation, directed towards no practical end. 
though nearly all found an application sooner or later. 
Another branch of electrical engineering which had 
its beginning in a more or less academic discussion, was 
cable telegraphy. Kelvin and Stokes worked out 
the whole theory of transmission along a cable by 
analogy from the problem of heat transmission through 
a plate. The former also recognised the necessity 0! 
using pure copper to reduce the resistance of the cabl» 
as much as possible, and, to ensure that material of the 
right quality should be employed, set up testing appara- 
tus at the factory, and thus founded the first works 
laboratory. The discovery of the telephone by 
Graham Bell was a third illustration of a research 
begun for purely scientific purposes. Again, when 
telephony was first attempted over distances of more 
than a few miles, the speech distortion was so bad that 
it was practically useless. Heaviside came to the 
rescue, and showed mathematically how this could be 
overcome by the employment of inductances, and his 
solution had recently proved of the utmost value to 
the designers of gramophone sound boxes. 
Kelvin’s 1853 paper on “ The Production of High- 
Frequency Currents by the Discharge of a Condense! 
through an Inductive Coil,” was really the startin: 
point of wireless telegraphy, while the work of Duddel! 
and Poulsen on the arc, and Edison, Fleming and de 
Forest on the valve, were other examples of the 


coupled to generators of the Siemens-Schuckert type. | the American machine in place of a straw elevator) | adaptation of theoretical principles to practical needs 


With this construction and low-temperature cooling | tend to break up the straw, a matter that is looked | 
water, it is possible to raise the limiting output| upon with disfavour by the English farmer. Also, the | 


at 3,000 r.p.m. to 20,000 kw. for single-exhaust | grain is delivered in one grade only, the American long delay. It had been noticed that, in some cases, 


Perhaps the most interesting recent wireless exper! 
ments were those of Stormer and Hals on echoes 0! 
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125-TON HOT-METAL 


CONSTRUCTED BY MESSRS. PEARSON 
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an echo of a wave with a length of about 30 m. appeared 
to return to the sending station as long as 3 or 4 min. 
after it had been sent out. The possible explanations 
of this result had been discussed by Pedersen, who 
showed that it could not be due to the signal going 
round and round the earth continuously, as the 
attenuation would be too great, nor by the lowered 
group velocity in the space above the Heaviside layer. 
The theory which explained the fact most successfully 
was that the wave penetrated the Heaviside layer, 
impinged on an electrical stream of charged particles 
emitted by the sun, and, in some way, was reflected 
hack totheearth. It was estimated that the length of the 
return path necessary to account for the delay must be 
over 75,000,000 km., or nearly one-quarter the distance 
to the sun. This theory was borne out by the fact 
that these echoes were only heard at times of magnetic 
storms, when it was known that the sun spots were 
actively sending out streams of charged electrons. The 
results were of considerable scientific interest. If con- 
firmed, they would appear to be the first records of 
signals sent out from the earth which had penetrated 
the upper regions of the atmosphere and returned. 
Work in many other fields had also been of great 
value to electrical engineers. For instance, the 
discovery of silicon iron had enabled a greater advance 
to be made in transformer design and construction 
than any other single experimental factor, owing to 
reduction in weight that was thereby rendered possible. 
The discovery of cobalt steel had led to almost as great 
a revolution in the design of permanent magnets, while 
another alloy which had enabled great developments 
to be made was the nichrome now employed univer- 
sally in electric heaters of all kinds. In the latter 
connection, Professor Marchant referred to some 
experiments which had recently been made at Liverpool 
by Mr. E. C. Walton into the causes of failure of this 
material when used in cookers and boiling plates. 
The chief cause of such failures was found to be the 
presence of salt in any solution that might fall on the 
heated spiral. This set up electrolysis and rapid 
corrosion. Milk caused the spiral to become coated 
with a thick hard mass, which prevented radiation and 
also led to the failure of the element. Fatty substances 
which did not contain salt had little effect. The 
corrosion was much less with alternating than with 
(direct current, breakage of the wire occurring after 
immersion in a salt solution in 180 minutes in the first 
case and in 20 minutes in the second under the same 
conditions. After immersion in milk, the corresponding 
times were 600 minutes and 115 minutes before break- 
age occurred. Stainless steel was another material 
which was having an increasing application in all kinds 
of electrical appliances, while chromium plating was 
becoming as common as nickel plating. The discovery 


of Permalloy had greatly facilitated the loading of 
telegraph and telephone cables, and had enabled the 
speed of transmission to be increased four or five 
times. 

Electrical engineering owed much of its progress to 
accurate measurement and observation. For instance, 
it was only after the oscillograph had been made 
available that some of the hitherto obscure phenomena 
in electrical machinery were explained. More recently, 
the cathode-ray oscillograph had enabled the properties 
| of materials to be investigated at wireless frequencies. 
|The utmost care should be taken to secure accurate 
results in all observations, as it was notable that all 
great discoveries had been based on effects which were 
relatively small. It was significant that larg> manufac- 
turers all over the world had now established research 
laboratories on a very extensive scale and that they 
were not confining their activities to the testing of 
apparatus and materials used in their factories, but 
were employing many people to engage in the study of 
pure science. 











125-TON HOT-METAL MIXER CAR, 


WHILE the stationary rocking metal-mixer has long 
been used in British steelworks, and bogie-mounted 
ladles are not unknown, the hot-metal mixer car 
shown in the above illustration, having a capacity of 
125 tons of molten metal, is the first example of its 
type to be constructed in Great Britain. It is, there- 
fore, in addition to possessing technical interest, of 
importance from the point of view of indicating progress 
in steelworks practice, and may be expected to prove, 
as it has done in several of the large steel plants in the 
United States, an economic factor of no little signific- 
ance. The car has been constructed by Messrs. The 
Pearson and Knowles Coal and Iron Company, Limited, 
Warrington, an associated company of Messrs. Sir W. 
G. Armstrong, Whitworth and Company (Engineers), 
Limited, 22-26, Great Smith-street,S.W.1. The object 
of the mixer car is to mix charges of molten metal 
from the blast-furnaces, and to transfer them direct 
| to the steel-making furnaces. It thus eliminates the 
second wasteful ,tapping necessary with a stationary 
mixer. The mixer car has been constructed to the 
order of Messrs. The International Construction Com- 
pany, Limited, of London. 

As will be seen from the illustration, the container of 
the mixer has a cylindrical centre portion with conical 
ends, and is carried on cast-steel trunnions riveted to 
the shell by flanges of large diameter. The external 
diameter of the container is 10 ft. 6 in., and it has a 
length of 20 ft. It is, of course, furnished with a 
refractory lining, and near the top will be seen the 
duplex pouring spouts, so that the metal may be 
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MIXER CAR. 
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poured on either side, as required. It is also filled 
through the opening provided for the spouts. The 
trunnion bearings are mounted on six-wheeled bogies, 
the construction of which can be gathered from the figure. 
One bogie, moreover, carries the apparatus for rotating 
the container into the filling and pouring positions. This 
consists of an electric motor connected, through a 
train of reduction gearing, to a spur wheel on one of 
the trunnions. A handwheel is also provided for rotating 
the container, as may be seen at the right hand of the 
figure, and there are also effective locking devices. The 
cylindrical form of the container prevents splashing of 
the molten metal in transit, and, while presenting less 
surface at the top of the metal to the air, ensures a 
more thorough mixing than the old tilting rectangular 
type of mixer. In use, the mixer car is handled by a 
locomotive between the blast-furnaces and steel furnaces. 
It weighs, in an empty condition, about 75 tons, and has 
an overall length of some 40 ft. In connection with 
the size, a sidelight is thrown on the limitations 
imposed on heavy goods transport by the platforms 
of passenger stations, as the car had to be partly dis- 
mantled and loaded on to special trucks before it could 
be transported from the makers’ works to its destination. 








An ENGLISH CHAINMAKING WorkKs.-—-A brochure which 
contains an account of the development of the firm of 
Messrs. Hans Renold, Ltd., since its formation in 1879, has 
just been issued. A number of interesting photographs, 
comprising a portrait of the founder and views of the 
old works in Manchester, and of the present works at 
Burnage, Didsbury, Manchester, are reproduced. 

UNITED STATES PRODUCTION OF CoAt,—According to 
a report issued by the Guaranty Trust Company of 
New York, the production of bituminous coal in the 
United States, for the week ending September 21, 
was 10,867,000 tons, against 10,863,000 tons during the 
previous week, and 10,021,000 in the corresponding period 
of the previous year. The output of Pennsylvania 
anthracite coal, for the week ending September 21, was 
1,624,000 tons, against 1,489,000 in the previous week 
and 1,497,000 in the corresponding week of 1928. 


Hertot-Watr CoLLeGe.—On page 47 of our issue of 
July 12 last, we drew attention to the approaching 
retirement of Professor Richard Stanfield, M.Inst.C.E., 
F.R.S.E., from the position of Professor of Engineering 
at Heriot-Watt College, Edinburgh, and stated that a 
presentation was to be made to him to mark the occasion 
of his retirement. We now learn that the presenta- 
tion was made in the College on October 18 last. 
The testimonial, which took the form of an illuminated 
address, a silver casket, and a cheque, was made by 
Mr. J. Cameron Smail, Principal of the College, and the 
speakers were Professors F. &. Baily and A. R. Horne, 
Dr. A. P. Laurie, and Mr. A. Neilson, one of the students 
of Professor Stanfield’s final year. 
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LABOUR NOTES. 


At a conference in London, last week, between 
representatives of the railway companies and repre- 
sentatives of the trade unions which have railway 
shopmen amongst their members, a provisional agree- 
ment on the wages question was reached, similar to 
that which had previously been negotiated with the 
railwaymen’s organisations. Under it, the 2} per 
cent. reduction of salaries and wages is to continue 
until May 12, 1930, and for a further six months. 
Until November 12, 1930, no general proposals to 
vary pay or conditions is to be made by either side. 
The official announcement added :—‘‘ The railway 
companies expressed their intention to adopt between 
May 12 and November 12, 1930, full-time working 
wherever, in their opinion, it is justified, and stated 
that where at any establishment they find it is imprac- 
ticable, without dismissals of staff, they will, as far as 
possible, continue the booking off of employees on 
Saturday mornings.” The agreement is subject to 
ratification by conferences of the unions concerned. 


On Sunday last, a special conference of members of 
the Railway Clerks Association was held in London to 
consider the provisional agreement on the wages 
question. At its close, Mr. G. Lathan, the Acting 
General Secretary of the Association, made the follow- 
ing official statement :—‘‘ The keenest interest was 
displayed by the delegates, and there was a consider- 
able measure of objection to the continuance of the 
arrangement under which the 2} per cent. deduction 
from salaries takes place. Alternative courses were 
strongly urged, and the feeling was expressed that the 
position of the companies was such to-day that the 
men were fully justified in requiring immediate termina- 
tion of the agreement. In the result, however, the 
recommendations of the executive committee, which 
provide for the continuance of the agreement until 
May 12 next year, and thereafter for a period free from 
disturbance for another six months, was approved by 
a large majority.” 


Addressing the annual meeting of the Neepsend 
Steel and Tool Corporation, at Sheffield, last week, 
Mr. G. 8. Goodwin, the chairman of the board, said 
that the firm were anxious to make all the employees 
feel that they were part and parcel of the concerns 
By watching carefully where economies were possible, 
and putting in that extra bit of which they were capable, 
employees would improve the position of the company, 
and know that in doing so they were increasing their 
own remuneration. The directors had carefully con- 
sidered the matter, and had established for the present 
year the principle of giving a bonus to all their employees 
irrespective of their position. The scheme, broadly, 
was to capitalise the year’s earnings so that on a basis 
of 4 per cent., which the firm were arranging to distri- 
bute on the present occasion, a man earning 2001. a year 
would receive 8/. as a bonus as an appreciation of his 
services. ‘‘ If we are more successful next year than 
we have been this year, it is our intention and desire 
to increase the bonus accordingly,” he added. Between 
800 and 1,000 employees are alfected. 


At a conference in London last week of members of | 
the Transport and General Workers’ Union, the ques- | 
| There was a further improvement in the coal mining | 


tion of providing alternative employment for dockyard 
workers was discussed. The proposals for alternative 
work for the dockyards formulated by the Yards 
Committee and the Admiralty Industrial Council were 
approved, and the following resolution was adopted : 
“That this conference urges the Government to make 
provision in its disarmament policy for compensation 
to be paid to those workers whose employment may 
have been worsened or terminated.” 


A member of the Amalgamated Engineering Union 
discusses the question of rationalisation in an interesting 
article which he has con.ributed to the organisation’s 
Monthly Journal. He expresses the opinion that it is 
a mistake to assume thai the question of immediate 
importance is whether the system is good or bad or 
whether it should be accepted or rejected. The real 
issue for practical men is ** Are we going to be inside 
or outside”? ? As the representatives of Labour they 
had a right to demand a definite say in the formulation 
of new methods and the framing of new conditions 


safeguarding the interests of both those who are to be | reduction amounted to 12} per cent. on the standard | Trade Union Movement in this country. 
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while the realisation of the ideals is awaited ? The | 
problems of unemployment, food, clothing and educa- | 
tion are immediate. As for meeting the employers to | 
discuss matters, what organisation, he asks, “ ever 
refuses to meet employers to discuss matters affecting 
its members? What organiser misses the oppor- 
tunity ? We do not spend any time discriminating, 
and deciding which invitations from employers shall 
be accepted and which rejected. That is not our 
difficulty. If we have any trouble in that direction, 
it is getting certain employers to meet us, and, having 
got them, getting them to discuss fundamental ques- 
tions. It is very difficult to get under or over the 
managerial functions barrier.” 


The writer’s conclusion is as follows :—‘‘If our 
only aim, our only function, is the overthrow of capital- 
ism—if we are determined that our people must make | 
sacrifices, suffering all forms of misery, and want that | 
may come along whilst the capitalist system heads for 
and reaches bankruptcy, and our ideals are realised— 
then” have nothing to do with rationalisation. On 
the other hand, ‘“‘ if we desire to do all we can imme- 
diately to solve the problem of unemployment, to safe- 
guard working conditions, to keep misery and want from 
the home, the wife, the children—if we are determined 
to leave no stone unturned in order that our people 
of to-day may obtain a little more joy, a little more 
sunshine, a little less misery—then we must put a 
limit on discussion and talk, and be prepared to explore 
every avenue, including rationalisation.” 








On October 14, 1929, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain was 1,215,000. Of these 881,600 
were wholly unemployed, 257,400 were temporarily 
stopped, and 76,000 were persons normally in casual 
employment ; 936,000 were men, 35,000 boys, 212,900 
women, and 31,100 girls. Of 1,207,236 on the registers 
on October 7, 1929, 868,912 were wholly unemployed, 
261,625 were temporarily stopped, and 76,699 were 
persons normally in casual employment; 927,112 
were men, 35,267 boys, 213,096 women, and 31,761 
girls. The number of unemployed persons on Octo- 
ber 15, 1928, was 1,321,154, of whom 1,036,849 were 
men, 38,658 boys, 211,857 women, and 33,790 girls. 


The Ministry of Labour Gazette states that during 
the first three weeks of September the general level of 
employment remained approximately the same as in 
August. In the last week of the month there was 
an increase in unemployment, largely as the result of 
seasonal influences. Among the workpeople, number- 
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perambulator and invalid carriage makers (for whom 
there was an increase in the Trade Board minimum 
rates), bakers at Liverpool, and saddlers and harness 
makers in London. Under sliding scales dependent 
on selling prices, there were also increases in the wages 
of iron ore miners and blastfurnacemen in Cumberland. 





During the nine completed months of 1929 the 
changes reported to the Ministry of Labour in the 
industries for which statistics have been compiled have 
resulted in net increases of 7,400/. in the weekly full- 
time wages of 99,000 workpeople, and in net reductions 
of 94,3501. in those of 955,000 workpeople. In the 
corresponding nine months of 1928, there were net 
increases of 20,150]. in the weekly wages of over 
201,000 workpeople, and net reduction of 169,450/. 
in those of 1,696,000 workpeople. 





The number of trade disputes involving stoppages 
of work, reported to the Ministry of Labour as beginning 
in September, was 43. In addition, 10 disputes which 
began before September were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in September (including work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to the 
disputes) was about 21,100 and the aggregate duration 
of all disputes during September was about 137,000 
working days. In the previous month, about 401,000 
workpeople were involved in disputes (including 388,000 
workpeople in a dispute in the cotton industry), and 
in September, 1928, the corresponding number was 
10,800. The numbers of working days lost by the 
disputes in these two months were 5,538,000 and 
56,000 respectively. 





The aggregate duration of all disputes in progress 
in the first nine months of 1929 was about 7,888,000 
working days, and the total number of workpeople 
involved in these disputes was about 499,000. The 
figures for the corresponding period of 1928 were 
1,254,000 days and 110,000 workpeople, respectively. 





Statistics compiled by the Ministry of Labour show 
that the total number of Trade Unions known to have 
been in existence at the end of 1928 was 1,123, as 
compared with 1,135 at the end of 1927. The number 
of Unions dissolved in 1928, so far as reported, was 
30, with an aggregate membership of 7,000 at the 
end of 1927; 16 Unions, with an aggregate member- 
ship of 4,000 at the end of 1927, amalgamated with 
other Unions; while 34 new Unions, with a total 





ing approximately 11,880,000, insured against unem- 
ployment in Great Britain and Northern Ireland, the 
percentage unemployed in all industries taken together 
was 10-1 at September 23, 1929, the same percentage 
as at August 26, 1929, as compared with 11-4 at 


ployed at September 23, 1929, was 7-9, as compared 
with 7-7 at August 26, 1929; while the percentage 
temporarily stopped was 2-2, as compared with 2-4. 
For males alone the percentage at September 23, 1929, 
was 11-1, and for females 7-4. At August 26, 1929, 
the percentages were 11-0 and 7-6. 


industry and in boot and shoe manufacture. Employ- 
ment also improved in the pottery, silk and artificial 
silk, linen, and carpet industries, and in dock, harbour 
river and canal service. There was, however, a further 
seasonal decline in the building trade, in public work 
contracting, in the brick, tile, artificial stone, cement, 
and clothing industries, and in hotel and boarding- 
| house service. Unemployment also increased in the 
shipbuilding, tinplate, and jute industries. 





In the industries for which statistics are regularly 


| rates of wages reported to have come into operation 


| . ‘ * . -- | 
| during September resulted in a reduction of 59,575. | 


}in the weekly full-time wages of 479,500 workpeople 
| and in an increase of 2,075/. in those of 31,000 work- 
| people. The principal change was the reduction in 
the wages of workpeople employed in the cotton 
| industry, which took effect under the terms of the 


| award issued by a Board of Arbitration in August ; the 


September 24, 1928. The percentage wholly unem- | 


|} compiled by the Ministry of Labour, the changes in | 


membership of 17,000 (including three Unions formed 
by amalgamation), were reported as formed during the 
year. The total membership at the end of 1928 was 
| approximately 4,799,000, as compared with 4,918,000 
| at the end of 1927, showing a decrease of 119,000, or 
| 2-4 per cent. The number of male members was 
4,007,000, a decrease of over 118,000, or 2-9 per cent., 
|as compared with the previous year, and the number 
of female members was 792,000, a decrease of over 
1,000, or nearly 0-2 per cent. 

| The total of 4,799,000 includes about 28,000 members 
|in Irish Free State branches and 29,000 members 
| in other oversea branches of certain Unions (compared 
| with 29,000 in Irish Free State branches and 30,000 
|in other oversea branches in the previous year). It 
| also includes a certain number of persons (principally 
| teachers) who are members of more than one Society, 
and are therefore counted more than once in the figures. 
When allowance is made for these cases, the net number 
| of members in Great Britain and Northern Ireland is 
| estimated to have been about 4,730,000 at the end of 
1928, compared with about 4,850,000 at the end of 
| 1927. Of this total, approximately 68,000 was the 
| membership of Unions or branches of Unions in Northern 
| Ireland. 








The Industrial Review, an organ of the Trades Union 
Congress General Council, expresses the opinion that 
the categorical statement made at Geneva by Mr. Jed. 
Lawson, M.P., Parliamentary Secretary to the Ministry 
| of Labour, that the Government have in preparation 
a Bill to ratify the Washington Hours Convention. 


| will be received with very great er = oe 
“In 1925, 


| 
| 
| 
| 
| 


retained and those who are to be discharged. Where | piece price lists, and was in most cases equivalent to | the writer says, The Swansea Trades Union Congres 


new labour-saving devices are introduced, they should | a reduction of 6-41 per cent. on current rates, A reduc- | requested by resolution t 


hat the ratification of the 
placed 


discuss and decide the provision made for the displaced | tion also took place in the wages of workpeople em- | Convention should be one of the topics to rp 
| ext Genera! 


workers. 


we are perpetuating the capitalist system. It is, the 
writer admits, a fundamentally sound and sincere 


argument; but it is the expression of idealism. Can/in roller leather manufacture, bobbin and shuttle| the General Council 
the wants of men, women and children be ignored | makers, woollen and worsted yarn spinners at Leicester, | with the verdict of the electorate. 


The main argument against action along} ployed in the asbestos industry. The increases which | in the Labour Party programme at the n 
these lines is that by co-operating with the employers | occurred in September took effect mainly under cost-| Election, and when that occasion came, t 


| of-living sliding scales. Among workpeople who re- 


| ceived increases under such scales were those employed 


he General 
Council made a special reference to this matter. 
There can be little doubt that the attitude taken up by 
in this matter had much to do 
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CARGO-SALVAGE 


OPERATIONS; SS. 


“WESTERN KNIGHT.” 























Fie. 2. View or DAMAGE AMIDSHIPS. 


CARGO SALVAGE FROM S.S. 
‘*WESTERN KNIGHT.”’ 


THE two photographs reproduced on this page 
show a somewhat unusual salvage operation, viz. 


cargo by means of tugs and lighters with the view of 
lightening the ship to an extent sufficient to enable 


| her to be got off the reef. Later, being advised by 
| marine surveyors at Durban that this operation was 


likely to prove a very costly matter, the underwriters 


the transport of heavy cargo from a wreck to the | sold both the ship and cargo as salvage to a syndicate 
shore by means of an extemporised cableway, but they | in Port Elizabeth which then proceeded to remove the 


illustrate at the same time the comparative structural 
weakness of a ship that is not completely waterborne, 
and in this respect also are not without interest. The 
vessel concerned is the steamship Western Knight, of 
New York, which ran on to a submerged rocky reef 
during a dense fog on April 8 last, near Schoenmakers, 
atew miles from Port Elizabeth. At the time of the 
accident the Western Knight was steaming for Port 
Elizabeth, with a cargo of a value estimated at half-a- 
million sterling, part of which cargo was intended for 
the annual Agricultural Show at that city. It is 
Satisfactory to note that all the passengers and crew 
were landed without loss of life and that a subsequent 
inquiry resulted in the captain of the vessel being 
acquitted of faulty navigation. The loss fell upon the 





| remainder of the cargo and such ship fittings as were 


worth transport ashore. 

The nature of the damage to the ship can be seen 
in Fig. 1. The hull has parted with a clean break 
just aft of the funnel, and the bottom immediately 
below this was torn away, allowing the main engines 
and boilers to fall through into the sea. Forward 
of the funnel is another gap the position of which is 
clearly indicated in Fig. 2 by the outrush from the 
breakers on the seaward side. Fig. 2 also illustrates 
the remarkable way in which the after part of the ship 
had been deflected by the waves while remaining 
practically on an even keel. This photograph was 
taken from the poop and shows the salvage party at 
work removing cargo from the after hold. The stern 


underwriters, who at first attempted to remove the | portion was naturally dealt with first, as being less 





| firmly fixed and likely to suffer more from the heavy 
| seas natural to the season. This part of the work was 
| concluded in September. The method of procedure 
| consisted in erecting a pair of sheer legs on shore 
opposite the after mast, and carrying a steel cable on 
| pulleys on the sheer legs and mast. The cable was 
taken across by means of lines conveyed by a rocket 
| apparatus belonging to the Port Authority. The 
pulley on the mast was at a height of 62 ft. above 
| the water level. The first cableway was, however, 
destroyed by a heavy gale which shifted the wreck 
| inshore, and a second cable was then taken across by 
| boat, the new position of the vessel permitting a 
| channel to be blasted through the rocks so that the 
| heavily laden boat was able to reach it in safety. 
The cableway was operated by a steam winch 
| driven from a Cochran boiler, and individual loads 
| exceeding 5,200 lb. were transported without any great 
difficulty. The men working on the wreck were 
conveyed backwards and forwards in the same manner, 
an open timber skip, carrying seven men at a time, 
being used. When the after hold had been emptied 
| as far as possible, another pair of sheer legs was erected 
|in line with the foremast, the cable transferred to it, 
|and work on the forward hold commenced. Heavy 
| weather resulted in a considerable part of the cargo 
| having to be abandoned, no fewer than a hundred 
| Ford cars having thus been sacrificed. On the other 
| hand, much valuable material has been saved, includ- 
|ing a number of tractors and motor-cars. These have 
| been cleaned and reconditioned in the temporary work- 
| shops seen to the right of Fig. 1, and when completed 
| are run under their own power to a sale-room near the 
|harbour. Other salvage includes 500 motor tyres, 
| 100 windmill pumping plants, Frigidaire refrigerating 
apparatus, tram rails and fish plates. As might be 
expected, the work has been carried out under very 
trying conditions, but may nevertheless be claimed as 
forming a successful salvage operation. Mr. C. H. F. 
van Delden was in charge, and the plant was supplied 
by Messrs. Mangold Brothers, of Port Elizabeth. The 
operations have, of course, been watched throughout 
by the Customs Authorities. The photographs repro- 
duced were taken by Mr. F. W. Neave, Port Elizabeth. 








| 


LECTURES ON SMOKE ABATEMENT.—A course of six 
lectures on smoke abatement will be given at the College 
of Technology, Sackville-street, Manchester, on the six 
consecutive Fridays commencing November 8, at 7 p.m. 
The lectures, in the order in which they will be delivered, 
are as follows: ‘‘ Coal and its Combustion,” by Mr. A. 
McCulloch ; ‘‘ Smoke and Health,” by Dr. J. 8S. Taylor ; 
“Smokeless Fuels,’ by Mr. W. Gibson; ‘“‘ The Abate- 
ment of Domestic Smoke,’’ by Miss Marion FitzGerald ; 
“The Abatement of Industrial Smoke,” by Mr. R. M. 
Rowe; and “‘ General Aspects of the Smoke Problem,”’ 
by Mr. A. Marsh. The registration fee to cover the 
whole course is 5s. ; the fee for any single lecture is 1s. 
Further information may be obtained from the Secretary, 
National Smoke Abatement Society, 23, King-street, 
Manchester. 
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ATLANTIC LINERS.* 
By Generat E. De Viro. 

Speed and Time.—Calling R the length of the single 
voyage expressed in nautical miles, V the service speed 
of the ship in knots, and T the time in hours, it is 
obvious that V x T=R. From Naples to New 
York, the distance is 4,176 miles, and at a constant 
increase of 2 knots, the time decreases asymptotically. 
Thus, while from 20 knots to 22 knots the time 
saved is 19 hours, from 30 knots to 32 knots, the time 
saved is only 9 hours. 

Speed Records.—The fastest large ships at present 
afloat are the British liner Mauretania, launched in 
1906, with a trial displacement of 36,500 tons, and 
a trial speed of 26-04 knots ; the British battle cruiser 
Hood, launched in 1918, trial displacement-41,200 tons, 
trial speed 32-07 knots; the U.S. aircraft carrier 
Saratoga, launched in 1925, trial displacement 38,950 
tons, trial speed 33 knots; and the German liner 
Bremen, launched in 1928, trial displacement 46,900 tons, 
trial speed 28 knots. It will be seen that the bighest 
speed records are held by warships. Moreover, the 
increase of speed has been more rapid in warships than 
in mercantile ships. If warships are in the van of 
progress in speed, it is evident that the merchant marine 
has something to learn from the Navy, but of course, 
due weight must be given to the different conditions 
of service in the two cases, which entail substantial 
differences of endurance and fuel consumption. More- 
over, speed in merchant ships is also governed by 
their earning power, which has no bearing upon naval | 
ships. 
Block Coefficient.—The principal dimensions and the 
block coefficients of the four ships above considered 
are as given in Table I. 

This table shows that for Mauretania, Hood, and 
Bremen, the block coefficients are nearly the same. 
Even for modern high-speed light naval craft, the block 
coefficient is not small; for the U.S. Omaha class of 
10 cruisers, 6 = 0-61, and for many British destroyers 

= 0-54 to 0-56. If naval ships are “lively” 
among waves, it probably comes from the metacentric 
height value, which is large in naval ships in order to 
give a reserve of stability against flooding, while it is 
small in passenger ships for reasons of comfort. 

Length.—As is well known, the absolute value of 


water-line length, its ratio to breadth (i), and the 





V 
speed length ratio & j -) have a great influence upon 


the resistance of the vessel to motion. These values 
are arranged in Table II. 

Length to breadth ratios lie between 8 and 9; while 
for the fastest destroyers it is about 10. The designed 
value of V: \/L is about 0-9 for liners, while for 
naval vessels, higher values of this ratio are accepted 
by designers in order to avoid excessive lengths that 
prevent good manceuvring qualities and lead to great 
target area. For light cruisers and destroyers, the 
speed-length ratio is also higher, viz., about 1-4 for 
the former and 2-2 for the latter. For these vessels, 
the machinery is light, so that it becomes more con- 
venient to spend weight in obtaining more power than 
to increase length and weight of hull. For fast liners, 
the most economic solution appears to be to increase 
length as much as docks will allow. These vessels 
must run at a constant speed about 90 per cent. of 
trial speed, and at about full power; any reduction 
of this power leads to a saving of fuel. From time 
to time, 1,000-ft. liners have been prophesied ; now 
they are an accomplished fact. I think that such 
great length may be surpassed, even if displacements 
are not increased, if still faster liners are required. 
That is the reason why, in new plans for harbour 
accommodation, experts have foreseen docks for 
1,100 ft. and 1,350 ft. ships, and they have proposed 
double-entrance docks, which eventually may be 
lengthened, to avoid any hindrance to progress in 
naval construction. However, this consideration must 
not be overrated, because big ships above 35 knots or 
36 knots speed would require such large powers and 
involve such great fuel consumption as to be prohibi- 
tive ; I do not believe in an era of mammoth ships, 
either for warships or tor liners. Therefore, I am | 
inclined to think that the 1,350-ft. length of the new | 
double-entrance dock at Toulon may be larger than is | 
necessary, although the 800-ft. length of many existing | 
docks handicaps the progress of fast liners. At the | 
present time, in Bremen, a 1,220-ft. dry dock is under | 
construction for new liners, Bremen and Europa in- 
cluded, but the 1,290-ft. Ymuiden dock still remains | 
the largest dock in the North Sea. | 

Draught.—The limitation of draught is one of the | 
most difficult points to meet, as the depths of harbour | 
and dock entrances cannot be easily increased. Some | 
harbours provide foronly 26-ft. draught. The Berengaria 

* Paper read at the Summer Meeting of the Institution 
of Naval Architects in Italy, September 17, 1929. 
Abridged. 











(ex Imperator), the largest liner now afloat, draws 
39 ft., and can only make use of a few harbours. 
To increase the depth of harbours may be an under- 
taking much more onerous than to lengthen docks 
or to build new ones. Until recently, the standard 
depth of dock entrances was from 36 ft. to 40 ft.; for 
the later ones, the depth has been increased to 47 ft. 
(Liverpool), and even to 52 ft. (Havre) in order to provide 
for exceptional draught in a damaged ship. 

Breadth and Stability —Water-line breadth remains 
confined between two limits: the value of the ratio 
5 suitable for speed, and the value of the ratio = 
adequate for stability. The values for these for the 
vessels under consideration are given in Table III. 





0-70 0. 
(1635.4) 


2 
The metacentric radius r = zx x + K being a con- 
2 
stant (for instance, 12 or 13), it follows that the ratio 
may be considered as a number or index of stability. 
Often, for passenger vessels, specifications prescribe 


0-90 
“ee of Vr VE. 


tions are conflicting, and special arrangements may 
become necessary to avoid unsatisfactory results. 

the breadth is large enough to assure stability at light 
displacement, stability may become excessive at load 
displacement. Obviously, the ordinary method is to 
shift the ship’s centre of gravity by the use of water- 
ballast in the double bottom, or sometimes in wing 
tanks. More elaborate methods are by stabilising 
arrangements like anti-rolling tanks (Frahm) or gyro- 
stabilisers (Sperry), but they also require that the 
metacentric height shall not be great, otherwise more 


2! weight may be required by the apparatus to make it 


efficient than can be allotted for such a purpose. I 
think that the simplest remedy for the conflicting 
conditions of positive stability at light load and of 
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moderate stability at load displacement, is to choose 
adequate breadths for light draught and for full-load 
draught. 

Body Form.—When the principal dimensions, length, 
breadth, draught and displacement, are chosen, it may 
be said that, with a standard form of water-line and of 














TABLE I. 
Liner Battle-Cruiser Aircraft-Carrier Liner Bremen 
iat Mauretania. Hood. Saratoga. (unofficial). 
Speed on trial, V = knots .. 26 32 33 29 
Trial displacement, A = ton | 36,500 41,200 38,950 46,900 
Water-line length, L = sti oe 770 ft. 850 ft. 865 ft. 930 ft. 
Extreme breadth, B = on 88 ft. 104 ft. 106 ft. 101 ft. 8 in.* 
Trial mean draught, D= .. | 32 ft. 6 in. 28 ft. 6 in. 29 ft. 30 ft. 
35 x A 
< coeffi en “5 0-57 0-52 0-58 

Block coefficient, & 7 sca wa ee | 0-58 | 5 





* At the launch of Bremen and Europa (August 31, 1923) th2 L'oyd Zzitunz published L.O.A. = 285-20 m., and B = 31 m. 
Schiffoau (August 22, 1928) gave L.B.P. = 270 m., and B = 31 m. 


























TABLE II. 
| Liner | Battle Cruiser | Aircraft-Carrier | Liner Bremen 
a F- | Mauretania. | Hood | Saratoga. (unofficial). 
= wae : - 
Speed, V = knots . oe ss ee és He 26 | 82 33 28 
Water-line length, L = : af ae ws sel 770 ft. 850 ft. 865 ft | 930 ft. 
Water-line breadth, B= .. és re ne ey 88 ft. | 96 ft. 98 ft. | 101 ft. 8 in. 
Maximum breadth, B, = .. oe ae va aot 88 ft. | 104 ft. 106 ft. | 101 ft. 8 in. 
Breadth ratio, 5 = oe ds sie o at 8-75 8-85 8-82 9-15 
ne : | 75 | 8-18 8-16 | 9-15 
Speed length ratio, V: “I tee] 0-94 | 1-10 12 0-92 
TABLE III. 
| oe l l nh aes 
Liner | Battle Cruiser | Aircraft Carrier | Liner Bremen 

ei | Mauretania. Hood. | Saratoga. (unofficial). 
Water-line length, L = 770 ft. 850 ft. | 865 ft. i > 
Trial draught, D = .. te aie Si we 32 ft. 6 in. 28 ft. 6 in. 29 ft. | * — 
Water-line breadth, B - rs es on sts 88 ft. 96 ft. 98 ft. 101 ft. . 
Breadth ratio, = a “ ts oe Rs 8-75 8-85 8°82 9-15 

2 | 

Stability number, — ve _ - bes va 238 324 333 344 


D 


} 


— 





that, at light draught, the value of metacentric height 
r —a=H, —H, shall be positive and equal, at 
least, to 4 in. or 6 in., Hy and H,, being, respectively, 
the height above the keel of the metacentre and of 


transverse sections, the resistance to motion of the 
bare Lull, without appendages, depends only upon the 
more or less satisfactory design of the body plan. 
because, while the resistance depends principally upo 


the ship’s centre of gravity. But at full load and at | absolute length, length ratio, speed-length ratio, bee 
normal load, the value of the metacentric height must | and block coefficient, it depends also upon the coe Sais : 
not be excessive in order to have a steady ship for | of fineness of water-line, and upon the longitudinal « 


the comfort of passengers ; therefore these two condi- 





.tibution of the underwater volume. The Mauretania = 
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characteristics are the product of two years’ experi- 
ments, and they are summarised in Table IV; they 
represent the best standard of comparison, being 
controlled, as they are, by accurate trials and by 
the exhaustive service of a quarter of a century. 
For the 21-knot passenger ship Ausonia, built by 
Ansaldo in 1928, several forms were tried in the 
Froude tank, and the best results are shown in 
Table V transferred, by similitude, to the Mauretania’s 
trial displacement. It follows that, at the same value 
of V: «/L, Ausonia’s form has practically the same 
towing resistance as Mauretania, notwithstanding that 


o = 8 for Ausonia, against 8-75 for Mauretania, which 
has been compensated for by a slight increase of 





A little consideration may now be given to special 
forms of hull. A first step is to consider warship body 
plans, without side bulges. In Table VII, I give the 
data of the Italian battleships (year 1914) of the 
Caracciolo class that were scrapped before the Wash- 
ington Conference, when they were still on the stocks. 
The body plan of these large vessels was not among 
the best, the most efficient lines being somewhat 
sacrified to necessities of inside under-water protection. 
This hull was tried not only with models (1/40th scale) 
in the tank, but also with an experimental boat (1/16th 
scale) like the Mauretania. It appears that, at the 

— 3 
same values of V: /L, the values of C = al are 
very near to, and also a little better than, the Maure- 





standard cruisers have the forward bulb. It seems that 
at the Hamburg and Washington tanks, some advant- 
ages have been realised. Mr. Akimoff has patented 
the application of a bulb form to the after body, in order 
to have aft a finer water line at water level and fuller 
lines under water. He states that, with his model, 
towing resistance of the bare hull, without appendages, 
may, perhaps, be a little greater than with ordinary 
forms, but he asserts that the final results of propulsion 
are practically improved, the screw propellers working 
in the wake after the hull, thus recovering the energy 
dissipated in the wake, and the shaft bossing being 
reduced. A third way to reduce towing resistance is 
to use peculiar forms of body plan, such as, for instance, 
the Maierform. The characteristic feature of the Maier 


TABLE IV.—R.M.S. “ MAURETANTA.” 





Trial displacement . ; A = 86,500 tons 
Water-line length .. “a .. L = 770 ft. 
Length between oaeetes ulars .. .. 760 ft. 
Breadth za . B = 88 ft. 
Trial draught D = 82 ft. 
Breadth ratio i= 8°75 
Coefficient of fineness :— 
Block aa = Pe tig int*® = 0-58 
Mid-Section ae aa ae .. B = 0°96 
Water-Line ae és - @ = 0-71 
Prismatic .. p 0-605 


I 








| 
| Speed, V = knots .. +e ta “ ee 20 
| Ratio, Vv: “L a 0-72 
| Effective power without appendages, E.H.P. | 14,700 
| Aj vi 
Value of C= — we és 597 
| Shaft horse-power,S.H.P. =... .. ~—«.| 29,000 
As V3 

Admiralty coefficient, c = S.ELP. us ae 304 
| Propulsive ae a 
| i a : 

P.C. SHP.~ C oe ee se 0-51 


| 
22 24 | 26 27 
0-79 0-87 | 0-94 0-97 
19,800 | 26,500 | 86,700 44,200 
591 572 | 527 490 
39,100 | 55,000 | 79,600 96,000 
300 | 275 243 227 
| } 
0-50 0-48 0-46 0-46 











TABLE V.—S.S. « AUSONIA”’? TRANSFERRED, 


¥ 


BY SIMILITUDE, TO 36,500 TONS AND TO 42,500 TONS DISPLACEMENT, RESPECTIVELY 



























































Trial displacement A = 36,500 tome; ; 42,500 tons | 4 = 36,500 tons. 

Water-line length 5 L = 782 ft. ; 823 ft. Speed, V = a ae ae ae ae 20 22 24 26 28 30 

Length between perpendiculars : — Ratio, V : 0-72 0-79 0-86 0-93 1-00 1-07 
Breadth ae .. B= 97 ft. 10 in. ; 5 108 it. 4 in. || Effective aoe without appendages, EH. Pp. 14,120 19,650 26,000 37,000 51,200 65,000 
Trial draught oe 30 ft. 8 in. ; 32 ft. 3 in. | : Aa V3 ? a | sas : 
Breadth ratio 5 = | Value of C = EHD. 23 59 584 022 | 472 457 

I} A = 42,500 tons. 

Coefficient of fineness :— 1 Speed, V = knots Re a 3% re 20 22 24 26 28 30 
Block. . is ae .. & = 0-55 || Ratio, V v:vL 0-70 0:77 | 0-84 0-91 0-98 1-05 
arta yn os * a ° $~ | Effective power without appendages, E.H.P. | 15,450 21,500 | 28,600 39,400 55,000 71,000 

ater-Line .. : «. @ = 0- H 2 v3 
Prismatic p = 0-585 | Value of C = a 632 604 589 | 544 487 | 463 
TABLE VI.—GERMAN LINER (ORDINARY FORM). 
| | | 

geet P < A= 46, ae tons Speed, V he ne ee re 23 24 25 26 | 27 28 | 30 
ater-line length - L = 890 | Ratio, V: YL ws de 0:77 0-81 0-84 0-87 0-91 0:94 a a 1-01 

or 2 perpendiculars ” y cals 7 265 3 || Effective power, E. HP... ..| 27,000 30,000 34,000 39,500 | 46,500 | 54,000 | 63,600 | 75,000 
rea Me . = 5in. = 30 m. Ht 73 

Draught .. + -- D=31ft. 10in, = 9-70m. || Value of C = “io ig 590 600 595 582 | 555 | 528 | 497 466 

4. th. | | | 
Breadth ratio B = 9 | | | | 
Block coefficient .. 6 = 0:5 | | | | 
TABLE VIL—R.I.N. DREADNOUGHT “ CARACCIOLO ” (EXPERIMENTAL HULL). 
— j l os - an | (nein ca eae ~ — 

Trial displacement .. A = 31,440 metric tons = 30,945 tons || Speed, V = knots .. ee a «e ++ 20 22 24 26 | 28 

Water-line length .. L = 210-60 m. = 690 ft. 11 in. | Ratio, V: -/L eal 0-76 0-84 0-91 0-99 1-06 

bag = oo Aw per- nits ca 83 | Effective power without appendages, EHP. | | 12,812 17,824 24,682 } 34,103 | 45,100 
pendiculars a m. = n. |] | | } 

— — = = oa m. me Pag in. || Value of C = Pad aa 615 | 587 550 508 430 

tial draught = 8°86 m. = 29 n. | j ra 

Wetted io S = 6,450 sq. m. = 69,600 sq. ft. I Shaft horse-power (experimental hull), S.H.P. .. | 27,750 38,900 54,700 | 76,800 | 105,900 

| 7 | | 

Breadth ratio x = 7-12 Admiralty coefficient, c = — ee ia 284 | 268 249 226 | 204 

Cosietes of fineness : “ere | Propulsive coefficient ar | 
Mid-section :. B = 0-925 | Mctee.. 0-462 | 0-458 0-451 0-444 =| 0-426 
Water-line . a = 0:67 S.H.P. © | 
Prismatic . . .. p 0-606 

TABLE VIII.—GERMAN LINER “MAIER” FORM. 

naan EERE — : l = ——— = — j 

Displacement * on .. A = 46,900 tons Speed, V = knots é sel 23 24 | 25 | 26 } 27 | 28 | 29 30 

Water-line length L = 930 ft. (about) Ratio, V: YL 4 pe 0-76 0-79 0-82 | 0-85 0-89 9-92 | 0-96 0-99 

ee perpendiculars op ." a2 a ae 265 ... Effective power, E.H.P.  .. ..| 23,000 | 25,200 28,600 | 33,000 | 39,000 47,000 | 56,000 | 65,900 

Draught <. + . a re 31 ft. 10 in. = 9-70 m. || Value of C = a : ..| 690 | 711 710 | 695 655 | 608 | 568 | 538 

vr . . | | 

Breadth ratio... ac 0 9°45 | | | | 

Block coefficient... 8 = 0-565 | | | | 





water-line length and a slight reduction of block 


coefficient (see Fig. 1). For the German liners 
Bremen and Europa, it is reported that 21 models 
were tried in tanks ; in Table VI are shown the model 
results for one larger passenger liner that appears to 
be similar to the Bremen type. If we compare values of 
C= r ~ at the same values of V:  L for Maure- 
tania, it appears they are nearly equal (see also 
Fig. 1). All the above performances refer to standard 
merchant-ship body plans having a block coefficient 
approximating to 0-60, a coefficient of fineness of 


midship section of about 0-96, and a length ratio . 


It follows that, with the usual ratios and 
VL =0-9, then 


near to 9. 


with the best ordinary form, if V: 


$ v3 
Gas EF = about 560. 








tania’s at high speed. Furthermore, transferring, by 
similitude, the body plan of Caracciolo to the 36,500 tons 
displacement of Mauretania, the length becomes 730 ft., 
against 770 ft. of Mauretania, and, at 26 knots with 
V: /L = 0-96, if corresponds to C = 522, which is very 
near the value for Mauretania, notwithstanding that 
the W.L. length is 40 ft. less, this difference being, 
perhaps, compensated by the small reduction in the 
block coefficient. 

Another way to reduce resistance is to use forms with 
special characteristics. For instance, Mr. Taylor has 
introduced the forward bulb; by transferring most of 
the volume at the bow of the ship under the water line, 
a finer water line is obtained than with ordinary forms, 
and resistance is reduced. Our tank trials do not show 
a very great gain of speed. But Taylors’ forward bulb 
has been adopted for Bremen and Europa, and a gain 





of one knot is expected from it ; also the latest American 


form is the peculiar hinbiabes shape of the frames from 
end to end, combined with the wedge-shaped form of 
the fore and after part of the vessel. It is claimed that 
result obtained is to shorten the path of the stream- 
lines along the hull by about 10 per cent. in comparison 
with ordinary models, so reducing the wetted surface 
and skin friction and also reducing residuary resistance, 
the stream lines being diverted at a small angle. The 
bow is so shaped that the bow wave is greatly reduced. 
With the wedge-shaped form aft, the stern wave is 
also very small. 

By comparing data and results that have been 
published, and that I have given in Table VI, for a 
German liner of ordinary form, with data and results 
shown in Table VIII for the same liner as claimed 
for one Maier form model tried at the Hamburg tank, 
it appears that, with the Maier form, the saving of 








power is about 15 per cent. at high speed ; from other 
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sources, the saving is only 10 per cent. With the 
Maier form, the saving of skin friction, due to reduction 
of wetted surface, is only 1 per cent., but the saving 
of residuary resistance is very great, and varies with 
speed. Regarding the seagoing qualities of ships of 
peculiar forms, like the Taylor forward bulb or Akimoff 
after bulb, or both combined, I do not think there need 
be any fear, provided the central portion of the body 
plan remains the same as with ordinary forms, 
only the extreme parts fore and aft being altered. In 
the case of hulls of the Maier form, it will be advisable 
to await the seagoing results of the Maier vessels in 
service, but I think that the subject will interest 
owners and naval architects. Before leaving the 
subject of forms, I may mention here the report that 
the shell plates of Bremen’s hull are overlapped with 
edges forward, with the object of producing eddies, 
which, according to the well-known Boerner effect, 
should reduce skin friction. It is claimed that a gain 
of half a knot is expected from this Boerner effect. 
This may appear rather too favourable, but, on the 
other hand, if the Weser Yard (Bremen) have abandoned 
the standard joint system for the new one, it means 
that they really expect some substantial gain from it. 

Fig. 1, page 54U, summarises the data on towing 
resistance of the best body forms here referred to, 


ordinates representing the values of C = 
while the abscisse represent the values of V: J/ L. 
From this figure, it appears that, excluding the 
Maier curve, all the other curves, at V: VL = 0:88 
to 0-93, intersect one another, so that values of 
Ai V3 
Ce a 
E.H.P. 
performances ; 


575 to 525 are very near to Mauretania’s 

but beyond the aforesaid values of 
Ai V3 
E.H.P. 
forms (Caracciolo, cruiser, and destroyer) are more 
favourable than ordinary forms, and they decline very 
slowly with increase of V: ./L. The curve relating 
to the Maier form considered is remarkably better 
than the others; but beyond V: /L = 0-88, it 
rapidly declines and tends to intersect the curves of 
naval forms. 





V:L, the values of C = relative to naval 


(Zo be continued.) 








TRACTOR EXPERIMENTS IN AUSTRALIA.—In the course 
of a recent address, Professor R. D. Watt, of Sydney 
University, Australia, gave some particulars of an 
improved form of tractor with which experiments were 
being made at Hawkesbury College. He stated that 
one of the defects of many tractors was the amount of 
energy required to drive the machine over soil having 
@ poor gripping surface. In these circumstances, only a 
small proportion of power remained for the hauling of an 
implement. In the tractor under investigation, he stated, 
a portion of the energy from the engine was transmitted 
to a front-wheel drive, and another portion was employed 
to drive or rotate the discs of a plough or cultivator. 
These discs actually helped to propel the machine over 
the occasional wet spots and loose sandy places which 
gave trouble in the case of the wheel type of tractor. 
One man could look after the tractor and ploughing 
operation and also the harrow or cultivator that might 
be hauled in the rear. The new tractor had been 
invented by Mr. R. A. Squire, formerly a farmer at 
Quirindi. It had recently turned nine furrows to a depth 
of 5 in. at a speed of four miles an hour. 

ELectriciry SuPPLY IN SYDNEY.—The annual report 
of the General Manager (Mr. H. R. Forbes Mackay) of the 
Sydney Electricity Department shows that, during the 
year ended December 31, 1928, 363,814,800 kw.-hours 
were generated and purchased, as compared with 
335,636,292 kw.-hours in 1927. This makes an increase of 
8-4 per cent., a figure which is considerably lower than 
any previous year on the records. Of this total, 
140,717,100 kw.-hours were purchased from the New 
South Wales Government Railways and Tramways, the 
remainder being generated by the Department. The 
electricity sold to 164,805 consumers amounted to 
288,358,571 kw.-hours, making the consumption per 
consumer the extraordinarily high figure of 1,762 kw.- 
hours. This compares with 1,612 kw.-hours in 1927. 
Neither figure, however, in:ludes the street lighting 
consumption, which, in 1928, amounted to 12,525,605 
kw.-hours. The generating ssation of the Department 
at Pyrmont contains 75,500 kw. of plant, the maxi- 
mum load on which during the year was 67,200 kw., the 
highest demand on the system being 124,425 kw. The 
coal consumption was 2-07 lb. per kw.-hour generated 
and the thermal efficiency 13-27 per cent. Both these 
figures show slight improvements over those for the 
previous year. For some time the Department has had a 
new station under construction at Bunnerong, about 
7 miles from the centre of the city. The initial equipment 
of this station consists of six 25,000-kw. units, which are 
to be supplied from eighteen 100,000-lb. boilers. The 
energy will be stepped up to 33,000 volts for transmission. 
Two of the sets were put into operation in January, 1929, 
and it is expected that the station will be completed by 
the end of the present year. In spite of the developments 
to which we have called attention, a trading loss of 
33,7371. was experienced during the year, with the result 
that there is now an accumulated deficit of 94,2121. 
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THE FOTTINGER TORSIONMETER. 


MESSRS. THE 
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TORSIONMETER IN USE ON TEST BENCH. 

















Fig. 2. 


THE FOTTINGER TORSION METER. 


Mucu ingenuity has been expended in devices for 
transferring to a stationary indicator the readings of 
a torsion meter which necessarily rotates with its 
shaft. These are all dispensed with in the case of the 
simple pattern illustrated on this page, the design of 
which is due to Dr. Féttinger. Here the indicator 
rotates with the shaft and its dial, being brightly 
illuminated by a properly shaded electric lamp which 
moves with it, there is, it is stated, no difficulty 
whatever in taking readings whether the shaft be 
running fast or slow. In the view reproduced in 
Fig. 1, the torsion meter is shown in use in one 
of the mechanical laboratories at Charlottenburg, 
and the transmission shaft, complete with its sleeve, 
indicator and lamp, is shown to a larger scale in Fig. 2. 
The arrangement of the mechanism will be easily 
understood on reference to Fig. 3. The sleeve a 
is firmly secured at 6 to the transmission shaft, and, 
at its right-hand extremity, has mounted on it the 
disc c, which supports, as shown, the fulcrum of the 
bellcrankd. The short end of this lever is connected by 
a link e with the back plate of the drum f, which is 
firmly clamped to the shaft. When a torque is being 
transmitted, the cross section of the shaft at 6b, and 


with it the disc c, undergoes an angular displacement | 
By means of the link e, | 


relatively to the drum f. 
the bell crank d and the rack g, this displacement is 


shown, on a highly magnified scale, on the dial of the | 





TRANSMISSION SHAFT WITH TORSIONMETER IN PLACE. 
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indicator. The observer stands so that the dial in 


question on the upper part of its path moves either 
directly to or directly from him, and under these 
conditions there is, it is stated, no difficulty in taking 
readings. 

The sleeve, disc, and drum are all made of aluminium, 
so that even in the largest sizes the torsion meter is of 
moderate weight. It is made in nine standard sizes, 
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for shafts ranging in diameter from 50 mm. (1-97 in.) 
up to 625 mm. (24-6 in.), and a series of interchange- 
able sleeves is provided by which the same instrument 
can be used for a range of shaft diameters. It is 
supplied by Messrs. The Lunken Company, Limited, 
35, Great Dover-street, London, S.E.1. 








BLOWING FUSE LINKS IN CLOSED 
VESSELS. 


In 1927, the Safety in Mines Research Board pub- 
lished two papers, Nos. 38 and 39, by Messrs. G. Allsop 
and R. V. Wheeler, on the air pressures produced on 
blowing electric fuse links and striking arcs in closed 
vessels. Currents up to 1,350 amperes at 575 volts 
were used. In further experiments*, Mr. Allsop has 
employed currents up to 10,000 amperes at 600 volts. 

The experiments were made at Stonebridge Park, 
near London, where the Electrical Research Associa- 
tion has, at certain hours, the use of the 650-volt storage 
battery of the London, Midland and Scottish Railway 
Company. The current was supplicd to the laboratory 
through two armoured concentric cables, so connected 
that the outer core of each cable was in parallel with the 
inner core of the other, self-induction being thus 
minimised. The quantities determined were volts, 
amperes, mean power in the arc, arcing energy in 
kw.-seconds, arcing time, maximum pressure produced 
in the fuse box, and the time in which this pressure was 
attained, mostly a small fraction of a second. The 
use of a quadrant electrometer as a ballistic watt- 
second meter was suggested by Mr. P. D. Morgan. 
All the time periods were made and controlled by an 
adjustable pendulum, and oscillographs were employed 
for some of the measurements. The fuse link, of 44 in. 
free length, consisted of tinned-copper wire, of 13, 16 
and 18 S.W.G., and was always stretched vertically 
between two horizontal electrodes mounted in an air- 
tight fuse box of phosphor bronze, 7 in. by 6in. by 12 in. 
high, fitted with a flanged cover lined with asbestos ; 
this lining had occasionally to be renewed, because the 
blown fuses deposited copper oxide and finely-divided 
copper on the walls of the vessel. The available volume 
of the fuse box was 400 cub. in.; for some of the 
experiments with arcs striking between brass electrodes, 
boxes of smaller volumes were used. 

With the 18 S.W.G. fuse links, increase in the blowing 
current reduced the arcing time, increased the arcing 
energy, and particularly increased the rate of the rise 
of gas pressure. By the arcing time of a cut-out or fuse 
link is understood the interval between the commence- 
ment of the are and the drop of the current to zero, the 
arcing energy being the energy appearing at the cut-out 
during this period. The thinnest wire was volatised 
almost instantaneously ; the average arcing time was 
about 0-01 second. With an arcof about 400 amperes 
maintained for 0-05 second, the pressure rose to about 
60 lb. per square inch ; the maximum pressure observed 
in air-filled boxes was 133 1b. per sq. in. When the fuse 
box was filled with a 10 per cent. methane-air mixture, 
the average pressure was but little greater; this con- 
firmed the conclusion, previously arrived at, that the 
maximum pressure produced in the explosive mixture by 
the blowing fuse is not the sum of the maximum 
pressures due to the explosion and to the blowing of the 
fuse. The arcing period was shorter in the explosive gas 
than in air. The volume of the fuse box had little 
effect as long as the blowing currents did not exceed 
2,800 amperes. Heavier currents produced greater 
effects in smaller fuse boxes, since the copper deposited 
on the walls of the fuse box reduced the arcing path. 
In general, blowing fuses did not develop dangerous 
pressures in closed boxes of 400 cub. in. capacity ; the 
chief danger would arise from the failure of the 
insulation and the melting of the casings. The pressures 
developed during the period of operation of an ordinary 
ir ltt 0-02 second, did not attain dangerous 
values, 








ROLLER BEARINGS FOR SWEDISH RamLway WaGons.— 
The Swedish Government Railways have concluded a 
preliminary contract with the S.K.F. Company (Aktie- 
bolaget Svenska Kullager Fabriken), Gothenburg, 
involving the fitting of roller bearings to 4,000 six-axle 
iron-ore wagons of the Lapland electric ore railway. 
When the order is completed, practically the entire 
rolling-stock of the Lapland ore railway will be equipped 
with roller bearings. The line is situated almost entirely 
within the Arctic Circle, and the roller bearings previously 
fitted have proved satisfactory under very severe weather 
conditions. The most important advantage possessed 
by rolling-stocl provided with roller bearings is easier 
starting in cold weather, this being especially the case 
when a heavy ore train is involved. ‘The railway conveys 
between 8,000,000 and 9,000,000 tons of iron ore per 
annum, 





* The Pressure Produced on Blowing Electric Fuse 
Links and Striking Electric Arcs in Closed Vessels. By 
G. Allsop. Safety in Mines Research Board. Paper 
No. 52. H.M. Stationery Office. [Price ls. net.] 
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CARBON MONOXIDE IN THE EXHAUST 
FROM ETHYL PETROL. 


EXPERIMENTS made by Messrs. W. P. Yant and L. B. 
Berger, of the United States Bureau of Mines. [Reports 
of Investigations, Serial No. 2909] show that the addi- 
tion of tetra-ethyl lead to petrol does not substantially 
affect the composition of the exhaust gases and 
does not increase the percentage of carbon monoxide 
in the gases. The experiments were conducted with a 
four-cylinder Lycoming engine with one quality of 
petrol, as such, or mixed with lead ethyl in the pro- 
portions of 2} cu. cm. or 3 cu. cm. per gallon of 
motor fuel ; the former figure (nearly 0-05 per cent.) is 
stated to represent the standard anti-knock value of 
standard ethyl petrol. The conditions were varied 
somewhat in the three series of tests reported. The 
brake horse-power ranged from 15 h.p. to 21 h.p. In 
the first series, the petrol was used straight for a time, 
but without stopping the engine a change-over to the 
3 per cent. lead-ethy] fuel, and then to the 2} per cent., 
and finally back to the straight fuel, was then effected, 
while the air-fuel ratio was varied from 9-5 to 1, to 
11-7 to 1 and to 13-1 to 1. The load was either full or 
three-quarters, but the engine was always run at 
about 1,000 r.p.m. in all the three series. In the second 
series of tests, the secondary air was preheated to 
195 deg. F. instead of to 150 deg. F., and only full 
loads were tried. In the third series, the spark was 
retarded so as to suppress the detonation generally 
heard with the straight petrol; other than audible 
detonation tests were not applied. Further, the spark 
was advanced, both with the straight fuel and with 
the ethyl mixture, in order to obtain the maximum 
power. 

The changes in the compositions of the exhaust gases 
observed under these conditions were too small and 
not sufficiently concordant to admit of any general 
conclusions, except in one respect. With the higher 
powers developed the proportion of CO present was 
from 5 to 7 per cent. smaller when operating on 
ethyl petrol than when using straight petrol. In 
the analyses of the exhaust gases CO,, CO, O,, H, and 
CH, were determined, and N, was found by difference. 








DISPOSAL OF OIL-FIELD BRINE. 


Tue disposal of the brine ‘produced with crude 
petroleum and natural gas has long been a source of 
trouble to oil and gas operators, as well as to residents 
in the vicinity of the fields. New wells, as a rule, give 
little salt water, but some old wells produce several 
hundred barrels a day. In the month of November, 
1928, the average production of water on 31 properties 
and nearly 200 wells in Osaga County, Oklahoma, was 
3-26 barrels per barrel of oil produced. Some of these 
wells were 28 years old, and the minimum amount of 
water brought up with the oil happened to be 28 
barrels per barrel of oil. In other fields, the water-oil 
ratio has been much higher. Investigation Report 
Serial No. 2945 of the United States Bureau of Mines, 
drawn up by Messrs. L. Schmidt and J. M. Devine, 
mentions 100 barrels of water per barrel of oil. 

The production of oil-field brine can often be reduced 
materially and the yield of oil increased by the use 
of bottom-hole plugs and by the general repair and 
cementing of the wells. In the Cushing field, the 
cementing of 22 wells changed the daily oil and water 
production from 242 and 3,977 barrels to 910 and 
1,107 barrels, respectively. These remedies are not 
always effective, and cannot always be applied ; there 
is a definite margin of depth to which the water 
can be plugged off without reducing the oil yield. 
Thus the difficulties of the disposal of the brine waters 
are increasing. The brine waters contain, in addition 
to their predominating constituent, sodium chloride, 
the chlorides of magnesium and calcium, also sulphates 
and bicarbonates, and more rarely barium salts, 
iodides and bromides, The maximum of total solids 
observed in Oklahoma was 238,000 parts per million, 
and the density of the brine was 1-162, but densities 
of 1-175 and even 1-2 have been recorded. The brine 
destroys vegetation, though this destruction does not 
appear to be permanent, and also contaminates the sur- 
face water and fresh-water sands. Ordinary brine, unless 
too strong, does not seem to injure horses and cattle, 
but the presence of calcium and magnesium salts, and 
particularly of barium, may become a serious danger. 

The most common and least expensive method of 
disposing of brines is by evaporating ponds, which are 
pits from 500 to 10,000 sq. ft. in area and 1 to 15 ft. 
in depth. Seepage from such ponds was studied by 
installing a metal drum near by. The evaporation 
from the pond varies, of course, with the weather, 
and may be neutralised by the rainfall. The pond 
should be of large area, exposed to the winds and 
protected from surface drainage, and oil should not 
be allowed to accumulate on the surface. Water 
sprays are used in some cases, but do not generally 
eliminate the need for evaporating ponds. Artificias 








evaporation of the brine for the recovery of the salts 
can only be remunerative when valuable iodides or 
bromides, &c., are present, and does not appear to be 
practised so far. Diversion of the brines into surface 
streams is forbidden in most districts. In Southern 
California, the water is collected in central pits and 
then pumped through pipe lines into the sea; even 
then oil and water separators are required. Return 
of the brine to its surface formation has only recently 
been tried, but is not satisfactory. There is always 
risk of contaminating the sources of potable water 
or oil and gas-bearing strata, even at considerable 
distances. Plugged-back wells have been used as such 
natural reservoirs, but new wells with freshly-exposed 
sand surfaces take up the water more readily than old 
wells. In one case, the pressure applied to the water 
in a well of 250 ft. depth had to be increased, after 
two months, to 350 Ib. per sq. in. in order to dispose 
of the water produced. After bailing, iron hydroxide 
(probably from the pipe) was found clogging the lower 
part of the well, but when the latter had been cleaned, 
the pressure dropped to 250 lb. per square inch. An 
abandoned well, plugged back to 970 ft., which was 
nearly full of water and had been cleared of all casing 
tubing down to a depth of 520 ft., only permitted 
more water to enter when the pressure had been 
raised to 550 lb. per square inch, and the experiments 
were discontinued after a few days. This method, 
therefore, does not look promising, except under certain 
conditions. 








THE FUSION POINT OF COAL ASH. 


In modern practice, it is recognised that the presence 
of ash in coal may be objectionable, not merely through 
the loss of calorific value, but also through the extent 
to which it may interfere with the combustion or 
other process for which the coal is used. The extent 
of interference often depends on the fusion point of 
the ash, and, in the past, it has been found that the 
results obtained by individual observers on the same 
ash have exhibited differences which could only be 
ascribed to differences in the technique employed. 
To the Fuel Research Board, who in their chemical 
and physical survey of the national coal resources 
have to ascertain the fusion point of a very large 
number of samples, differences are particularly objec- 
tionable, and the Board therefore instituted investiga- 
tions intended to ascertain whether it was possible to 
prescribe such conditions of test as would procure 
concordant results in different laboratories. The 
Bureau of Mines at Washington have a similar interest, 
and arrangements were made accordingly for deter- 
minations to be made in the Washington laboratory 
on a number of samples of coal ash from a range of 
British coals, and at the Fuel Research Station on 
a range of similarly prepared samples of American 
coals. The first part of the report* on these investiga- 
tions has now been published, giving a number of 
figures obtained in these comparative tests, and a 
description of the methods by which they were made. 

American investigations have already shown that 
the fusion point of ash, and indeed its softening point, 
is affected materially by the nature of the atmosphere 
in which the ash is heated. It was found, for instance, 
that ferric oxide in the ash would undergo reduction 
to metallic iron in a strongly reducing atmosphere, 
and to ferrous oxide in a mildly’ reducing atmosphere. 
These results are probably connected with the fact 
that mixtures containing oxides of iron together with 
silicates have a lower temperature of fusion if the 
iron is present in the ferrous state than if it is either 
in the form of metallic iron or of ferric iron. Dr. 
Fieldner and his colleagues at the United States 
Bureau of Mines made a series of experiments on the 
factors of the fusion point of coal ash, and have 
adopted a mildly reducing atmosphere, such as can 
be obtained by operating a gas furnace with a deficient 
air supply. These conditions approach those of a fuel 
bed, and observations obtained under them have 
therefore the advantage of giving an indication of the 
temperature at which clinker would be formed in 
practice. The value obtained in a reducing atmosphere 
is, moreover, the lowest temperature at which the ash 
will soften. The investigations at the Fuel Research 
Station included also determinations in oxidising 
atmospheres. 

The purpose of the experiments, so far as they are 
described in the present Report, was rather to obtain 
standard methods than to follow the consequences of 
various fusion points, but their results are of interest 
in showing the variations of ash fusion point (in the 
British experiments also of softening point) over a 
wide range of coals from both British and American 





* Department of Scientific and Industrial Research. 
Fuel Research: Technical Paper No. 23. The Fusion 
Point of Coal Ash (Part 1). By J. G. King, Ph. D., 
A.R.T.C., F.1.C., G. Blackie, M.A., F.Inst.P., and 
J. O’N. Millott, B.Sc., A.I.C. H.M. Stationery Office. 
Price 1s, net. 
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sources, and in establishing the fact that a method 
can be defined by which sufficiently close agreement 
can be obtained in determinations made in different 
laboratories. 

The determinations were made on triangular pyra- 
mids, 1 in. high and 4 in. along the side of the base, 
with one side vertical to the base, known generally 
as cones, which are formed in a brass mould out of 
fine-ground ash (200-mesh I.M.M.), made into a paste 
with a 10 per cent. dextrin solution. In the American 
experiments, the pyramids were } in. high, and the side 
of the base }in. After being air dried, these specimens 
were mounted on a base of refractory brick, and the 
carbon in the dextrin binder burnt off, either in an 
open muffle or in the test furnace under oxidising 
conditions at 800 to 900 deg. C. The arrangement 
of the furnace used at the Fuel Research Station is 
shown in Fig. 1. It is of the horizontal Méker type, 
with an inner carborundum tube of inside diameter 
24, in., outside diameter 24% in., and length 9 in. A 
reducing atmosphere is obtained by an arrangement 
shown in Fig. 1, which circulates a portion of the 
products of combustion over the cones. If desired, 
these products can be freed from condensed water by 
a condenser, and their reducing action can be enhanced 
by introducing coal gas through a side tube. 

A slide can be opened when it is desired to work 
under oxidising conditions. To adjust the atmosphere 
of the furnace, the proportions of gas and air are 
first varied until a scream is heard from the burner. 
If an oxidising atmosphere is required, the supply of 
gas is then reduced until no flame issues from the 
chimney, an observation slide being left open. A 
reducing atmosphere is obtained by increasing the gas 
supply until flame-issues from the furnace to a height 
of several inches, the circulating system being brought 
into operation and the observation slide closed. With 
these arrangements, a temperature of 1,500 deg. C. can 
be obtained under oxidising conditions, and of 1,450 
deg. C. under reducing conditions. The furnace is 
worked under an air pressure of 60 lb. to 75 lb. per 
square inch, and if the pressure is not high enough to 
allow 1,450 deg. C. to be reached under reducing con- 
ditions, the gas supply is reduced, and a little coal gas 
is admitted into the circulating system to compensate 
for the change in the atmosphere. During the experi- 
ments, the coal-gas supply was of constant calorific 
value. Various arrangements were tried for obtaining 
a suitable reducing atmosphere, but it was found that 
the adjustment described above, so made as to give a 
flame of 6 in. above the chimney, produced an atmos- 
phere in which the proportion of oxidising to reducing 
gases (40 to 60), was that which in the American 
experiments gave the minimum softening point, 
corresponding to a ferrous-iron slag. By experiments 
made at various temperatures from 1,000 deg. to 1,400 
deg. C., it was found that this arrangement kept the 
ratio of oxidising to reducing gases at about the figure 
of minimum softening point found in the American 
experiments. The furnace used in the American 
experiments is shown in Fig. 2. It is of the crucible 
type, with the cones placed on a platform inside the 
crucible. The atmosphere is controlled by adjusting 
the supply of gas and air, and the cones are observed 
through a sight hole in the jacket and crucible, along 
which a platinum thermocouple is also introduced 
for measuring the temperature. It was found experi- 
mentally, that the extent to which ferric oxide was 
reduced in the two furnaces when taken up to the 
softening point was substantially the same, though it 
was rather less than was found to have occurred in 
a clinker obtained from a boiler furnace, from which it 
is inferred that the fusion point obtained by this 
method will generally be somewhat below that at which 
the ash will fuse in practice. 

In the British experiments, the cone temperatures 
were measured by optical pyrometers. The measure- 
ments were checked independently against the standard 

_ thermocouple, the melting point of gold, and by 
means of standard cones supplied by the Building 
Research Station, which bad sharply-defined melting 
points. When a reducing atmosphere was used, a 
correction was made for the absorption of light by 
the window in the observation tube. In taking the 
measurements, the cone was raised in the furnace 
fairly rapidly to a temperature of 900 deg. C., and there- 
after by increments of about 5 deg. C. per minute. 
The temperature of softening was indicated by the 
bending over of the tip of the cone, and with cones 
of the shape used the fusion point was shown by the 
collapse of the cone to a roughly hemispherical lump, 

The experience with the Méker furnace described 
above showed that its dimensions caused the rate of 
heating to be slow and difficult of control, and under 
reducing conditions it was hard to obtain temperatures 
over 1,450 deg. C. The use, moreover, of a high 
air pressure was at times inconvenient. Accordingly, a 
type of crucible or vertical-muffle furnace was evolved 
in association with Messrs. Brayshaw, of Manchester, 
as shown in Figs. 3 and 4, which operated satisfac- 





torily up to 1,500 deg. C. under a pressure of less 
than 6 in. of water. The temperature was obtained 
readily by the use of the pre-heater shown below the 
furnace proper, in which the air of combustion was 
preheated by a separate burner, and, after circulating 
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In all, 10 British and 10 American samples were ex- 
amined, showing a range of fusion points from about 
1,100 to 1,500 deg. C. in reducing atmospheres, with 
softening points ranging from 30 to 130 deg. C. less. 
The comparative observations of the Fuel Research 

Station on the effect of an oxidising 
atmosphere showed increases of fusion 
point varying from 20 deg. C. to 
nearly 200 deg. C. On the face of the 
report it must apparently be pre- 
sumed that these figures are put forward 
as provisional, an experimental error 
of + 30 deg. C. in observations of 
this kind seeming higher than would 


Fig.2 DENVER FIRE-CLAY FURNACE 
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round the main burner, met the main gas stream at 
the point where combustion takes place, the hot 
gases circulating round the crucible. To obtain a 
reducing atmosphere inside the crucible, the gas outlet 
is partly closed and the damper is opened, so as to 
allow the partly burnt gases to enter the crucible 
through the sighting tube, thence passing out at the 
back of the furnace through holes in the stand which 
supports the ash cone. When an oxidising atmosphere 
is required, the window of the sighting tube is opened, 
the damper closed, and the outlet for the gases fully 
opened, conditions being adjusted so as to admit an 
excess of air. The softening of the cones and the 
temperatures are observed with an optical pyrometer 
through the sighting tube. Temperatures up to 
1,500 deg. C. can be obtained in this furnace as already 
stated. Comparative tests between this and the Méker 
furnace showed n:: greater variations than were found 
between different observations of the same ash made 
with the formerfurnace alone. These differences appear 
to have arisen mainly through the error of individual 
observers, which 1s said to have been sometimes of the 
order of + 30 deg. C. 
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be satisfactory in final results. No figures -appear to 
be given for the range of experimental error found in 
the American experiments. 








DEVELOPMENTS AT WARRNAMBOOL HarBouR, AUS- 
TRALIA.—The general plans for the development of the 
port of Warrnambool, which is 170 miles south-west. of 
Melbourne, were recently approved by the Executive 
Council of the State of Victoria who, furthermore, 
sanctioned a loan of 5,000/. for the carrying out of 
preliminary surveys and boring operations. The plans 
have been prepared by the Warrnambool Harbour 
Board, and the estimated cost of the proposed exten- 
sions and improvements is in the neighbourhood of 
300,000. The main work consists of the cutting and 
deepening of a channel between Lake Pertobe and the 
sea. Lake Pertobe will thus become the main harbour, 
while it will be possible ultimately to enlarge the con- 
necting channel and to increase the capacity of the basin. 
In addition to this work, the breakwater at the southern 
end of the present harbour is to be extended 800 ft., 
and the excavated and dredged material from the 
Pertobe Lake Channel will be used for the construction otf 
a sandbank on the eastern side of the harbour to protect 
the entrance. 
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THE HAMS’ HALL GENERATING | 
STATION OF THE BIRMINGHAM | 


CORPORATION. | 


THE Central England Electricity Scheme, which | 
was prepared by the Electricity Commissioners, 
and accepted by the Central Electricity Board last 
year, provides, inter alia, for the employment of 
the new Hams Hall power house of the Birmingham 
Corporation as a selected station. The site on 
which this station is built was acquired in 1919, 
but it was seven years later before the City Council 
authorised the Electricity Committee to proceed 
with the erection of the first section, to the designs 
of Mr. R. A. Chattock, the city electrical engineer. 
This section comprises 60,000 kw. of plant, the 
total cost of the construction of which has amounted 
to 1,336,400/., and is to be opened by T.R.H. 
the Duke and Duchess of York on Wednesday, 
November 6. At present, it contains two 30,000- 
kw. units, but there is room for a third set of the 
same output, which it is proposed to erect in 1933- 
1934. The scheme also provides for the addition of 
50,000 kw. in each of the years 1936-1937, 1938- 
1939, and 1940-1941, so that the ultimate capacity, 
at the end of that period, will be 240,000 kw., the 





mental installations, which were subsequently 
erected at the Prince’s Station, Nechells. Other 
results from the visit are the employment of 
200,000 Ib. boiler units, fitted with Murray fin tubes, 
and the use of unit pulverisers. As is described in 
more detail later, the boilers are equipped with air 
heaters, so that the whole of the air required for 
combustion is raised to a temperature of about 
350 deg. F. The pulverising mills are also swept 
by hot air, an arrangement which ensures that 
the moisture in the coal is vaporised before the 
furnace is reached. The great advantages of this 
procedure, as Mr. Chattock has pointed out, are 
simplicity and cheapness. 

The second point to which attention may be 
drawn is the use of towers and sewage effluent for 
cooling purposes. As is well known, this arrange- 
ment has been employed for many years at 
Nechells, and it is, in fact, compulsory owing to 
the absence of large water courses in the near 
neighbourhood of Birmingham. The filtered effluent 
required is obtained from the works of the Tame 
and Rea District Drainage Board. 

Thirdly, attention may be called to the fact 
that the Central England Electricity Scheme pro- 
vides for the conversion of the frequency in the 
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total estimated cost being 3,500,000/. At that 
date, therefore, Hams Hall should be one of the 
largest stations in the country, but, as ample 
land in the vicinity has been acquired and the 
cooling-water facilities are good, as much as 
1,000,000 kw. could be installed on the site should 
this be necessitated by future demand and policy. 

Such development will be facilitated by the fact 
that the station stands in the centre of four large 
coalfields, viz. those of Staffordshire, Leicestershire, 
Nottinghamshire and Warwickshire. In view of 
recent controversy, it is also interesting to note 
that the station lies some nine miles to the north- 
east of the centre of Birmingham, in what is at the 
present time practically open country ; questions of 
nuisance are therefore unlikely to arise. As the city 
expands, this freedom may not continue, but it is 
to be hoped that long before they become urgent, 
solutions to the grit and sulphurous fumes problems 
will have been found. 

At the present time, power station construction, 
at least superficially, is becoming so standardised 
that it may be well, at the outset, to draw attention 
to certain directions in which Hams Hall departs 
from what may be called usual practice. For the 
first time in this country, pulverised fuel is to be 
used throughout from the beginning in a large 
public supply station. This decision, as pointed 
out by Mr. Chattock in a paper which he read 
before the Institution of Electrical Engineers in 
April last, is due to information obtained by him 
during a visit to America in 1924, and to the 
experience gained with two more or less experi- 





Birmingham area from 25 cycles to 50 cycles. 
This decision had not, however, been reached when 
the station was designed. It was felt, moreover, that 
it would be inadvisable to lay down 50-cycle plant, 
until the “‘ grid” had actually been constructed in 
the district. The alternators now erected in the 
station are therefore designed to generate at 25 
cycles, though arrangements have been made 
whereby their rotors can be replaced and their 
stators re-wound with a minimum of trouble and 
delay for generating at 50 cycles. 


GENERAL ARRANGEMENTS. 
Turning to the station itself, it may first be 


chion, is of the order of 400 tons, and this has been 
distributed on reinforced-concrete stools, so that 
it has been unnecessary to use pile foundations. The 
main turbo-alternator foundations are isolated from 
the bases of the building columns so that no 
vibration shall be transmitted to the superstructure. 

The superstructure of the station, a view of the 
principal elevation of which is given in Fig. 7 on 
page 547, is a braced and framed steel building, the 
spaces between the various steel members being 
filled in with brickwork, which is generally 9 inches 
thick. The stanchions are also cased with brick, 
concrete, or reconstructed stone to suit the external 
elevation. The windows are of steel frame type 
and patent glazing is used on the engine-room, 
boiler-house, and other roofs. The excavation for 
the foundations, the erection of the buildings, and 
other necessary civil-engineering work were carried 
out by Messrs. The Mitchell Conveyor and Trans- 
porter Company, Limited, Atlantic House, Holborn 
Viaduct, London, E.C.1. It may also be mentioned 
that, as there are no public sewers near the site, it 
was necessary to build a disposal plant for dealing 
with the domestic sewage of the station, as well as 
with the washdown and drain water from the build- 
ings and the sludge from the boiler blow-downs: 
The capacity of this plant is 50,000 gallons a day. 

Briefly, the equipment of the station comprises a 
coal-handling plant, by which rail-borne coal is 
conveyed either to the boiler-house bunkers or to 
a storage ground, or from the storage ground to 
the bunkers. It then passes through pulverisers 
to one of five 200,000-lb. boilers, in which steam 
is raised for supplying two 30,000-kw. turbo-alter- 
nators. These machines generate three-phase current 
at 11,000 volts and a frequency of 25 cycles, the 
current being transmitted through cubicle-type 
switch-gear and step-up transformers to the Corpora- 
tion’s high-tension system at a pressure of 33,000 
volts. A very complete installation of auxiliary 
plant is also provided. This includes a 400-kw. 
direct-current generator and exciter, which are 
carried on an extension of each main alternator 
shaft, two separate steam-driven 1,875-kw. direct- 
current generators, two 500-kw. motor-generators 
which are supplied from the main ’bus bars, two 
1,750-kv.-a. transformers, and a motor-driven 
exciter. In addition, there is a 1,152-ampere-hour 
battery for operating the switchgear and providing 
an emergency lighting and power supply. A closed 
system is installed for heating the feed water, 
steam for which is extracted from the main turbine 
at three different stages. The feed pumps are in 
triplicate, two being electrically-driven and one 
steam-driven ; they discharge the feed water through 
intermediate and high-pressure heaters. The 
electrically-driven extraction pumps are in dupli- 
cate and discharge the condensate through a 
low-pressure heater to feed tanks, whence, together 
with the make-up water, it passes through de- 
aerators to the feed pumps. The make-up water 
is drawn from a neighbouring reservoir and is treated 
in a softening plant. As already mentioned, sewage 
effluent is used for cooling purposes and is cooled in 
two concrete cooling towers, which are erected over 
concrete ponds. The ashes are dealt with by a 
water-sluice system. 





Coat-HANDLING PLANT. 
A key-plan of the coal-handling equipment is 


mentioned that the main contract for the whole of | given in Fig. 3, on page 546, while the arrangement 


the work was let to Messrs. International Combus- 
tion, Limited, of Africa House, Kingsway, London, 
W.C.2, whose sub-contractors include various 
firms mentioned later in this article. It was a 
condition of the contract that the first set should 
be ready for use within twenty months from July, 
1927, and this would doubtless have been fulfilled, 
but for the abnormally wet autumn in that year. 

A plan of the site is given in Fig. 1, above, from 
which its relationship with the London, Midland 
and Scottish Railway system and the neighbour- 
ing water-courses, as well as the layout of the 
various buildings with respect to each other, 
can be gathered. The trial holes and excavations, 
made over the site for the main buildings 
disclosed a continuous marl formation with a safe- 
bearing value of 4 tons per square foot. The load, 
which has to be supported by a typical main stan- 





of this plant will be clear from Figs. 4 to 6, on 
page 547 and the general view, Fig. 2. Figs. 1 and 
3 show the railway sidings, over which the coal 
is brought from the London, Midland and Scottish 
Railway, near Coleshill station. It will be seen 
that they are arranged roughly in a semicircle, so 
that accommodation is provided for full. wagons on 
one side and for empty wagons on the other side 
of the loop. Each set of sidings has an ultimate 
capacity of 220 standard 20-ton wagons. The 
connecting lines diverge from the main line on a 
curve, pass over the River Tame in a northernly 
direction, and then run parallel with the present 
boiler-house and the site upon which future exten- 
sions of the latter wil] be built. 

On arrival, the loaded wagons are shunted by a 
steam locomotive on to a gravity-feed siding so 
that they run to the incoming side of one of two 
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form conical heaps on either side of the main con- 
veyor. These conical heaps are handled into the 
stocking ground by a 5-ton steam-driven jib crane 
and grab. This crane has a radius of 60 ft. and can 
deal with 100 tons of small coal per hour, the net 
load per lift being 25 tons. It is equipped with two 
engines, one for driving the hoisting and the 
other for operating the slewing motion. It 
Tuns on a 10-ft. gauge track and is also used 
for reclaiming coal from the stocking ground. 
When employed for this purpose, it delivers the 
contents of its grab into a travelling hopper, 
which is carried on a framework running on four 
wheels. This hopper is manually operated, and 
discharges its contents on to the main conveyor, 
and, as the latter is reversible, coal can be taken 
back by it to its junction with the other conveyors. 
A complete system of handling coal from rail to the 
boiler-house bunkers, or into store, or from store 
into the boiler-house bunkers, is thus provided, and 
itmay be noted that Messrs. The Mitchell Conveyor 
and Transporter Company, Limited, who supplied 
this portion of the plant, guarantee that the energy 
consumption required for conveying coal from the 
tippler hoppers to the bunkers shall not exceed 0-3 
kw.-hr. per ton, from the tippler hoppers to store 
0-22 kw.-hr. per ton, and from the store to the 
bunkers 0-24 kw.-hr. per ton. 


(To be continued.) 








THe INSTITUTION OF MECHANICAL ENGINEERS.—The 
Council of the Institution of Mechanical Engineers has 
awarded three prizes for papers read before the Graduates’ 
Sections of the Institution during the session 1928-29. 
Thon comprise a prize to the value of 51. to Mr. A. B. 
Vinterbottom for his paper ‘“‘ Heat Insulation ”; 
& Second 51. prize to Mr. W. A. Johnson for his paper 
Alloy Steels for Locomotive Construction;” and 
& 21. prize to Mr. G. R. Bamber for his paper, ‘‘Auto- 
matic Combustign Control of Boiler Furnaces.”’ 





GENERAL VIEW OF STATION LOOKING East. 


| MODERN MINING EXPLOSIVES. 


| 


WirnHovut wishing to class the manufacture of 
explosives among the key industries, Mr. William 
Cullen, LL.D., emphasised, in his presidential address 
to the Institution of Mining and Metallurgy, delivered 
on October 17, that there was hardly an article in 
everyday use which could not be connected, directly 
or indirectly, with explosives. Tunnelling, railway 
and road construction, shipping, mining and smelting 
could not be carried on without explosives, and 
without coal and metals our present civilisation 
would be impossible. Like many other industries, 
the explosive industry is feeling the severe strain of 
the war period, and its aftermath. The industry of 
modern mining explosives manufacture, in particular 
has, however, been more stimulated than depressed. 
Many freak compositions, Dr. Cullen remarked, had 
been eliminated within the last 20 years, and more 
would suffer that fate. He subsequently admitted, 
however, that though some of the 71 British 
permitted explosives might disappear, others would 
probably take their place. 

The miner chooses, by preference, an explosive 
which, per unit of weight, will bring down most 
material, and will give what is called the best 
footage. Laboratory tests assist him in that choice, 
but finally he must rely on the actual performance 
in the mine. The explosive power depends upon 
| three main factors : the volume of gas produced in 
ithe detonation, the velocity of the detonation, 
and the amount of heat evolved. There are, how- 
ever, many other, partly incompatible, factors to be 
considered, such as stability and safety and the 
nature of the gases in the first instance. The three 
predominant types of modern mine explosives, essen- 
tially dynamites, gelatins and ammonium nitrate 
with certain additions, all require detonators for 
their ignition, and some of them are too brisant, 








that is, their shattering effects are too local. Except 
ammonium nitrate, these explosives and _ their 
additions, trinitrotoluene, picric acid, &c., evolve, 
carbon dioxide, the very poisonous monoxide, 
and sometimes nitrous vapours, though most of their 
nitrogen is liberated as such. 

The old black gunpowder, the chlorates and 
liquid oxygen, and the Sprengel explosives, which 
stand apart and do not require detonators, have 
apparently had their day, in spite of some advant- 
ages. Black powder gives off sulphurous gases, but 
it would be an ideal explosive for coal if it had not 
to be excluded from gassy mines. Potassium 
chlorate, KCIO;, is powerful, and evolves oxygen in 
its combustion ; but it is not safe, though considered 
non-explosive in itself, and only some 40 per cent. 
of the total weight can enter into the explosive 
effect. The perchlorate, KClO,, is much more 
stable, in spite of its higher oxygen content, but is 
expensive. To minimise the risk of storing chlorate 
explosives, Sprengel proposed, in the seventies, 
to impregnate the chlorates just before use with the 
oil or other compounds to oxidise in the detonation. 
Hell Gate, in the East River, New York, was blown 
up in 1885 by a Sprengel explosive, known as 
rackarock ; but mixing on the spot was forbidden 
as a process of manufacture. Tetraphenylurea, and 
other urea derivatives, would be excellent organic 
stabilisers if they were less expensive. Liquid 
oxygen is also recommended to oxidise the soot, 
sawdust, oil, &c., contained in cartridges, but there 
have been fatal accidents with this substance 
quite recently. The use of liquid carbon dioxide, 
to be evaporated by a kind of thermit mixture, 
ignited electrically, for blasting in coal mines, is 
still in its embryonic stage. 

The safety fuse, which celebrates its centenary 
in 1931, and the initiators and detonators have 
greatly been improved. The mercury fulminate, 
which is damaged by moisture, has been replaced 
by lead azide, a salt of the hydrazoic acid HN;, the 
vapours of which are explosive. It forms salts 
resembling the chlorides, and these compounds with 
the heavy metals (prepared from the non-explosive 
sodium or calcium salts) are also explosive. The 
lead azide is packed with trinitrotoluene, or, better, 
with tetryl (trinitriphenylmethylnitramine) and 
some lead styphnate (as stabiliser) and aluminium 
powder in aluminium tubes, which can be kept in 
water for years ; as the aluminium tube may melt, 
these fuses are not admitted in coal mines. Another 
fuse, the cordeau détonnant, has been found very 
convenient for open-cast mining, as the lead tubes 
used can be branched and twisted like wires. 

Nitroglycerin, as such, is now only used for 
starting oil flow from wells. In order to tame the 
liquid, Alfred Nobel first added 25 per cent. of 
kieselguhr to it (dynamite) and then replaced the 
kieselguhr (an inert ballast) by nitrocellulose of the 
collodion type. The two together form a mouldable 
paste known as blasting gelatin, which is much more 
used in Europe and in the British Empire than 
in America. There nitroglycerin is mixed with 
wood pulp (instead of kieselguhr) and nitre (to 





restore the oxygen balance) in making straight 
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dynamite, or with ammonium nitrate to form am- 
monia dynamite. One very dangerous property of 
nitroglycerin, of freezing in the cold and exploding 
afterwards on thawing, has recently been obviated 
in several ways. Glycerin is a three-basic alcohol 
C.N; (OH);, which, like cellulose or cotton, forms 
several nitro products, the mono, di, and tri-nitro 
compounds. When three molecules of glycerin 
polymerise, splitting off one H,O, a new compound 
is formed which can likewise be nitrated, and _ this 
product does not freeze. Further, glycerin has been 
replaced by glycol, ethylenealcoholC,H,(OH),, which 
until a few years ago, was merely of therapeutic 
value, but is now made in thousands of tons from 
acetylene or from ethane cracked into ethylene. 
This glycol is a sweetish, viscous liquid, resembling 
glycerin, and can also be nitrated into products which 
are not liable to freezing. By using some of these 
low-freezing compounds instead of nitroglycerin 
the 38 accidents (20 fatal) recorded in the United 
Kingdom in the years 1922-26, as due to thawing 
nitroglycerin, were reduced to one fatal case in 
1927, and none has been reported since. Blasting 
gelatin, containing 7 per cent. or less of guncotton, 
may be immersed for years in water. It is the 
strongest explosive known, and is generally mixed 
with wood pulp to lower its brisance, and further with 
nitrates or perchlorates to raise its oxygen balance. 

The basis of the last chief type of explosives is 
ammonium nitrate. It is not itself considered to 
be explosive, though the Oppau catastrophe (See 
ENGINEERING, vol. cxvi, page 191 (1923)) has thrown 
doubt on that assumption. In any case, less than 
one per cent. of powdered aluminium renders it 
explosive, and additions of 10 per cent. or more 
of T.N.T. transform it into a powerful explosive, 
particularly for quarrying and other blasting. 
That ammonium nitrate is hydroscopic was re- 
discovered during the war, when shiploads of it 
arrived in port in the form of cakes, which had 
to be blasted for disintegration. But that trouble 
was overcome by Professor Lowry at Cambridge, 
and as the detonating gases contain free oxygen, 
such mixtures of ammonium nitrate, T.N.T., 
powdered aluminium and ferrosilicon, &c., are 
coming more into favour. The name ammonal was 
given to the nitrate and aluminium mixture more 
than twenty-five years ago. Ammonium nitrate 
is further incorporated in the gelatins, and Dr. 
Cullen expects a considerable expansion of this 
industry, especially for blasting softer materials, 
such as shales, iron ores, &c. He does not, 
however, recommend mitigating high brisance by 
cushion-blasting ; that is, by fitting the cartridge 
loosely into a bigger hole, or separating several 
cartridges by air spaces and spacers of copper wire, 
or by tamping with finely-powdered shale or chalk. 

The use of explosives in coal mines is subject 
to special restrictions. In gassy atmospheres the 
detonation flames should be short in length, of 
short duration, and relatively cool. As regards 
the first two points, Mr. Cullen was able to mention 
marked improvements. As gunpowder gave place 
to gelatin dynamite, gelignite and modern per- 
mitted explosives, the flame period decreased from 
0.077 to 0.00025 second, and the flame length 
from 3-3 and 5-9 ft. to 2-3 (samsonite), and 0-66 ft. 
Attempts to cool the flames have not been so 
successful. Water jackets were first tried; then 
salts containing several molecules of water of 
crystallisation, such as magnesium sulphate, were 
embodied in the explosive. British practice favours 
mixing the explosive with common salt ; in Belgium 
and France cooling is not insisted upon. The 
German law requires balanced permitted explosives ; 
that is, there must be sufficient oxygen in the gases 
evolved, and all ammonium-nitrate explosives must 
contain at least 4 per cent. of nitroglycerin. Dr. 
Cullen agrees with this, and concedes some justifica- 
tion to the American objection that this country 
goes too far in rendering permitted explosives insen- 
sitive. Ammonium nitrate, now the main ingredient 
of permitted explosives in Europe, makes the explo- 
sives somewhat insensitive to detonators, unless some 
nitroglycerin is present, and keeps down the heat 
evolution. Relying upon that inertness, miners have 
been known to drill through unexploded charges, 
which, of course, is extremely foolish, but the possi- 
bility of charges remaining unexploded constitutes 
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a danger. While admitting that the absolutely safe 
explosive has not yet been found, if it exists, Dr. 
Cullen also suggests that, considering that ex- 
plosives are only responsible for 5 per cent. of the 
accidents in coal mines, more money and thought 
should be spent on the prevention of the 95 per 
cent. of accidents from other causes. As regards 
America, it must not be overlooked that there is 
no uniform mining law as such in the United States. 
The Bureau of Mines is a Federal Institution ; it 
can recommend explosives as permissible, but it 
cannot legalise them as permitted, or condemn 
them, which is a State matter. Dr. Cullen’s general 
preference is for ammonium-nitrate explosives con- 
taining small amounts of nitroglycerin with coolers ; 
for stone-drifting, in particular, he recommends the 
same explosive with substantial amounts of both 
nitroglycerin and coolers. His address includes 
analyses of the chief permitted explosives in use. 
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THE STIFFNESS OF MULTI-THROW 
CRANKSHAFTS. 


THE determination of the critical speeds of 
multi-throw crankshafts almost unavoidably involves 
an empirical element, since it is impossible to 
work out the true distribution of stress at the 
junctions of the crank webs with the pins and 
journals. According to Mr. G. A. Angle, the 
general character of the distortion is that represented 
in Fig. 1 on the opposite page. The crank webs are 
both twisted and bent, and the neutral axis of the 
pin takes the form of a sinuous curve. In view of 
these complications, various attempts have been 
made to frame simple, more or less empirical, formu- 
las which will represent the actual stiffness of the 
shaft with an accuracy sufficient for practical needs. 
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were standard shafts for a 6-cylinder motor-cai 
engine, and had four journal bearings. They were 
drop forgings and the crank arms were left as forged 
the journals and crankpins alone being finished. 
The dimensions of each component part were meas 
ured in detail. The crank arms were of irregular 
form, and the mean moment of inertia in the plane 
of bending was used in framing formulas for these. 
For purposes of measurement, the crank, mounted in 
its bed-plate and with bearing caps in place, wax 
secured in a cradle and subjected to torques 
increasing by steps of 4,000 lb.-in. The relative 
deflections of each component element were deter- 
mined by a differential mirror deflectometer and were 
plotted against the torques. These fell fairly 
well on a straight line, and from them the required 
coefficients were deduced. 

In its final form, the equation found for the 
angular deflection of the crank arm from its mean 
position reads :— 


1 i 
ee pled d 
= tora bei (73 : as) ef: 0-512 
f = torque ae ee ee 


In this formula, f denotes the angular deflection 
(in radians) of the crank arm, the torque is measured 
in inch-lb., d, and d, represent, respectively, the 
diameters of the pins or journals in which the crank 
arm terminates, whilst G is the shear modulus of 
elasticity, 1 denotes the length of the crank in inches, 
r is the throw of the crank in inches, I denotes 
the mean moment of inertia of the crank arm in the 
plane of bending, and E is Young’s modulus. 

The first term in the bracket is intended to allow 
for the fact that the distortion of the pins and jour- 
nals extends for some distance into the body of 








the crank. 





| Stiffness from 
er Norman and Stin- 
Throw No. | son’s formula. 
In. /Ib. per radian. | 


Test Stiffness | 

according to 
| Major B. ©. Carter. | 
| | 
| 


mm | 1-562x 106 «| 1-55 x 108 1-007 
2M 285-0 | 300-0 0-95 
3M sO 1:17 1-15 1-02 
4M 530-0 512-0 1-033 
5M 115-0 129-4 0-888 
7™M 2-74 2:76 0-99 
8a | 31:3 28°5 1-10 
11A 38-75 30-24 1-28 
13c_— | 4-835 4:17 1-14 
4c | 1-685 1-425 1-18 
16C | 1-948 1-718 | 1-132 





Ratio of 
Calculated to 
Test Stiffness. 


Source or Type of Shaft. 


Scale model of marine-engine shaft. 
| Example given by Professor Lewis, Proc. Sov. Naval 
| Architects and Marine Engineers, vol. xxxiii, 1925 (New 
York.) 
| Scale model of marine engine shaft. 
Example given by Professor Lewis. 
Example given by Professor Lewis. 
Aircraft engine. 
Aircraft engine. 
Aircraft engine. 
Motor-car engine. 
Motor-car engine. 
Motor-car engine. 





A very convenient type has been devised by 
Major B. C. Carter, and was discussed by him on page 
36 of our 126th volume (1928). In his method of 
treating the problem, the whole section of crank- 
shaft between the centre lines of two adjacent 
cylinders is replaced by an “ equivalent length” 
of plain shafting having the same diameter as the 
actual shaft. This device materially simplifies 
the computation of critical speeds. Major Carter’s 
formula for this equivalent length is 
: , 8 df— df. 
=(2b+4+0-8h)+ 7. ai—s.? 
 8r dt—ss 
TS" het 
where the terms involved are defined in Figs. 2 
and 3. 

In his article, loc. cit., he showed that this formula 
gave very fair results when compared with actual 
observations on eleven shafts. 

A more elaborate method of computing the 
stiffness of crankshafts has been worked out by 
Professors C. A. Norman and K. W. Stinson of the 
Ohio State University.* 

In their method, the crankshaft is divided up 
into its component elements of crank pins, crank 
arms and journals. The deformation of each is 
computed separately, the formula used in every 
case being rational in form, but the coefficients 
involved have been determined experimentally by 
direct measurement of the torsional deflections of a 
set of four crankshafts, of 2} in. throw, supplied by 
Messrs. The Continental Motors Corporation. These 





* The Angular Distortion of Crankshafts. By C. A. 
Norman and K. W. Stinson. The Ohio State University, 
Columbus, 1928. Price 25 cents. 


The stiffness of the pins and journals was calcu- 
lated from the formula :— 
__ torque x 1 x 32 

1 FD DA) @ 
where D, represents the outer-diameter of the pin, 
D, its internal diameter, if hollow, / is the effective 
length of the pin, and G, as before, the shear 
modulus. 

In the actual tests, it was found that parts which 
| were nominally exactly alike in all four shafts 
‘showed angular deflections which varied by as 
/much as 10 per cent. A very fair agreement was, 
| however, found between the sum of the angular 
| deflections of the component elements and that of 
the shaft as a whole, though the latter tended to be 
some 3 or 4 per cent. greater. As an additional 
test of their formula, the authors have computed 
by its aid the stiffness of the shafts described in 
Major Carter’s paper with the results given in the 
accompanying table. 

The agreement between observation and calcula- 
tion is claimed to be about as good as that obtained 
with Major Carter’s simple empirical rule, which 
was specially framed to represent the measured 
deflections. The authors express themselves 2s 
unable to account for the considerable discrepancy 
between observation and calculation in the case 
of throw No. 11A, but suggest the possibility that 
there may have been side bosses on the arms which 
were not shown in the drawings. 

Another method of dealing with this important 
problem is described in a paper by Mr. H. Constant. 
B.A., recently published by the Aeronaut! cal 
Research Committee.* In this paper, as in that 


* On the Stiffness of Crankshafts. By H. Constant, B.A. 
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just discussed, the author has measured the deflec- | 
tions of the component elements of a series of crank- | 
shafts. It was convenient to do this with the shaft | 
out of its bearings, in which condition its stiffness is | 
materially less than when in place, since the journals 
are then kept (at least approximately) in line. | 
Additional observations were, therefore, made to | 
determine the relationship between the in-bearing | 
and out-of-bearing stiffness. With unit torque, the | 
total twist (in radians) of a section of shaft taken | 
between centres and out-of-bearings, should be 
represented by the expression 


la 
Cs 
where C, denotes the torsional rigidity of the | 
journal, C, that of the pin, and B, the flexural 


rigidity of the web. The other letters used in the | 
Various | 


a 2r 
te Ty 


formula are defined as in Figs. 4 and 5. 
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This stiffness is also affected if the ends of the arm 
are chamfered or bevelled. 

As a standard of comparison, Mr. Constant defines 
a normal shaft, such a one as is represented in Figs, 4 
and 5. Here the webs have semi-circular ends, 
no face bevels and no chamfer or other irregular 
features, whilst the axial thickness of the two webs, 


NORMAL CRANK SHOWING 
NOTATION USED 
Axial L =t -arib+2h 


Fig.4. w =Mean Breadth of Web Fig.5. 





EFFECT ON THE STIFFNESS 
OF THE ADDITION AND SUBTRACTION 
OF MATERIAL 7 
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Fig. 6. 
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factors cause the actual twist to differ from the value 
thus deduced. Thus the stiffening effect of the webs 
at their junction with the pins and journals reduces 
the twist in the latter, but this is, in part, balanced 
by the corresponding and opposite twist of the 
crank webs. Both these effects, Mr. Constant states, 
are small and may be neglected. The effective 
cross-section of the web is reduced when the pins 
and journals are hollow, and Mr. Constant’s observa- 
tions show that, whilst over a large part of the web 
the siress is fairly uniform and can be computed 
on tie usual assumptions, there is a large difference 
bet\cen calculation and observation in the nzigh- 
bournood of the holes in the web. These holes are 
found to become oval under the strain, and this 





diminishes the apparent stiffness of the throw. 


taken together, does not exceed one-third the axial 
length of the throw. The pins and journals are of 
uniform diameter inside and out, but the webs 
between pin and journal need not be of uniform 
cross-section. 

The effect of the departures from this normal 
type represented in Figs. 6, 7, 8 and 9, has been 
experimentally investigated with the following 


results :— 
Change in 
stiffness of 
single throw. 
— Oper cent. 


Modifications made 


Plane bevelled as at AB... 

” ” ” CD eee eee —_ ” 

” » so Tae «.. = —lo ,, 
Addition of square corners (Fig. 7) + 1 % 
Chamfering at journal web ends 

(Figs. 8and 9) ... ata ié0 —14 
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These figures can be used to reduce to the normal 
type shafts embodying any of the above peculiarities. 
The correction for the distortion of the web ends 
when the pins and journals are hollow was the 
subject of further experiment. This was found 
to be related to the “strap thickness,” which is 


defined as 2—° 
When this correction is made, the out-of-bearing 


stiffness of the normal shaft is given by the 
expression 


in the notation of Figs. 4 and 5. 





\ eet. 


» — 9 ’ 
4 - 26 na. 2r 
: Cs * Ce Bw 


Normal stiffness = 


where k is read off the curve in Fig. 10, and the 
other letters have the same significance as before. 

The stiffness of an abnormal shaft can then be 
deduced from the figures tabulated above. A 
further correction is required if the webs are of less 
than normal thickness. Mr. Constant states that 
this correction can be made by reducing the normal 
stiffness (deduced as just explained) by 


2h 


20 - 
os 


) per cent. 
The out-of-bearing stiffness being thus found, the 
in-bearing stiffness is determined by multiplying 
this by the empirical factor 
A®bw 

d,t — 6,4 | 
where A = 1-00 and B = 83-6 for car and aero- 
engines, whilst for multi-throw marine engines the 


constants are 
A = 0-29 and B = 91-0. 


B per cent., 


The maximum discrepancy between the stiffness, 
as actually observed, and that computed as above, is 
said to be 7 per cent. 
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Mechanical Power Transmission. By W. STANIAR. 
London: McGraw-Hill Publishing Company, Limited. 

[Price 25s. net. ] 

THE purpose of this book may be gathered from 
the author’s statement that the average millwright 
in charge of the distribution and transmission of 
mechanical power has never been trained in theory, 
and is in need of a guide “ not flooded with formulae, 
equations and calculus,” but which he can read 
and understand. The matter provided is, therefore, 
entirely descriptive, and is based on the author’s 
experience as plant engineer with “two of the 
largest and greatest industrial corporations in the 
world.” The information given, which, of course, 
is redolent of American practice, is usually quite 
sound and reliable, but no explanation of the state- 
ments made is afforded. The illustrations are mainly 
from photographs and are of a type found in makers’ 
catalogues. They are well chosen for the intended 
purpose, but unfortunately are not always as clear 
as they might be, and fail to give more than a general 
idea of outside appearance. Numerous tables are 
given, the utility of which is sometimes in question. 
In one case, the circumference of pulleys is given 
in thousandths of an inch for diameters proceeding 
by inches in the smaller sizes, and by 2 in. for sizes 
above 26 in. A table of circumferences and areas 
of circles which can be found in any pocket-book, 
occupies no less than nine pages. Considerable 
prominence has been given to the sections on belting 
and pulleys, which constitute no less than 165 pages 
out of a total of 389 in the book. Some of the remain- 
ing sections, notably those dealing with “‘ American ” 
rope transmission, variable speed mechanisms, chain 
driving, and gear reduction units, appear to have 
been rather scantily treated. At times the author 
does not seem so closely in touch with modern prac- 
tice as might have been expected. In his descrip- 
tion of antifriction bearings, he shows a type of 
split roller bearing with rollers of the order of 
10 diameters long, which is certainly obsolete. The 
use of rollers one diameter long introduced by the 
Hoffmann Company and employed so successfully 
in this country, is not mentioned. The chapter on 
lubrication is well written, but it is strange to find 
that the author is strongly in favour of the bottle 
oiler, which he states, eliminates the human element. 
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Experience seems to show that as a matter of fact 
many of them are often found quite empty. The 
book concludes with a chapter on accident preven- 
tion, which is a very useful feature. 

The book is well produced in the usual American 
style. It is probably the first which has been pub- 
lished on the subject, and considering that it is 
intended primarily for working engineers, it will 
doubtless fulfil a distinctly useful purpose. 


Transactions of the Newcomen Society: Vol. VII 
(1926-27). London: Offices of the Society. [Price 
208. ] 

Most. members of the Newcomen Society are 

busy and distinguished engineers, some of them 

practising in the United States, France, and other 
countries, and they devote the leisure given to 
the Society’s business to the works not of their 
colleagues of to-day, but of their forerunners, 
years or centuries ago, in the engineering and other 
arts. In one respect they improve on the practice 
of the busman in the legend, whose inveterately 
professional interest was not unlike their own. He 
seems to have kept his experiences to himself, but 
the society publish every year a record of its dis- 
coveries in the form of Transactions, the last 
number of which is here under notice. The anti- 
quarian leanings of the Society are suggested just 

sufficiently by the appearance of the volume a 

couple of years after the researches it records, but 

as these relate to the events of one or many cen- 
turies ago, the delay scarcely calls for an excuse. 

Certainly in its present elegant form the volume 

was worth waiting for. 

The wide scope of the Society’s interests is well 
illustrated in Mr. Rhys Jenkins’s Presidential address 
for the year, which dealt generally with the rise 
and progress of some manufacturing industries in 
England from Anglo-Saxon times onwards. At 
the next meeting, Mr. John G. H. Rhodin and Mr. 
Are Waerland celebrated separately the work of 
two Swedish engineers in the first half of the eight- 
eenth century. Mr. Rhodin’s hero was Christopher 
Polhem. Nobody else in this country, so far as the 
Encyclopaedia Britannica seemed to show, had 
ever so much as heard his name until Mr. Rhodin 
mentioned it in a letter to Mr. Pendred, and was 
promptly invited to prepare this paper. The 
Transactions reproduce Polhem’s portrait at the 
age of 69, with a philosopher’s head over the tremen- 
dous jaw of an artilleryman, and the details of his 
life, as disclosed in the paper and in the discussions 
and correspondence to which it gave rise, show him 
to have been conspicuous among engineers who com- 
bined wide scientific knowledge with masterful 
practice. Successively a student and worker at 
Upsala University, and a mining and mechanical 
engineer, he had done what, for ordinary men, would 
have been a good life’s work, and put a number of 
sound practical inventions to his credit, before, at 
the age of 53, he became a civil engineer under the 
government. The last and perhaps the most auda- 
cious of his works, a lock for ships’ traffic coustructed 
on the river which receives the great Trollhattan 
waterfalls, was begun when he was 88. The 
Transactions reproduce his extremely business-like 
waterdriven head gear and conveyor for mines, and 
his great rolling mill for plate, bar, and sectional 
iron, in the invention of the last of which he was 
some 40 years ahead of Cort. 

Mr. Waerland deals with Marten Triewald, whose 
description of the atmospheric engine he was at 
the time translating for the Society. Triewald, 
who died when he was 56, can hardly be classed 
among the great engineers, but his naive personality 
and versatile scientific iaterests seem to have fasci- 
nated the greatest of bis contemporaries both in 








ambitious to be elected professor of that subject 
at the Academy of Lund, and proposed that, if he 
were appointed to this chair, he would buy Triewald’s 
collection and present it to the Academy. After 
some hesitation, due to their knowledge of the man’s 
mathematical insufficiency, the Senate swallowed 
their scruples and elected him, and with the aid of 
the new and previously unheard-of instruments 
is said to have taken up Triewald’s work of intro- 
ducing experimental methods of science into 
Sweden. Unhappily for Triewald, the professor 
did not buy for cash, but for payment in four yearly 
instalments, which were not met. 

At the next meeting Mr. Arthur Titley gave an 
account of the association of Trevithick and J. U. 
Rastrick in the development of the single-acting 
expansive engine. It shows. much more than is 
usually recognised, how very early last century 
Trevithick insisted on expansive working, both with 
steam at a moderate pressure (25 Ib.) as well as 
with the high pressures (up to 120 Ib.) which he 
adopted a little later. The paper shows, too, how 
these great engineers worked together, and how the 
habits of each were complementary to those of the 
other. Hazledine’s foundry at Bridgnorth had 
built engines for Trevithick from 1803 onwards, 
and Rastrick joined it a few years later, and made 
engines for Trevithick from 1811 to 1816, including, 
among others, all the engines Trevithick sent to 
South America. From the correspondence of which 
extracts are given in the paper, Trevithick used to 
send Rastrick instructions in very general terms, 
giving rough sketches and leading dimensions, but 
leaving much of the detail to Rastrick’s discretion. 
During at least the earlier part of their association 
he himself had not cleared up the financial troubles 
left over from his partnership with Dickinson, and 
in the intervals of his business and inventions found 
distraction enough in dealing characteristically with 
the grievances of his previous manufacturers, as, 
for example, when he “could not help at the 
meeting threatening to horsewhip J. Price for the 
falsehoods that he with the others had reported.” 
Rastrick, on the other hand, was eminently metho- 
dical and systematic. This is illustrated well in 
a notebook of his, written in 1813, which Mr. Titley 
discovered. It contains Rastrick’s notes and dimen- 
sions for a high-pressure single-acting engine, which 
is evidently one referred to in correspondence with 
Trevithick, though patented in Rastrick’s name by 
arrangement, made, presumably, owing to Trevi- 
thick’s financial troubles. The figures are all given 
in cypher, which, however, was readily solved, 
and in an appendix the present volume reproduces 
drawings made from them. Practically all the 
details are dimensioned as multiples or fractions of 
the diameter of the cylinder, apparently the first 
example of this method of design. At the same 
meeting Mr. Rhys Jenkins exhibited photographs 
of scraps of Newcomen’s handwriting, though 
apparently they must have been on vellum. 

The proceedings at the subsequent meetings were 
no less interesting, though space will not allow a 
particular account of them. Two papers gave much 
newly discovered matter in regard to British loco- 
motives (1825) as seen by Mare Séguin, and to 
British locomotives shipped to France, and a third 
threw fresh light on Marc Séguin’s relation to the 
tubular boiler. Another paper gave an outline 
sketch of the progress of lead mining and smelting 
in West Yorkshire since before the Roman times. 
At the summer meeting there were no papers, but 
the society spent three fruitful days in the search for 
traces of old industries in London. Among other 
contents of the present volume is Part V of an 
excellent Analytical Bibliography of the History 
of Engineering and Applied Science, prepared 





England and Sweden, as Mr. Waerland’s account | 
of him in the present paper will fascinate its readers. | 
Apart from his work on Newcomen’s engine, in | 
which he was associated with greater men than | 
himself, Triewald’s engineering productions seem to 
have been more various than considerable, but he 
had a gift and passion for delivering popular scien- 
tific lectures, and made a great collection of instru- 
ments for use in lecture experiments. Among the 
curious details of the paper, the ultimate fate of 
this collection is given. Triewald had an assistant 
who, with no great knowledge of mathematics, was 





conjointly with the Verein deutscher Ingenieure. 
It is, perhaps, the only part of the publication of 
which the utility may have suffered by the delay in 
publication. 


Photo-micrographs of Iron and Steel. By Everett L, 
REED. New York: John Wiley and Sons, Ine. 
London: Chapman and Hall, Limited [Price 20s. 
net. } 

No investigation of iron or steel can now be con- 

sidered complete which does not include the pro- 

duction and study of microphotographs. 


thus assist the elucidation of the causes of failures 
or of successful applications, but also provide means 
during manufacture of checking the correctness and 
adequacy of the treatment adopted. Although much 
still remains to be explained, the changes brought 
about by different treatments have been discussed 
and large numbers of microphotographs dealing 
with specific conditions have been published in 
technical journals and books, such as the standard 
work on the Metallography and Heat Treatment of 
Iron and Steel, by Dr. Sauveur, who contributes a 
foreword to this book. The interpretation of photo- 
graphs involves comparison with others taken under 
known conditions, both as regards heat treatment 
and the method of preparation of the specimen, and 
Mr. Reed, who is instructor in metallurgy in 
Harvard University, has published a very useful 
collection. The letterpress in the book is limited to 
short appendices dealing with the preparation of 
metallographic specimens, standard etching solu- 
tions, microscopes, microphotography and defini- 
tions of terms relating to metallography, the main 
portion consisting of 218 figures giving representa- 
tive microstructures of irons and steels. These 
cover a wide range of compositions, including electro- 
lytic, Armco, wrought and cast irons, cast steel, hot- 
and cold-rolled steels, and alloy steels subjected to 
various heat treatments. The alloy steels of which 
illustrations are given are nickel, chromium, nickel- 
chromium, chrome-vanadium, molybdenum, man- 
ganese, silicon, silico-manganese, chrome-tungsten 
and non-scaling. An interesting series shows the 
transition constituents in the Metcalf Test for steels 
containing 0-50 per cent., 0-85 per cent., and 1-40 
per cent. carbon respectively. The figures are well 
reproduced, the original magnifications and also the 
actual magnifications as printed being given. The 
arrangement is convenient for reference and com- 
parison, and the book should prove of distinct 
assistance in the application and development of 
metallography. 


Die Grundbautechnik und thre maschinellen Hilfsmittel. 
By G. Herzett and O. Wunpram. Berlin: Julius 
Springer. [Price 35 marks. | 

THE object of the authors, as set out in their 
preface, is to bring into joint view two distinct 
departments of building construction, viz., foun- 
dation work and the mechanical appliances asso- 
ciated therewith, and to give to the latter their 
due share of consideration. While there is no 
lack of good books on foundations, they claim that 
there is scope for the publication of information on 
the mechanical side of operations. There is a need, 
they explain, to bring these two departments to- 
gether and to present them in an “ einheitlichen 
Bilde,”’ that is, in a single or unified picture. To 
this end, they have prepared expositions, which 
though individually written, are bound together 
in the same volume. The question cannot fail to 
suggest itself at the outset whether the arrangement 
altogether fulfils the object in view. Apart from 
juxtaposition, the treatises are in no way connected 
and might have been published separately. It is 
no doubt a convenience to have them jointly at 
hand, but the two departments are none the less 
distinctly and individually treated. 

This dissociation, however, whether satisfactory 
or otherwise, does not affect the merits of the 
treatises themselves, which have been carefully 
prepared and deal with modern practice. They 
are written under the predominant influence of 
German, or perhaps we should say, North Western 
European practice, and, with some few exceptions, 
do not concern themselves with special features 
of English and American methods. For instance, 
there is no illustration and as far as we can find, 
no reference to the system of deep timbered-trenches 
which has been largely used in this country for 
the construction of quay walls, nor to the peculiar 
lagging of timber piles characteristic of the pict 
foundations at New York. Among the steel sheet 
piling sections only a few of continental origin are 
represented. These and other limitations are obvious 
to a reader on this side of the North Sea. 

They are, however, omissions of a kind which 





might be noticed in any work which was not 


They | thoroughly exhaustive, and it must be acknow- 


serve not only to disclose the thermal history and ledged on the other hand that there is an abundance 
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of useful information incorporated in the volume 


respecting modern methods of construction and 
types of plant. Particularly is this the case in 
regard to the system of lowering the ground water 
in deep excavations by means of filter well pumping, 
practised with conspicuous success at Ymuiden 
Lock, Kruisschans (Antwerp) Lock and elsewhere. 

The book, in fact, covers a great deal of ground 
which really for full treatment would require a 
number of special treatises. It is essentially a 
general survey of the subject and while in parts 
there is some detailed investigation, yet in the main, 
as stated in the preface, theoretical considerations 
have been relegated to the background. The volume 
should be of undoubted utility to the student in 
acquainting himself with the general principles 
and the practical methods of carrying out founda- 
tion work under a manifold variety of conditions. 
For further investigation there are serviceable 
bibliographies (mainly of German publications) 
and textual references which will enable special 
features to be more thoroughly studied. 

As above stated, the volume consists of two parts. 
The first deals with foundations, per se, and as a 
class, and after some brief consideration of natural 
soils, building materials and earth pressures, 
describes the following types of works: surface 
foundations, piling (bearing and sheet), wells, 
immersed caissons, compressed air, diving bells, 
lowering of ground water and soil freezing. The 
second part classifies the kinds and sources of 
power for mechanical purposes in building and then 
treats the machines in detail, as lifting appliances, 
material conveyors, water raising machines, land 
dredgers, concrete mixers and distributors, pile 
drivers, air compressors, pumps and _ freezing 
apparatus. 

Within the limits indicated above, the book is a 
useful text book and the authors have been at pains 
to present carefully selected examples of modern 
practice. It would be a serviceable addition to the 
library of an English engineer as a source of refe- 
rence, particularly in regard to methods in vogue 
at German and North European ports. The pub- 
lishers are to be complimented on the legible type 
clear diagrams and photographs and, in fact, on the 
general appearance of the volume. The text, we 
may add, is printed in Roman type. 





Electrical Engineering Laboratory Practice. By Oscar 
E. Epison and Ferris W. Norris. London : Messrs. 
Ginn and Company. [Price 12s. 6d. net.] 

Manuats on electrical engineering laboratory 

practice are from their nature somewhat unfortunate. 

Not only must the amount of theory and descriptive 

matter be kept down to the minimum, but every 

educational institution has its own particular 
methods and experiments to conform with the 
available equipment. The value of a laboratory 
manual thus lies mainly in its use by the students 
of one particular institution (in this case the 

University of Nebraska), and to some extent 

by the teachers in other places as a means for the 

exchange of ideas. Furthermore, an unfortunate 
divergence of classification and nomenclature make 

an American book somewhat misleading to a 

British student. Nevertheless, this book is of 

considerable interest, and for the restricted field 

indicated merits attention. Evidences of its 
parochial influence, indeed, are many. LExperi- 
ments, for example, are given for the Lincoln and 

Stow direct-current motors, the former having a 

conical armature with arrangements for varying 

the air gap, while the latter has hollow poles with 
adjustable plungers. Again, under the heading 

“alternator connections,” the authors state that 

“many of the alternators that are made for 

electrical engineering laboratories have 12 arma- 

ture terminals. These terminals are the ends of 
six identical windings that are wound so that 
the electromotive forces generated in adjacent 
windings have a 30-deg. relation.” The whole 

of the relevant text is then devoted to such a 

machine. The field covered by the book presents 

few new features, while the range of experiments 
described is rather small. Apparatus, such as the 
oscillograph and radio equipment, are excluded. 

While teachers at other institutions may find the 

book useful for broadening their own ideas, it is 
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doubtful whether it can make a very wide appeal 
to students. The fault is not to be attributed to 
want of excellence in the work itself, but to the 
necessarily restricted scope of any manual based 
largely on the work of a particular laboratory. 








THE CONOWINGO HYDRO-ELECTRIC 
DEVELOPMENT. 


(Continued from page 518.) 


In the description of the dam of the Conowinge 
plant, given on page 516 ante, it was stated that 
50 crest or spillway gates were provided, and three 
regulating gates, in addition to the sluices at the 
power-house head works on the west bank. The 
crest and regulating gates are both 40 ft. wide, 
measuring from centre to centre of end webs, the 
opening between piers being 38 ft. The crest gates 
are 21 ft. high, and the regulating gates 10 ft. high. 
In consequence of this difference in height, the 
gates differ somewhat in design. Both, however, 
are horizontal girder gates, handled in a similar 
manner by a gantry crane, and capable only of 
being raised to a definite clear height and there 
held by pawls. 

Figs. 33 to 38, page 552, illustrate the larger gates 
used for the normal spillway section. These gates 
have five horizontal web girders and five main vertical 
web members with intermediate vertical stiffeners of 
channel section to support the skin plating in the 
panels. The depth of the gates, back to front at the 
end webs, is 2 ft. 1 4 in., increasing to 3 ft. 7 in. for the 
central 18 ft. These gates are provided with roller 
trains. The rollers are 5in. and 54 in. in diameter, 
carried in cages each slung by two wire ropes, 
one pair of ends of which is attached to a fixed 
point on the pier structure at the top of the guides, 
the other ends being attached to an equalising beam 
pivoted on a bracket on the top of the gate. This 
is shown in the end elevation, Fig. 36, and the 
detail Fig. 37. The normal movement of these 
gates is to a position 19 ft. 10 in. above the crest, 
and the corresponding roller-train movement is 
9ft. 1lin. The face on the gate on which the rollers 
work is attached to the gates by countersunk bolts, 
and, being rounded on the back, as shown in the 
section Fig. 38, can be set true to the fixed guide 
on the pier. The roller train is free, of course, 
to accommodate itself to such setting. The fixed 
guide consists of a box formed of two Z-shaped 
verticals and a cover strip. End movement of the 
gates is prevented by three rollers, 9 in. in diameter, 
on each end web, working against flat-bottom rails 
set in the sides of the gate slots. Each end web is 
fitted with a bracket, the bottom edge of which is 
about 6 ft. 9 in. from the top of the gate. On the 
top of the piers are large pawls, shown most clearly in 
Fig. 33, but to be seen in end elevation in the larger- 
scale drawing, Fig. 36. On lifting the gate, pro- 
jecting angles hold these pawls away from the gate 
and clear of the top rollers. When the bracket has 
also cleared them, they fall in and engage the bracket 
when the gate is lowered on to them. The pawls 
are fitted with hand levers by which they can be 
swung clear when the gates are to be lowered. The 
gates are fitted with heavy timbers of white oak 
on the lower face. The actual seal on the sill 
joist is made by 4 in. by 2 in. cypress let into 
the oak. The end seal is made by a strip of double 
fabric fixed to the gate and sliding on a faced casting 
set in the concrete, as shown in Fig. 38. Provision 
is made for heating this casting, and also the roller 
guides, to prevent the formation of ice. A further 
precaution against ice is provided in the form of 
compressed-air supply, led to a point in the centre 
of the gate,as shown by the piping in Figs. 33, 
34 and 35, the air being discharged some height 
above the crest from the end of a length of }-in. 
flexible hose. The top of the gates is finished with 
6-in. white oak. Two large lugs are provided on the 
top of the gate, spread 18 ft. from centre to centre. 
They are of the design shown in Fig. 33, and are 
used for attaching the hooks of the lifting beam 
when the gate is handled by the gantry crane. 
The regulating gates are similar to the crest 
gates in many details. They are built up of four 
horizontal web girders, 3 ft. 4} in. deep, back to 
front, for the central 18 ft., and tapering at the 
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and intermediate channel stiffeners, as in the crest 
gates. The main difference in details is in the 
rollers and guides. These gates have only three single 
flanged rollers, 24 in. in diameter, at each end, 
as shown in Fig. 39. They are carried on fixed 
stub axles set in the ends of the gates as in 
Fig. 40, The wheels are bushed, and are held on 
the stub by cap and bolts. The rollers run on 
flat-bottom rails set in the concrete. The lift, in 
the case of these gates, is normally 12 ft. 63 in. 
When raised to this height, pawls on the piers, 
similar to those of the crest gates, engage with lugs 
at the top corners of the gates. The seals and lifting 
lugs are similar to those already described, the 
former being of reduced dimensions to suit the 
smaller size of these gates. As in the crest gates, 
the guides can be heated and, in the case of these 
gates, compressed air is supplied at two points 
under water upstream, instead of one. 

There are three gantry cranes for operating the 
gates. These run on 100 Ib. standard rails set in the 
deck at 20 ft. centres. The gantries have an overall 
length of 44 ft. 9 in., a maximum width of 22 ft., 
and aclear height of portal of 26ft.6in. They each 
have a lifting capacity of 60 tons, with a hoisting 
speed of 10 ft. per minute. Two 30-ton hoists 
driven by a single motor are arranged on a travers- 
ing carriage. The heaviest weight to be handled 
consists of the crest and service gates, which weigh 
45 tons, and require a total lifting force of 55 tons. 
The other parts handled by these cranes are the 
regulating gates, weighing 20 tons, and for the 
headworks, sectional headgates weighing 30 tons 
each and measuring 25 ft. 6 in. by 14 ft. 6 in.; 
sealing sections, weighing 6 tons and 25 ft. 8 in. long 
by 3 ft. high ; trash rack sections 23 ft. 8 in. long by 
14 ft. 6 in. high and weighing 9 tons ; and for the 
intakes of the four units to be installed in the future, 
steel stop logs 25 ft. 8 in. long by 7 ft. 6 in. high, and 
weighing 15 tons. The cranes derive power from 
conductors running on posts along the dam, but one 
of them is fitted with a petrol-driven generator for 
use in case of emergency. 

Sections of the dam at the power-house head- 
works were given in Figs. 23 and 24, Plate LX, ante, 
and show the slots for the sectional headgates and 
trash racks. The flow to the turbines is regulated 
by butterfly valves, 27 ft. in diameter, placed in the 
intakes, and the steel sectional head gates are 
therefore only used for unwatering the intake, 
wheel pit, &c. An area is provided at the west end 
of the dam for storing these head-gate sections, 
and also the service gates for the spillway. These 
gates are kept in pits. To keep the trash rack clear, 
a mechanical rake, electrically-driven, is provided. 
The rake works in grooves in the concrete, and is 
operated by a trolley running on rails between 
the legs of the gantry cranes. 

Tt will be noticed, in Fig. 17, Plate LX ante, that 
a deep curtain wall is provided at the intake open- 
ings. This extends 40 ft. below normal water level, 
and prevents ice from being drawn into the trash 
racks. This wall is of reinforced concrete. 

The draught tubes are also fitted with slots for 
stop logs for unwatering purposes. These are 
handled by a smaller gantry of 20-tons capacity] 
running on a 4 ft. 84 in. track. These features wil 
be noticed in Figs. 43 to 45 on Plates LXII and 
LXIII with our issue of this week, referred to in 
detail below. 

As previously mentioned, in the complete plant 
at Conowingo, it is intended to install 11 turbo- 
generator units, of which, however, only seven 
are at present in place. The present appearance 
of the dam and power-house is well shown in the 
two aerial views, reproduced in Figs. 41 and 42, 
Plate LXI, the power-house being shown in the left 
foreground. The views, it will be noticed, were 
taken when there was a good deal of ice above the 
dam. An elevation, partly in section, is given of 
the power house, and a few bays of the dam in 
Fig. 43, Plate LXII, while Fig. 44, on the same 
Plate, gives, to a larger scale, plans of the power- 
house, at various elevations, for the portion so far 
constructed containing the seven main generating 
units. A cross-section through one of the main 
units is given in Fig. 45, Plate LXIII. 

Before continuing our general description of the 








ends to 1 ft. ll in. There are five main web verticals 


plant it will be well, perhaps to draw attention in 
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these illustrations to a few of the features dealt | 


with above. For instance, at the right hand of 
Fig. 43 will be seen some of the large crest gates, 
with the raised and latched position indicated 
in one case. Next to these are the regulating 
gates, in which case also the raised position is 
shown in dotted lines. In the next openings, the 
sectional head gates or stop logs are shown. At the 
extreme left will be seen a service gate for the 
spillway in storage, and on the same side of the 
elevation (left-hand) wil! be seen draught-tube 
stop logs in storage, with the traveller used for 
handling these units. The latter features will be 
again evident on reference to the sectional elevation, 
Fig. 45, Plate LXII, while on the right hand of this 
drawing will be seen one of the large gantry cranes 
and the trash-rake hoist, with, below, the trash 
racks, &c. 

The present equipment of the station consists of 
seven units, with two station service generators. 
The ultimate equipment will consist of 11 main 
units, as already stated. The seven units or their 
settings are shown in Figs. 43 and 44, giving different 
sectional elevations and plans at different levels, 
to bring out the features of the plant. The plan, 
Fig. 44, shows, commencing on the right, the end 
of the present generator-room floor, where are 
stored a spare runner and the rotor-lifting beam. 
Next to this is a section through the vertical limb of 
the draught tube at El. + 6-0. Next to this 
is shown, at El. + 24, a section through one of 
the scroll cases, and next to the left is part of a 
plan of the turbine-room floor, showing the upper 
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parts of two turbines, governing gear, &c. The 
remainder of the plan is shown at the generator-room 
level, the right-hand part illustrating a generator 
setting in section, and the left two units in plan. 
Close to the last main unit (actually styled No. 1) 
will be seen the two station service generators, 
beyond which there is room for a track for loading 
and unloading machine parts, &c., and it will be 





noticed that adjacent to this is spare room, which 
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will accommodate a generator rotor and also a 
runner. The floor of this part is designed for 
loading up to 2,000 Ib. per square foot. Anumberof 
machine tools are installed here for the carrying out 
of repairs, &c. 

The building is of steel framework with reinforced- 
concrete panelling, &c. It is built into the dam, 
and is integral with the head works. It is 650 ft. 
long, 70 ft. wide, and 75 ft. high. The mam 
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features of construction will be evident from our| two 150-ton overhead cranes of 68-ft. span, which| going switchgear, &c. 
illustrations, and do not call for comment. The|run on rails at a level of 51 ft. above the floor.| accommodated in rooms and galleries extending 


generator room is on the down-stream side of the|The roof is supported by steel stanchions and | along the building between the generator room and 
building, and is wide enough to accommodate| deep trusses, and carries the whole of the out-|the head gates, &c. 


Transformers, &c., are 
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Each turbine is supplied through two rectangular 
openings, 43 ft. high and 24 ft. wide, divided by 
a pier, continued on the inside in the form of a 
tapering division wall which terminates, as shown 
in Figs. 44 and 45, in front of a large butterfly valve. 
In this distance, the two rectangles gradually merge 
into a single circular form of intake, which, at the 
large butterfly valves, is 27 ft. in diameter. These 
butterfly valves are the largest units of their kinds 
yet constructed. They are shown in detail in Figs. 46 
to 49, on page 553, and a view of one lying on the 
shop floor at the works of Messrs. The I. P. Morris 
Corporation, Philadelphia, is given in Fig. 54, page 
560. The valves themselves consist of three steel 
cellular castings bolted together, the groove formed 
to permit of bolting up being finished on the outside 
with shell plating. They revolve on vertical forged- 
steel shafts carried in bronze bearings, a large roller 
bearing being provided at the lower end to carry 
the load. The disc revolves in a housing of cast 
steel, riveted to the lining of the penstock on the 
upstream side and to the scroll-case, or volute, 
on the downstream side. 

This type of valve was selected as it resulted 
in some economy in construction, and also pro- 
vides a very quick means of shutting off after a tur- 
bine has been closed down. As already explained, 
for a good part of the year the plant carries peak 
load only, so that when worked in this way it is 
essential to reduce wastage to a minimum. The 
prompt closing of these valves when a unit is 
shut down, naturally economises the water flow- 
ing to waste through the guide vanes, and, in the 
total, represents, on such large plant, a consider- 
able amount. Promptness in opening up again is 
equally important. When considering the question 
of making such a valve tight under a head, on the 
horizontal diameter, of about 82 ft., and of keeping 
it tight in spite of unavoidable distortion of the 
setting under variable loading, due to different 
heights of water level up stream, it was found im- 
possible to guarantee the minimum leakage called 
for with a metal to metal face. The solution 
adopted was the novel one of making the joint 
tight with a rubber pressure tube. Rubber hose, 
34 in. in outside diameter and } in. thick, is let, 
in four sections, into the valve housing, and after 
the disc has been turned to the closed position, 
is expanded against its edge by internal pressure 
amounting to about 70 lb. per square inch, from 
a manifold coupled to a pressure tank on the 
power-house floor. When the disc is being moved, 
pressure is exhausted, and there is then clearance all 
round the valve, which is used as a by-pass for 
equalising when filling the turbine casing. The 
contract called for a minimum leakage past the 
valve not exceeding 5 c.f.s. An actual test of 
one of these valves in position has shown the 
leakage to be not more than 0-5 c.f.s. The valve 
is fitted with a large crank, of 4 ft. 6 in. radius, 
above the top bearing, and this is worked by 
a hydraulic cylinder, as may be seen in Fig. 44, 
Plate LXII. The particular form of seal described 
was worked out with the help of full-scale experi- 
ments at the works of Messrs. The I. P. Morris 
Corporation. A detail of the connection and pres- 
sure tube is given in Fig. 49. 

The hydraulic turbines have been supplied by two 
firms. Three were furnished by Messrs. The I. P. 
Morris Corporation, and four by Messrs. The Allis- 
Chalmers Manufacturing Company, of Milwaukee. 
They are all 54,000 h.p. machines at 89 ft. net head 
and 81-8 r.p.m., and the two firms co-operated 
in design to an extent which made it possible for 
the runners to be interchangeable, so that only one 
spare has to be kept for all seven machines. Under 
the conditions named, each unit takes 6,000 cub. ft. 
of water per second. These machines, and the 
generators they work, constituted the largest 
units of their kind attempted at the time. The 
I. P. Morris machines are provided with Moody 
spreading draught tubes, while the Allis Chalmers 
units have White hydrocone draught tubes. The 
I. P. Morris machines are shown in Fig. 50, on this 
page. Each is surrounded by a cast-steel stay or 
speed ring of fixed columns which take the whole 
load of the turbine and generator, and transmit it 
across the gap formed by the scroll case down to the 
concrete surrounding the draught tube. Piers are 
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also provided in the horizontal discharge limb of the 
draught tube to carry the load down to the founda- 
tion and rock below. The scroll case of one of the 
turbines in the maker’s shops at Philadelphia is 
shown in Fig. 51, page 560. It will be seen to be 
built of steel plate. The intake diameter is, as 
stated, 27 ft., and the overall width no less than 
64 ft. 3in. It weighs over 134 tons. The casings 
were all completely erected and drilled in the 
maker’s works, to ensure freedom from trouble in 
erection on site. The guide vanes are of cast steel 
and are pivoted in bronze-bushed bearings. The 
levers and links are coupled to the guide ring, 
operated by two horizontal cylinders seen best in 
the central part of the plan, Fig. 44. These cylinders 
are controlled by the governor, which, with its 
pump and pressure tank, is near by on the main 
floor. The view reproduced in Fig. 52, page 560, 
shows the guide ring, vanes, etc. The turbine-shaft 
bearing is of the adjustable lignum-vitae type, water 
lubricated. A steel sleeve is provided on the shaft, 
at the bearing. 

Fig. 53, page 560, shows one of the runners in the 
shops of The I. P. Morris Corporation. They are of 
cast steel, made in three sections, each containing 
five vanes. The sections are held together by a 
heavy cast-steel band at the lower end, and by a 
cast-steel crown plate at the upper end. The 
runners have an overall diameter of 17 ft. 9 in., 
overall height of 10 ft. 3 in., and a total weight of 
71} tons. 

The governor of the machines is of the Morris- 
Pelton type, driven from the main shaft by means 
of gears. It is provided with an electric tachometer, 
gate-opening indicator, synchronising motor, and 
load-limiting device. A hand emergency gear is also 
furnished. Automatic change-over from governor 
to hand control is arranged for, this change being 
made by means of a single lever. The operation 
of this lever closes automatically small Johnson 
valves in the main governor pipe system, and opens 
valves connecting the hand-control wheel with the 
operating cylinders. 

The main shaft is 35 in. in diameter, and is fitted, 
at the top and bottom, with flange couplings, the 
lower one being bolted to the runner crown plate, 





and the upper to the generator shaft. The draught 
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tube is lined with steel plate for some distance 
below the turbine. Above the turbine, a steel plating 
generator-support barrel is carried upwards, and 
near the top, pedestals are provided for carrying 
the lower generator bearing and the brakes. 

While still dealing with the hydraulic arrange- 
ments, it may be stated that an unwatering 
system is installed, as shown in Fig. 45, etc. The 
various drains from the intake, scroll case, draught 
tube, &c., lead to a 42 in. diameter cast-iron header 
running from one end of the building to the other. 
At the shore end are two pumps, each of 15,000 
g.p.m. ccapacity. Seepage through construction 
joints is collected in a small drain and handled by 
two small pumps at the west (shore) end. 


(To be continued.) 








THE GREY-STREET BRIDGE, BRISBANE, AUSTRALIA.— 
It is anticipated that the Grey-street Bridge, which is 
at present under construction at Brisbane, Queens- 
land, Australia, will be completed in 1931. The bridge 
is the second largest in Australia ; it has a total length 
of 1,650 ft., nearly half of which comprises the approach 
from Grey-street. The main structure, across the 
River Brisbane, has a span of 236 ft., and is carried on 
three arches. The deck of the bridge consists of 
reinforced concrete, which is to be 7 in. thick below the 
tramway track and 8 in. thick in the roadway portion ; 
the footpath slabs will be 44 in. thick The river piers 
will be built on a foundation of rock from 70 ft. to 100 ft. 
below low-water level. The designer of the structure 
is Mr. A. E. Harding Frew, and the contractor Mr. H. R. 
Hornibrook. 





First-Aip AND Mrne-RescuE Contest, UNITED 
Srares.—A first-aid and mine-rescue contest is held 
each year under the auspices of the United States Bureau 
of Mines, and is supported by various mining, industrial, 
and local-Government organisations. Employees of 
coal and ore mines, quarries, and metallurgical plants, 
and workers in the oil and gas industries, are eligible to 
participate in the contest. The 1929 contest was held 
at Kansas City from September 12 to 14. Forty first- 
aid teams and nine mine-rescue teams participated, all 
of whom are stated to have shown remarkable F ose 
ficiency. The highest honours in the combination first- 
aid and mine-rescue competition was gained by the team 
of Messrs. North-Western Improvement Company, 
Roslyn, Washington, and second place was won by the 
team of the Madison Court Corporation, Mount Olive, 
Illinois. First place in the first-aid contest was gained 
by Messrs. Utah Copper Company, Bingham Canyon, 
Utah, and the first prize in the mine-rescue competition 
was awarded to the team of the Consolidated Coal Com- 


pany, Frostbury, Maryland. 
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LETTERS TO THE EDITOR. 
THE STRENGTH OF DISHED ENDS. 


To THE Epiror oF ENGINEERING. 


Srr,—Since the publication of my letter on the above 
subject in your issue of September 27, page 417, I 
have, through the courtesy of Mr. Hoehn, been able 
to examine his memoir “ Résistance des Fonds Bombés.”’ 
It is now clear that :— 

(a) The formula given on page 4 of the original 
article in your issue of July 5, last, and quoted in 
my letter, applies only to mild steel, and that the 
coefficient 1-65 includes a factor of safety of 4-25. 

(6) The same formula is intended to be used for 
the other materials specified, but the values of the 
coefficient are different. These are given in Mr. Hoehn’s 
memoir. The factor of safety is evidently different, 
but is not stated. 

(c) The formula referred to is not a derivative from 
the “stress in a sphere equation,” modified to agree 
with experimental maximum stresses by means of the 
augmentative coefficient (20r + 3R)/(20r+R), but is 
an empirical expression chosen by Mr. Hoehn to replace 
the sphere-stress equation. The latter he considers 
unsuitable (see page 70, §(c), of his memoir) on the 
ground that the thickness of a dished end given by this 
equation becomes smaller when the conditions, as 
determined by the values of a, 6, r and R, become worse, 
whereas with the empirical expression chosen the re- 
verse is the case. Mr. Hoehn claims that the best 
proportioned dished end is that for which the radius 
of the dishing is smallest and the radius of the transition 
curve the greatest, i.e., that for which r/R is a maxi- 
mum (Fig. 1, page 1, of the original article), and 
for this case the empirical expression gives the least 
thickness. 

(d) The coefficient (20r+3R)/(20r+R) is the ratio 
of the greater principal stress anywhere in the outer 
skin of the dishing proper (7.e., where R is the mean 
radius of curvature), to the nominal spherical stress 
in the mean fibre of that dishing. It does not profess 
to be the ratio of the true maximum stress anywhere 
along the meridian to the nominal spherical stress, 
which maximum stress occurs either in the neighbour- 
hood of the crown or at a corner, as I think was to be 
inferred from the original article (page 3, at the bottom), 
and is thus defined by me in my former letter. The 
coefficient in question is not intended to have reference 
to the stresses in the transition curve at all, and takes 
no account of them, except to the extent to which the 
stresses in the dishing proper may be affected by the 
transition curve. 

(e) The principal stress referred to does not, therefore, 
purport to be the maximum stress anywhere in the 
material, which maximum stress is obviously very 
difficult to determine experimentally. 

Mr. Hoehn’s formula should thus be regarded as an 
empirical expression resulting from a careful study of 
this difficult problem, rather than as a stress equation 
based on an experimental determination of the maxi- 
mum stresses anywhere in the dished end. 

It would, I am sure, be of interest to your readers 
if Mr. Hoehn could throw further light on this important 
subject. 

Yours faithfully, 
E. H. Satmon. 
11, Victoria-street, 
London, S.W.1. 
October 25, 1929. 








COMBINED REAPERS AND 
THRESHERS. 


To THE Epitor oF ENGINEERING. 


Srr,—The letter from your correspondent, Mr. F. W. 
Oliver White, purports to show that British makers 
of threshing machinery are, in some respects, behind 
the times. We therefore feel constrained to answer 
this letter to prevent a wrong impression getting 
abroad. 

With reference to steel threshers, your correspondent 
is evidently unaware that British manufacturers have 
made and marketed this type of thresher for some years. 
They are able to supply either the wood-frame type, 
or the steel type, as the customer requires. Both the 
steel threshers and the wood-frame threshers supplied 
by British makers have been fitted, where required 
by the customer, with such labour-saving appliances 
as your correspondent mentions, including automatic 
weighing, ball bearings, automatic feeders, wind 
stackers, chaff blowers, &c. 

Your correspondent goes on to state that the 
American-type machine has many features in its 
construction which are considerably more up to date 
than those of the British machine ; for instance, the use 
of ball and roller bearings with grease-gun lubrication, 
&ec. It will suffice, as an answer to this statement, to 





state that British manufacturers commenced to fit ball 
bearings at least 17 years ago, and such bearings have 
been standard on British threshers for some years. 
The lubrication of these bearings by grease gun is 
nowadays quite a usual method on British-made 
machines. 

The question of the type of threshing drum to be 
fitted, either the beater type or the peg type, is entirely 
ruled by the conditions prevailing in connection with 
the crops in different countries, and British makers 
have for long been in the habit of providing whichever 
type is the most suitable for such conditions. 

Regarding the method of driving steel threshers 
referred to in the last paragraph of your correspondent’s 
letter, it ought to be obvious that whatever source 
of driving power will suit a steel thresher will equally 
suit a wooden-frame thresher. The manufacturers of 
threshing machines in this country have provided both 
their steel machines and their wooden-frame machines 
for use with all methods of driving, including electrical. 

Yours faithfully, 
for RANSOMES, SIMS AND JEFFERIES, LIMITED. 
F. Ayton, 
Managing Director. 
Ipswich, 
October 28, 1929. 








THE NEWCOMEN SOCIETY. 


AT a meeting of the Newcomen Society, held at the 
Science Museum on October 23, two papers were read, 
the first of which dealt with the valve gears of the 
early Newcomen engines. The authors, Mr. C. O. 
Becker and Mr. A. Titley, had made a critical examina- 
tion of such information as is now available, and it 
was shown that there is no reason to doubt that the 
engine was not from the first entirely self-acting. The 
steam valve was adapted from that of Savery, and 
Newcomen’s contrivance for working it proved so 
successful that it remained practically unaltered till 
the time of Smeaton. On the other hand, the arrange- 
ment for opening and closing the injection cock under- 
went modifications. The cock was originally worked 
by a buoy floating in a pipe dipping into the boiler 
below the water level. As the steam pressure rose 
after each stroke the buoy rose also, and by its rod 
released the injection. This arrangement gave way 
to a self-acting mechanism, and then Beighton appears 
to have introduced the tappet motion. The earliest 
and most important prints of the Newcomen engine— 
those of Barney, Beighton and Nichols—disappeared 
at an early date, only to be rediscovered in recent 
years, and this leads to the hope that further records 
may yet be brought to light. 

The second paper was by Mr. L. F. Loree, and was 
entitled “‘ The First Steam Engine in America.” In 
1714, or 1715, copper ore was discovered on land in 
New Jersey belonging to Arent Schuyler. Mining was 
started, and smelting and refining not being allowed 
in the Colonies, the ore was sent to the Bristol Copper 
and Brass Works. By 1731, no less than 1,386 tons had 
been shipped. Arent Schuyler died in 1731 or 1732, 
and the mine was then carried on by his son, Colonel 
John Schuyler, till about fifteen years later, when 
mining became unprofitable owing to the difficulties 
with water. Information had reached America about 
the new “‘ fire engines,’ and Colonel Schuyler accord- 
ingly placed an order for an engine with the Horn- 
blowers, of Cornwall, requesting that an engineer be sent 
to America to erect and set it in operation. Though 
the exportation of machinery was forbidden, the engine 
was built, and on June 6, 1753, the ship Irene left 
London with it aboard. With it went Josiah 
Hornblower, then aged 24. The passage to New York 
proved a very boisterous one, and the voyage, much 
to Hornblower’s discomfort, lasted no less than thirteen 
weeks. From New York, the engine parts were sent 
up the Passaic River, and, during the course of the 
next eighteen months, Hornblower, was busily engaged 
in erecting the engine and the engine house. Though 
no drawing of the engine exists, Mr. Loree said the 
pump had a capacity of 180,000 gallons a day. 
Ready for service in March, 1755, the engine was 
used intermittently till 1768, when the engine house 
was destroyed by fire. For a long time it was left 
derelict till, in 1793, the mine was restarted by the 
New Jersey Copper Mine Association, the lessees, 
who had decided to “extend the copper works by 
erecting furnaces and battering and rolling mills.” 
The engine was repaired by Hornblower, and pumping 
was resumed. After a short time, however, the venture 
proved unsuccessful, the mine was shut down for good, 
and later on the engine, save for the cast-iron cylinder, 
was broken up. The cylinder passed into various 
hands, was cut in halves, and one-half was exhibited 
at the Centennial Exhibition of 1876. Later on, this 
interesting relic was presented to the New Jersey 
Historical Society, from which it passed, in 1889, to 
the Smithsonian Institution. Hornblower, who was 





born February 23, 1729, continued to reside in 
America, and died at Belleville, New Jersey, on January 
21, 1809. He had served his State as a representative 
in Congress, as Speaker in the House of Assembly, 
and in other ways. Mr. Loree describes him as tall, 
with a commanding presence, courtly in his bearing, 
but simple in his tastes. It being brought to the 
notice of the American members of the Newcomen 
Society that Hornblower’s tomb in the grounds of 
the Belleville Reformed Church was falling into decay, 
they had the lettering restored, and, last April, formally 
dedicated a memorial to Hornblower, ‘‘ the pioneer 
in the use of steam in the Western hemisphere, and a 
foremost promoter of our American industrial civilisa- 
tion.” 





PERMANENT EXHIBITION OF PRO- 
DUCTS IN ENGINEERING WORKS. 


Ir was stated, at the Summer meeting of the Institu- 
tion of Mechanical Engineers, that the life of a firm 
appeared to be of the same length as that of aman. The 
analogy is capable of a good deal of extension, and re- 
ference might be made in some cases to a mis-spent 
youth, and so forth. On the other hand, many men do 
good work when long past the allotted span, and in re- 
cording the fact that Saturday, October 26, was the 
fiftieth anniversary of the foundation of the firm which 
is now Messrs. W. H. Allen, Sons and Co., Limited, 
Bedford, it can only be said that, judging from present 
activities, the celebration of a centenary is quite a 
possibility of the future. One sign of these activities is 
the opening of a new exhibition hall at the firm’s 
Biddenham Works, a feature we believe to be unique 
in this country, though not unknown on the Continent. 
The ordinary visitor to a large engineering works, 
whether he comes to make inquiries, to place an order, 
to inspect work in progress, or merely to look round, 
rarely carries away with him a correct impression of 
what is being done as a whole, of how it is done, and 
whether the firm is trying out any new methods, or 
is merely standing still. Messrs. Allen’s new exhibition 
hall, by grouping under one roof examples of the varied 
work the firm undertakes, specimens illustrating the 
processes and materials employed, and test pieces 
and data dealing with new metals, makes it possible 
for a visitor to get an excellent idea of what the firm 
stands for. Moreover, we understand that the hall will 
be open to the firm’s employees, both staff and rank 
and file, a policy which is to be highly commended, 
and is in keeping with Messrs. Allen’s treatment of 
their men in educational matters. 

It is impossible to catalogue the exhibits in detail, 
for when it is remembered that the firm has specialised 
in so many branches of engineering it will be realised 
that a very wide field is represented. The four prime 
movers which it makes, however, viz., steam recipro- 
cating engines, steam turbines, Diesel engines, and 
electric motors, are represented, while waterworks 
plant, dock-pumping plant, irrigation machinery, 
power-house installations, and auxiliary gear for naval 
and mercantile vessels is well illustrated. The exhibits 
representing pattern-shop and foundry activities are 
specially interesting, both from the fact that the objects 
displayed are not easily examined in the actual shops, 
and that the foundry exhibits include specimens of a 
nickel corrosion-resisting cast-iron, a new non-ferrous 
alloy, and of Perlit iron. The firm are devoting them- 
selves to an investigation of the lesser known proper- 
ties of this valuable material, such as its comparative 
freedom from growth under a steam pressure of 200 lb. 
per square inch, and a total superheat temperature of 
750 deg. F. 

Of other exhibits some interesting examples of 
fabricated mild steel work may be mentioned, such as 
the bottom half of a cylinder of a 70 brake horse-power 
steam turbine, for a working pressure of 300 lb. per 
square inch, and a test pressure of 750 lb. per square 
inch. A 5-in. rubber-lined sand pump is another some- 
what unusual feature, while the automatic time-limit 
switch gear is worth more than passing attention. It 
is understood that the exhibition is a permanent one, 
and will be added to from time to time, and, though 
some of the exhibits such as the Allen-Kapp two- 
pole dynamo of 1887, and the Le Rhone aero 
engine, built during the war, have an_ historical 
interest, it is not intended that the display should 
become reminiscent of a museum. If, as there is reason 
to believe it will be, itis properly maintained, and made 
full use of, Messrs. Allen, through the initiative of Mr. 
Rupert S. Allen, will have been the pioneers of an 
adjunct to production and distribution which is of great 
potential value. The opening ceremony was a pleasant 
informal function attended by guests, staff and em- 
ployees, and presided over by the deputy-chairman of 
the company, Mr. Harold G. Allen, supported by Mr. 
Rupert S. Allen and Colonel P. B. Crowe. Mr. Richard 
W. Allen was unable to be present as he is now attend- 
ing the World Power Conference at Tokyo. 











556 





ZEISS METALLURGICAL 
MICROSCOPE. 


Amone the optical products of Messrs. Carl Zeiss, 
of Jena, Germany, is the metallurgical microscope 
illustrated diagrammatically in Figs. 1 to 5 on this 
page. The microscope is supplied in this country by 
Messrs. Carl Zeiss (London), Limited, 79, Wells-street, 
W.1. It can be used for visual and for photographic 
work. The specimen is placed, with the polished and 
etched surface downwards, on a table which is located 
above the tube. This table T, Fig. 1, can be rotated 
about the optical axis, and its cross slide can be moved 
through 19 mm. in two directions at right angles. The 
table is not raised or lowered by the coarse and fine 
adjustments, Tr and M, and the act of placing a heavy 
specimen on the table does not affect the adjustment. 
The lateral eyepiece tube being likewise stationary, the 
correct magnification is maintained without altering 
the length of the tube, the parts containing the objec- 
tive and the vertical illuminator being moved during 
the adjustment. This is obtained by inserting between 
the objective and eyepiece an achromatic lens L,, 
of 25 cm. focal length, in such a way that its rear focus 
F, coincides with the front focus of the eyepiece. 
This lens gives an image, virtually at infinity, of the 
specimen when it is in the focal plane F,, of the micro- 
scope objective; thus the distance between the two 
objectives does not affect the definition and magnifica- 
tion, within a limited range. In addition to the 
eyepiece tube, Fig. 4, which projects obliquely upwards, 
there is a second horizontal tube joined to the bellows 
of the camera. This tube contains the Homal L,, a 
lens combination of Messrs. Zeiss for correcting the 
curvature of the field of view, or the projection eye- 
piece. By moving the lever H, Fig. 1, the rays are 
directed either up the observation tube through the 
prism P,, or into the camera through prism P,. 

The vertical illuminator which is mounted directly 
under the objective, is for high magnification work. 
The two forms shown in Figs. 2 and 3 employ a com- 
bination of prisms and a plane mirror §, respectively. 
The mounting also includes the lens L,, one focus of 
which, F,*, Fig. 1, falls within the rear lens of the 
microscope objective. At the other focus, F,, is an 
iris diaphragm B,, mounted below a totally-reflecting 
prism P,. The lens forms a virtual image, at infinite 
distance, of the iris diaphragm, and the microscope 
objective projects this image into the plane of its front 
focus F,;. The diaphragm thus determines the extent 
of the illuminated field. Below this iris diaphragm are 
the lens L,, the prism P, and, at the end of the hori- 
zontal tube, another iris diaphragm B,. The image 
of this latter diaphragm, projected first to infinity, 
is focussed by L,, at the aperture of the microscope 
objective, independently of the adjustment of the 
objective portion of the tube. 

As the vertical illuminator may somewhat obscure 
the main image of the object by the images of the 
diaphragms, modifications of the device have been 
suggested. Nachet covers part of the objective by 
an epaque mirror, generally a totally-reflecting prism, 
and directs the light on to the object by this mirror ; 
the disadvantage is that the aperture of the system is 
reduced by one half, as indicated on the left in Fig. 5. 
The Zeiss microscope uses a prism illuminator which 
only cuts out the light passing through a sector of the 
aperture, as indicated on the right in Fig. 5. In these 
figures the white portions represent the parts obscured. 
The illuminator, which is combined with a rhombic 
prism R and a lens L,, Fig. 1, in order to maintain 
the horizontal distance between the optical axis and 
the objective for different illuminators, fits into the 
position D. The positicn of the object on the table can 
be exactly registered with the aid of two bars. One 
of these is formed with a sharp point, and the other 
carries a small sphere ; the point is fitted into a saw 
cut in the specimen. The whole instrument is mounted 
on a bench on which the parts are arranged in the 
order: bellows and camera, microscope, collimator, 
light filter and lamp. 











CuinesE MAaNnuFactuRED Goops Musgeum.——-The 
National Products Museum, e: tablished by the Ministry 
of Industry, Commerce and Labour of the National 
Government of the Republic of China, was opened in 
Shanghai in September. It contains a large collection 
of samples of goods manufactured in China. 

THE WORE OF THE Sir JOHN Cass InstrtuTE.—Speak- 
ing at the recent inauguration ceremony of the twenty- 
eighth session (1929-30) of The Sir John Cass Tech- 
nical Institute, Jewry-street, Aldgate, London, E.C.3, the 
Chairman of the Governing Body, the Rev. J. F. Marr, 
reviewed the work of the past academic year. A total 
of 29 students were successful at the London University 
post-matriculation examinations, and, of this number, 
one obtained the degree of Ph.D., one the M.Sc. degree, 
12 the B.Sc. degree with honours, one the B.Sc. in Engi- 
neering (Metallurgy) degree with honours, seven the pass 
degree in science, and two the pass degree in Engineering 
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METALLURGICAL MICROSCOPE. 


CARL ZEISS, JENA, GERMANY. 
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PROPOSED TRANSATLANTIC TELE- 
PHONE CABLE. 


In his presidential address to the Institution of 
Electrical Engineers, which he delivered on Thursday, 
October 24, Colonel Sir Thomas Purves gave some 
information regarding the submarine telephone cable 
which it is proposed to lay between this country and 
the United States. 

The route of the cable is not yet settled in detail, 
but it is probable that the main transatlantic link 
will extend directly from Newfoundland to Ireland, 
a cable length of approximately 1,800 nautical miles. 
From Ireland, the circuit will probably be carried 
through submarine cable to Scotland and thence by 
land cable to London, where it will terminate. It is 
expected that, from Newfoundland, the circuit will be 
carried through several sections of submarine cable 
to Nova Scotia, and thence by land circuits through 
Nova Scotia, New Brunswick and the New England 
States to New York City, which will be the other 
terminal. 

The new cable will be of the continuously-loaded 
type. For the loading material, it is intended to use 
one of a new series of alloys, which are designated as 
‘** perminvars.”’ These are composed of nickel, cobalt 
and iron, to which may be added small amounts of 
non-magnetic metals, such as molybdenum. The so- 
called ** perminvars’’ are characterised by high resis- 
tivity, and by an extremely constant permeability over 
a wide range of magnetising force. 
be insulated with a new dielectric material known as 
** paragutta,”’ the mechanical properties of which are 
similar to those of gutta-percha, though the combina- 
tion and treatment of its constituents endow it with 
electrical properties which are superior to those of the 
latter material. 

The attenuation represented by the main cable link 
between Newfoundland and Ireland will be immensely 








(Metallurgy). 





greater than that of any other telephone circuit which 
has yet been planned. It will be such that the ratio 
of input to output power between the repeaters 
at its two ends will be about 10 for the high fre- 
quencies of the voice range—that is to say, the received 
power will be one thousand-million-millionth of the 
transmitted power. This decrement is, of course, 
far greater than that at which ocean telegraph cables 
are operated, and is of about the same order as that 
experienced on the transatlantic radio circuits. The 
possibility of operating successfully through a line 
attenuation of this phenomenal magnitude depends 
upon two special features of the cable: firstly, the 
characteristics of perminvar, which permit the use 
of a level of transmitted power much in excess of 
that which can be used in an ordinary telephone 
cable ; and, secondly, the careful shielding of the cable 
ends, for many miles from each shore, against the 
possibility of even the slightest interference from | 





The conductor will | 
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other electrical circuits. The received power will be 
so extremely low that even the minute currents caused 
by thermal agitation of the atoms of the conductor 
become an appreciable source of disturbance. It is 
anticipated, however, that the received speech currents 
will be successfully amplified and passed forward in 
good shape to the next section of the line. 

The end repeaters will be single-way amplifiers and, 
in order to make two-way conversation possible, 
voice-operated switching mechanisms will be employed 
to control the direction of transmission. Thus the 
two persons engaged in conversation will, by the 
mere act of speaking, alternately switch the trans- 
mitting amplifiers into action at each end as required, 
and conversation will proceed in a perfectly natural 
manner. 

As an illustration of the fact that the dimensions 
of the earth’s surface now set no bounds to the range 
of telephony, Sir Thomas also mentioned a long- 
distance test conversation which was carried out 
last year in connection with the opening of communi- 
cation between Sweden and America by means of 
the Anglo-American radio-telephone channels of the 
Post Office. The chain of lines set up and spoken 
over on that occasion ran from Stockholm, via Berlin 
and Amsterdam, to London, and thence to New York 
by radio. From New York it was extended, stage by 
stage, via Chicago and San Francisco, to Los Angeles, 
and back by another channel to New York, then once 
more to Chicago and back again to New York, with 
a final extension to the residence of one of the Ameri- 
can Telephone and Telegraph Company’s officials in 





New Jersey, from which a fair grade of conversation 
was exchanged with Stockholm. The total length of 
the route traversed was about 14,000 miles, of which 
4,130 miles was open wire line, 6,600 miles under- 
ground cable, 200 miles submarine cable, and 3,900 
miles the radio link. The aggregate length of copper 
conductor used on both sides of the Atlantic to carry 
this record long-line conversation would be about 
40,000 miles. 

The land-line equipment comprised 117 four-wire 
repeaters, 19 two-wire repeaters, 24 carrier-channel 
repeaters, and 6 cord-circuit repeaters, in addition to 
8 echo-suppressors and numerous other special devices. 
The total amplification of power also included that 
effected in the two radio transmitting stations, each 
of which has a power-amplification factor of about 
100 millions, and at the two radio receiving stations 
which may be required to amplify the received power 
to any extent between 30,000 and 300 million times 
in order to compensate for the extremely variable 
ether channel at different times and seasons. The 
power-amplification factor introduced at the radio 
transmitting and receiving stations, enabling the 
speech currents received over the land lines at the 
transmitter to be passed forward at the normal volume 





from the receiver to the land lines, will thus vary 
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The 
power loss made good by the repeaters on the 
wire-line portion of the circuit (11,000 miles) would, 


widely around a mean value of about 10". 


however, be immensely greater. The transmission 
equivalent of the chains of circuits used would not 
be less than 2,400 decibels (240 bels*), and was 
probably a good deal more. The ratio of power sent 
to power received over a circuit with an attenuation 
of 240 bels is 1 to 10-*, 

It is permissible to think of the power which would 
be required to deliver currents of telephonic magnitude 
at the far end of such a circuit in the absence of 
repeaters. To begin with, an acoustic energy equal to 
about 10 microwatts is delivered into the telephone 
transmitter by the voice of the speaker. The trans- 
mitter itself is an amplifier, and delivers about 200 
times this amount of energy into the line in electrical 
form, say, 2 milliwatts. The receiver at the far end 
of the line will reproduce speech of minimum com- 
mercial volume with 1 microwatt. To deliver even 
| microwatt at the far end of a circuit of 240 bels 
attenuation without intermediate amplification, the 
initial energy must have the inconceivable value of 
105 kw. The power radiated by the sun is of the order 
{ x 10 kw., from which it appears that the number 
of suns required to feed such a circuit with the 
necessary power would be 0-25 x 10°. If Hubble’s 
estimate that the maximum possible number of suns 
within the ‘“‘ world-line ”—the limiting curve of space 
—is 2 x 104 is accepted, it follows that the whole 
radiant energy of nature would fall immensely short of 
meeting the requirements. We should need to multiply 
nature by 10'77—it might be said ‘“‘ approximately.” It 
seems evident, Sir Thomas added, that the invention of 
the telephone repeater has tended to simplify certain 
problems. 

* The Bel is the unit of attenuation in the decimal 
system, 
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Fig. 2. CARRIER RING. 
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THE CARRIER-RING FLEXIBLE 
COUPLING. 


THE older methods of erection allowed, generally 
unconsciously, for the compensating effect of loosely 
fitted bolts and so forth, in cases in which want of 
alignment between the units of shafting occurred. 
Such methods, while comparatively harmless with the 
lower speeds of the shafts and the smaller loads trans- 
mitted, have long been recognised as inadmissible under 
present-day conditions, and consequently many attempts 
have been made to devise suitable flexible couplings. 
Illustrations of one of the latest designs of flexible 
coupling are shown in Figs. 1 to 7, annexed. This is 
known as the Carrier-Ring flexible coupling, and is 
manufactured by Messrs. The Power Plant Company, 
Limited, West Drayton, Middlesex. The coupling 
consists of five main parts. These are shown in Fig. 1, 
and comprise two coupling discs, or bodies, two halves 
of a protective cover, and a carrier ring. The latter is 
illustrated separately in Fig. 2, in order to show its 
construction more clearly. It consists simply of a 
steel ring with a notched periphery, into which notches 
are driven flat-steel springs of such a length as to 
project on each side of the ring, and of the cross 
section shown in Fig. 4. 

The shaft couplings, which consist of flanged discs 
keyed on to the respective shafts, have notches on their 
peripheries corresponding with the springs and giving 
them the appearance of pinions. The resemblance is 
very partial, however, as the sides of the notches are 
straight and parallel in a plane at right angles to the 
shaft axis. Looking at the edges of the flanges towards 
the axis, as in Fig. 5, however, it will be seen that the 
edges of the notches are rounded off on the sides 
adjacent to the carrier ring. The curvature at these 
points is parabolic, so ‘that the springs shall lie in 
contact with the sides as they become deflected under 
load. This deflection is shown in the figure and 
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demonstrates how the spring cantilevers are shortened 
by the curvature of the sides of the slots as the load 
increases. It is understood, of course, that the arrows 
on the couplings in Fig. 5 do not denote direction of 
rotation of the two shafts, but merely indicate that a 
state of torque exists when the springs are seen curved 
as shown. The carrier ring provides angular flexibility 
between the driven and driving shafts and remains 
in a vertical plane when the two shafts are in line. A 
completely assembled coupling in this condition is 
shown in Fig. 3. It will be noticed that the ends of 
the springs are well clear of the sides of the cover, in 
order to allow for longitudinal movement. 

The two parts of the cover are bolted together 
with a spigoted joint, which is oil tight. The 
cover retains the grease in which the springs are 
immersed while rotating, the grease naturally being 
directed by centrifugal force to the area occupied by 
the springs. One half of the cover is attached to one 
of the couplings; the other half is clear of the other 
coupling to allow for any want of alignment. The 
effects of parallel non-alignment, or off-set, and those 
of inclined shafting, are shown in Figs. 6 and 7 respec- 
tively, and a constructional feature not hitherto referred 
to can conveniently be mentioned here. This feature 
is the turning of a projection on one of the couplings 
with a spherical surface on which the carrier ring 
runs, and the fitting of a washer-like plate to retain the 
ring in place. The spherical seating permits the carrier 
ring to incline in any direction that the misalignment 
of the shafts may impose, and as the springs can move 
radially in the slots of the coupling flanges, any 
eccentric motion of the parts caused by the same 
misalignment is taken up. The wear due to the dis- 
placement of the engaging surfaces one over the other is 
very small owing to number of surfaces provided for 
taking the load, all of which surfaces are highly finished. 
The whole coupling is metallic, and the simplicity and 
uniformity of the elastic elements permits of easy repair. 
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The coupling is manufactured in 12 standard sizes, 
ranging from one suitable for shafts 14 in. in diameter, 
with a h.p./r.p.m. capacity ratio of 0-011, to one for 
shafts 21 in. in diameter having a ratio of 18-96. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Pumping Plant.—The supply and delivery of two 
electrically-driven low-lift pumping units and two 
electrically-driven high-lift pumping units, together 
with all necessary cables, starters, valves, piping, &c. 
The Municipality of Bloemfontein, Waterworks Depart- 
ment, South Africa; December 2. (Ref. No. A.X. 
8710.) 


Electric Cables.—The supply of electric cables. The 
India Store Department, New Delhi; November 7. 
(Ref. No. B.X. 5808.) 


Diamond-Frame Bogies.—The supply of 200 diamond- 
frame bogies, journals 8 in. by 4 in., wheelbase 5 ft. 9 in. 
The South African Railways and Harbours Board, 
Johannesburg; December 12. (Ref. No. A.X. 8711.) 


Galvanised Wire.—The supply and delivery of 42,000 
Ib. of galvanised signal wire and 31,500 lb. of galvanised 
_ wire. The South African Railways and Harbours 

oard, Johannesburg; November 165. (Ref. No. 
A.X. 8712.) 


Galvanised Chain.—The supply of 14,000 ft. of 
galvanised signal chain } in. in diameter. The South 
African Railways and Harbours Board, Johannesburg ; 
November 15. (Ref. No. A.X. 8713.) 

Fire-Fighting Equipment.—The Corporation of King- 
ston, Jamaica, is considering a proposal to institute 
a new branch fire brigade and to acquire additional 
fire-fighting equipment. (Ref. No. A.X. 8714.) 

Motor Lorries.—A transport company in Athens, 
Greece, is desirous of receiving particulars of British 
motor lorries of from 2 tons to 3 tons capacity, and also 
of steam wagons fitted to burn crude oil or lignite. 
(Ref. No. A.X. 8720.) 


Coal Wagons.—The supply of eight automatic 
unloading wagons for coal, capacity 30 tons, gauge 
1-68 m. The Administration of the Port of Valparaiso, 
Chile; December 16. (Ref. No. A.X. 8722. 

Railway Material.—The supply of steel parts for 
155 railway wagons, including wheels, axles, wheel 
centres, brace bolts, axle supports, brake parts, washers, 
springs, nuts and bolts. The Turkish Railways and 
Ports Administration, Angora; November 12. (Ref. 
No. A.X. 8273.) 


Coal Grabs.—The supply of three coal grabs, capacity 
1} cub. m. The Administration of the Port of Val- 
paraiso, Chile; December 16. (Ref. No. A.X. 8724.) 


Platform Wagons.—The supply of two platform 
wagons, 3 ft. 6 in. gauge, mounted on bogies. The 
Tendering Department, Treasury of Lourengo Marques, 
Portuguese East Africa; December 21. (Ref. No. 
A.X. 8732.) 

Machine Tools, &c.—The supply and delivery of 
air compressors, machine tools (lathes, sensitive drills, 
screwing machines, shaping machines, hand punching 
and shearing machines) and electric motors; Novem- 
ber 12. Also two power punching and shearing machines ; 
December 18. The New Zealand Government Railways, 
Wellington. (Ref. No. A.X. 8736.) 








Cuain Drives.—An objection that has been urged 
against chain drives in the past, is the difficulty experi- 
enced in obtaining rapidly a suitable set of gear to give 
the desired speed ratio. The study of a brochure issued 
by Messrs. The Morse Chain Company, Limited, Letch- 
worth, should show that this objection is now scarcely 
valid. In addition to notes on the installation, main- 
tenance, protection, and lubrication of chain drives, the 
publication contains particulars of seven interesting series 
of standardised drives. Each series provides a range of 
20 speed ratios from 1-48 : 1, to 6:1, and the first is 
of drives of between 1 and 3 h.p. The last of the series 
ranges from 41 to 60 h.p., and the pinion speeds covered 
by the whole range vary from 720 to 2,000 r.p.m. It 
should not be difficult therefore, with such a wide range of 
choice, to find a suitable drive for any purpose, in fact the 
individuality of a belt drive ray be maintained with the 
addition of an absolute degree of positiveness. All the 
standardised drives are made of the Morse rocker-joint 
chain. The links of this chain, which have teeth engaging 
with the pinion and spur wheels of the drive, are con- 
nected by two case-hardened steel pins in each hole. Each 
pin occupies one half of the circular hole in the link, but 
one has a flat face, and the other a surface composed of a 
flat, tangent to a circular part. When the chain is 
straight, that is, when it is taking the load being trans- 
mitted, both flat surfaces are in contact, but when the 
chain is bent round the pinion or wheel, the rounded 
surface of the one pin rolls on the flat surface of the other, 
with the result that the drive is not only remarkably 
silent, but has very little frictional loss, actual tests 
showing an efficiency of 98-6 per cent. The brochure 
also gives numerous photographs of interesting drives, 
including one of the largest chain drive in the world, 
in which eight chains, each 21 in. wide, have been used 
for the last fifteen years to transmit 5,000 h.p. in a hydro- 
electric generating set. 





BOOKS RECEIVED. 


Medical Research Council. Industrial Health Research 
Board. Report No. 55. A Study of Personal Qualities 
in Accident Proneness and Proficiency. By E. FARMER 
and E. G. CHamsers. London: His Majesty’s 
Stationery Office. [Price 3s. net.] 
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Modern School Buildings, El ti 
By Sir Frenrx Cray. Third edition, entirely re 
written. London: B. T. Batsford, Limited. [Price 
25s. net. ] 

Manchester at Work. A Survey. By Professor H. Cray 
and K. R. Brapy. Manchester: Sherratt and 
Hughes. [Price ls. net.] 

War Office. Professional Papers of the Air Survey 
Committee. No. 5. Calibration of Surveying Cameras. 
By Captain M. Horme. London: His Majesty’s 
Stationery Office. [Price 2s. 6d. net.] 

Vorlesungen iiber Maschinenelemente. No. 4. Retb und 
Riidertriebe. By Dr.-Ing. M. TEN Boscu. Berlin: 
Julius Springer. [Price 7-80 marks. ] 

A Simplified Presentation of Einstein’s Unified Field 
Equations. By Tutuio Levi-Crvita. Translated by 
Dr. J. Dovueatyt. London: Blackie and Son, Limited. 
[Price 2s. net.] 

The Rat. A World Menace. By A. Moore Hocarru. 
London: John Bale, Sons and Danielsson, Limited. 
[Price 7s. 6d. net.] 

Department of Scientific and Industrial Research. Food 
Investigation. Special Report No. 35. Heat Insu- 
lators. London: His Majesty’s Stationery Office. 
[Price 2s. 6d. net.] 

Air Ministry. Air Publication No. 1375. The Arm- 
strong Altas Army Co-operation Aeroplane. With an 
Appendix on the Altas Dual Control Aeroplane. London: 
His Majesty’s Stationery Office. [Price 3s. net.] 

Reorganisation of Crewe Locomotive Works. London 
Midland and Scottish Railway. London: The Railway 
Engineer. [Price 15s. net.] 

Strassenbriicke Kéln-Mulheim. Berlin: 
und Sohn. 

Proteccioén de las Plateas en Presas y Compuertas. By 
Jacopo Stok. Buenos Aires: Tomés Palumbo. 

Ministry of Health. Advisory Committee on Water. 
Second Report of Legislation Sub-Committee. London: 
His Majesty’s Stationery Office. [Price 9d. net.] 

United States Bureau of Labour Statistics. Bulletin 
No. 494, Labour Legislation of Uruguay. Washington : 
Government Printing Office. 

United States Bureau of Mines. Mineral Resources of 
the United States. I: 19. Zine in 1927 (General 
Report), By E. W. Perurson. [Price 5  cents.] 
I: 22. Gold, Silver, Copper, Lead, and Zine in Idaho 
and Washington in 1927. Mine Report. By C. N. 
Gerry. [Price 5 cents.] II: 29. Coke and By- 
Products. By F. G. Tryon and H. L. Bennrr. [Price 
15 cents.] Washington: Government Printing Office. 

Air Ministry. Directorate of Civil Aviation. Report on 
the Progress of Civil Aviation, 1928. London: His 
Majesty’s Stationery Office. [Price 3s. 6d. net.] 

The Motor Industry of Great Britain. 1929. London: 
The Society of Motor Manufacturers and Traders, 
Limited. 

Note sur les Connaissances Actuelles des Propriétés de la 
Vapeur D’Eau. By M. D. SacnaczEwer. Paris: 
Dunod. 

Atlas Metallographicus. Parts 3,4,and 5. By Professor 
Dr.-Ing. HeryricH and ANGELICA SCHRADER. Berlin: 
Gebriider Borntraeger. [Price: Part 3, 7-60 marks ; 
Parts 4 and 5, 6-75 marks each. ] 

Department of Scientific and Industrial Research. Engi- 
neering esearch. Special Report No. 16. The 
Hardness of Steel Balls Used for the Determination of 
the Brinell Hardness Numbers of Materials. By R. G. 
Batson and §. A. Woop. London: His Majesty’s 
Stationery Office. [Price ls. 3d. net.] 

Motor Vehicles and Tractors. By P. M. Heldt. London: 
lliffe and Sons, Limited. [Price 40s. net.] 

University of Illinois. Engineering Experiment Station. 
Bulletin No. 194. Tuning of Oscillating Circuits by 
Plate Current Variations. By J. T. TyKocINEeR and 
R. W. Armstrone. Urbana: University of Illinois. 
[Price 30 cents. ] 

Department of Scientific and Industrial Research. Report 
of the Fuel Research Board for the Year ended March 31, 
1929. With Report of the Director of Fuel Research. 
London: His Majesty’s Stationery Office. [Price 
2s. net.] 

Instituto Forestal de Investigaciones y Ezxperiencias. 
Bulletin No. 3. Madrid: Instituto Nacional de 
Investigaciones Experiencias y 
Forestales. 

Report of the Anglo-Russian Committee on the British 
Trade Delegation to Russia. March-April, 1929. 
London: Anglo-Russian Committee. [Price 2s. 6d.] 

Proceedings of the Royal Institution of Great Britain. 
Vol. XXVI—Part I, No. 123. London: Royal 
Institution of Great Britain, and William Clowes and 
Sons, Limited. [Price 10s. 6d. net.] 
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Contract.—In addition to a recent large order for 
tyres and axles, Messrs. John Brown and Company, 
Limited, Atlas Works, Sheffield, have just received a 
further substantial order for 2,500 locomotive tyres for 
the South African Railways. 





PERSONAL.—Messrs. G. Varley, and T. Lockwood 
Bunce, have joined the staff of Messrs. William Asquith, 
Limited, Highroad Well Works, Halifax.—Mr. Arthur 
Colegate has joined the board of directors, and has been 
appointed managing director of Messrs. Marshall, Sons 
and Company, Limited, Britannia Ironworks, Gains- 
borough, Lincolnshire, to act in conjunction with the 








chairman and managing director, Major H. D. Marshall. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—The statistical state of the 
Cleveland pig branch of the trade is healthy, and enables 
ironmasters to adhere to the fixed minimum market 
rates that have ruled for many months past. Stocks are 
very low, and output is well taken up, but sales are now 
confined to narrow limits. Expansion of demand 
expected during October did not mature, and the out- 
look is now decidedly less encouraging than it was some 
six weeks ago. Makers report a few home sales for 
November—December, though merchants are readily 
disposing of the small parcels at their disposal for early 
delivery at prices below recognised market values. A 
little Midland foundry iron is still being consumed on 
Tees-side, and merchants here are dealing in iron from 
other home districts for consumption in this country, 
and for despatch to destinations abroad. There are a 
few overseas inquiries for Cleveland pig, but actual 
export sales are very light. No. 1 Cleveland is 75s. ; 
No. 3 g.m.b., 72s. 6d.; No. 4 foundry, 71s. 6d.; and 
No. 4 forge, 71s. 

Hematite.-—Producers of East Coast hematite are hesi- 
tating to commit themselves further on the unremunera- 
tive terms obtainable, and are inclined to stock iron until 
prices approach much nearer economic level. They pro- 
test that the prices named entail a loss of several shillings 
per ton, and intimate that unless a change for the better 
is experienced in the very near future, certain furnaces 
will have to be put out of operation. Merchants are 
inclined to take a rather firmer stand, in view of possible 
early curtailment of production, but are still under- 
selling makers. For ordinary qualities, 77s. is asked, 
and No. 1 grade of iron is at a premium of sixpence. 


Foreign Ore.—Conditions do not admit of transactions 
of moment in foreign ore. Sellers have very little to 
offer, and consumers are well bought ahead. Quotations 
are based on quite 24s. 6d. c.i.f. Tees for best rubio. 


Blast-Furnace Coke.—Local users of blast-furnace coke 
complain that the supply is barely adequate to meet current 
needs, and as there are grounds for the belief that scarcity 
will shortly be acute, much anxiety is felt concerning the 
near future. Durham good average qualities are quoted 
23s. 9d. delivered to works in this area. 

Manufactured Iron and Steel.—Quotations for manu- 
factured iron and steel are maintained, notwithstanding 
increasing Continental competition, and the need of 
orders, in certain departments, to follow on contracts 
approaching completion. Home buying falls consider- 
ably short of expectation, but prospects of greater activity 
at shipyards has had a stimulating effect on the branches 
directly concerned. Inquiries from overseas are coming 
forward, but export business is difficult to put through. 
Common iron bars are 101. 15s.; best bars, 11/. 5s. ; 
double best bars, 117. 15s.; double best bars, 127. 5s. ; 
iron rivets, 117. 10s.; packing (parallel), 8/.; packing 
(tapered). 10/.; steel billets (soft), 67. 17s. 6d.; steel 
billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 2s. 6d.; steel rivets, 11. 5s.; steel ship plates, 
81. 12s. 6d. ; steel angles, 81. 2s. 6d. ; steel joists, 8/. 2s. 6d.; 
heavy sections of steel rails, 9J.; fish plates, 13/.; black 
sheets, = 5s.; and galvanised corrugated sheets, 
131. 28. 6d. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Despite one or two weak sections 
the local steel and engineering trades are maintaining 
a somewhat satisfactory position. Outputs of raw and 
semi-finished steel are on theincrease. Activity is largely 
confined to basic sorts, but the recent improved demand 
for railway rolling-stock materials has resulted in acid 
steel producers being slightly better employed. Alloy 
steel is a progressive line. Constructional steel is also 
in brisk request. The outlook of the heavy engineering 
trades, following the receipt of substantial overseas 
orders, is more encouraging. Railway departments are 
working at increased capacity. South Africa has just 
placed another order locally for the supply of 12,0001. 
worth of locomotive tyres. Manufacturers, providing 
they can offer suitable quotations, should benefit from 
the numerous inquiries in circulation. India, Australia 
and South America are in the market for a variety 
of products, while it is reported that the Turkish 
Railways and Ports Administration is calling for 
tenders for railway wagons, wheels, axles, wheel centres, 
brace bolts, axle supports, brake parts, washers, springs, 
nuts and bolts. Firms specialising in the manufacture 
of weighing machines and weighbridges are actively 
employed. Orders have been received for several 
weighbridges 25 ft. to 30 ft. long and having a capacity 
of 40 tons or more. These bridges will be used in 
connection with heavy road-transport traffic. Electrical 
development schemes in this country are calling for 
supplies of high-pressure steam boilers, generating 
plant, switchgear, and other equipment. _ Stainless 
steel, rustless iron, motor-car steel and fittings, and 
tool steel are all progressive lines. Tool manufacture 
has its weak sections. Engineers’ machine tools and 
stone and woodworking implements are prominent. 


South Yorkshire Coal Trade.—Trading conditions as 
a whole are satisfactory. There is a steady call for 
all kinds of industrial fuel. Prices show little change. 
Export requirements are fairly substantial. Despite 
the fact that the house-coal market leaves considerable 
room for improvement, merchants are expecting & 
revival in the not far-distant future. Foundry and 
furnace'coke at 23s. to 248. is going away in big quantl- 
ties, both on home and export’ account. Shipments of 
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blast-furnace coke are also on the up grade. Gas coke is 
firm at 22s. to 25s. f.0.b. Quotations: Best hand-picked 
branch, 26s. 6d. to 28s.; Derbyshire best bright house, 
21s. to 23s.; best house coal, 20s. 6d. to 21s. 6d.; 
screened house coal, 18s. 6d. to 20s.; screened house 
nuts, 16s, 6d. to 18s.; Yorkshire hards, 15s. 6d. to 17s ; 
Derbyshire hards, 15s. 6d. to 17s.; rough slacks, 9s. to 
10s. ; nutty slacks, 7s. to 8s.; smalls, 3s. to 5s. 








NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—Conditions in the Scottish steel 
trade have varied little since last week’s report. The home 
demand remains fairly steady despite competition, and 
plant in operaticn is being kept regularly employed. 
The future continues to cause some thought, and at the 
moment buyers are acting with caution, and the volume 
of new business passing is therefore somewhat limited. 
Inquiries from the shipbuilders are not very plentiful at 
present. In the black-sheet trade healthy conditions 
prevail, but the demand from the Far East has not yet 
come. up to expectations. Prices are as follow :—Boiler 
plates, 107. 108. per ton ; ship plates, 8/7. 12s. 6d. per ton ; 
sections, 81. 2s. 6d. per ton; black sheets, 4 in., 91. per 
ton; galvanised corrugated sheets (No. 24 gauge), 
132. 10s. per ton, all delivered at Glasgow stations. 


Malleable Iron Trade.—No change falls to be recorded 
in the malleable-iron trade of the West of Scotland, 
and a poor demand is general. The re-rollers of steel 
bars are also very quiet, and very keen competition exists 
for any lots which are wanted. The current market 
quotations are as follow :—‘‘ Crown” bars, 10/. 5s. per 
ton for home delivery, and 9/1. 15s. per ton for export ; 
re-rolled steel bars, 7/. 15s. per ton for home delivery and 
for export. 


Scottish Pig-Iron Trade.—A dull but steady tone 
prevails in the Scottish pig-iron trade. There is not a 
heavy demand for any grade, and the present number of 
furnaces can turn out ample for all requirements. 
Hematite is being delivered in fairly regular quantities 
to the steel works, but consumers of foundry iron are 
not very busy. Prices are well maintained, and the 
following are the current market quotations :—Hematite, 
80s. per ton delivered at the steel works; foundry iron 
No. 1, 78s. 6d. per ton, and No. 3, 76s. per ton, both on 
trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scot- 
tish pig-iron from Glasgow Harbour for the week ending 
Saturday last, October 19, amounted to 1,043 tons. Of 
this total 485 tons went overseas and 558 tons coastwise. 
During the corresponding week of last year the figures 
were 438 tons overseas and 51 tons coastwise, making a 
total shipment of 489 tons. 


Contract.—Messrs. Sir William Arrol and Company, 
Limited, Glasgow, have been successful in securing the 
contract for the supply and erection of the construc- 
tional steelwork for the first section of the new super- 
power station at Battersea, London, for the London 
Power Company, Limited. The coal-burning capacity 
of this new station will be on a very large scale, and when 
completed, it will be the second largest in the country. 


Shipbuilding Contracts.—Messrs. Mackie and Baxter, 
Limited, engineers, Govan, Glasgow, have received 
orders from Canadian owners for two single-screw 
passenger and motor-carrying ferry steamers, similar in 
type to the two supplied a few years ago, but considerably 
larger. The new vessels will each be capable of carrying 
70 cars of all descriptions at one time, and they will 
have facilities for running these on and off very rapidly. 
This will enable the owners to provide a 20 minutes’ 
service across the St. Lawrence. The new vessels—the 
hulls of which will be sub-contracted—will cross the 
Atlantic under their own power. They will be fitted with 
triple-expansion steam engines, using forced draught, 
obtaining steam from marine return-tube boilers and 
developing 1,800 i.h.p. Messrs. Mackie and Baxter have 
also booked the contract to provide twin-screw machi- 
nery, aggregating 1,200 ih.p., for the cargo steamer 
which the Dublin Dockyard Company, Limited, are to 
build for the Sligo Steam Navigation Company. These 
engines will be of a special type, designed for heavy 
service, and they will obtain steam from two large 
Scotch boilers. The firm are also supplying twin engines 
of 1,000 i.h.p. for a steamer now building at Greenock, 
for Indian owners, as well as two sets of steam engines for 
barges. These will be of double-cylinder, high-pressure 
design, of a type not often used in marine work. 








EXAMINATIONS FOR Patent AGENTS.—The _inter- 
mediate and final examinations prescribed by the Board 
of Trade under the Register of Patent Agents Rules, 
1920 and 1926, will be held by the Chartered Institute 
of Patent Agents, at Staple Inn-buildings, London, 
W.C.1, in April, 1930. Further particulars may be 
obtained from the registrar of the Institute, Staple 
Inn-buildings, London, W.C.1. 





InstITUTION oF NavaL ARCHITECTS.—The Council of 
the Institution of Naval Architects has awarded the 
Fairfield Scholarship in Naval Architecture for 1929, 
which is valued at 150/. per annum, and tenable for 
four years at Glasgow University, to Mr. 8S. McMurray, 
of Belfast. The Denny Scholarship for 1929, worth 
75l. per annum, and tenable for four years at Glasgow 
University, has been awarded to Mr. C. R. Wynne- 
Roberts, of Bedford. The 1929 Parsons Scholarship 
in Marine Engineering, tenable at the City and Guilds 
(Engineering) College, London, and valued at 1501. 
per annum, has been gained by Mr. F, L. Weatherdon, 
of H.M. Dockyard, Devonport. 





NOTICES OF MEETINGS, 





DieseL Enoaine Users’ AssocraTion.—To-day, 
3.30 p.m., Caxton Hall, Westminster, S.W.1. ‘‘ Modern 
Engineering Cast Irons and Their Properties,” by 
Mr. J. G. Pearce. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 


6 p.m., Storey’s-gate, S.W.1. Thomas Hawksley 
Lecture—‘“ Critical Relations between Water and 
Steam,” by Professor H. L. Callendar. Glasgow and 


West of Scotland Branch: Thursday, November 7, 
7.30 p.m., Royal Technical College, Glasgow, ‘‘ Electric 
Cranes,”’ by Mr. G. R. Adamson. 


INSTITUTION OF ELECTRICAL ENGINEERS.—To-night, 
7 p.m., Victoria-embankment, W.C.2. Meter and 
Instrument Section Meeting. Chairman’s Address by 
Mr. E. W. Hill. Monday, November 4, 7 p.m., Informal 
Meeting. Discussion on ‘“ Paris and the Pyrenees: 
Notes on Some of the Technical Features of the I.E.E. 
1929 Visit,”” opened by Mr. R. Borlase Matthews. Mersey 
and North Wales (Liverpool) Centre : Monday, November 
4, 7 p.m., The University, Liverpool. ‘The Con- 
struction of the ‘Grid’ Transmission System in Great 
Britain,” by Mr. J. Wright and Mr. C. W. Marshall. 
London: Wednesday, November 6, 6 p.m., Victoria- 
embankment, W.C.2. Wireless Section Meeting. Chair- 
man’s Address by Captain C. E. Kennedy-Purvis. 
Thursday, November 7, 6 p.m., Ordinary Meeting. 
“The Analysis and. Measurement of the Noise Emitted 
by Machinery,” by Mr. B. A. G. Churcher and Mr. A. 
J. King. 

Junion INSTITUTION OF ENGINEERS.—To-night, 
7.30 p.m., 39, Victoria-street, S.W.1. Kinematograph 
Film: ‘‘The Age of Speed.” Friday, November 8, 
7.30 p.m., Annual General Meeting. 


Institute oF British FounprymMen.—Lancashire 
Branch: Saturday, November 2, 4 p.m., College of 
Technology, Sackville-street, Manchester. ** Some 
Aspects of Modern Foundry Practice,” by Mr. F. Griffiths. 
West Riding of Yorkshire Branch : Saturday, November 2, 
6.30 p.m., Technical College, Bradford. ‘‘ The Solidifica- 
tion and Cooling of Metals,” by Mr. A. Campion. London 
Branch: Thursday, November 7, 8 p.m., Engineers’ 
Club, Coventry-street, W.1. ‘‘ The Founding of Some 
High Melting Point Alloys,” by Mr. J. McNeil. Bir- 
mingham, Coventry and West Midlands Branch: Friday, 
November 8, 7.30 p.m., King’s Head Hotel, Coventry. 
‘* Magnesium Alloy Casting,’”’ by Mr. E. Player. Middles- 
brough Branch: Friday, November 8, 7.45 p.m., Cleve- 
land Technical Institute, Corporation-road, Middles- 
brough. ‘‘ Mechanical Tests for Cast Iron—A Survey 
of Recent Developments,” by Mr. J. G. Pearce. Scottish 
Branch : Saturday, November 9, 4 p.m., Royal Technical 
College, Glasgow. ‘‘ Nickel in the Cast Iron Foundry,” 
by Dr. A. B. Everest. Wales and Monmouth Branch : 
Saturday, November 9, 6.30 University College, 
Newport-road, Cardiff. ‘‘ Making Iron in Primitive 
Times,” by Professor A. A. Read. 


Roya InstituT1Ion.—Monday, November 4, 5 p.m., 
Albemarle-street, W.1. General Meeting. 


Soctrety oF Enortneers.—Monday, November 4, 
6 p.m., Geological Society, Burlington House, Piccadilly, 
W.1. ‘Land Drainage,” by Mr. G. A. Wright. 


Rattway Cxius.—Monday, November 4, 7.30 p.m. 
57, Fetter-lane, E.C.4. ‘*The Highland Section of the 
L.M.S. Railway,” by Mr. H. A. Vallance. 

BRADFORD ENGINEERING Socrety.—Monday, Nov- 
ember 4, 7.30 p.m. Technical College, Great Horton- 
road, Bradford. ‘‘The How and Why of Aviation 
and Aeroplane Design,” by Mr. H. G. Mitchell. 


WOLVERHAMPTON AND District ENGINEERING SOCIETY. 
Monday, November 4, 7.30 p.m., Victoria Hotel, Wolver- 
hampton. ‘“‘ Heavy Engineering Work,” by Mr. F. G. 
Smith. 

Royat AERONAUTICAL SoctETY.—Tuesday, November 
5, 2.30 p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. Conference on ‘‘ The Need for 
Municipal Airports.”” Thursday, November 7, 6.30 p.m., 
Royal Society of Arts, John-street, Adelphi, W.C.2. 
‘“* Recent Developments of Fuels and Dopes for Aircraft 
Engines,” by Dr. A. E. Dunstan. 

InsTITUTION oF CriviL ENGINEERS.—Tuesday, Nov- 
ember 5, 6 p.m., Great George-streeet, S.W.1. Opening 
Meeting. Presidential Address by Mr. W. W. Grierson. 

STAFFORDSHIRE IRON AND STEEL _ INSTITUTE.— 
Tuesday, November 5, 7 p.m., Girls’ High School, Dudley. 
Joint Meeting with the Birmingham Metallurgical 
Society and Birmingham Local Section, Institute of 
Metals. ‘‘ Progress in the Metallurgy and Utilisation 
of Wrought Iron,” by Mr. J. 8. Trinham. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
Scortanp.—Tuesday, November 5. 7.30 p.m. 39, 
Elmbank-crescent, Glasgow. ‘‘ Heat Transmission Prob- 
lems and Some Recent Developments with Experimental 
Data,’ by Mr. G. Tansley and Mr. O. Kubalek. 


INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday, 
November 5, 7.45 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2. Joint Meeting with the Iron 
and Steel Institute. ‘‘ Steels for Automobiles and 
Aeroplanes,” by Dr. W. H. Hatfield. 


INSTITUTION OF PRODUCTION ENGINEERS.—Coventry 
Branch : Wednesday, November 6, 7.30 p.m., King’s 
Head Hotel, Coventry. ‘‘ Mould Design for Synthetic 
and Other Compounds,” by Mr. H. T. Richardson. 
London: Thursday, November 7, 7.30 p.m., Society 
of Motor Manufacturers and Traders, Limited, 83, Pall 
Mall, §8.W.1. Annual General Meeting. Presidential 
Address by Mr. T. Thornycroft. 





INSTITUTION OF HEATING AND VENTILATING ENGINEERS. 
—Wednesday, November 6, 7 p.m., Swedenborg Hall, 
20, Hart-street, Bloomsbury, W.C.1. “Notes on 
Electric Warming, with Special Reference to Low- 
Temperature Panel Systems,” by Mr. R. Grierson. 


Roya Soctety or Arts.—Wednesday, November 6, 
8.30 p.m., John-street, Adelphi, W.C.2. Inaugural 
Address by the Chairman, Mr. a B. Atkinson, “ Fifty 
Years of Electrical Science and Industry.” 


ILLUMINATING ENGINEERING Socrety.—Friday, 
November 8, 6.30 p.m., Royal Society of Arts, John- 
street, Pig sg W.C.2. “The Nature and Effects of 
Glare,’”’ by Mr. W. S. Stiles. 


Institution oF Locomotive Enatneers.—Man- 
chester Centre : Friday, November 8, 7 p.m., Manchester 
Literary and Philosophical Society, 36, George-street, 
Manchester, ‘“‘ Undue Compression in the Cylinders 
of Steam Locomotives and Means for Combating Same,” 
by Mr. E. M. Gass. 


MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
November 8, 7.15 p.m. Engineers’ Club, Albert-square, 
Manchester. ‘Low Temperature Carbonisation of 
Fuel,” by Mr. H. Neilsen. 

Institute or Mertats.—Sheffield Local Section: 
Friday, November 8, 7.30 p.m., The University, St. 
gr niece Sheffield. ‘‘ Nickel-Silver,” by Captain 

. Orme. 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Coal Trade.—Except that a more active demand 
has sprung up for dry, large. coal as a substitute for 
anthracite, the general conditions show little change. 
Colliery and shipping arrangements have been dis- 
organised by stormy weather delaying ships which were 
expected to arrive, while outputs have been slightly 
curtailed by aaa over the non-unionist question. 
Admiralty and Monmouthshire large coals are plentiful 
at schedule prices, but dry varieties command about 3d. 
above the minima, making best dry large 19s. 3d. to 
19s, 6d., and ordinaries from 18s. to 19s. per ton, f.o.b. 
Smalls have also developed some irregularity, the best 
bunker classes ruling from 13s, 9d. to 14s., but cargo 
sorts remain steady at from 13s. to 13s. 6d. In sized coals, 
dry nuts are strong and scarce at from 298, to 30s., 
with bituminous nuts from 20s. to 2ls, Duffs, however, 
though booked up on old orders, were in less pressing 
demand, and washed dry duffs varied from 14s, 6d. to 
16s., with bituminous duff from 16s, 6d, to 17s, The 
Norte Railway, of Spain, has contracted for 40,000 tons 
of large coal for delivery over the next couple of months, 
while the Portuguese State Railway has also ordered 
150,000 tons of small for shipment over the next five 
months. New business has, however, slackened off of 
late, but shipments should continue good, in view of 
heavy chartering, which has taken place for South 
America, the Mediterranean and the near French ports. 
At Swansea, the volume of chartering has, in fact, 
reached the highest levels since before the war, while 
shipments, too, owing to the rush to clear anthracite for 
Canada before the ports become ice-bound, have reached 
record levels. 


New Coal-Trimming Arrang t.—From to-night, 
the shipowners who employ the coal trimmers, will have 
someone directly responsible to them for the work on 
board vessels loading with coal at the Cardiff, Barry 
and Penarth docks. In the past, they have depended on 
supervisors appointed by the Employers’ Clearing House, 
which collects the money due to the men for trimming 
work, and passes it on to the Coal Trimmers’ Union for 
payment. The coal trimmers have supervisors of their 
own, elected by the men, from time to time, while the 
leading trimmers have, in the past, also been elected 
by the men. This position has resulted in a lack of 
control over the men. The Joint Control Board of the 
Cardiff, Penarth and Barry Coal Trimmers, composed of 
representatives of the shipowners and trimmers and 
other organisations interested directly in the shipment 
of coal, have now appointed 172 leading trimmers effi- 
ciently and properly to carry out the work aboard ship 
and see that the men are in their places, start to time, 
and do not leave without permission. These leading 
trimmers will be directly answerable to the Board, and 
so will not, as has been the case in the past, be dependent 
on their own colleagues for their positions, This, it is 
expected, will lead to the more efficient and speedier 
shipment of coal. In the past, a considerable amount 
of criticism, much of it based on inaccurate knowledge, 
has been levelled at the trimming system, but when it is 
borne in mind that something like 20,000,000 tons of 
coal are dealt with annually, the number of disputes and 
delays, though important to individuals, have been 
negligible. 


Iron and Steel.—Exports of iron and steel goods, last 
week totalled 15,602 tons, compared with 14,095 tons 
in the preceding week. Shipments of tin-plates and 





in 
terne-plates were raised from 7,231 tons to 10,301 tons, 
and of other iron and steel goods from 3,182 tons to 
3,265 tons. 








BatL-BEaRInG EquipMENT.—We have received from 
Messrs. Fredk. Pollard and Company (Bearings) Limited, 
Nottingham-road, Leicester, a large wall reference chart 
dealing with their P.B. ball-bearing transmission equip- 
ment. The chart illustrates the firm’s ball-bearing 
hangers, plummer blocks and — and also their 
double-row, self-aligning adapter bearings. The 
chart gives tabulated particulars of the dimensions and 
prices of each type of equipment. 
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LAUNCHES AND TRIAL TRIPS. 


* JANETA.”——Single-screw cargo steamer; _ triple- 
expansion engine. Launch, October 11. Main dimen- 
sions, 402 ft. by 54 ft. 9 in. by 31. ft. Built by Messrs. 
Barclay, Curle and Company, Limited, Whiteinch, 
Glasgow, for Messrs. Glasgow United Shipping Company, 
Limited, Glasgow. 

“JUAN DE  ASTIGARRAGA.”’’—Single-screw cargo 
steamer; triple-expansion engine supplied by Messrs. 
David Rowan and Company, Limited, Glasgow. Launch, 
October 16. Main dimensions, 343 ft. by 48 ft. 9 in. by 
26 ft. 2 in. 


garraga, for the Compania Naviera Bachi, Bilbao. 

‘** SILVERYEW.” -—- Twin-screw cargo motorship ; 
opposed-piston reversible oil engines supplied by Messrs. 
Richardsons, Westgarth and Company, Limited, Hartle- 
pool. Launch, October 18. Main dimensions, 4€9 ft. 
by 61 ft. 4 in. by 39 ft. 6 in. Built by Messrs. Joseph L. 
Thompson and Sons, Limited, Sunderland, for The Silver 


Line, Limited, London. 

“Tacoma Crry.’”°—Grain-carrying steamer; _ triple- 
expansion engines. Trial trip, October 18. Main 
dimensions, 400 -ft. by 54 ft. 3 in. by 28 ft. Built by 


Messrs. William Gray and Company, Limited, West 
oe for Messrs. 
Sons, 


Sir William Reardon Smith and 
aimited, Cardiff. 


54,000-H.P. TurBINE RUNNER. 


Built by Messrs. Napier and Miller, Limited, | 
Old Kilpatrick, to the order of Messrs. Hijos de Asti- | 


} “ANGLO -SWEDE,” 


| ---Single-screw oil- 
| tank motorship ; 
| single - acting, two- 


cycle, seven-cylinder 
Polar Diesel engine. 
Launch, October 18. 
Main dimensions, 460 
| ft. by 59 ft. 7 in. by 
33 ft. 7in. Built by 
Messrs. Sir W. G. 
Armstrong, Whit- 
worth and Company 
(Shipbuilders), Limit- 
ed, Walker-on-Tyne, 
for Messrs. Rederi 
Aktiebolaget Tanker, 
Stockholm, Sweden. 


‘** PUKKASTAN,’’—Single-screw grain-carrying steamer ; 
triple-expansion engine supplied by Messrs. John Dickin- 
son and Sons, Limited, Sunderland. Trial trip, October 
18. Main dimensions, 454 ft. 6 in. by 57 ft. 6 in. by 
38 ft. Built to the order of Messrs. Common Brothers, 
Limited, for the Hindustan Steam Seinens Company, 
| Limited, Newcastle-on-Tyne, by Messrs. Short Brothers, 
| Limited, Sunderland. 


| ‘* Ouympra.”—Twin-screw cargo motorship; Bur- 
| meister and Wain Diesel engines. Launch, October 22 











Fig. 54. 
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CONOWINGO HYDRO-ELECTRIC DEVELOPMENT ON THE SUSQUEHANNA RIVER. } 


(For Description, see Page 551.) 





Fic. 52. TurBINE GuIDE RING AND VANES. 


27-Fr. ButTERFLY VALVE. 


Main dimensions, 401 ft. by 54 ft. 3 in. by 27 it. 4 in. 
Built by the Nakskov Shipyard, Nakskov, Denmark, 
for the Orient Steamship Company, Copenhagen, 
Denmark. 

* DuNELMIA.’’—Grain-carrying steamer ; triple-expan- 
sion engines. | Trial trip, October 23. Main dimensions, 
434 ft. 4 in. by 54 ft. 8 in. by 30 ft. 1 in. Built by 
Messrs. William Gray and Company, Limited, West 
Hartlepool, for Messrs.* Metcalfe, Son and Company, 
Limited, West Hartlepool. 
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THE CONOWINGO DEVELOPMENT ON THE SUSQUEHANNA RIVER. 


(For Description, see Page 551.) 
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Vig. 41. View or Power House AND SPILLWAY. 
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Fic. 42. GENERAL VIEW OF DAM AND RESERVOIR. 
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DEVLOPMENT ON THE SUSQUEHANNA RIVER. 
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| THE CONOWINGO DEVELOPMENT ON THE SUSQUEHANNA RIVER. 


(For Description, see Page 551.) 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC } “ ENGINEERING,” WESTRAND, 





ADDRESS LONDON. 
TELEPHONE NuMBER—TEMPLE BAR 3663 
(2 lines). 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 





For the United Kingdom 0 
For Canada— 
Thin paper copies 6 
Thick paper copies 0 
For all other places abroad— 
Thin paper copies ..................004 £3 3 0 
Thick paper copie’.....................04 £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
eommunicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 





ADVERTISEMENT RATES. 

The me for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
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INTERNATIONAL TELEPHONE 
COMMUNICATION. 

In the presidential address, which he delivered 
to the Institution of Electrical Engineers in 
November, 1922, Mr. Frank Gill pointed out that 
long-distance telephone communication in Europe 
was practically non-existent, in spite of the fact that 
the population was dense and the cities fairly close 
together. He added that “through-telephony in 
Europe under the present conditions can never be 
worth the name of a service,” and suggested that 
there were three roads, along which a remedy might 
be sought. These were: To operate all the through 
business, both within and between the various 
countries in Europe, by a single long-lines company, 
working under license from the various governments ; 
for those governments themselves to form, what 
would in effect be, a private company for the purpose; 
or for the telephone authorities to combine in an 
association for studying the matter. These sug- 
gestions, coming from such an authority, naturally 
attracted a good deal of attention and, what is more 
surprising, were almost immediately followed by 
vigorous and well-organised action. Within a few 
months, representatives of the various telephone 
administrations in Western Europe had met in Paris, 
where the technical and administrative position 
was surveyed and methods of co-operation were 
formulated. Programmes of work were also prepared 
and future requirements estimated, while machinery 
was set up for the study of the large number of 
important points which had to be settled before the 
construction of an international telephone network 
could be proceeded with. By 1924, moreover, 
all the belligerent nations of the Great War were co- 
operating towards the solution of the problem, and 
the Advisory Committee on International Telephony 





was formed in the same year. The Membership of 
this body now includes all the important countries 
of the world, with the exceptions of the British 
Dominions and Japan, and the practical outcome of 
its operations is that from any telephone in this 
country it is possible to speak to nearly 90 per cent. 
of the telephone subscribers of the world, instead of 
only to Paris and Brussels, as was the case when 
Mr. Gill delivered his address. 

Such a result, achieved in so short a time, can 
only be described as marvellous. In fact, Mr. Gill’s 
suggestions had; as Sir Thomas Purves has said, 
a kind of trigger effect, in that their release 
accelerated the furtherance of helpful relationships, 
and increased business intercourse and _ better 
social understanding between the nations. This 
advance, moreover, has been achieved solely by the 


3} energy and goodwill of the existing administrations 


without the establishment of any new organisation: 

The work, which has been necessary to bring 
about this great record of progress in so short a time, 
fittingly formed the theme of the presidential 
address, which Colonel Sir Thomas Purves delivered 
to the Institution of Electrical Engineers on Thurs- 
day, of last week. In this he rightly directed his 
main attention to the technical investigations, which 
have rendered success possible, and in so doing 
touched on many points, which engineers of all 
classes will find interesting to examine. The main 
technical problem in the establishment of an inter- 
national telephone service lies not in the indoor 
apparatus, but in the line, and “ it is to the study of 
the ideal wave transmission line and to the efforts 
made to realise its qualities in practice that we owe 
nation-wide telephony, and the striking progress 
that has been made towards telephony of world- 
wide range.” The course of this study may be 
summed up in a few words. 

As is well-known, the distance over which a 
telephone conversation can be transmitted is 
limited by the distortion and attenuation imposed 
upon the signals. Both can, however, be reduced, 
whether the circuit consists of cables or open wire 
lines, by loading, i.e., by adding inductance to the 
circuit. As far as cables are concerned, this imme- 
diately increases the practicable range of communi- 
cation some three or four times, though the expense 
is considerable, and the installation of the necessary 
coils troublesome. Distortion can also be corrected 
by introducing artificial line networks at the ter- 
minals of the circuit, so that the original phase 
relationship of the various frequencies of the current 
transmitted is restored, while the disproportionate 
attenuation to which the higher frequencies have 
been subjected can be dealt with by linked ter- 
minal networks. Both these devices, however, 
increase the attenuation, and this loss cannot be 
compensated by the use of amplifying devices, since, 
owing to the necessity of eliminating cross-talk 
between one circuit and another, the energy can 
only be restored at each amplifying point to a 
level not much exceeding the original output value 
at the subscriber’s telephone. If, therefore, the 
attempt were made to overcome the disadvantages 
of loading by eliminating it, the repeater stations 
would have to be so close together that the total cost 
would be greatly increased. The position, therefore, 
is that, until cables can be improved to give a greater 
freedom from cross-talk than is possible at present 
the use of loading, in addition to amplifying and 
distortion-correcting devices, will continue to be 
necessary. The work that has led up to this 
conclusion has been detailed and difficult. The most 
advanced electrical and mathematical technique 
has been employed in the solution of the problems 
involved, and the results are of first-class importance 
to the development of both theory and practice. 
The methods devised to obtain the necessary am- 
plification of the signals have been of equal import- 
ance in the development of long-distance telephony. 
They include various ingenious arrangements of the 
repeater, a device which is based on the Fleming- 
de Forest valve. The employment of this appa- 
ratus in different forms has enabled light-gauge 
cable, 20 Ib. and 40 lb. to the mile, to be employed 
instead of the 300 Ib. conductor, which was pre- 
viously necessary, quite apart from the increased 
range, which it has rendered possible. Repeaters are 





often utilised on an ordinary two-wire circuit in 
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combination with artificial line networks for balanc- 
ing purposes, but the difficulty of applying the latter 
to very long circuits has led to the employment of 
four wires for each circuit, one pair carrying the 
speech currents in one direction and the other in the 
reverse direction. This four-wire system is now in 
general use on the longest circuits of the world. 
Further refinements include the use of suppressors 
for eliminating the echoes, which at one time seemed 
likely to set a practical limit of about 1,000 miles 
to the length of cable, which could be used for 
telephony, and the employment of devices, which 
ensure that the energy level of the amplified speech 
is maintained at a constant level, irrespective of 
the level of the current entering the amplifier. The 
degree of amplification itself can also be automatic- 
ally regulated. 

The final result of the researches that have thus 
been tirelessly carried on is that it is now physic- 
ally possible to telephone from any one spot in the 
world to any other, as is proved by a test con- 
versation, which was conducted from Stockholm to 
New Jersey over a devious route of 14,000 miles. 
For this conversation the aggregate length of 
copper conductor employed, in addition to the radio 
link of 3,200 miles, was 40,000 miles. The details 
of the apparatus used, of the amplification necessary 
and of the power, which would be required to 
deliver currents of telephonic magnitude at the far 
end of such a circuit in the absence of repeaters 
were given by Sir Thomas in full in his address and 
are so interesting that we have thought it worth 
while to reproduce them on another page of this issue, 

While, as far as European international telephony 
is concerned, satisfactory communication is now 
feasible over open-wire lines and cables, with 
the help of the various devices of which mention 
has been made, for the moment it is neces- 
sary to use a radio-link in the circuit between 
Europe and the American Continent. This link 
consists primarily of a long-wave channel, 
operating on a carrier wave of 5,000 metres and 
radiating about 60 kw. In addition, there are 
two short-wave channels, each using waves of the 
order of 16, 24 and 30 metres and radiating about 
5 kw. A further short-wave channel will shortly 
be available. The long and short-wave channels 
act as complements to each other, with the result 
that it has been possible to maintain a practically 
100 per cent. service and to pass 25,000 conversa- 
tions since the service was established, the present 
average being 45 a day. Of these, a very large 
percentage, even to the Western States and Canada, 
can be classified as good. 

Nevertheless, it is very interesting to learn from 
Sir Thomas that investigations into the construction 
of submarine cables have now reached a point where 
it is possible to regard transatlantic telephony by 
that means as practicable. Work on the develop- 
ment of such a cable is at present proceeding 
actively, and it is possible that it may be ready 
for service in 1932. The main portion will 
probably be laid from Ireland to Newfoundland, 
with shorter links from the former country to 
Scotland, and from the latter to Nova Scotia. 
Though it will provide only one additional 
telephone channel, with probably a superposed 
telegraph channel, it will enable a more reliable 
service to be given than is possible at present, and 
as a technical achievement it may be described 
as of outstanding importance. Such a cable is, in 
fact, a great step forward in the art of communica- 
tion, and when in use, for there seems no reason to 
anticipate failure, will mark the culmination of the 
great advances, which have occurred in telegraphy 
and telephony, both of the wire and radio varieties, 
since the war. Its construction has been rendered 
possible by the perfection of new alloys for loading 
purposes and, to a lesser degree, by the discovery of 
a new dielectric material. Some further details of 
the design of the cable and of the devices, which 
will be necessary to its successful operation, are also 
given on page 556 of this issue. 

The position in international telephony, after 
seven years of hard and well-directed effort, is, 
therefore, one on which the various administrations 
concerned may be heartily congratulated, while at 
the same time, due tribute must be paid to the skill 
and ingenuity of the engineers and physicists, who 
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have brought about these fundamental advances. 
Among the former, it would be less than justice to 
give Sir Thomas Purves himself, other than a leading 
place. Unfortunately, this picture has another 
side, at least so far as this country is concerned. In 
spite of the improvements that have been introduced 
into the national system, improvements which it 
cannot be denied have greatly added to the efficiency 
of the service, the public is still reluctant to com- 
municate by telephone. In the case of the long- 
distance lines, it would not be surprising to find 
that the traffic had increased more slowly than is 
actually the case, but it is certainly strange that 
so little progress is being made within the boundaries 
of these islands, and that the local traffic is increasing 
at so insignificant a rate. In spite of the greater 
ease and convenience which results from the em- 
ployment of the telephone, the number installed in 
Great Britain is still smaller than it should be in 
a great commercial nation, while the amount it is 
used remains almost stationary. In fact, the total 
traffic originated at exchanges, having 300 lines 
and upwards, only averages 5-3 calls per line per 
day. The reasons for this stagnation are many and 
various. They may be good or they may be bad, 
but active steps should be taken to improve matters 
not the least because much excellent engineering 
work is thereby rendered of little effect. It would 
be a great pity, if administrative obstacles and 
public reluctance prevented this great development, 
which has begun so well, from being carried on to an 
equally fitting conclusion. 








THE ROAD TRAFFIC PROBLEM. 

TuE recent decision of the Government to proceed 
with the Road Bill at an early date will undoubtedly 
meet with very wide approval. Probably the most 
controversial question involved in this measure 
is that of abolishing, or raising, the existing speed 
limits, but it is unlikely that new light will be 
cast on this question by further delay. It is clear 
that the opinion of motorists as a whole is in favour 
of the complete abolition of the limits, but, on the 
other hand, there appears to be a relatively large 
number of people who are strongly opposed to any 
alteration of the law in this respect. For instance, 
a Pedestrian’s Association has recently been formed, 
amongst whose objects, if correctly reported, is the 
retention of the existing limits. We presume that 
it is not the intention to retain them as a dead 
letter, and their strict enforcement would not 
appear to be within the limits of administrative 
possibility. Within the last year or two, the 
co-ordination of the various forms of transport has 
been freely offered as a panacea for at least some of 
our troubles, but effective co-ordination between 
the various road interests, or between road and rail 
transport, is almost impossible under the existing 
chaotic road regulations. A preliminary to such 
co-ordination is a code of road laws which will meet 
with the general approval of road users, and is 
likely to be observed. 

The public is at last becoming seriously alarmed 
at the loss of life on the highways, and this loss can 
only be effectively reduced by regulations enforced 
as strictly as those governing traffi; by rail, sea or 
air. The question of enforcing such regulations 
offers, however, more difficulty with road traffic, 
and must always depend to a great extent on the 
co-operation of road users with the authorities. 
Such co-operation is certainly not implemented 
by a feeling of resentment, such as exists at present, 
against the regulations. 

As only some 2 per cent. of the population are 
motor owners, it is not surprising that the Daily 
Press is inclined to treat this question from the 
point of view of the pedestrian. In the current 
issue of that admirable statistical publication, ‘‘ The 
Motor Industry of Great Britain,” published by 
the Society of Motor Manufacturers and Traders, 
it is stated that the number of accidents due to 
motor vehicles in 1928 was 5,223 fatal and 106,753 
non-fatal. These figures are appalling, but we can- 
not agree with the Society in their statement that 
the rapid increase in motor traffic has inevitably 
led to an increase in street accidents (the italics 
are ours). This rapid increase is not in any sense 
inevitable, but is largely due to the entirely in- 
adequate regulations governing motor traffic, to 
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which we have already referred. We do not pro- 
pose to enter on to such dangerous quicksands 
as the freedom to be accorded to any irresponsible 
person to drive a 100-h.p. car on payment of the 
modest sum of five shillings, but rather to view the 
matter from an engineering standpoint. 

Some of the more serious accidents have occurred 
in connection with large passenger vehicles, and 
engineers who are accustomed to regard as essential 
the periodical inspection of all plant which might 
conceivably constitute a danger to life, are 
naturally purturbed that an enquiry into all such 
accidents is not compulsory. In addition, the 
driver of such public-service vehicles has a responsi- 
bility comparable to that of a locomotive driver, 
and steps should be taken to ensure his equal 
competency. The original suitability of the vehicle 
for its work is another point which merits close 
consideration, and the Society of Motor Manu- 
facturers and Traders might well throw its great 
weight into the direction of suppressing all existing 
vehicles on the road, which do not meet all reason- 
able requirements in regard to braking, exits, and 
safety from the point of view of fire. Proposals for 
the inspection of vehicles and the holding of enquiries 
into fatal accidents were incorporated in the draft 
of the Road Bill, published some time ago, but the 
importance of ensuring that these become law can 
hardly be over-estimated from the point of view of 
public safety. We are afraid that, at the moment, 
car manufacturers can do little to increase the safety 
of private cars beyond the final elimination of 
steering instability, but it may be asked whether 
the time has not come for the abolition of the 
dash position for the petrol tank. Admittedly, this 
location gives a very simple layout, and involves a 
minimum of expense, but it has somewhat deadly 
potentialities in case of fire. 

A number of accidents are undoubtedly caused 
by skidding, for which the responsibility is by no 
means always in the hands of the driver. Certain 
cars are notoriously more prone to this weakness 
than others, but the primary cause of such accidents 
lies usually in the condition of the road surface. 
The question thus arises as to what extent the 
road engineer is responsible for avoidable accidents, 
and it is necessary not only to consider unsuitable 
surfacing, but the existence of bottle necks, blind 
corners, unsuitable cambers, and a variety of other 
conditions that are liable to increase the risks of 
motorists. It is perhaps in these directions that 
irresponsible outbursts in the public Press have 
been most mischievous. It suits the writers of such 
articles to assume that British road engineers are 
absolutely incompetent, or alternatively, that they 
take a Satanic pleasure in preparing traps for the 
innocent motorist. We have pointed out in previous 
articles that perfect motor roads offer no particular 
difficulty if cost is no consideration, but that in 
fact roads at the present time are exceedingly 
costly, and that the money available for new roads 
and for reconstruction, although large, is quite 
inadequate to turn the country into a motorist’s 
paradise. Careful research is being carried out 
on the questions of road construction and surfacing, 
and will no doubt bear fruit in due course. We 
have no reason to suppose that the investigations 
initiated some three years ago by the then Ministry 
of Transport have been allowed to lapse. These 
investigations are being carried out in concert with 
the National Physical Laboratory, and include the 
study of some thirty-six actual road sections 
surfaced with a wide variety of materials, under all 
conditions of traffic and weather, together with 
tests, conducted by the National Physical Labora- 
tory, on skidding. The latter investigation includes 
the design of the vehicle, and may possibly give rise 
to useful data for manufacturers. 

Apart from esthetic considerations and private 
rights, which are by no means to be neglected, the 
removal of bottle-necks, blind corners, and so on, 
on important main roads is, as stated, mainly a 
question of cost. It may therefore not be out of 
place to give the latest figures as recorded in the 
booklet to which we have already referred. For the 
first time, two tables of costs are given, the first 
representing the total expenditure from revenue 
by local authorities, including loan charges, added 








to direct expenditure by the Ministry of Transport. 
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In the second table, the figures of the first are ad- 
justed by the application of an index of gold prices 
in which the year 1923-24 is taken as 100. The 
figures in the first table may thus be regarded as 
nominal, while those in the second give real values 
having regard to fluctuations in prices and the rate 
of increase in expenditure since 1914, owing to 
the suspension of road works during the war period, 
with consequent accumulation of arrears. The 
second table shows that for 1925-26, the last figure 
available, the total annual road costs were 
58,339,000/., made up, as regards the expenditure 
by Local Authorities, of 57,455,0001. from current 
revenue, and 11,985,000/. from loans. The remain- 
der, representing the direct contribution of the 
Ministry of Transport, was 884,000/. These figures 
speak for themselves, and it is obvious that they 
cannot be greatly exceeded in future years without 
placing an intolerable burden on the citizen in his 
dual role of tax and rate payer. 

Assuming no marked increase in traffic, there is 
no doubt that road improvements, if carried out 
on the scale of the last two or three years, would 
result within a reasonable time in the main roads, 
at any rate, being adequate for the traffic that 
they would be called upon to bear. It has been 
amply demonstrated in recent years, however, that 
good roads invite increased traffic. Since 1918, 
the number of motor vehicles in use in Great 
Britian has shown a regular rise, reaching a total 
of 1,329,496 in 1928. If the rate of increase merely 
remains at the same figure, there will be nearly 
2,000,000 vehicles on the roads in 1935. In view 
of the present congestion, it is obvious either that 
astate of saturation will be reached, or that the 
flow of traffic must be facilitated in some way. 
In the former circumstances, the conditions in 
many places would resemble those already existing 
in the City of London, where it is often quicker to 
walk than to travel by road. Such a state of affairs 
would be extremely undesirable, as it would restrict 
the sale of all types of cars, and render many 
forms of goods transport by road uneconomical. 
From this point of view alone, therefore, it appears 
inevitable that legislation will have to be introduced 
to facilitate traffic flow, and it may well be that in 
a few years minimum rather than maximum speeds 
will be insisted upon, as is already the case in some 
parts of the United States. 








NOTES. 


A CENTENARY OF ENGINEERING. 


As already announced in these columns, the 
Governing Body of King’s College, London, has 
taken the opportunity afforded by the centenary 
of the foundation of that Institution to issue an 
appeal for funds, in order that a number of chairs, 
including one in electrical engineering and another 
in physics, may be adequately endowed. Before 
opening their purse-strings, however, generous 
donors like to know something about the qualities 
of the person or object they are called upon to 
support, and the wise course has therefore been 
taken of arranging a series of eight public lectures 
to show what the college has done during the 
past hundred years to assist culture in its many 
branches. Although the Engineering Department 
has not been in existence for the whole of that 
period, it has rightly been included; and a very 
interesting and informative lecture, sketching its 
history and the careers of those who have taken 
part in its development, was given by Professor 
Ernest Wilson, the William Siemens Professor of 
Electrical Engineering in the college, on October 23. 
Mr. Llewelyn B. Atkinson, who is an old student 
and also a Fellow of the College, occupied the 
chair. Professor Wilson began by calling attention 
to a diagram, which showed the variation in the 
number of students attending engineering courses 
since 1838. In that year there were 30 students, 
and this gradually rose to 72 in 1846, falling again 
to about 40 during the middle ’fifties. After this, 
owing to the opening of Russia after the Crimean 
war and the developments in engineering generally, 
this increased to 180 in 1868, after which there 
was a further fall and another rise, which culminated 
in a peak of 304 in 1892. A further peak occurred 
in 1906, followed by a decrease between then and 








1914, partly owing to the closing down of the evening 
classes. During the war there were only a few 
students, none of whom were of British nationality, 
but in 1920 a rush of ex-service men sent up the 
numbers to 240. Since then there had been a 
further decrease, though at the moment a new 
upward tendency was evident. Professor Wilson 
further pointed out that the Engineering Depart- 
ment had been singularly fortunate in the dis- 
tinguished teachers and students who had been 
connected with it. Among the former he cited 
the names of Daniell, Wheatstone, Clerk Maxwell, 
Grylls Adams, D. 8. Capper, and John Hopkinson, 
while among the latter were W. H. Preece, 
W. Anderson, Douglas Fox, W. E. Armstrong, 
A. G. Greenhill, Oliver Lodge, J. Dewrance, 
A. Siemens, L. B. Atkinson, C. H. Wordingham, 
J. Snell, and J. S. Highfield. In 1893 the Presidents 
of the three great engineering institutions, namely, 
Mr. Harrison Hayter, Sir William Anderson and 
Sir W. H. Preece, were all King’s College men. 
The department had also been helped by numerous 
patrons, among whom the names of Whitworth, 
Wheatstone, Muntz and Lady Siemens might be 
mentioned. The King’s College Engineering Society 
was founded in 1847, and was probably the earliest 
and still was one of the most successful of its kind, 
though for one year it was turned into a dramatic 
society owing to the influence of a student named 
W. S. Gilbert. With natural diffidence Professor 
Wilson said nothing about the large part he himself 
has played in the progress of the department 
during the long period during which he has been 
connected with it, but this omission was gracefully 
remedied by the chairman. 


THE WaTER SuPPLY OF LONDON. 


Evidence of a deplorable lack of public spirit, 
quite out of keeping with what is supposed to be a 
democratic people, was forthcoming at the recent 
ceremony, on Thursday, October 24, of inaugurating 
the new Kempton Park Pumping Station and works 
of the Metropolitan Water Board. In the course of 
the proceedings, it was stated that the waste of water 
which had occurred during the recent drought, was 
shown by the fact that a two days’ rain had reduced 
the daily demand by 20,000,000 gallons, as people 
had ceased to water their gardens and putting 
greens. As this demand is practically equal to the 
capacity of the new pumping plant, the cost of 
such waste may readily be estimated. The opening 
function was performed by the Minister of Health, 
Mr. Arthur Greenwood, M.P., who opened the 
main doors of the new engine house, having pre- 
viously, with the members of the Board and their 
guests, inspected the new primary filter house and 
the older parts of the station. The luncheon which 
followed took place in the new engine house, on the 
site of future engines. A full description of the 
new station will be found in the issues of ENGINEER- 
ING for October4and 11. The chair at the luncheon 
was occupied by Sir William Prescott, chairman of 
the Metropolitan Water Board who, in proposing 
the toast of ‘‘ The Minister of Health,” defended 
most successfully the policy of the Board during the 
drought. The population under its jurisdiction 
was 7,500,000 million, which was equivalent to the 
combined populations of Australia and New Zealand, 
and was greater than that of Austria or Portugal. 
The Board was responsible for over 7,000 miles of 
mains and distribution mains. The public must not 
wait for a drought to learn that waste of water could 
not be tolerated, particularly as it was likely that 
there might be even greater difficulties next year, 
from the fact that the natural sources of water 
would require greater replenishment than a few 
average winter months could supply. He predicted 
that those water authorities who drew their supplies 
from wells would have a very difficult time. Mr. 
Greenwood, in response to the toast, eulogised the 
Metropolitan Water Board, which he considered 
had overcome its immediate problems; its duty 
was now to look to the future. One of the more 
formidable difficulties to be faced was the multiplica- 
tion of small water authorities on the fringes of 
great cities, which could not remain still, while 
some of their resources were being drained away, 
and some polluted. There would have to be some 
kind of unification of policy sooner or later, in fact, 
there was no problem where they needed a general, 


comprehensive, national policy more than in the 
case of water. The toast of “The Engineer and 
the Contractors” was proposed by Lieut.-Colonel 
Sir George Handover, and was replied to by the 
Chief Engineer to the Board, Mr. Henry E. Stilgoe, 
who prefaced his remarks by a cordial acknowledg- 
ment of the assistance given him by his staff, Mr. 
C. F. Marsh, Mr. F. E. Durham, and Mr. 8S. Walker 
being specially mentioned. Mr. T. C. Pullman and 
Mr. W. H. Moss also replied to the toast as repre- 
senting the contractors. The toast of “The 
Visitors” proposed by Mr. R. W. James, and replied 
to by Lord Desborough and Sir Herbert Nield, ter- 
minated the proceedings. 


MEMORIAL TO THE LATE SiR ALEXANDER KENNEDY. 


A glance at the biography of the late Sir Alexander 
Blackie William Kennedy, F.R.S., who died in 
November, 1928, will reveal the great versatility 
of his talents. His activities embraced many 
spheres in the engineering and technical world, 
while some of his interests were quite unconnected 
with science. There is no doubt, however, that he 
will be chiefly remembered for his work in the realm 
of engineering education. Although the bearer of 
an ancient Scottish name, he was born in London in 
1847 and spent most of his life in thatcity. Further- 
more, he occupied the Chair of Mechanical and Civil 
Engineering at University of London, University 
College, for a period of fifteen years, namely from 
1874 to 1889. It seems, therefore, particularly 
fitting that, in order to establish a permanent and 
lasting memorial of the affection and esteem in 
which he was held, it should have been decided to 
endow the chair held by him at Gower-street. 
The movement was initiated in 1926, and before 
Sir Alexander’s death a considerable sum had been 
subscribed by his old students and personal friends. 
The fund has also received the support of the 
Presidents of the Royal Society, the Institutions of 
Civil Engineers, Mechanical Engineers, and Elec- 
trical Engineers, and of many members of these and 
other technical institutions. In addition, a few 
engineering firms have subscribed. At the present 
time the fund stands at 18,035l., and as 30,0001. 
are required for the endowment, the sum of 11,965/. 
has still to be raised. It is desired to complete 
the fund as soon as possible, and subscriptions 
should be addressed to the Right Hon. Lord Meston, 
University of London, University College, Gower- 
street, London, W.C.1. 








THE INSTITUTE OF FUEL. 


Tue fourth Annual Conference of the Institute 
of Fuel was held in London, at the Institution of 
Mechanical Engineers, on Thursday and Friday, 
October 24 and 25. The chair, at the opening pro- 
ceedings, was occupied by Sir David Milne- Watson, 
who has succeeded Lord Melchett as President. 


PRESIDENTIAL ADDRESS. 


In the course of an address, the President said 
that probably no aspect of our national economy 
had undergone a more complete metamorphosis 
in the past quarter of a century than the fuel 
situation. We were then enjoying an era of indus- 
trial prosperity, while the output of coal was 
increasing. Its price was moderately low, and, as it 
suffered little competition from oil, there was not 
much inducement to dispose of the poorer qualities. 
With the war the need for fuel economy and native 
fuel production had come everywhere to the front, 
while mechanical, electrical and thermodynamical 
developments had combined to lessen the demand 
for coal, with consequent overproduction. The 
result had been a more enlightened appreciation 
of the problems of the industry and of the applica- 
tions of fuel and power in general. 

. In the electricity-supply industry, the application 
of the best steam-engineering practice had had the 
result that, while, since 1921, the energy output 
had increased by 90 per cent., the fuel consumption 
had only risen by 25 per cent. Nevertheless, the 
average consumption was nearly 50 per cent. in 
excess of the best practice, so that finality had not 
been reached. These figures, too, only applied to 
public generating plant, and theCensus of Production 
of 1924 indicated that the private power plant in this 








country amounted to 11,000,000 h.p., of which 
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3,500,000 h.p. was electrical. The fuel consumption 
of these plants showed that, here again, there was a 
wide field for the application of the skill of the fuel 
engineer and chemist. It was, however, a great mis- 
take to suppose that the millennium would be 
reached by transferring the generation of all this 
power to national stations, for in many cases the pre- 
sent methods were highly efficient. For instance, at 
the works of the Gas Light and Coke Company, 60 
per cent. of the steam consumed was now raised from 
heat that had previously escaped to the atmosphere. 
The result was that 14,000,000 kw.-hour of elec- 
tricity could be produced per annum, at a cost of 
0-15d. per kw.-hour, excluding capital charges. 
At the company’s chemical works, back-pressure 
turbine plant was used and the exhaust employed in 
process work, the average cost per kw.-hour being 
0- 23d. 

Admirable, moreover, as electricity was as a 
means of transmitting power, as a source of heat 
it was thermally ineificient and far inferior to gas, 
oil and solid fuels. No one would deny that heat, 
whether at high or low temperatures, was just as 
essential to production as power. Much delay to 
progress could therefore be foreseen from excessive 
attention being paid to the development of electri- 
city, with a corresponding neglect of the heat and 
power requirements and production methods of 
individual industries. 

Contrasting the position in the gas and coke 
industries, the President said that the plant of the 
former had to be designed to yield efficient car- 
bonising results, and at the same time to be 
sufficiently flexible to respond to variations in the 
demand for gas. In the latter, on the other hand, 
carbonisation was a purely commercial proposition, 
and the output could be varied at will. In the 
gas industry, profits were definitely limited, so 
that the price of gas was principally dependent 
upon the return from coke. Gas works could only 
be erected on authorised sites, whereas carbonising 
plants could be built anywhere. In America and 
on the Continent, coke-ovens were usually situated 
at the iron and steel works, with the result that 
they had developed apace, but in this country they 
were owned by the collieries and one of the results 
of the falling-off in demand since the war had been 
that many of them were overdue for replacement. 
Colliery owners were faced with this serious situa- 
tion and with the competition with large-sized 
coal of gas, electricity and gas-coke. They there- 
fore saw in the modern coke-oven plant a way 
of making the smaller varieties of coal remunera- 
tive. Few of the schemes suggested for doing this, 
however, had taken into account the obligations of 
the gas industry, the economics of the coke market, 
or the unsuitability of coke-oven plant to meet 
fluctuating loads. Proposals to erect’ coke-oven 
plants at collieries to make coke for the domestic 
market and to distribute residual gas for town 
purposes might result in an injustice to gas con- 
sumers. The whole problem was really a coke- 
disposal, rather than a gas, problem, and he did not 
envy the Area Gas Supply Committeee their task 
of finding a solution, which would be satisfactory 
to all parties. 

Referring to smoke abatement, Sir David said 
that the practice of cleaning, which was now in use 
for 25 per cent. of the coal mined in this country, 
appeared, year by year, to approach certainty in 
operation, to result in less loss of coal substance, 
and to entail less preliminary sizing, with a conse- 
quent reduction in the size and maintenance costs 
of the apparatus. The proposals for the erection 
of a large generating station in London had recently 
drawn public attention to the wider aspects of the 
air pollution, which resulted from the combustion 
of fuel. The public conscience, however, was still 
not very sensitive to the beneficial effects of the 
extra sunlight secured by the abolition of the 
smoke pall in large towns. He felt that the intro- 
duction of high quality, smokeless fuels, and the 
recognition of the results of the greater use of gas 
and electricity would tend to create greater appre- 
ciation of the benefits of a purer atmosphere. 
With regard to che use of oil, it was unsatisfactory 
that one of the chief coal-producing nations should 
be compelled to burn imported fuel for purposes 
for which gas, electricity and pulverised coal could 





all be used successfully. In this connection, the 
development of a motor-vehicle engine designed to 
use heavy oils produced from coal was of the 
greatest interest, and was likely, in the near future, 
to take its place as the most outstanding advance 
in fuel utilisation of recent years. 


PULVERISED FUEL FOR MARINE BOILERS. 


On Thursday afternoon, the chair was occupied 
by Sir Westcott Abell, and four papers dealing with 
the general subject of ‘‘ Pulverised Fuel for Marine- 
Type Boilers ’’ were presented for discussion. The 
first of these was by Mr. C. J. Jefferson, Head of the 
Fuel Conservation Section of the United States 
Shipping Board, its purpose being to show what 
America had done in the pioneer work of apply- 
ing pulverised fuel to marine purposes, thereby 
establishing a certain number of precedents, which 
in some cases must be followed and in others 
avoided. It was decided to attack this problem 
in the laboratory, and, as a result, it was found 
possible to increase the maximum evaporation per 
square foot of heating surface from 3-5 Ib. to 8 lb. 
On the basis of this experience, the S8.S. Mercer* 
was equipped for pulverised-fuel firing, and, later 
on, the Dwight F. Davis, the Berwindglen and the 
Berwindvale. 

The art of burning pulverised fuel in the small 
furnace was, however, still in its infancy. All the 
systems so far experimented with had been of the 
unit type, but it was quite possible that a system in 
which there was a small storage of fuel in combina- 
tion with a unit mill might be more efficient. The 
establishment of reliable coefficients, by which to 
determine the carrying capacity of air at varying 
velocities and temperatures, with various degrees 
of fineness, and with different percentages of 
moisture, was also required. The effect on these 
coefficients of the different sizes and shapes of 
ducts used for conveying purposes must also be 
investigated. Further experiments on ash disposal 
were necessary. It must be pointed out that all 
the experimental work, so far, had been directed 
towards adapting existing types of boiler to pulver- 
ised fuel. There was no doubt, however, that a 
boiler could be developed, which would combine 
the advantages of the Scotch water-cooled furnace 
with those of water-tube boilers, thereby eliminating 
the slagging problem in the latter, and at the same 
time permitting the use of high-pressure steam. 
The “ grindability ’ of the various coals, and the air 
conditions best suited to their combustion, must 
be ascertained with a view to extending the range 
of coals with a low volatile content that could be 
employed. Attention must also be directed to 
reducing the maintenance costs of the pulverisers. 

While laboratory results must form a basis for 
the design of any actual installation, there were 
several problems which required engineering 
analysis. These included boiler design, especially 
in connection with the gas passages and air pre- 
heating, fuel-conveying equipment and fuel prepara- 
tion, so as to secure uniform feed. These points 
were illustrated in the paper by reference to the 
plant actually installed on the Mercer, the Illinois, 
the Tamaqua, the West Alsek,t the Dwight F. 
Davis, the Berwindvale, and the Berwindglen. 
The last three of these were built for the use of 
pulverised fuel only. Each new installation had 
contributed its quota towards the knowledge neces- 
sary to develop a new art, while their operation 
had proved that very fine pulverisation and high 
flame turbulence were necessary for the adoption 
of pulverised fuel in marine boilers. The need of 
equal quantitative and qualitative distribution of 
the fuel between the various burners had been 
emphasised. The reliability of the installations 
and their ability to use various grades of fuel, 
both as to size and quality, had also been demon- 
strated. Ash deposits had not been found serious 
on cargo. boats, but would require further con- 
sideration in connection with passenger vessels. 

The second paper, by Engineer Rear-Admiral 
W. M. Whayman, described the experimental 
work which had been undertaken by Messrs. Bab- 
cock and Wilcox in connection with the use of 





* See EnomvxEnina, vol. oxxiv, pages 788 and 910 
(1927), and vol. exxvi, page 600 (1928). 
t See ENGINEERING, page 87 ante. 





pulverised fuel in marine boilers. The first furnace 
used had a capacity of 810 cub. ft., and was supplied 
with coal pulverised on the bin-and-feeder system. 
This boiler gave slightly better results with pulver- 
ised fuel than with stoker firing, the thermal libera- 
tion being 23,500 B.Th.U. per cubic foot of furnace 
volume, and the efficiency, without the economiser 
and air heater, being 67 percent. The maximum CO, 
recorded was 13-8 per cent. No difficulties were 
found with the refractories, which were protected by 
a stream of air. It was then decided to reduce the 
size of the furnace, so as to make it more nearly 
representative of those in use on ships. With this 
furnace, a heat liberation of 45,800 B.Th.U. per 
cub. ft. for a consumption of 4-2 lb. of coal per 
cub. ft. per hour was obtained, the combustible 
content of the ash being 0-24 per cent. As the 
CO, content was 13-3 per cent. the combustion was 
good, the furnace temperature being about 2,600 
deg. F. With this high thermal liberation, it was 
evident that a prolonged test would cause trouble 
with the refractories, owing to slag accumulation. 

The original impact mill was next replaced 
by one of the ball type, with satisfactory results, 
though slag continued to accumulate. Attempts, 
which were not altogether successful, were made 
to overcome this by altering the position of the 
burners, and it seemed evident that the slagging 
was due to indifferent turbulence, resulting in too 
large a volume of flame. Further experiment 
showed that slagging did not occur, provided the 
heat liberation was less than 23,000 B.Th.U. 
per cubic foot, and that the ash could be raked out 
with the boiler in commission. It was therefore 
decided to tilt the burner so as to direct the flame 
on to the furnace floor, thus keeping the ash liquid. 
The results, however, were not very encouraging, as 
all arrangements for removing the liquid slag failed, 
while the erosion was rapid. 

The furnace was next fitted with two Lodi 
burners, of the short-flame dispersive type, which 
supplied fuel to a combustion chamber with a 
volume of 315 cub. ft. These burners were 
designed so that an oil-fuel sprayer could be 
inserted in the central tube, if desired. This 
equipment had now been in operation for several 
months, the average results being as follows: 
Actual evaporation 11,420 lb. per hour, steam 
pressure 193-4 lb., final steam temperature 494-6 
deg. F., actual evaporation per Ib. of coal 6-95 Ib., 
CO, 16-3 per cent, CO 0-28 per cent., oxygen 2-15 
per cent., coal burnt per cubic foot of furnace 
volume 5:2 1b. per hour, and heat liberation per cubic 
foot of furnace volume 60,000 B.Th.U. These 
results were obtained with coal having a calorific 
value of 11,514 B.Th.U. per lb., the boiler efficiency 
being 76 per cent. 

The results were considered sufficiently promising 
to extend the experimental work on a larger scale, 
and a modern high-pressure water-tube boiler with 
superheater and air heater, and a pulverised-fuel 
firing plant of a size and capacity suitable for an 
up-to-date cargo steamer were now in course of 
erection. 

The third paper in this series was contributed 
by Mr. H. E. Yarrow, and dealt with the investi- 
gations that had been made by Messrs. Yarrow and 
Company into this question. In order to study 
the flame and the conditions of burning pulverised 
coal, a large brick furnace, 12 ft. square, was built 
in the open, one side being fitted with a burner, 
capable of passing about 3,000 Ib. of coal per 
hour. It was presumed that a burner devised to 
give a good performance under these conditions 
would be more successful when applied to the 
closed furnace of a boiler, and this proved to be 
correct. After good combustion had been obtained. 
the next step was to control the shape of the 
flame, the length of which depended, among other 
things, on the rapidity with which the coal particles 
were ignited. As a final result of many experiments, 
it was found that, if the flame was to be kept 
short, there must be a certain amount of flame in 
the middle of the issuing stream, a condition 
known as “burning back” in oil burners. This 
was obtained by passing the coal-air mixture 
through an annular passage, which was restricted 
at one place, so as to cause an injector action, 
thereby reducing the pressure in the inner tube 
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of the burner. The end of this inner tube was at 
the point where the primary and secondary air 
met and, as the mixture was whirling rapidly, 
the centre of the issuing stream was hollow. Owing 
to the reduction in the pressure in the tube, there 
was a suction in this hollow, which drew back 
part of the flame from the furnace into the centre 
of the issuing mixture. This drawing back enabled 
complete control to be kept over the burning 
conditions. 

Burners of this type had been used in two 
furnaces of a marine-type boiler for nearly twelve 
months with satisfactory results. A pre-furnace 
was used to obtain a zone of high temperature, 
in which the ash in the coal was melted so as to 
form a fusible slag. This slag ran over the sill 
in small pieces, which could be readily removed. 
The pre-furnace was mounted on wheels, so that it 
could easily be withdrawn for examination. An 
air space was provided between the steel casing of 
the pre-furnace and the furnace of the boiler, 
so that the latter would not be damaged by excessive 
heat. In an installation of this kind which was 
actually being carried out on board ship, the 
pulverising plant was in duplicate, each half being 
capable of supplying the whole of the fuel required 
for the two boilers. A distributor without moving 
parts was employed. This had two inlets, one 
from each pulveriser, and six outlets, one to each 
of the three furnaces of the two boilers. It was 
found possible to work either or both pulverisers, 
and to shut or open any furnace without interfering 
with the others, while the amount of fuel supplied 
to each furnace.was the same. 

In the fourth paper, Mr. E. W. Green and Dr. 
G. E. K. Blythe dealt, in some detail, with the 
question of suitable bunkers and pulverisers, and the 
methods of conveying and burning the coal within 
the furnace. Eventually all ships would probably 
bunker with coal crushed and freed from iron, 
but not with pulverised coal. Since the latter stowed 
at 60 cub. ft. per ton, the extra space required 
for carrying pulverised coal would far exceed that 
occupied by the pulverising plant. At present, 
however, ships engaged on ocean passages had to 
bunker with run-of-mine coal, for which purpose 
not more than two outlet doors could be used, each 
delivering through a sizing grid to a conveyor 
which took the coal to the crusher. Care must be 
taken that all bunkers could trim to these doors 
with the minimum of labour. 

The authors expressed their preference for the 
unit system of firing, owing to its simplicity, 
cheapness and reliability. Care must be taken 
not to reduce the quantity of the secondary air 
unduly, as it had to perform the two important 
functions of cooling the furnace front and assisting 
in carrying the fuel after it had entered the furnace. 
Mills which required a constant speed of air or 
a constant pressure, had this defect, while mills 
requiring a constant volume to sweep them were 
handicapped if the coal contained a high percentage 
of ash. In the impact type of mill, any appreciable 
wear on the beaters rapidly reduced the degree of 
pulverisation, while, in the ring-roller type, the 
degree of pulverisation did not respond to changes 
in the feed and the power characteristics were 
unsatisfactory. Repairs, though not frequent, 
were costly to effect. The ball mill, though the 
most reliable for marine work, had a high power 
consumption, while the pulverisation obtained 
was not fine enough for the product to be used 
efficiently with a Scotch boiler. 

Many designs of distributor had been tried, some 
of which depended on mechanical and others on 
pneumatic action. These had operated more or 
less successfully, the main disadvantages of the 


blades were mounted so that their angle, relative 
to the direction of flow of the air-coal mixture, could 
be altered. Considerable deflection of the latter 
was thus effected, and, by means of hinged flaps, it 
was possible to prevent the mixture entering any one 
of the four pipes leading to the burners. The flow 
to any burner could therefore be controlled, thus 
enabling the maximum efficiency to be obtained. 

Burners were often spoken of as “ short flame ” or 
“turbulent.” These expressions indicated a con- 
fusion of thought. A flame was a volume, the 
dimensions of which depended upon the time occu- 
pied in burning the largest particles of coal, reckoned 
from the time they entered the furnace. The volume 
of the air and fuel at the temperature of combustion 
entering the furnace during this period determined 
the volume of the flame. The only effect of the 
burner was to mix the fuel and air thoroughly. This 
was less likely to be brought about by promiscuous 
turbulence than by predetermined stream-line flow. 
No tortuous or rotary path would have any effect 
on the volume of the flame. 

In opening the discussion, the Chairman read a 
letter from Mr. W. A. Woodeson, in which it was 
stated that Messrs. Clarke, Chapman and Company 
had now arrived at a stage when the burner used in 
their system could be described as a success. The 
owners of one large vessel, on which pulverised fuel 
had been adopted, were satisfied that they were sav- 
ing from 16 per cent. to 20 per cent. in fuel costs. 
The result was that a new 10,000-ton to 12,000-ton 
vessel was to be fitted entirely with this plant. 

Speaking for himself, Sir Westcott Abell said that, 
as a user, his criticisms must be economic rather than 
technical. He thought that a prima facie saving of 
20 per cent. must be shown before the shipowner 
could be induced to take part in this development. 
Examining the papers from that point of view, 
it seemed that all the authors placed the efficiency 
obtainable with hand firing too high. At its best it 
did not exceed 65 per cent., and was, as a general 
rule, not more than 60 per cent. The latter figure 
could be raised to 80 per cent. by using any form 
of mechanical firing, which meant a saving of 
30 per cent. on the coal bill. Prima facie a case 
for the change was therefore made out, if the saving 
was not wasted in auxiliary plant. From this 
point of view, the mechanical stoker seemed to 
possess advantages over pulverised fuel, though, 
like the latter, it was not easy to employ on Scotch 
boilers. 

Mr. J. Hamilton Gibson stressed the need for 
simplification in the equipment used to obtain the 
pulverised fuel. For instance, crushers and con- 
veyors should be eliminated. The distribution 
problem was a difficult one, and in the case of steam, 
water and oil, the idea of bifurcating a stream 
directly had long been abandoned and a reservoir 
interposed. This was not so easy in the case of 
coal, but, by making the inlet pipe vertical and 
increasing the turbulence, it could be effected. 
The disposal of ash was another problem in all 
boilers. On the Marapora, this was effected by the 
use of large pipes under each smoke box and at the 
base of the funnels, from which the ash could be 
removed through flaps. 

Mr. E. Hollands said that the authors had almost 
ignored the cost of pulverised fuel and the dust 
trouble. Admiral Whayman had given 53 kw.-hours 
per ton for pulverisation, which would add con- 
siderably to the cost, while the heat release employed 
by him was much too high for employment without 
water cooling. It was hard to understand why 
conditions which would never be employed on land 
should be suggested for marine use. He wondered 
whether pulverised fuel would ever do better than 
stokers. 

Mr. E. K. Regan said the results would be largely 





former method being the expense and wear and 
tear. In the latter case, any variation in the 
requirements at the mill or furnace necessitated 
readjustment, which meant complication and 
expense. The best form of distributor was one in 
which separation of the coal and air cloud was 
effected without the use of revolving parts or a 
Separate air supply, and where little adjustment 
was necessary when the firing conditions were 
varied. These conditions were met in the Howden- 
Buell four-way distributor, in which a system of 
blades was arranged in a rectangular pipe. These 





influenced by the class of coal used. All the coals 
scheduled by Mr. Yarrow had a high volatile 
content, though low-volatile coals gave the best 
results with hand firing. It would be interesting to 
know whether, with increased air and more even 
grinding, low-volatile coals would not give as good 
results as those with high volatiles. 

Dr. C. H. Lander pointed out that, to obtain a 
short flame, it was necessary to abandon the idea 
that turbulence was required. On the other hand, 
the particles must be made to travel from one 


stream line to another in a vortex as quickly as 
possible. If this was done, a heat release of 75,000 
B.Th.U. could be obtained per cubic foot of furnace, 
and arrangements must be made so that this heat 
release could be dealt with without damage. 

Mr. H. Nielsen added that it was essential to 
create a relative velocity between the fuel particles 
and the surrounding oxidising atmosphere. Unless 
this was done, the rate of combustion would be 
reduced. A short flame could be produced without 
turbulence by splitting up the mixture into a 
number of flames, and he had done this with good 
results. He did not think that 75,000 B.Th.U. 
could be obtained in practice without the use of 
fire-brick or cooling the combustion chamber. 
Attempts along this line ought to be made, and 
also to obtain a flame temperature of 1,500 deg. C. 
If this was done, much higher release could be 
obtained. To burn low-volatile coal was correct 
practice, and the Board of Trade might compel 
this course, owing to the danger of explosion. 

Mr. Edward Green was surprised at the objec- 
tions which had been raised to the crusher, as it 
occupied little room and only used a small amount 
of power. It also enabled the size and cost of the 
pulveriser to be reduced. On the Hororata, an 
ejector was used in the smoke box, and they had 
had no trouble with ash. The chief trouble with 
the ash was to get rid of it. At present, it was mixed 
with the ash from the hand-fired boilers and ejected, 
but now that the whole ship was to be converted 
some other way would have to be found. Any coal 
could be burnt if plenty of refractory was used, 
though this had the disadvantage of insulating the 
furnace. This could be overcome by using a pre- 
furnace, which, however, meant extra space. 

Mr. J. F. Petree pointed out that, by using 
pulverised fuel and clean coal intelligently, it was 
possible to reduce the number of coalings required 
on tramp steamers, while Mr. H. C. Armstrong 
thought that the trouble with pulverised fuel lay in 
the ash and the grinding. He was sorry so little 
had been said about the relative advantages and 
disadvantages of the different types of mill. Mr. 
W. H. Patchell said that 53 kw.-hours per ton had 
been quoted as the consumption necessary to 
pulverise a ton of coal, but 17 kw.-hours was _ usual 
and 11 kw.-hours not uncommon. 


ANNUAL DINNER. 


The annual dinner took place on Thursday, 
October 24, the chair being occupied by Sir David 
Milne-Watson, President of the Institute. Mr. 
J. H. Thomas, Lord Privy Seal, in proposing the 
toast of ‘‘ The Institute of Fuel,” expressed.surprise 
that such an important organisation had taken so 
long to come into being. After a brief survey of the 
present conditions, and emphasising the vital need 
for increasing the export trade of the country, he 
stressed the fact that, as the coal industry was the 
key to all industries, it was imperative to mobilise 
all the directing forces concerned. In this the 
Institute was likely to prove of the greatest service 
by substituting for the slipshod methods of the 
past that concentration on organisation which must 
be the predominant task of the future. Replying 
to this toast, Sir David Milne-Watson said it must 
not be overlooked that the position in the fuel 
industry was complex. The chief difficulties were 
not only those of marketing, and efforts should 
not be too rigidly confined in one direction. 
There should, for example, be co-ordination with 
the iron and steel industries in the direction of 
economical use of fuel. Though the Institute had 
not been long in existence, it was rapidly growing, 
and had now 750 members; he appealed for 
support to a movement for providing it with 
suitable headquarters of its own. While not deny- 
ing a place to hydro-electric power, he thought 
the movement was perhaps somewhat premature, 








and he deplored the spoiling of some of the most 
beautiful scenery of Scotland by dams and so 
forth, while an ample supply of coal still existed. 
The duty of proposing the toast of “‘ The Visitors ” 
devolved upon Lord Melchett, who pointed out that 
recent work indicated that coal and oil were becom- 
ing almost synonymous, as many people were at 
work on the problem of producing oil from coal. 
Good progress had already been made and there had 
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BORING AND TURNING MILL WITH 
TRAVERSING TABLE. 


In the usual type of boring and turning mill having 
two vertical columns with a horizontal cross slide and 
a table rotating about a fixed vertical axis, the diameter 
of the work that can be admitted is limited by the 
position of the columns to but little more than the 
diameter of the table. This limitation, however, does 
not apply to the boring and turning mills constructed 
and patented by Messrs. Etablissements Charles 
Berthiez, 44 Rue Lafayette, Paris, [Xe, since, in these 
machines, only a single column, with an overhanging 
arm on which the saddles are carried, is employed, and 
the table is mounted on slides so that it can be traversed 
laterally, in a direction parallel with the arm. 

What, we understand, is the largest machine of this 
type so far constructed, is illustrated in Figs. 1 and 2, on 
the opposite page. It is intended for use in connection 
with turbine manufacture, and can turn work up to 
23 ft. in diameter and up to 14 ft. in height, as normally 
arranged. The bed can, however, be extended by the 
insertion of a lengthening piece, so that work up to 
30 ft. or 35 ft. in diameter can be handled. As will 
be seen from the illustrations, two saddles are carried 
on the overhanging arm, and one is mounted on the 
face of the column, so that all three tools can operate 
simultaneously. Twelve feeds are provided for the 
tools, and 18 speeds for the table, both speeds and feeds 
being obtained by gear boxes. 

The machine is electrically driven and provided 
with push-button control, push buttons being mounted 
on the tool holders and gear boxes, as well as at the ends 
of the bedplate and overhanging arm, so that the machine 
can be started and stopped from any of these positions. 
The motors used are all of the constant-speed type, five, 
in all, being employed, one for the main drive and the 
other four for raising and lowering the arm, traversing 
the saddles and the table, and operating the oil pump. 
The aggregate horse-power of the five motors is 120. 
The weight of the machine, complete, is 120 tons, and 
the weight of the heaviest part is 45 tons. Smaller 
machines of the same type as that illustrated are made 
by the firm in a full range of sizes, the smallest of which 
has one tool holder only, mounted on the arm, and is 
capable of taking work up to 24 in. in diameter without 
extending the bedplate. 








THE PRODUCTION OF CHEMICAL 
PLANT OF ACID-RESISTING STEEL. 


A LECTURE bearing the title, ‘The Fabrication of 
Acid-Resisting Steel Plant,” was delivered by Dr. W. H. 
Hatfield before the Institution of Chemical Engineers 
in the lecture-theatre of the Institution of Civil Engi- 
neers, Westminster, on Friday, October 25 last. The 
President of the Institution of Chemical Engineers, 
Mr. J. A. Reavell, occupied the chair. Dr. Hatfield 
stated that the range of composition of the steels 
with which he proposed to deal covered a chromium 
content of from 14 to 20 per cent., a nickel content 
of from 7 to 12 per cent., and a carbon percentage not 
exceeding 0-20. The materials which had been 
extensively employed in acid-resisting plant manu- 
facture were those containing either 18 per cent. of 
chromium and 8 per cent. of nickel, or 15 per cent. of 
chromium and 11 per cent. of nickel. These steels 
were austenitic. In the manufacture of chemical 
plant, it was frequently necessary to shape the steel 
by deforming whilst hot, and this was a field in which 
very great care had to be exercised. It should always 
be remembered that these austenitic steels, consisting 
as they did of a solid solution, should not be subjected 
to temperatures which tended to break down that 
solid solution. The range of temperature extending 
from 500 to 900 deg. C. should be avoided, since 
exposure to such temperatures tended to precipitate 
a second constituent along the grain boundaries, 
which thus destroyed not only the chemical resistance 
but the mechanical ductility of the material. The 
range of temperature from 1,050 to 1,150 deg. C. was 
to be recommended in all cases of hot manipulation. 
It should, however, be taken as a general rule that, 
after treatment, it was desirable to reheat the material 
to about 1,150 deg. C. and cool quickly, in order to 
ensure that it should be in the most resistant condition. 
W hen cold-pressing operations were employed, it was 
essential, in the first place, that the steel should be 
fully softened by heating to 1,150 deg. C., and that 
it should be given a satisfactory softening between the 
different cold-working operations. 

The process of welding played an extremely important 
part in the production of chemical plant from these 
Special steels. The electric-welding processes were 
= be preferred, where possible, and particularly in 
‘hose cases in which the welding of thicknesses in 
excess of $ in. was involved. The advantage of the 
electric method over the oxy-acetylene was that the 
_— heated during welding was more local, and there 
ore the residual internal stress was less. With the 





oxy-acetylene process there was also a danger of 
increasing the carbon content. The success or other- 
wise of the welding operation was often governed by 
questions of design. As in other branches of engineer- 
ing, there was frequently insufficient contact between 
the drawing office and the welding staff. Owing to 
the large expansion factor of these special austenitic 
steels, the stress effect was much more severe than 
in ordinary mild steel, and therefore the design and 
the building up of the plant should be such that the 
finished structure had as little residual stress as possible. 
Again, the welding of metal which was already severely 
stressed should be avoided, unless subsequent softening 
was resorted to. Finally, it could not be empha- 
sised too strongly that. wherever possible, welded 
articles should be re-softened prior to being put into 
service. 

Hot riveting with these special steels had been 
conducted on a very extensive scale, and quite suc- 
cessfully. It should be noted that the temperature 
at which the rivet was manufactured should be within 
the range 1,050 and 1,200 deg. C., and in closing 
the rivet it was desirable to work at temperatures 
approximating to these. Cold riveting could be 
successfully accomplished providing that the rivet 
was in a properly softened condition. The machining 
of these special steels did not present special difficulty, 
provided reasonable precautions were taken and 
slight modifications were made with regard to the 
shape of the tools and in connection with cutting 
speeds, feeds and other similar matters. _The machines 
and tools used for machining austenitic chromium- 
nickel steels should be rigid and free from backlash. 
The tools should be made of good-quality high-speed 
steel, and, in general, a lubricant was to be recom- 
mended for machining operations. To turn the 
material satisfactorily and obtain a good finish, a 
keener tool was necessary than when turning ordinary 
steels. 

The brazing and silver soldering of the chromium- 
nickel steel joints was not very extensively employed, 
because the temperatures necessary for these operations 
usually lay within the range which was unsuitable 
for the metal. Furthermore, the evidence tended to 
show that stress cracks and intercrystalline penetration 
of the metal by the brass or solder were likely to 
occur if the metal were in a stressed condition. The 
temperatures for soft soldering were sufficient to cause 
sheets to buckle, which was a very annoying feature 
when, say, a vat was being lined. The best method 
of tank lining was to have the edges of the sheets flanged 
outwards at right angles and to spot-weld them together 
by the electrical process. This welding provided 
mechanical strength, and water tightness could then be 
obtained by sweating the seams with tin or solder. 

Mention had already been made of the desirability 
for softening the chromium-nickel steel. The opera- 
tion simply consisted of heating the material or parts 
to a high temperature, usually in the neighbourhood of 
from 1,050 deg. to 1,100 deg. C., and cooling relatively 
quickly, either in the open air or, when the dimensions 
and form of the article permit, by quenching in a 
water bath. Experience had shown that, apart from 
the difficulty of attaining the necessary temperature, 
the softening of austenitic nickel-chromium steel articles 
and plant presented very little trouble. No particular 
precautions were necessary and the material could be 
placed directly in a furnace standing at the softening 
temperature. This could be done even in those cases 
in which pressings had been made to a depth bordering 
on the maximum the metal could stand, without the 
pressings suffering fracture or other ill effects. The 
same remarks also applied to plant built up by welding. 
This very valuable asset effected a considerable economy 
in time, fuel, and labour. A point to remember was 
that prolonged soaking at the softening temperature 
was not necessary. All that was required was that 
the article should be properly heated through to 
the temperature before withdrawing. The removal 
of scale produced during rolling, heat treatment and 
other operations, was a very necessary and important 
section of the manufacture of acid-resisting steels and 
plant. The de-scaling bath should consist of 50 parts 
of water, 50 parts of hydrochloric acid, 5 parts of 
nitric acid, and 0-25 part of a restrainer, all parts 
being measured by volume. The restrainer was an 
organic compound which inhibited attack on the metal 
without having any material effect on the removal of 
scale. With this de-scaling solution, operating at a 
temperature of 60 deg. C., complete de-scaling was 
obtained after a few minutes’ immersion with very 
little loss of metal. The loosened scale was easily 
removed by washing with water and scrubbing with 
a soft brush, after which it was advisable to immerse 
the steel in a neutralising bath of soda solution, subse- 
quently washing and allowing to dry. 

The whole range of acid-resisting steels could be suc- 
cessfully made into castings of all reasonable shapes 
and dimensions. The heat treatment of such castings 
should conform, on general lines, with the heat treat. 





ment accorded to other forms of the material. One of 
the most important processes in which the austenitic 
18-per cent. chromium, 8-per cent. nickel steel had 
been used, and in which, indeed, it had proved 
invaluable, was the manufacture of nitric acid by the 
oxidation of ammonia. For absorption towers, acid 
coolers and pipe lines, and also for the storage and 
transport of the acid, it was ideal, combining strength 
with very great resistance to corrosion. Another very 
successful application of the steel was in connection with 
the nitrocellulose industry, namely, the construction 
of sulphite digesters for treating wood pulp required 
in the production of cellulose for paper, artificial silk 
and other products. It had also been adopted in the 
dyeing, varnish, drug, and fine-chemical industries, 
and was also employed in connection with the prepara- 
tion and storage of foodstuffs, milk and dairy produce. 

Having given a brief review of the successful appli- 
cations of the steel, a consideration of a number of 
instances where trouble had been experienced would 
prove profitable. Taking first the question of failure 
due to intercrystalline corrosion, there were not many 
clear-cut examples of this type of failure, and one of 
the most striking was the case of an impeller casting, 
which, after being in service for a few months, pumping 
impure water, was found to be in an advanced state 
of attack. The primary cause of the trouble was that 
an unsuitable heat treatment had been given to the 
casting to facilitate machining. A further contribu- 
tory factor was that the water contained a large 
percentage of aluminium sulphate, which probably 
accelerated corrosion owing to hydrolysis. A further 
instance was provided by a cylindrical container, 
welded by the oxy-acetylene process, and used for 
evaporating nitric acid. Severe intercrystalline attack 
occurred in the region adjacent to the welds, owing to 
these having been subjected to the undesirable range 
of temperature. A second type of failure, namely, 
intercrystalline corrosion coupled with stress cracking, 
was particularly prone to occur in welded plant. The 
cause could usually be traced to the placing in service 
of unsoftened material. A third form of failure 
took the form of stress cracking without corrosion. In 
most cases, this was caused by carrying cold pressing 
beyond the limit of endurance of the material. Such 
cracking was intercrystalline, as was the case with 
certain other metals. All three types of failure could 
be eliminated, provided that softening treatment was 
given previous to service, always assuming that the 
material did not subsequently attain undesirable 
ranges of temperature. 








EpIson CELEBRATIONS IN THE UNITED States.—The 
greater part of the N.H.L.A. Bulletin for September, 
which is published by the National Electric Light 
Association, of New York, was devoted to honouring Mr. 
Thomas Alva Edison, whose work in connection with 
the production of the electric incandescent lamp was 
celebrated in the United States last month. This 
celebration culminated at Dearborn on October 21, 
to which the workshops and other buildings used by 
Mr. Edison and his assistants, while working on the 
incandescent lamp at Menlo Park, New Jersey, fifty 
years ago, have been transported and re-erected as part 
of the great Industrial Museum, which Mr. Henry Ford 
has established in that town. The proceedings at 
Dearborn were of a simple nature. Those participating 
travelled in a fifty-year-old train and visited the 
Edison School and Museum. In the evening, Mr. Edison 
reconstructed his lamp of 1879 in his original laboratory 
and connected it to a circuit. For many weeks, however, 
a number of engineering and other bodies had been 
taking an opportunity of paying their tribute to this 
American pioneer. The Bulletin contains a number of 
short appreciations of Edison’s work by well-known 
citizens, as well as well-written accounts of his early 
struggles and the influence he has exerted on electrical 
development. 





THE Junior INSTITUTION OF ENGINEERS.—The 
annual report of the Council of the Junior Institution of 
Engineers for the forty-eighth session, which ended on 
September 30, has now been issued. The members 
on the roll totalled 1,528 on that date, and the 
Council records with regret the deaths of 13 members 
during the year. These include Sir Alexander Kennedy, 
and Messrs. A. W. Bickerton, J. E. Darbishire, and 
A. T. Walmisley. Honorary membership has been 
conferred upon Dr. A. E. Dunstan and Mr. G, E. Windeler. 
The number of papers given was so great that it 
was necessary to provide additional ordinary meetings 
for their delivery. The Institution Gold Medal has 
been awarded to Mr. K. W. Willans for his paper, “‘ The 
Geared Steam Locomotive”; the Institution Silver 
Medal to Mr. G. W. Tookey for his paper, “ Legal 
Protection for Originality’; the Vickers Prize to Mr. 
J. F. Petree for his paper, “ Fitting and Maintenance 
of Michell Bearings”; the Dunn Medal to Mr. D. A. 
Collin for his lecture, ‘“‘ Natural Draught Ventilation,” 
and the Tookey Award to Mr. L. 8. Atkinson for his 
paper, ‘‘ Notes on the Control of Electric Lifts.” The 
activities of the local sections have been maintained, 
and all of them were visited during the year by the 
President or another officer of the Institution. The 
offices of the Institution are at 39, Victoria-street, 
Westminster, London, S8.W.1. 
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LABOUR NOTES. 


A CONFERENCE of delegates of the National Union 
of Railwaymen decided on Friday last week, by 45 
votes to 35, to approve the provisional agreement with 
the railway companies on the subject of wages. The 
agreement was also adopted by a similarly representa- 
tive meeting of delegates of the Associated Society of 
Locomotive Engineers and Firemen. In this case, 
the agreement was approved by 54 votes to 5. As the 
Railway Clerks’ Association and the Unions which have 
shopmen amongst their members, have also endorsed 
the agreement, railway wages may now be said to be 
stabilised for, at any rate, a year. Under the arrange- 
ment which has been accepted,,the reduction of 24 
per cent. in salaries and wages which has operated 
for a year is to continue for six months. After that 
there is to be no change in wages or conditions for a 
further six months. 


The Sydney correspondent of The Times states that 
by a majority judgment, the New South Wales Indus- 
trial Commission has reduced the basic wage from 85s. 
a week for a man with a wife and one child, to 72s. 6d. 
for a man and wife. Under the existing endowment 
law the sum of 5s. is allowed for each child where a 
family’s aggregate income is below 225/. yearly. The 
declaration of this reduction has caused wide agitation. 
In political circles it is felt that the Government (a 
coalition of the Nationalist and Country Parties) 
cannot allow the judgment to become effective, and it 
is pointed out that there are ways of altering existing 
legislation to modify the decision. Mr. Bavin, the 
State Premier, has promised his immediate considera- 
tion of the position, and a number of Government 
supporters are keenly apprehensive of the political 
consequences. The “ basic wage” in Australia, under- 
stood to mean the lowest wage which can be paid to 
an unskilled labourer on the basis of ‘the normal 
needs of an average employee regarded as a human 
being living in a civilised community,” is fixed by 
various industrial tribunals in Australia operating 
under Federal and State Arbitration Acts, and is 
varied from time to time according to changes in the 
cost of living, constitution of the family unit, &c. 


On Friday last week, the International Maritime 
Conference at Geneva adopted, by 71 votes to 20, the 
report of the Committee appointed to consider the 
questions which should be put to the Governments of 
the world regarding a possible international regulation 
of hours of labour on board ships. It also decided by 
76 votes to 17, that the replies of the Governments 
(assuming that the material is favourable to the pre- 
paration of an international convention), should be 
discussed at the next maritime conference, which will 
be held some time after the International Labour 
Conference of 1930. 


According to The Times correspondent at Geneva, 
the conclusions of the Committee are that it is desir- 
able to consult Governments on the question of the 
international regulation of the hours of work by means 
of a Draft Convention. They consider that it is also 
desirable to ask whether such regulation should be 
based on the principle of the eight-hour day or the 
48-hour week, with such methods of application and 
such exceptions as the special conditions of the shipping 
industry may require. The International Labour 
Office is accordingly invited to obtain the views of the 
Governments on the scope of a Convention, the best 
method of regulating working hours among different 
categories of crew, and the possibility of providing 
that overtime for certain classes of work necessary for 
safety should not be subject either to limitation or 
compensation. ae 

In the latest official report of the Boiler Makers’ and 
Iron and Steel Shipbuilders’ Society, the London 
District Committee complains that ‘ branch presi- 
dents, although they may be giving of their best to the 
Society, are not keeping to the rules of debate—even 
in branch business.’ ‘ [t is common knowledge,” 
they say, “that some members, after putting their 
points before a branch meeting, will get up time and 
time again, covering the same ground, and giving no 
chance to other members, oz the branch, to deal with 
the many questions which should be gone into during 
the evening. It is also common knowledge that many 
members leave the meeting owing to one person mono- 
polising the time of the meeting with his subject. 
We think that if presidents and members would give 
more consideration to the rules of debate in their 
branch meetings . . . more subjects could be gone 
into and more members would attend the meetings.” 





Dealing with the same subject, Mr. Hill, the General 
Secretary, says :—*‘ In my visits to branches I find 
in many cases that there is no strict observance of 
the rules of debate. One or two members are allowed 





to speak as often as they please on the same question, 
with the result that one question may occupy the whole 
time of a meeting. Some members who may know 
most about the question but are not so pushing as 
others, never get a chance to speak, and leave the 
meeting. If our presidents would adhere to the rule 
of all assemblies, i.e., only one speech from any member 
on the same question, than all members would take 
an interest in branch business. The attendance would 
be better, decisions would be arrived at quickly by 
vote, and there would be time to get through all the 
business at each meeting. . . . I hope that all our 
members will support their presidents in adhering to 
this rule in branches where hitherto it has not been 
observed. The first essential to all reforms in our 
Society is the intelligent participation of all our members 
in the work of the branches. The first word and the 
final word lies with the members in the branches.” 





At the end of September, 11,342 members of the 
Boiler Makers’ and Iron and Steel Shipbuilders’ Society 
were “signing the books”’ as compared with 11,526 
at the end of August. The number of members in 
receipt of superannuation benefit increased from 4,524 
to 4,575, and the number in receipt of sick benefit from 
2,380 to 2,391. The expenses in September were 
10,1151. 1s. 3d.; in August, which had to bear five 
weekly disbursements, they were 12,1711. 17s. 7d. 





On October 21, 1929, the number of unemployed 
persons on the registers of Employment Exchanges in 
jreat Britain was 1,214,500. Of these, 884,000 were 
wholly unemployed, 257,500 were temporarily stopped, 
and 73,000 were persons normally in casual employ- 
ment ; 935,900 were men, 33,400 boys, 214,500 women, 
and 30,700 girls. Of 1,215,049 on the registers on 
October 14, 1929, 881,663 were wholly unemployed, 
257,392 were temporarily stopped, and 75,994 were 
persons normally in casual employment; 935,969 
were men, 35,009 boys, 212,886 women, and 31,185 
girls. The number of unemployed persons on October 
22, 1928, was 1,344,187, of whom 1,062,298 were 
men, 38,335 boys, 210,582 women, and 32,972 girls. 





The Committee appointed to report on procedure 
and evidence for the determination of claims for 
unemployment insurance benefit have now submitted 
their recommendations. Dealing with the words 
“genuinely seeking work” in the fourth statutory 
condition, which requires a claimant to prove that he is 
genuinely seel.ing work but unable to obtain suitable 
employment, they reached the conclusion, they say, 
that it is not possible to prescribe the nature of the 
evidence which claimants should be required to furnish 
to prove that they satisfy this part of the condition. 
Since there should be a condition that only those persons 
should have benefit who are making an effort to obtain 
work, they recommended that, instead of having a 
condition to be proved by a claimant, the test should 
be by way of disqualification for benefit (a) if a claimant 
has refused an offer of suitable work, or (5) if there is 
evidence that suitable work was available, and he fails 
to prove that he had made reasonable efforts to obtain 
such work. They suggest that what is suitable work 
should be a matter for frank and full discussion between 
the officer at the employment exchange and a claimant, 
and that in the case of a dispute the question should 
be referred to a court of referees. 





The Committee recommend that the interviewing 
procedure should continue. A claimant should be 
advised at the outset what the object of the interview 
is, and opportunity should always be given to him to 
express himself adequately and fully on the whole 
matter. The Committee think that the recently 
introduced practice that records of interviews should 
be signed by claimants should be discontinued, and 
also that where a written record is made, a carbon 
copy of the document should be given to the claimant 
at the close of the interview. They are in agree- 
ment with the present practice by which local 
insurance officers allow benefit in all those cases in 
which no question arises either as to fulfilment of the 
statutory conditions or freedom from disqualifications. 
With regard to courts of referees, it is recommended 
that the appointment of chairman should not be 
confined to barristers or solicitors but should be open to 
any other persons who, in the opinion of the Minister of 
Labour, can adequately fulfil the duties of the post. 
All chairmen should have a knowledge of industrial 
and working class conditions, and the names of proposed 
chairmen should be submitted by the Minister to the 
appropriate local employment committee. 





The latest Bulletin issued by the Industrial Commis- 
sion of New York State contains an interesting article 





on ‘“ Compensated Accidents,’ prepared by the Bureau 
of Statistics and Information. It is stated that 
accidents in building work are a serious problem, not 
only because they are continually increasing in number, 
but because more deaths occur in construction work 
than in any other kind of work. The non-fatal building 
accidents are also more costly than any other, because 
they are more serious, and therefore cause a longer 
period of disability. Accidents in manufacturing are 
more numerous than in construction because there 
are many more people employed in factories than in 
building. The proportion of manufacturing accidents, 
however, compared with the total number that are 
compensated, is decreasing each year. While the 
number of accidents is higher in the latest ascertain- 
ment than in the years 1923-24 and 1924-25, the 
increase can be explained by a change in the law. 
There was a reduction in 1924-25 compared with the 
preceding year. In 1925-26 the number of manufac- 
turing accidents was highest. Since then, it has again 
been going down. In 1928-29 there was an increase 
compared with 1927-28, but it was due to a large 
extent to a special effort that was made to close a 
larger number of the outstanding cases. 





The greatest increase, the Bureau states, was in 
the clerical and personal service group of industries. 
This includes all kinds of office and professional work 
and such work as care of buildings, hotels, restaurants, 
places of amusement, schools, barbers, hairdressers 
and public employment. There have been many 
changes that affected these industries, so that it has 
been found to be impossible to draw any accurate 
conclusions as to the rate of increase of the accidents. 
Changes in coverage which tended to bring more 
employees under the law, the compilers of the article 
say, probably had more effect in this group than in 
any of the others. There were also many short time 
cases which were added by a reduction in the waiting 
period. Moreover, the number of people who are 
employed in these industries has probably been going 
up, especially in such work as the care of office buildings 
apartment houses, etc. Transportation and public 
utilities show the same improvement as the manu- 
facturing industries. 


A resolution on the subject of rationalisation, passed 
at a congress of the French Confederation of Labour, 
declared that the organisation was not called upon 
either to demand rationalisation or to oppose it. 
Its duty was merely, as a result of the resistance of 
the employers to any practical recognition of the 
trade unions, to take note of its development. It 
continued to demand for the trade unions the right 
to share in the determination of new methods of work. 
It claimed also the rights of management and super- 
vision which legitimately belonged to the organised 
working class. For the present it called upon the 
workers to resist the abuses which might result from 
rationalisation, and secondly, to see that the workers 
had their share in the material and moral benefits which 
should result from an increase in production. 


At the annual meeting of the Federation of German 
Industries, Dr. August Weber delivered an interesting 
address on the subject of capitalism. He began by 
protesting against the idea that workers and salaried 
employees would obtain better conditions by the 
introduction of a system of so-called economic democ- 
racy. If a social policy were to be pursued, industry 
would have to reach a maximum productivity. The 
programme of economic democracy left the problem of 
profit out of account altogether. It was true that 
employers should not allow themselves to be led away 
by greed for wealth and power. Such men were 
not captains of industry, but pirates of industry. 
Employers of the previous decade had made mistakes, 
otherwise they would not have lost the leadership of 
the large mass of workers. They had recognised too 
late that the transition of a nation from agriculture 
to industry also demanded a change in attitude towards 
their colleagues in the undertakings. 





It was now recognised, Dr. Weber went on to say, 
that social reform had gone too far, but that did not 
necessarily involve an attack on the basis of German 
social policy. What they demanded was that this 
policy should be brought into harmony with the 
capacities of production. After further remarks on 
the necessity of financial reform and municipal thrift, 
and after recognising the need for trade unions, the 
speaker closed with the statement that the workers 
should have a fair share in the yield of production, 
and should aim at obtaining new conditions of work. 
They should also take part in the management of 
industry, but it was necessary to find the happy 
mean. 
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THE HARDENING OF SUPERHAR- 
DENED STEEL BY MAGNETISM ; 
THE LATTICE-RESONANCE HYPO- 
THESIS.* 

By E. G. Herpert, B.Sc., M.I.Mech.E. 


THE increase of hardness which occurs in previously 
work-hardened metals when they are subjected to 
low-temperature annealing has been the subject of 
much research, and has been made use of in the arts 
in the “ blueing ” of cold-drawn tubes to increase their 
strength, and in the treatment of large gun tubes for 
a similar purpose. It has also been known that 
work-hardened metals are liable to increase in hardness 
as a result of ageing. The author’s invention, the 
Cloudburst process,t for producing a work-hardened 
surface on metals by bombardment with hard-steel 
balls, has led to an investigation of these phenomena 
with a view to their practical application in increasing 
the hardness of the work-hardened layer, and has also 
stimulated research in an endeavour to discover some- 


Fig.1. TEMPERA TURE/WORK-HARDENING 
CURVE OF STAINLESS STEEL 
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Fig. 5.“UBAS” STEEL , CASE-HARDENED 
SUPERHARDENED BY CLOUDBURST 
AND ANNEALED. 
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thing of the physical basis of the phenomena and of 
their relationship to the previously known low- 
temperature changes in metals—namely, those changes 
in their ductility and work-hardening capacity which 
are found to occur at temperatures below 400 deg. C. 
The nature of the relationships under review has 
been indicated, in the cases of brass and mild steel, in 
a paper, read in 1928, by the author, before the Ameri- 
can Society for Steel Treating, and will be understood 
by reference to the diagrams Figs. 1 and 2, which 
1elate to a stainless steel (carbon 0-11, chromium 15-7, 
nickel 10-5 per cent.). Fig. 1 is the temperature/ 
work-hardening curve of this steel, produced with the 
aid of the Herbert pendulum hardness tester. The 
scale work-hardening test was applied to a specimen of 
‘teel while in the electric furnace at increasing tempera- 
tures. The scale work-hardening test consists of five 
scale hardness tests made on the same spot without 
emoving the pendulum. The first reading gives the 
tiginal scale hardness of the specimen. The pendulum 


18 tilted alternately to the right and to the left, the 


metal being work-hardened by the rolling action of the 


* Paper read before the Iron and Steel Institute, 
at Newecastle-upon-Tyne, on Thursday, September 12, 
1929, Abridged. 

+ See ENGINEERING, vol. cxxiv, pages 420, 470 (1927), 
nd vol. exxvi, pages 28, 361, (1928). 
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l-mm. ball; a scale hardness measurement is made | (Fig. 1), and, as a result of the P, anneal, the hardness 


after each pass. The difference between the first | rose to 57. 


reading (original scale hardness) and the average of 


the second to fifth readings, gives the average increase | 


of hardness due to four passes of the ball, and is a 


made. Fig. 1 is a typical temperature/work-hardening | 


curve, showing the usual six critical points, three | 


maxima or peaks P,, P., and P;, and three minima or 
depressions D,, D,, and D,, according to the notation 
introduced by the author several years ago. Of these 
six critical points, the most important, in relation to 
the ductility and other properties of the metal, are the 
D, minimum and the P,; maximum, occurring, in ferrous 
metals, at or about 120 deg. and 300 deg. C., respectively. 
The present work is concerned with the P, maximum, 
repeated experiments having shown that the tempera- 


| 


measure of the work-hardening capacity of the metal 
at the particular temperature at which the tests were | 





ture at which this maximum occurs in any metal is 
the temperature most favourable for the low-tempera- | 
ture anneal or “‘ P, anneal” for increasing the hardness | 





Fig. 2. STAINLESS STEEL WORK-HARDENED 
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Fig. 6. TEMPERATURE/WORK-HARDENING 
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The application of this principle is shown in Fig. 2. 


The stainless steel under investigation was tested with | 
the pendulum time work-hardening test, in which a | 
succession of time hardness tests are made on the same | 
spot. It should be explained that the purpose of the | 
scale work-hardening tests (Fig. 1) is to ascertain the | 


A similar series of experiments was carried out with 
invar (nickel 36, iron 64 per cent.). A specimen of 
the metal, 14 in. in diameter and } in. thick, was cut 
in two, one-half being reserved for the temperature/ 
work-hardening test to ascertain the critical tempera- 
tures, and the other half for the cloudburst treatment 
and P,; anneal. The temperature/work-hardening 
curve showed the D, minimum at 127 deg. C., and the 
P, and P, maxima at 200 deg. and 260 deg. C., respec- 
tively. - These temperatures having been ascertained, 
the second half of the specimen was tested with the 
pendulum, which gave a maximum induced hardness 
48-07 after 10 passes, and was subjected to cloudburst 
treatment. In this, as in most cases, the maximum 
hardness induced by the cloudburst was below the 
pendulum maximum, and was followed by a decline 
from 43-5 (cloudburst maximum) to 40-12. 

The specimen, after cloudbursting, was again cut in 
two, one part being reserved for a treatment to be 


| presently described, and the other part being annealed, 


first at P, (200 deg.), which only slightly increased its 
hardness, and then at P, (260 deg.), which raised its 
hardness to 45-3. 

Low-Temperature Annealing of Superhardened Steel.— 
The cloudburst process, while applicable to the work- 
hardening of all metals, was invented as a means of 
superhardening hard steel. Temperature/work-harden- 
ing curves had been made from time to time on hard 
steel with the pendulum and diamond, and had shown 
significant variations of work-hardening capacity with 
temperature, but the curves so obtained had not, in 
any case, shown the characteristic form with three 
maxima and three minima, which are given by non- 
ferrous metals and steels in the unhardened state. It 
was therefore a question of considerable interest, 
whether the hardness of very hard steel, superhardened 
by the cloudburst process, could be still further increased 
by a process analogous to the P; anneal. 

As the critical temperatures, if any, were not known, 
a specimen of “ Ubas”’ steel was case-hardened by 
the ordinary carburising and quenching process, and 
superhardened by the cloudburst treatment; it was 
then annealed for successive periods of 10 min. at 
temperatures rising from 60 deg. to 270 deg. C. by 
stages of about 10 deg. After each annealing process, 
the specimen was allowed to cool, and its hardness 
was measured with the pendulum diamond time test. 
The results of these experiments are given in Fig. 5. 
The original diamond time hardness of the steel 
hardened by quenching was 60-6D. This was increased 
by cloudburst superhardening to 73-2. The succes- 
sive annealing operations further increased its hardness, 
the maximum 79-38D being attained by annealing for 
10 min. at 120 deg. C. Annealing at higher tempera- 
tures decreased the hardness, but not until the steel 


| had been annealed at 223 deg. C. did the hardness drop 
| to the original level of 60-6D. The results may be 


summarised as follows :— 


Diamond Equivalent 
““ Ubas ”’ Steel. Time Brineil 
Hardness. No. 
Carburised and quenched 60-6 817 
Superhardened by cloudburst 73-2 990 
_| Annealed at 120 deg. C. rae 79°38 1,072 
Pe 223 deg. C. eee 59-8 805 


A temperature/work-hardening test made on a part 
of this specimen in its original quenched state gave 
the curve, Fig. 6, the scale work-hardening test having 
been made on the specimen while hot in the electric 
furnace at close intervals of rising temperature. The 
work-hardening capacity showed a sudden increase 
from 100 deg. C. (compare the maximum in Fig. 5 at 
120 deg. C. rising from 100 deg.), and there was a 
maximum at 150 deg. C., corresponding with a maxi- 
mum hardness which occurred when the steel was 
annealed at that temperature, Fig. 5. 

A similar series of experiments was conducted on a 


critical temperatures characteristic of the metal. The | specimen of high-speed steel. The normally hardened 
purpose of the time work-hardening test (Fig. 2) is to | specimen was superhardened by cloudburst bombard- 
ascertain the maximum hardness which can be induced | ment and then annealed for 15 min. at successive 
in the metal by rolling. The time hardness numbers | temperatures, being allowed to cool after each anneal 
so obtained can be converted into approximate Brinell ‘and tested for hardness while cold. The results are 


numbers by use of the factor 10 when the tests are | ..mmarised as follows :-— 


made with the 1-mm. steel ball. When the 1-mm. | Diamond _ Equivalent 
diamond is used in the pendulum, the conversion factor High-Speed Steel. Time Brinell 
is 13-5. In the present instance, the original hardness Hardness. No. 
31-57 was increased to a maximum of 63-57' by 12| Hardened by normal heat 
passes of the ball. | treatment ... eee ose 49-4 668 
The specimen was then placed in the cloudburst | pe cee oryagey ty | — ra 48 pe 
machine and subjected to bombardment by 3-mm. | “"neslec a) ym C 68-58 722 
hard-steel balls falling from heights commencing at | ‘ 600 deg. ow 46-72 630 


1 m. and progressively increased to 4 m. as the work- | ve 
hardening of the surface proceeded. The machine | There was thus an increase over the original hardness 





contained 200,000 balls, and delivered 500,000 blows 
per minute. The hardness of the specimen was in- 
creased by this means from 31-5 to a maximum of 54-3, 
declining slightly with further treatment. The speci- 
men was then annealed for 30 min. at the P, tempera- 
ture ,which, in this particular steel, occurs at 300 deg. C. | 


throughout the range of temperatures from cold up to 
nearly 600 deg. C. It is believed that the facts here 
disclosed may be turned to practical advantage in 
increasing the cutting capacity of tools of high-speed 
steel. The tool having been heat-treated in the ordinary 
way and superhardened by the cloudburst, its hardness 








570 


could be further increased by annealing at 120 deg. C., | 


or the tool could be put to work in its superhardened 
state and annealed by the heat generated in cutting. 
The Magnetic Treatment.—It was inevitable that the 
discovery of the facts detailed above should give rise 
to speculation as to the ultimate inner mechanism of 
the changes involved. It had been found that, when 
metals so diverse as brass, low-carbon steel, stainless 
steel, invar—all soft—and high-carbon steel and high- 
speed steel in the hard state, had been work-hardened 
by the cloudburst bombardment with hard-steel balls, 





they all possessed a propensity to become still harder. It 
was known that this propensity was to some extent 
satisfied by a process of ageing (further evidence of | 
this will be supplied later), and that the hardening | 
propensity was assisted to fulfilment by heating the 
metals for a short period to a particular temperature, 
which, under the designation of the “‘ P, temperature,” 
had long been associated with a maximum work- 
hardening capacity of the metals, as revealed by the | 
pendulum scale work-hardening test. The diversity 

of the metals to which these facts applied, and the 

lowness of the temperatures involved, seemed to put 

out of court any metallurgical explanation such as 

recrystallisation or change of chemical constitution, 

and pointed rather to some atomic re-arrangement in | 
the crystal structure. In attempting to form a mental | 
picture of what might be supposed to occur, one | 
conceived that the cloudburst bombardment caused | 
slip to take place along a great diversity of crystallo- | 
graphic planes, with a disarrangement of what Rosen- | 
hain has called the ‘irregular’? metal between the | 
displaced crystalline layers. One conceived, further, | 
that the disturbed space-lattices in these areas were in | 
a state of such instability that they tended, under the | 
stimulus of a particular temperature, or even to a slight | 
extent without such stimulus, by a mere process of 
ageing, to undergo such a reconstruction or re-arrange- 
ment, or perhaps interlocking of the contiguous layers, 
as would result in an increased resistance to deforma- 
tion, manifested by increased hardness. 

The question arose whether it might not be possible 
to apply some stimulus other than the low-temperature 
or P, anneal to assist the propensity towards re-arrange- 
ment of the lattice which appeared to exist in the 
work-hardened metal. The most likely stimulus, in the 
case of a magnetic material, appeared to be a repeated 
change of magnetic polarity, which might be expected 
to disturb or distort the lattice, and thus assist it to 
fulfil the existing propensity towards a less unstable 
arrangement. With this end in view, the following 
procedure was adopted : 

A specimen of steel which had been work-hardened 
by the cloudburst process was placed with the treated 
face downwards across the poles of a powerful electro- 
magnet, and several taps were administered to the 
back of the specimen with a light hammer. The | 
specimen was then turned through 90 deg. in relation | 
to the magnet, and the light taps were repeated. This | 
process was repeated until the specimen had been 
revolved 50 times in a clockwise direction by stages of | 
90 deg. with light hammering at each change of position. | 
The direction of rotation was then reversed, and 50 | 

' 
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strictly alternative processes producing the same atomic 
re-arrangement. Thus, it was found that, when the 
specimen which had been magnetically hardened was 
afterwards subjected to the P, anneal, no further 
increase of hardness resulted. Likewise, the specimen 
annealed at P, showed no further increase of hardness 
when subsequently subjected to magnetic treatment. 
The magnetic treatment has been applied to a diversity 
of steels work-hardened or superhardened by cloud- 


| burst, and in every case the increase of hardness has 


resulted as anticipated. In Table I some of these 
experiments are set forth. It will be observed that the 
P, anneal and the magnetic treatment are equally 
effective, whether applied to soft steels work-hardened 
or to hard steels superhardened, but in the latter cases 
the temperature anneal was carried out at 120 deg. C. 

The Lattice Resonance Hypothesis—The magnetic 
treatment was arrived at by inductive reasoning from 
the observed facts of the increased hardening of 


Fig.8. SPECIFIC HEAT OF IRON AT 
TEMPERATURES BELOW 400°C.(DEARDEN, 
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Fig.9. (GOFFEY AND THOMPSON) 
7 





an 


Tons per Sq Ir. 


~ 





30 70 10 150 190 230 270 310 350 390 
(seat) Temperature, Degrees Centigrade 


ENGINEERING” 


previously work-hardened metals as a result of ageing 
or of the P, anneal, the hypothesis being that both 
these processes led to a readjustment of the space 
lattice. Successful prediction is generally regarded 
as confirmation of the soundness of the hypothesis on 


TABLE I. 
Maximum 
Hardness —— nacd need Hardness Hardness Fo mnal 
Metal. Original Doct Ageing Three after after ee after Pendulum 
Hardness. Cloudburst F P. Anneal Magnetic Anneal at | Time/Work- 
Treatment. | 0 Four s Anneal. | Treatment. | 120 deg. C. ae 
Weeks. Hardening 
Test. 
Brass , 17-707 27-80T 31-07 - 31-57 
Mild steel 17-:107 25-407 28-8T - - 29-1T 
Invar 24-55T 40-127 45-37 - - 48-0T 
Invar oe — ats --| 24-557 40-127 - 45-107 48-0T 
Stainless steel (C 0-11, Cr 15-1, 
Ni 10-5 percent.) .. --| 31-107 53-567 96-67 — 63°47 
5 per cent. nickel steel, case- 
hardened aps ae ..| 48-18D 61-78D 63-16D 68-56D 72-0D 
5 per cent. nickel steel, case- | 
hardened = sf ..| 41°94D 66-90D 68-96D _ 71-40D | 69-9D 
S11 nickel-chrome steel, water- | 
hardened ae os --| 41-26D 52-:92D 53-10D 55-62D -- | 65-6D 
1-2 per cent. carbon steel, water- | 
hardened a én 65-70D 72-04D 73-98D 75:-40D -—- 81-4D 
Ubas steel, case-hardened 58-56D 73-20D — —_ 79-38D 84-4D 
High-speed steel, hardened 49-46D 56-70D - — 61-48D — 
Gudgeon pin sts 60-00D 68-78D — 76-44D — 
Gudgeon pin 60-00D 69-20D -- - 78°70D a - 


T hardness numbers are time hardness measured with pendulum and 1-mm. steel ball. (Brinell No. = 107, when T is 
D hardness numbers are time hardness measured with pendulum and 1l-mm. diamond. 
= 13-5D, when D is above 22-5.) 


above 28. 
No. 


more revolutions were given—that is, 400 changes of 
position with consequent changes in the direction of 
polarity. The specimen was then tested for hardness 
with the pendulum. Its hardness was found to have 
been increased by the magnetic treatment to almost 
exactly the degree of hardness which it had been found 
possible to induce by the P, anneal in another portion 
of the same specimen. 

The P, anneal and magnetic treatment appear to be 





i 


(Brinell 


which it is based. Assuming, then, that the observed 
increase of hardness is due to a change in the space 
lattice from a condition of instability to one of stability 
as a result of ageing or under the artificial stimulus 
of an agitation of the lattice by changes of magnetic 
polarity or by heating to a particular temperature, it 
remains to inquire why a particular temperature should 
be effective in causing agitation of the lattice, and to 
find, if possible, a correlation between the hardening 
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effect of the P, anneal and the six critical change points 
in the temperature/work-hardening curve. It may be 
— at this point briefly to review the relevant 
acts :— 

(a) Characteristic temperature /work-hardening curves, 
similar in form and possessing the three, maxima 
P,, P, and P;, and the three minima D,, D, and 
D,;, have been produced with the aid of the pendulum 
work-hardening test on mild steel, carbonless iron, 
stainless steel, invar, high-carbon tool steel (soft), 
high-speed steel (soft), free-cutting steel, alumi- 
nium bronze, rod brass, sheet brass, aluminium-zinc 
alloy, and tin. (6) Similar six-point curves were 
produced by Goffey and Thompson by the torsion of 
steel wires. (c) Minimum sonority of steel at 120 deg. C. 
(d) Easy punching of steel plate at 120 deg. C. with 
absence of sonority. (e) Changes in ductility of mild 
steel, stainless steel, and brass sheets at D, and P, 
temperatures. (f) Whitaker ring phenomena, smooth 
finish, and low cutting temperature associated with the 
|D, change in steel. (7) Minimum elongation and 
reduction of area in tensile tests of alloy steel at 
300 deg. C. (h) Blue brittleness of steel (about 300 
| deg. C.) (i) Hardening of cold-worked metals by 
jageing. (j) Hardening of cold-worked metals by 
| reheating to 250 deg. to 300 deg. C. (k) Hardening of 
| brass, mild steel, stainless steel, and invar by P, anneal 
| after cloudburst treatment. (/) Hardening of super- 
hardened steel by annealing at 120 deg. C. (m) Har- 
dening of cold worked invar, alloy steels, and super- 
hardened steels by the magnetic treatment described 
above. 

Consideration of the above facts has led the author 
to adopt tentatively the ‘‘ lattice resonance hypothesis,” 
which may be stated as follows :—A given space- 
lattice, such as that of iron, possesses a natural vibra- 
tional periodicity, analogous to that of a piano string 
|tuned to a given musical note. Just as the piano 
| string, under the influence of a sound of rising pitch 
such as that of a siren, will exhibit alternate periods 
of vibration and quiescence—vibrating when the rising 
sound reaches the fundamental periodicity to which the 
string is tuned, ceasing to vibrate when the rising sound 
is in discord with the fundamental pitch of the string, 
and vibrating again when the rising sound passes 
through the successive harmonic periodicities, the 
third, fifth, octave, tenth musical intervals, with 
intervening periods of discord and absence of resonance 
—so the space-lattice will respond to the increasing 
periodicities of a rising temperature, passing through 
alternate conditions of maximum and minimum vibra- 
tion as the two periodicities, that of the heat vibration 
and that of the lattice, pass through conditions of 
alternate harmony and dissonance. 

On this hypothesis, the P,; temperature should be 
one of maximum lattice vibration, conducive to that 
re-arrangement of the distorted structure which has 
already begun when the structure is aged, which can 
be assisted by the alternative process of magnetic 
treatment, and which manifests itself by an increase of 
hardness. On the same hypothesis, the alternative 
maxima and minima of the pendulum temperature 
work-hardening curves and of Goffey and Thompson’s 
curves should correspond to alternate maxima and 
minima of lattice vibration due to resonance. This 
hypothesis was discussed with Dr. Esser, of the Univer- 
sity of Aachen, who immediately pointed out that a 
condition of maximum lattice vibration should be one 
of maximum absorption of energy, and therefore of 
maximum specific heat of the metal. 

In this connection, particular interest attaches to 
the researches of Dearden, on the specific heat of iron 
at temperatures below 400 deg. C. One of Dearden’s 
diagrams is reproduced in Fig. 8. It shows a very 
marked maximum specific heat at 115 deg. C., which 
corresponds closely with the D, change repeatedly 
found in ferrous metals at 120 deg. C., and agrees 
exactly with the minimum on one of Goffey and 
Thompson’s curves, Fig. 9. It will be noted that 
Goffey and Thompson found a maximum at 310 deg. C., 
corresponding to the P, temperature in iron and steel, 
and that if Dearden, instead of drawing a smooth curve 
had drawn a line through all his observation points, 
he would have produced a curve similar to those in 
Figs. 1 and 9, but inverted. The fluctuations in the 
specific heat are less pronounced than those of work- 
hardening capacity or limit of proportionality, but 
change points are clearly indicated at 115 deg., 170 deg.. 
260 deg. and 300 deg. C., corresponding to the principa! 
change points shown in Goffey and Thompson's curve 
referred to above. 

According to the theory of Esser, and in the light ot 
Dearden’s results, the D, change at 115 deg. to 135 deg. 
in ferrous metals should denote a condition of maximum 
lattice vibration, either the fundamental resonance 
or a principal harmonic of a fundamental occurring at 
a lower temperature, probably below that of the atmo- 
sphere, and the D, change (200 deg. to 270 deg. C.in iron) 
should be a harmonic resonance. On the same basis. 
the three maxima of the temperature/work-hardening 
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curve, including the important P, maximum, should | 
correspond to conditions of dissonance and of minimum | 
vibration. | 

The lattice resonance hypothesis must, at present, be 
regarded as a tentative endeavour to connect the 
apparently inter-related phenomena of low-temperature 
changes in work-hardening capacity and in limit of 
proportionality, age-hardening, low-temperature anneal- 
ing, and magnetic hardening of metals. In its present 
form it does not suffice to account for these phenomena, 
but it may serve to raise them from the realm of 
sectional metallurgy to that of atomic physics, where 
they undoubtedly belong, and to point the way to a | 
more complete and more correct explanation. One | 
difficulty has been pointed out by Starke, Rosenhain, 
and others. The vibrations of a body heated to a given 
temperature, say 300 deg. C., are not monochromatic. 
They have not a single periodicity like that of sodium 
light, but a multiplicity of periodicities like those of 
white light. The vibrations of a rising temperature 
are less like those of a siren than those of an orchestra 
playing a rising passage. 

This consideration, while it introduces complications, 
does not necessarily destroy the resonance hypothesis ; 
it may even serve to account for anomalies in the 
application of the hypothesis. The tuned piano string 
will respond to the orchestra no less than to the siren, 
though its mode of resonance may be less simple. 
Moreover, the periodicity of the lattice of an alloy may 
correspond less nearly to a piano string tuned to a given 
note than to a number of such strings tuned to different 
notes and not necessarily in harmony with each other. | 
Unfortunately, little appears to be known of the actual | 
periodicities of space lattices or of heat vibrations, but 
an endeavour will be made to acquire knowledge of these | 
subjects and to test the hypothesis in any and every 
way that may appear useful. 








FORMATION OF THE PETROLEUM ASSOCIATION OF AUS- 
TRALASIA,—We learn that representatives of oil interests 
in three of the Australian States have formed the 
Petroleum Association of Australasia, Sir George Julius 
having been appointed President. This step is a prelimin- 
ary one in the co-ordination for the search for oil in the 
Commonwealth. 








THE BoarD oF TRADE PaTENTS COMMITTEE.—The 
Committee set up under the chairmanship of Sir Charles 
‘argant to consider whether any amendments in the 
Vatents and Designs Acts, or any changes in Patent 
Ottice practice, were desirable, is continuing its meetings 
at the Board of Trade for the purpose of hearing evidence 
trom interested persons and associations. Four meetings 
of the committee have already taken place, and, during 
the next few weeks, evidence will be taken from repre- 
sentatives of the Trade Marks, Patents and Designs 
tederation, Limited, the British Science Guild, the 
london Chamber of Commerce, the International 
Association for the Protection of Industrial Property | 
British Group), the Association of British Chemical | 
Manufacturers, and the Chartered Institute of Patent 
\gents. Any persons or associations who desire to 
“ubmit further suggestions, or to give evidence, are | 
nvited to communicate with the Secretary, Mr. R. W. 
Luce, Industrial Property Department, Board of Trade, 
-5, Southampton Buildings, London, W.C.2. 





IMPULSE-TURBINE MARINE 
GENERATING SET. 


ANYONE having a fair acquaintance with the equipment 
of the modern steamship can hardly fail to notice in 
how many fresh directions electrical energy is now 
made use of on board ship, as compared with even a 
few years ago. It is not surprising then to find that, 
in some cases, the electric-generating sets originally 
fitted have proved to be of too small a capacity to 
deal with the increased load, and have either to be 
augmented by additional plant, or replaced by new 
and larger sets. If the vessel has not been built com- 
paratively recently it is generally advisable to adopt 
the latter alternative, not only on account of the diffi- 
culty of finding room for an additional generating set, 
but because a new plant is likely to be designed to run on 
more economical lines. The illustration on this page 
shows such a plant. It represents one of two De Laval 
turbine generating sets, each of 125 kw., manufactured 
by Messrs. Greenwood and Batley, Limited, Albion 


| Works, Leeds, and installed in the steamship Mongolia, 


owned by Messrs. The Peninsular and Oriental Steam 
Navigation Company, Limited. These two turbine- 
driven sets replace two 50-kw. reciprocating sets, and 
are installed in the same positions. As will be seen 
from the figure, the several parts of the set are mounted 
on a common bedplate of substantial form. The 
turbine is shown to the right of the figure, the dynamo 
to the left, with the gear-box in the centre. The 
separate oil cooler of the tubular type, shown in the 
foreground, forms part of the equipment, the oil storage 
tank and strainers being contained within the bedplate. 

The turbine is designed for a working steam pressure 
of 200 lb. per square inch, and exhausts to the main 
condenser at 28 in. vacuum, when the vessel is at sea, 
or to the auxiliary condenser at low vacuum when in 
port. In addition, extra nozzles are provided which 
enable the turbine to run at a capacity of 100 kw. 
when exhausting to a closed heating system at 6 lb. 
to 8 lb. per square inch back pressure. With these 
nozzles in action, the turbine can also exhaust to the 
inlet side of the low-pressure main turbines if required. 
These different working conditions were all made the 


| subject of six-hour tests at the makers’ works, and were 


successfully filled, steady and smooth running at all 


loads being a particularly noticeable feature. The 
dynamo is level compounded for 220 volts. There 1s 


no variation in voltage at any load from full load to 
no load with fixed brush and rheostat position. The 
speed regulation of the turbine is within 24 per cent., 
the variation upon suddenly switching off full load 
being only 25 r.p.m. in 1,050 r.p.m., with an instanta- 
neous variation of 30 r.p.m. to 1,080 r.p.m. These 
conditions obtained when the turbines were exhausting 
to the condenser at a high vacuum, and no doubt the 
variations would have been still less if exhaust had 
taken place into a back-pressure system. 

The speed is controlled by a sensitive centrifugal 
governor carried on the gear-wheel shaft. This works 
horizontally and is directly linked up to a balanced 
double-beat governor valve. An emergency vacuum 
governor is provided on the exhaust side of the turbine, 








This takes the form of a butterfly valve in the exhaust 
pipe which valve is closed by an air-operated piston. 
The vacuum governor raises the exhaust pressure in 
the turbine-wheel chamber, and this results in increased 
wheel surface friction, so preventing the wheel speed 
from rising above the normal. This method does not re- 
quire adjustment of the stop valve; neither does it in- 
volve reducing the voltage below the normal. The 
small amount of air admitted when the air valve comes 
into operation is not sufficient to affect the vacuum in 
the main condenser. The steam velocity at the nozzles 
is about 4,000 ft. per second. The peripheral speed 
of the turbine wheel, therefore, in order to run the 
dynamo at its most efficient speed, viz., 1,050 r.p.m., 
involves the employment of reduction gear of a ratio 
of about 12 to 1. The gearing is of the double-helical 
type with finely-pitched teeth. It is very noiseless 
in action, and both it and the bearings are lubricated 
by a comprehensiye forced-lubrication system. The 
generating sets were put into commission immediately 
after installation and are understood to be comparing 
very favourably, as regards results and ease in handling, 
with the reciprocating engine sets they displaced. 

It may be recorded that the second set of engines 
made by Messrs. Greenwood and Batley for ship 
lighting purposes, was supplied to the S.S. Simla, of the 
P. and O. Company’s fleet, as far back as 1899. Since 
that date, over 500 sets of marine-lighting plant have 
been manufactured by the firm. 








ATLANTIC LINERS.* 
By Genera E. De Vito. 
(Concluded from page 542.) 

Shaft Horse-Power and Propulsive Coefficient (P.C.).— 
For Mauretania :—At 26 V:/7L=0-94, 
c = 243, and P.C. = 0-46. 

Table VII, page 541, ante, gives the trial performance of 
the experimental hull (;,th scale) built for the Italian 
super- Dreadnought Caracciolo. It shows :—At 24 knots 


knots 


V:/L=0-91, c = 250, and P.C.=0-45. At 26 
knots V: /L = 0-99, c = 226, and P.C. = 0-44. At 


28 knots V: /L = 1-06, c = 204, and P.C. = 0-43. 

The propulsive coefficient appears lower than for 
Mauretania, but probably, with systematic trials on 
screw models, which were stopped by the war, the 
P.C. might have been improved. 

Table IX, page 572, shows the standard sea trials of 
Hood at normal displacement :—At 26 knots V: JL 
= 0:90, c= 314. At 28 knots V: /L = 0:97, ¢ = 285. 
At 32 knots V: /L = 1-10, ¢ = 260. 

It appears that Hood’s hull, notwithstanding its 
side bulges, has a very high propulsive efficiency com- 
pared with Mauretania on sea trials; we have not at 
our disposal the towing effective horse-power (E.H.P.) 
of Hood, but it would appear that the propulsive 
coefficient of Hood must be over 0-50 at high speed. 
It is probable that, at deep load, some abnormal varia- 
tions of power may occur, due to the variation of 
resistance created by the immersion of the bulges. 

Table X gives the standardisation sea trials of 
Saratoga, and we find :—At 26 knots V: v L = 0:89, 
¢ = 310. At 28 knots V: -/L = 0-96, ¢ = 308. At 
32 knots V: /L=1-09. c= 290. At 33 knots 
V:/L=1-12, c= 265. Also for Saratoga, with 
side bulged forms, the results are exceedingly good, 
and, at the highest speed, even better than the Hood’s 
performance (See also Fig. 2, page 572.) 

Technical papers reported that, for Bremen, it was 
estimated that S.H.P. = 106,000 at 27 knots, and 
S.H.P. = 120,000 at 28 knots, also :—At 27 knots 

Ai V3 





V: VL = 0-89, c= carp = 242. At 28 knots 
Aiv? , 

° 4 "92 ,— = 2 . I t 

V: /L = 0-92, ¢ SEL. 38. We note tha 


these estimated values of c, when compared with 
Mauretania’s performances for the same values of 


V:4/L are conservative. Regarding the propulsive 
coefficient, some surprising results may happen. 
Sometimes P.C. = 0-50 or over has been obtained 
from sea trials, while it was only expected to be 0-45 
from experimental models—or, vice versa, sea trials 
have given P.C. = 0-46 when tank experiments 
had shown P.C. = 0-50 or 0-52. I hope that more 
light may be thrown upon these important hydro- 
dynamic questions. 

Summing up what we have said regarding body forms, 
it is interesting to compare the several forms considered, 
by transferring, by similitude, all the results obtained to 
the same trial displacement, say 36,500 tons, and 
speed 26 knots of Mauretania, and to the same trial 
displacement of 42,500 tons and speed 28 knots. The 





* Paper read at the Summer Meeting of the Institution 
of Naval Architects, in Italy, September 17, 1929. 
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results for vessels of the forms under consideration | tania’s machinery, of about 75,000 shaft horse-power, 


are given in Table XI. 


was designed with turbines directly connected to the 


Number of Screws.—As we are considering a high-| propeller shafts, steam being supplied by cylindrical 
speed liner of over 28 knots speed, such as Bremen, | boilers ; total weight, 9402 tons, viz., or about 8 shaft 


having a shaft horse-power of 100,000, and as our | horse-power per ton. 


When the boilers were trans- 


firm (Ansaldo) and other shipbuilders have had an} formed to oil burning, the shaft horse-power was 
opportunity of considering plans for liners of even | increased to about 90,000, say, from 9 shaft horse- 


higher powers, from 160,000 shaft horse-power to} power to 10 shaft horse-power per ton. 


Ten years 


200,000 shaft horse-power, it is necessary to consider | ago, the Hood’s engines, which developed, on trial, 


how such high powers are to be subdivided. 


Lexington | 151,000 shaft horse-power, were designed with geared 


and Saratoga have their designed power of 180,000 | turbines and oil-burning small-tube water-tube boilers 
shaft horse-power on four screws, and it is claimed | having a total weight of about 5,356 tons, viz., about 


that, on sea trials, Saratoga has developed even 215,581 | 
shaft horse-power, say 45,000 shaft horse-power | 
designed and about 54,000 shaft horse-power developed | 
on each screw propeller. Messrs. Ansaldo are building , 
three cruisers having 48,000 shaft horse-power (de- | 
signed) on each screw. But high-powered screws must | 
have large blades, and internal stresses in casting may | 
be the cause of failures, In the case of liners, the | 
propeller revolutions are less and blade surfaces larger | 
than in warships ; furthermore, liners are called upon | 
to face a more continuous service at full power, and 
therefore I think that, in the case of liners, it is better | 
to keep below 40,000 shaft horse-power for each screw. | 
I also think that from 90,000 shaft horse-power to 
120,000 shaft horse-power, three screws might be 
considered, but from 120,000 shaft horse-power to 
160,000 shaft horse-power it is certainly preferable to 
have four screws. Beyond 160,000 shaft horse-power, 
the convenience of having five instead of four propellers 
might be considered. 

Revolutions and Vibrations.—Regarding the number 
of revolutions, the well-known limitations of circum- 





the relative lightness of engines has been obtained by 
reducing or giving up many fittings intended for fuel 
economy, which absorb much weight. For lightness, 
in warship engines a high number of revolutions per 
minute is accepted, sometimes sacrificing propeller 
efficiency. In warships, a high degree of forcing is 
adopted for boilers, leading to a reduction of heating 
surface. Also there is a reduction of condenser surface, 
which is compensated by a more rapid circulation of 
cooling water; the vacuum, however, is not always so 
high as in merchant ships, and the influence of vacuum 





upon steam consumption is well known, especially with 


Fig. 2. GENERAL COMPARISON OF SHIPS CONSIDERED. 
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ferential speed of blade-tips and of hydraulic pressure (1635.8) Values of V: VL ENGINEERING” 
TABLE 1[X.—H.M.S. HOOD. STANDARDISATION SEA TRIALS. 
Trial eet A = 41,200 tons Speed, V = knots 20 22 | 24 26 { 28 | 30 | 32 
Water-line length ve - DL =85 Ratio, V: VL 0-69 0-76 +83 | 0-90 | 0-97 1-03 1-10 
Length between perpendiculars 810 ft. || Shaft ’horse-power, S.H.P. |.) 28,000 36,600 | 48,000 | 67,000 | 92,000 120,000 | 151,000 
Breadth .. ° . .. B= 104 ft. and 96 ft. 1| se 2 v3 | | | 
Trial draught D = 28 ft. 6 in. || Admiralty coefficient, ¢ = 2° ¥> 342 348 344 | 314 235 | 270 260 
Breadth ratio ss p = 8°18 and 8-85 = | | | 
Coefficient of fineness :— | 
Block ms es 6 = 0-57 (about) | | | 
Mid-section B = 0:97 | | 
Water-line a = 0-71 
Prismatic p = 0-59 | 
TABLE X.—U.S. AIRCRAFT-CARRIER “SARATOGA.” STANDARDISATION SEA TRIALS. 
Trial displacement ae .. A = 38,950 tons Speed, V = knots = ae 20 22 | 24 | 26 28 30 | 32 | 33 
W ater-tine length diculars’: LL = 865 ft. Ratio, V: VL ; ..| 0°68 0-75 | 0-82 | 0-89 0-96 1-02 | 1-09 | 1-22 
ngth between perpendiculars :— a Maken ae ¢ ) 52. 2( | 5,3 2,100 102,500 | 129,400 | 155,843 
Breadth Er B= 106 ft. and 98 ft. Shaft horse-power, S.H.P. . _ 31,006 | 40,800 | 52,200 | 65,300 | 8 | | 
Trial draught .. D = 29 ft. Admiralty coefficient, e = 2° 295 | 300 | 304 | 310 308 302 | 290 | 265 
Breadth ratio i = 8-16 and 8-82 S.H.P. 
Coefficient of fineness : | | | 
Bloc os ae 6 = 0:52 | 
Mid-section 3 = 0-98 (hypothetical) | | 
Water-line a = 0-68 (hypothetical) | | j 
Prismatic p = 0-53 (hypothetical) j | | 


TABLE XI. 





Trial Displacement (A) and Speed (V). | 


| W.L. Length. 


| 





1. Mauretania form .. Bus 7 “ 64 “al 770 
2. Caracciolo form ; esd 730 , 
3. Ausonia form 782 
4. German liner form 818 
5, Standard cruiser form 863 
4. Destroyer form 912 
7. Maier liner form .. 860 
8. Hood form 815 
%. Saratoga form 845 


A = 36,500 tons. 
V = 26 knots. 


A = 42,500 tons. 
V = 28 knots. 


S.H.P.* 


S.H.P.* W.L. Length. 
ft 79,600 810 ft. 122,500 
; 84,000 765 ,, 122,500 
ea 80,000 823 |, 120,000 
x 77,000 863 ,, 112,000 
i 76,000 908 , | 108,500 
; | 72,000 958 ., | 104,000 
: 65,000 900 ,. 100,000 
63,000 860 | | 93,000 
se | 63,000 890 ,, | 87,500 
| | 





the average value of P.C. 0-46. 
per square inch of the blade area limit us for high speed 
and power to no more than 300 revolutions, but for 
merchant ships a lower number of revolutions is prefer- 
able. 

The vibrations of the hull are strictly connected with 
the selection of the best number of revolutions for the 
screw propellers. The Schhck formula gives :— 


I - 2. 
x a xX Fg LS (See Table XII), where I = moment 


of inertia (in.)? x sq. ft.? of midship section; 4 
displacement in tons ; L = length in feet ; n = number 
of vibrations per minute ; and a = 143,500 for liners. 

In the case of Mauretania, » = 71 (about), and then 
the numbers of revolutions R = 7], 142 and 213 are to 
be avoided. In fact, the revolutions of Mauretania are 
180 at full speed. 


Machinery.—Twenty-three years ago, the Maure- 





* When possible we have started from 8.H.P.; in other cases, when it has been necessary to start from E.H.P., we have assumed 


28 shaft horse-power per ton. I am pleased to say that 
the engines of 105,000 shaft horse-power for the Italian 
super-Dreadnoughts of the Caracciolo class were 
designed in 1912 with the same characteristics as the 
Hood’s engines, viz., with small-tube oil-burning boilers 
and geared turbines, and with the same weight per 
shaft horse-power. The 50,000 shaft horse-power 
engines of flotilla leaders develop 70 shaft horse-power 
per ton, but with a higher number of revolutions and 
higher forced draught than in large warships. Leaving 
aside extreme figures, I think that between the 10 
shaft horse-power per ton of Mauretania and the 
28 shaft horse-power per ton of Hood, there is room 
for a choice of suitable weight for fast liners’ engines, 
the different conditions of service in warships and liners 
being taken into account. The main and the most 
important difference between warships and merchant 
ships is fuel consumption per horse-power. In warships, 











| TABLE XII.—Number of Vibrations for Liner’s Hull. 
| 
| 


| ; 
—t | Mauretania. | Aquitania. 
ph cin ice |_ 
| Water-line length, L = .. 770 ft. | 880 ft. 
| Trial displacement, tons... ..| 36,500 45,000 
Moment of inertia, I = (inches)2 x | 4,069,210 7,200,000 
| _ feet2 | HT.) 
| Constant, a = at a6 ..| 143,500 | 148,500 
| Number of vibrations per minute, | 
I ie : 
| ae a a 1 69 
| n=a aL | 7 
| | 


| 





| turbines. The number and power of auxiliary engines 
| in warships are less than in merchant vessels ; also the 
speed of steam in pipe-lines is higher in the former 
than in the latter. Therefore, the comparison of weights 
in war and merchant ships should not be made for the 
engines only, but for the sum of their weight and that 
of a full load of fuel required for the single trip, or, if 
necessary, for the double trip (double bunker). In 
Table XIII, a comparison on these lines is made : 
values are not absolute, but representative in order to 
illustrate the case numerically. 

For recent liners, the following features are generally 
adopted :—Geared turbines, single reduction ; small 
tube oil-burning boilers, with seamless drums ; high 
steam pressure, of from 400 lb. to 500 Ib. per square 
inch; high degree of superheat (700 deg. I. 
total temperature) ; feed-water heaters and de-aerators ; 
air preheaters; high vacuum condensers with air ejectors ; 
and electric motor auxiliaries supplied by Diesel-engin« 
driven generators from central stations. From an exam- 
ination of many recent liner engines designed on the above 
lines, I have come to the conclusion that the 12 shaft 
horse-power per ton calculated for Europa and Bremen 
could be increased to 16 shaft horse-power per ton, when 
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there would still remain a large margin when compared 
with the 28 shaft horse-power per ton of Hood’s 
engines. Some other types of marine engines have 
been devised for liners in recent years which are worth 
considering, viz. :—Turbo-electric propulsion ; Diesel- 
electric propulsion ; and Diesel geared propulsion. The 


,and by a foreign firm independently on the same 
| general conditions, as follows: Screw revolutions per 


minute, 250; steam pressure about 500 lb.; super- 
heated steam temperature 750 deg. F. ; and oil-burning 


| water-tube boilers with small tubes. The calculated 
| results of the two independent designs were about the 


turbo-electric propelling machinery of Lexington and | same, viz., total weight about 26 shaft horse-power per 


Saratoga is the most recent example for high-speed 


| ton, and fuel-oil consumption about 0-65 lb. to 0-70 Ib. 


TABLE XIII.—Weteuts or STEAM MACHINERY AND OF FuEeL Om (EXAMPLE) 


Navigating. speed 
Shaft horse- power 
Length of trip 


Type of engines : steam-geared turbines and oil-burning 


V = 26 knots. 

100,000. 

4,500 miles = 173 hours. 
water-tube boilers. 



















































































Weight of engine, shaft horse-power per ton ie oe ne es es 12 | 16 28 70 
Pomeing consumption (all purposes), lb. per shaft horse-power per hour xa 0-7 «| 0-75 0-80) | 1-00 
Single Trip— 
Fuel oil per trip, tons Pe 42 “a 5,400 5,800 6,200 | 7,730 
Fuel oil reserve (20 per cent.), tons ite 1,080 1,160 1,240 | 1,540 
Propelling machinery, tons “a vet 8,350 6,250 3,570 | 1,430 
Total weight of engine and fuel (single trip), tons al 14,830 13,210 11,010 | 10,700 
Lb. per shaft horse-power ..  .. Ss w.stis : | 332 296 247 | 240 
Double Trip— 
Fuel oil, double trip, tons .. ..| 10,800 11,600 12,400 15,460 
Fuel oil reserve (as before), tons wen 1,080 1,160 1,240 1,540 
Propelling machinery, tons oo| 8,350 6,250 3,570 1,430 
Total weight of engine and fuel (double trip), tons oa ~ 20,230 | 19,010 17,210 | 18,430 
Lb. per shaft horse-power .. ne eae ae 454 425 385 | 412 
| 
Notr.—The values given are not absolute, but purely representative. 
TABLE XIV.—Depru anv LENGTH. 
Se Sea a | 
_ | sabasmte itanis Leviathan, Berengaria, 
| Mauretania. Aquitania. Tle de France. | ex Vaterland. | ex Imperator. 
oi i | | 
Trial displacement, tons me we re 36,500 45,000 | 36,000 46,000 46,000 
Load displacement, tons .. ne ‘o fee 41,550 52,900 40,400 63,000 63,000 
Water-line length, L = si ma | 770 ft 880 ft. | 757 ft. 10} in. 928 ft. 895 ft. 
Depth of the upper strength deck, H = 60 ft. 6 in 73 ft. 6 in. | 79 ft. 10 in, 81 ft. 8 in. 82 ft. 
Value of = = So nh as Be el 12-7 12 | +5 11-3 10-9 
F 12 | | 
Value of a ae ee a <a re 9,850 10,500 7,200 10,450 9,800 
Depth to deck :— | 

Deck, O-Ho ae we Se ne ..| 89 ft. 1llin. 90 ft.6in. | 99 ft. 6in. 115 ft. 8 in. 109 ft. 6 in. 

Deck, A-Ha a oye ae as ..| 78 ft. Sin. | 82 ft.0in. | 89 ft. Oin. 103 ft. 3 in. 100 ft. 0 in. 

Deck, B-Hsp es ie ss oe ..| 69ft. Qin. | 73 ft.6in. | 79 ft. 10 in. 90 ft. 10 in. 91 ft. 0 in. 

Deck, C-Hc ae i Ss ap --| 60ft. Gin. | 64 ft. 6 in. 70 ft. 6 in. 81 ft. Sin. 82 ft. 0 in. 

TABLE XV.—Wetcut or LINERS’ HuLLs aND EQUIPMENT. 
= eens Pre ee Leviathan, 
Mauretania. Lusitania. Aquitania. ex Vaterland. 
’ 
| 
Light weight, L.W. = tons 29,160 | 30,081 38,150 48,900 
Deadweight, D.W. = tons .. ee as es | 12,390 | 11,359 14,750 14,100 
Load displacement, A = L.W. + D.W. = tons | 41,550 41,440 52,900 63,000 
Gross tonnage, B.T. = tons la Oi eat ames! 30,704 | 80,396 45,647 54,282 
Cubic number referred to :— | | 
me L x B X He __ cub. ft. 
Deck C = = ae eee = ‘ = 
ec Nec 1,000 1,000 4,100 | 4,070 5,520 | 7,540 
x B X He _ cub. ft. | 
Deck B = Ng = —— Be ches Sack m6 } ; “3 
ec B 1,000 1,000 4,720 | 4,670 6,270 | 8,370 
= L x B X Ha __ cub. ft. | 
Deck A = Na = ———— ie: ee | | ” | ‘ 
ec A 1,000 1,000 aaa 5,300 5,250 7,000 | 9,530 
x B x Ho cub. ft. | 

Deck O = No = os = — — 5 - } ” 

c ° “000 1,000 6,100 | 6,050 Pr 10,670 
Weight ¢ hull and equipment, W = tons 19,758 | 20,145 29,150 40,800 
Ratio = a oS a ‘is o nC 0-68 0-675 | 0:77 | 0-838 

| | 
. | 
Ratio ate (Ss oe Kg — ae s ++| 0-476 | 0-49 0-55 | 0-65 
. Bt | } 
Ratio Ww | 0-64 0-67 0-64 | 0-755 
a | 4-82 | 4-9, 5-25 
Ne ~ 1,000 cub. ff. * | ? | . — — 
NE ec a OF Ga ee a a 4:2 4-32 4-64 4-88 
eiag - | 

tatio > 3-73 | 3-85 | 4°15 | 4-29 

Ratio sn | 3-24 | 3-3 | a7 | 
re xe ~2 ma wa ue “e “| 2 | 3°34 H 3°77 | 3°84 
| } 
TABLE XVI. 
Gnaad Load | Passengers | 
Liner. | eee: Displacement, | and Crew, Deadweight, D.W. 
| WV Knots a ten. | Was D.W. Tons. | Ratio A 
| 
| 
Mauretania sw. 26 | 41,550 3,000 12,390 | 0-3 
= = . * ee] ~ } ’ ’ ? ‘i 0 
Song a es oe re wet 25:6 | 41,440 3,000 11,359 | 0-275 
9 de France .. ee os rat 24 40,400 2,597 11,350 | 0-28 
\quitania os es se 4 23 52,900 4,202 14,750 0-28 
Leviathan (ex Vaterland) we “ 234 63,000 5,126 14,100 | 0-224 











warships, but having been designed 12 years ago, they 
are now behind the times, the steam pressure being only 
265 Ib., the degree of superheating very small (50 deg. 
".), and the steam consumption 10-8 Ib. per brake 
horse-power for the turbines only. However, the 
weight of the propelling machinery complete, water 
included, is low, about 90 Ib. per shaft horse-power, 
ov 25 shaft horse-power per ton. For high-speed liners, 
turbo-electric propelling machinery of 200,000 shaft 
norse-power has been adopted both by Messrs. Ansaldo 





per shaft horse-power per hour. Perhaps for a total 
shaft horse-power of 100,000 it would be advisable to 
reckon on heavier engines, say of about 20 shaft horse- 
power per ton. 

An Italian firm has also considered, for high-speed 
liners, the adoption of Diesel-electric machinery of 
120,000 shaft horse-power, and also of 150,000 shaft- 
horse-power with 20 Diesel alternators and with elec- 
tric motors, working on four-screw shafts. The total 
calculated weight was about 17 shaft horse-power per 





ton, and the fuel consumption was reduced to ap- 
proximately 0-5 lb. per shaft horse-power per hour. 
To avoid the difficulty of the parallel running of 
alternators, the adoption of five electric motors, 
working in tandem, on each shaft, was also considered, 
so that each of the 20 electric motors was fed indepen- 
dently by one alternator, as preferred for electric 
propulsion. An alternative solution consists in the 
series connection of motors and generators acting 
upon each screw. A German firm has designed propel- 
ling machinery of 120,000 shaft horse-power for a liner 
with 20 high-speed Diesel engines working through 
Vulcan gears on to four screw shafts. The Diesel en- 
gn-s were of the two-cycle double-acting type, with 
nine cylinders of 21 in. by 27 in., developing 6,300 
brake horse-power at 250 revolutions; screw revolu- 
tions, 210 per minute; each of the two outer shafts 
actuated by four motors (24,000 brake horse-power), 
and each of the two inner shafts by six motors (36,000 
brake horse-power). Each outer shaft had a Vulcan 
gear, and each inner shaft had two. The total weight, 
circulating oil and water included, was about 165 Ib. 
per shaft horse-power, or 13-5 shaft horse-power per 
ton, against 8 shaft horse-power per ton of Berengaria 
(ex Imperator). 

New designs, of course, deserve consideration, 
but, at present, I am inclined to think that standard 
propelling machinery may be represented by geared 
turbines, oil-burning high-pressure small-tube boilers, 
and superheated steam. In all cases, when com- 
paring the weights of different types of machinery, the 
required weight of fuel oil for the whole trip should be 
considered. 

Depth and Cubic Number.—Obviously the ship’s 
depth is one of the most important dimensions, as 
accommodation capacity, freeboard, strength, and hull 
weight depend upon it. In Table XIV, the depth of 
the four highest decks (O-A-B-C) of some liners. 
For liners, the number of decks, the heights of 
*tween decks and the height of lower decks from 
sea-level are regulated by internal requirements, 
independent of the general dimensions of the ship, so 
that very often, in a liner of moderate dimensions, 
upper decks and superstructures have almost the 
same development as in a big liner. From this point 
of view, no comparison is possible with warships, as 
their superstructures are very much reduced in order 
to reduce the target. The ratio Demet of the maximum 
load mean draught to the depth of the upper con- 
tinuous deck, either for big warships or for liners, is 
a constant (for each type) which experience has proved 
to be good for safety, and it might be observed that, 
for big liners, the draught depends on the depths of 
harbours, and not on the vessel’s length. Considering 
the hull as a girder, the most important depth is the 
depth H of the upper strength deck. This, until some 
years ago, was usually the first continuous deck, and 


the ratio HY usually referred to this deck. But in 


the latest liners, the strength deck is transferred to 
deck B, even if it extends only through the middle of the 


i on 
length, in order to increase the modulus of inertia Ww 


of transverse sections of the middle body, where the 
bending moment is great. Obviously, for comparative 
purposes relative to the strength of the hull, the ratio 


= should be referred to the depth of the upper strength 


deck, but, as stated above, it is usual to consider the 
depth of the upper continuous decks. In naval ships, 
the depth H is always referred to the upper deck, which 


is usually also the upper strength deck; the ratio pr 


for a big warship is as much as 16 to 17, while for large 
liners, this ratio is only 12-5 to 13-5 when referred to 
the depth of the upper continuous deck, and even less, 
about 11 to 12, if referred to the upper strength 
deck at midships. From these considerations, it follows 
that the depth corresponding to internal accommoda- 
tion and to freeboard requirements is independent 


of the length of the liner, and that the ratio = even if 


referred to the depth of the upper strength deck of a 
liner afloat, has not yet reached the values of 16 or 17 
admitted in warships. We may therefore consider 
that, in future high-speed liners, it will be possible 
considerably to increase the length without increasing 
the depth. For instance, without increasing the depth 
H = 65 ft. it is possible to increase the water-line 


length from 875 ft. to 1,000 ft. as the ratio i 


from 13-5 to 15-4. This consideration enables us to 
avoid, for high-speed liners, an excessive increase of 
the cubic number L x B x H. 

Hull Weight and Cubic Number.—The weight of the 
hull, equipment, auxiliary machinery, passenger accom- 
modation, &c., may be referred either to the light or to 
the load displacement, to the gross tonnage or to 
the cubic number (See Table XV). It may be sub- 
divided into two parts, the greatest, about 70 per cent., 


increases 
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ELECTRIC HOISTING BLOCK. 


MESSRS. BAMAG-MEGUIN (GREAT BRITAIN), LIMITED, LONDON, 38.W.1. 
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is represented by the metallic structures of the hull, 
and the remaining 30 per cent. by equipment, auxiliaries, 
passenger accommodation, &c. The former depends 
upon structural design, upon strength calculations, 
and upon the quality of steel employed. Theoretically, 
it is obvious that, considering the structural hull as a 
girder, the weight of longitudinal resisting structures 


: : L? 2 ‘ . 
is proportional to Ww and it decreases by increasing the 


depth H of the resisting girder. But in bridge con- 
struction also, the value of H is limited by considerations 
of side stiffness. Ina ship, the weight of the structural 
hullis the sum of the weights of longitudinal structures, 
of transverse structures, and of local structures; by 
increasing the depth H, only the first item is reduced ; 
the second item is increased; the third remains 
independent. Further, the weights of equipment, acces- 
sories, auxiliaries, passenger accommodation, &c., also 
increase with H. It follows that, in practice, it is 
advisable to use a value of 7 with the above limitations, 
in order to avoid an excessive cubic number L x B x H 
to which the weight of the hull complete is strictly 
connected (See Table XV). Therefore it is advisable, 
as we have said above, to utilise as strength deck one 
of the upper decks at midships. Further, I think that, 
for high-speed liners of great length, it is advisable to 
extend the longitudinal system of construction also 
under the upper decks, as for some naval vessels. 
This may be very awkward in relation to decorative 
requirements, but I think that the talent of artists 
might solve the question. Lastly, for high-speed liners 
of large dimensions, it becomes necessary to make free 
use of special steel of high elastic limit in order to 
reduce the scantlings and the weight of the structural 
hull. But if we use this special steel only for sheer 
strakes and stringer plates of the strength deck, the 
reduction of weight is not remarkable. It is obvious 
that, even if the percentage of reduction is 10 per cent., 
when applied to 600 tons of the aforesaid structures, 
the saving of weight is only 60 tons, while the largest 
and best use of special steel might bring about the 
remarkable saving of 2,000 tons on the total weight of 
20,000 tons of hull structures. Naturally, it becomes 
a question of cost. 

Deadweight.—We detail in Tabl> XVI the dead- 
weight of some liners. 

Deadweight is, of course, influenced by the peculiar 
conditions of service. The pr‘ncipal portion of dead- 
weight is absorbed by oil fuel and fresh water, while 
cargo (crew, passengers, baggage, provisions, stores, 
mails, goods, and so on) for a high-speed liner may be 
reduced to 2,000 tons, or even 1,500 tons. Fresh 
water is a very important item, and it is advisable to 
make a large allowance, say about 2,000 tons, unless 
efficient and reliable distilling apparatus is provided 
on board. Regarding fuel, the ordinary rule prescribing 
a reserve of one day’s navigation requirements is a 
very heavy one to deal with in high-speed liners, as 
for a trip of five days, such a rule represents a fuel 
reserve of 20 per cent., which appears very heavy and 
might be reduced to 10 per cent., as still representing a 
reserve of one day’s steaming at reduced speed. For 
some countries, the Atlantic crossing is distinctly shorter 
than for others, and the solution of the high-speed liner 


Rope Guide. Rope Guide — 
Nut pi 























problem is easier in the former case than in the latter. 
Another question connected with the deadweight and 
with fuel-oil capacity is that of double bunkering, and 
I think that, generally speaking, it would not be 
economical to transport at high speed all the fuel neces- 
sary for a round trip; but this, for countries without 
fuel, means that they must have a subsidiary fleet of 
oil tankers and the economic balance must be arranged 
correspondingly. 








THE ‘* BAMAG ’’ ELECTRIC HOISTING 
BLOCK. 


Unper the conditions at present existing in industry 
considerable economies may be effected by paying 
proper attention to the handling of goods of all 
kinds. This applies equally whether parts weighing 
several hundredweights, or even tons, are involved or 
whether the packages are relatively small and light. 
In both cases labour and time are saved by the use of 
appropriate handling equipment and the risk of 
damage and consequent expense is avoided. An 
appliance which is worth considering in this connection, 
is the electrically-driven hoisting block, the construc- 
tion of which will be clear from Figs. 1 and 2. This is 
marketed by Messrs. Bamag-Meguin (Great Britain), 
Limited, Broadway Buildings, London, S.W.1., and is 
made in a number of sizes so that it is capable of 
dealing with loads ranging from } ton to 8 tons. 

As a reference to the illustrations will show, this block 
is made in three sections, comprising the rope drum and 
its casing, the gear-box, and the driving motor and its 
casing. The first casing is of cast-iron, while the 
end frames are of cast steel. The latter carry the 
roller bearings on which the grooved drum for the 
lifting rope runs. The gear-box contains four machine- 
cut spur wheels only, running in an oil bath, thus 
giving a simple arrangement, which is of some import- 








ance in a mechanism of this kind. It may be added 


| that the gears are accessible and can easily be removed. 


Like the drum, they are carried on roller bearings. 
The casing in which the motor and its switch are 
contained is separate from the drum casing and is 
protected by a cast-iron cover, as are the brake and 
its controlling mechanism, which are arranged at the 
opposite end of the block. The brake drum, which 
is carried on an extension of the motor shaft, is fitted 
with a strap lined with asbestos. This strap is operated 
by an electro-magnet through rigging of conventional 
pattern. The brake is adjusted so that, while the 
maximum load on the block is held securely and 
smoothly, sudden stops do not occur. On the other 
hand, more rapid action can be obtained by a simple 
device, if the drum runs for more than two or three 
revolutions after the current has been cut off. 

The rope passes through a twist compensator on the 
block casing, its ends being fixed to the ends of the 
drum by clip plates. Guides are provided so that 
the rope runs through the slot of the guide nut on 
to its proper groove on the drum. In the normal 
designs, the load is suspended on double sheaves with 
four falls, and is raised or lowered vertically in conjunc- 
tion with positive rope guidance, which also allows the 
load to be lifted within reasonable limits in an inclined 











direction. The hook revolves on a case-hardened 
bearing, so that it turns freely under load. In addition 
to the ordinary switch for controlling the motor, which 
is operated from the floor by pulley chains, the block 
is provided with a limit switch, which is actuated by 
two collars on the limit-switch rod. These collars are 
visible at the bottom of Fig. 1. The position of the 
left-hand one determines the highest position to 
which the work can be raised without the motor being 
cut out, and is usually adjusted to break the circuit 
when the sheaves of the hook block are within 4 in. of 
the rope-guide spindle. The collar on the right is 
adjusted so that this limit switch operates when not 
less than 14 turns of rope remain on both ends of the 
drum. Alternatively, this collar can be set so that 
the hook cannot be lowered on to the floor. When 
these switches have operated, they are re-set by starting 
the motor in the opposite direction in the usual way. 

The block is supported by two cast-steel suspension 
eyes, which are secured to the end frames, this ensuring 
that all the tensile stresses are transmitted by either 
wrought-iron or cast-steel fittings. 








THE InstITU1ION OF CIVIL ENGINEERS : PREMIUMS 
AND PrizEs.—The Council of the Institution of Civil 
Engineers has awarded the Indian Premium for the 
1928-29 session to Mr. H. N. Colam, and a Webb Prize to 
Mr. C. Gribble. Telford Premiums have been awarded 
to Dr. H. Chatley and Messrs. E. B. S. Powell, R. D. 
Gwyther, R. D. Brown, E. Parry, A. B. Miller, G. B. R. 
Pimm, W. H. Clark, and F. W. H. Downing. The 
James Forrest Medal and a Miller Prize has been awarded 
to Mr. L. S. Sanson, and Miller Prizes to Messrs. V. G. 
Pickering, E. T. Crowe, E. C. Pound, I. W. G. Freeman, 
H. W. T. Perkins, C. W. N. McGowan, R. E. R. Ham- 
mond, and J. Arrol. 

Coat AND Coat CLEANING.—Speaking on the subject 
of ‘‘ Coal and Coal Cleaning,’’ before the Junior Institution 
of Engineers, on October 11 last, Mr. R. H. Allen stated 
that coal should be sold under guarantee with respect 
to its ash and moisture content, calorific value and, 
if necessary, its size classification. The coking power, 
volatile matter, and other characteristics should also 
be covered in contract specifications, and if we were 
to retain our export markets, it was essential that 
considerable advances be made in marketing methods. 
Coal cleaning had been practised for many years at 
modern collieries in Great Britain, but the position 
was not satisfactory, and many so-called washed coals 
were not of the high quality which might be attained 
by better methods. The dry cleaning of coal had 
recently received much attention; for, if coal could be 
cleaned efficiently without wetting it, it was obviously 
an advantage. In dry cleaning the difference between 
the friction or resilience coefficients of the coal and the 
refuse was utilised. A scientifically accurate coal- 
cleaning process had recently been developed and put 
into commercial operation. It involved the flotation 
of the coal by means of a heavy liquid, the refuse being 
left behind. It was essential in such a process that the 
heavy liquid should be easily obtained and inexpensive, 
and that it should be possible to remove it completely 
and efficiently from the coal and refuse in order to 
render it fit again for use. A solution of calcium chloride 
easily met the first requirement as it was a waste chemical 
product. The experiments of Dr. Lessing had shown 
that the latter requirement could also be obtained. 
The system required the dust to be removed preparatory 
to the cleaning. 
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THE HARDNESS OF STEEL BALLS. 


Tue Brinell hardness number of a surface has been 
found sometimes to vary with the hardness of the ball 
used in determining it. At the request of the British 
Engineering Standards Association, the Engineering 
Co-Ordinating Research Board of the Department of 
Scientific and Industria] Research undertook an investi- 
gation of the subject on the lines suggested by the 
‘Association’s Committee, with the object of establishing 
a test for steel balls. This investigation has been 
carried out at the National Physical Laboratory, and 
its results have been embodied in a report by Mr. R. G. 
Batson and Mr. S. A. Wood, which has just been 
published.* 

The tests were made mainly with balls of 10, 5, 2, and 
1 mm. diameter purchased from the stocks of various 
makers, including some 10 and 5 mm. stock balls 
which had been work hardened, in addition to some 
10 mm. balls specially heat-treated by the Hoffmann 
Manufacturing Company. The hardness of these balls 
was determined by the use of the pyramidal diamond in 
a Vickers hardness-testing machine, and the results 
compared with those obtained by the ball-flattening 
method recommended by the German Standardising 
Committee, the crushing strength as determined by the 
three-ball method, and, in some instances, by the file. 
The hardness numbers of test bars of high and uniform 
hardness were then determined with balls of various 
degrees of hardness as expressed in the numbers 
obtained from the diamond and flattening tests. Actu- 
ally, only one maker out of the four who were asked 
could supply 1 mm. balls from stock. 

The diamond hardness number of the balls was given 
by the load per square millimetre of the area of the 
indentation made by the diamond pyramid, after 
correction for the spherical shape of the ball surface. 
By preliminary observations on three 10 mm. balls 
under loads varying from 5 to 100 kg., it was found 
that, with few and apparently negligible exceptions, 
the diamond hardness numbers decreased somewhat 
with increasing loads, especially at the lower loads 
from 5 to 30 kg. These differences covered a total 
range of from 30 to 60 on an average hardness number 
of about 1,000, and the decrease in hardness number 
between 50 kg. and 100 kg. varied with different balls 
from 3 to 14. The diagonals of the impressions from 
which these numbers were calculated could be measured 
to + 0-0005 mm., corresponding to differences in the 
diamond hardness numbers of from about -- 2 to + 7 
according to the load. It is to be remarked, however, 
that, in a very large number of determinations of 
diamond hardness, made to ascertain the difference in 
hardness between balls by different makers, or, again, 
made on individual balls out of the same batch, it was 
found that in only one instance did two balls of the 
same batch differ in their diamond hardness numbers 
by a range as small as 40. In another it was 49 and 
in another 69, while in the five other more numerous 
batches the range of difference of three batches was 
between 100 and 200, and of the other two between 
200 and 300, without taking account of a single excep- 
tional ball of which the diamond hardness number 
was only 501. In these observations, the maximum 
diamond hardness number was something over 1,000 
and the average about 900. 

An incidental series of diamond hardness tests was 
made on the surface of 10 mm. and 5 mm. balls and 
on flats 4-in. diameter ground on them. These showed 
that, as a rule, the hardness at the centre of the flat 
was lower than at positions towards its circumference, 
though the maximum values obtained on the flats were 
not very different from the values obtained on the 
surface after correction for its spherical shape. The 
variations of hardness on the flats appear to be due 
to differences in hardness between the outer skin of the 
ball and the material below it, and the correspondence 
between the maximum hardness on the flats and the 
corrected hardness number measured on the surface 
seems to confirm the necessity for the correction for the 
spherical shape, without which the maximum values on 
the flats differ considerably from those on the surface. 

The ball-flattening test for hardness is applied by 
pressing together, along a common axis or produced 
diameter, two similar balls of equal hardness under a 
load in kilogrammes equal to five times the square of the 
diameter, the hardness being represented by the mean 
pressure per square millimetre on the flattened surface 
of contact. With good balls, apparently of 10 mm. 
diameter, the minimum figure is said to be 630 kg. per 
Square millimetre, and the maximum is usually 670 kg. 
per square millimetre. In order to measure the surface 
of contact with sufficient accuracy, it was found neces- 
Sary to coat the polished or etched ball, as supplied, with 
a very thin film of copper, deposited from a warm 





: . Department of Scientific and Industrial Research, 
Engineering Research: Special Report No.16. The 
aréness of Steel Balls used for the Determination of the 
Brincll Hardness Numbers of Materials, H.M. Stationery 
Office. Price 1s. 3d. net. 
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aqueous solution of copper sulphate, after thoroughly 
cleaning the ball with ether. The load was applied to 
the 10 mm. balls through axial-loading shackles in a 
2-ton Avery vertical-lever testing machine, and to the 
5 mm. and 2 mm. balls through special holders in the 
Vickers hardness-testing machine. For comparison, 
tests were also made on some | in. diameter balls. 
Diamond hardness tests were also made on the same 
balls, the 10 mm. under a load of 100 kg. and the 5 mm. 
and 2 mm. under a load of 50 kg. The load on the 
lin. balls is not stated. The loads in the flattening 
tests were as stated in the above definition. The 
tests were made three or four times on each ball, and 
gave results in very close agreement. The results of the 
two methods are shown to have been in fair corres- 
pondence with each other, especially with the larger 
balls. 

The measurements of the crushing strength of 10 mm. 
and 5 mm. balls by pressing three balls axially against 
each other appeared to give irregular results, disclosing 
no correspondence with the diamond hardness numbers. 
The crushing load of a 10 mm. ball, for instance, varied, 
with different balls, from 3-73 tons to 7-55 tons. For 
some reason, the report merely submits the crushing 
loads obtained with mean figures for the diamond 
hardness of each batch, and leaves the interpretation 
of the results as an exercise for the reader. 

The determination of the hardness numbers of steel 
specimens of high and uniform hardness when made 
with balls of different hardness was done on six bars, 
1 in. square by 12 in. long, supplied by Messrs. Hadfield, 
and three spring-steel plates used in the laboratory for 
another research. Two of the bars, however, on being 
submitted to the diamond hardness test, showed 
differences of diamond hardness number ranging, at 
different points, up to 123 and 52, respectively, and 
therefore were not tested further. The remainder were 
subjected to Brinell tests in the manner specified by the 
British Engineering Standards Association (Report 
No. 240, 1926), and the results, together with the 
diamond hardness figures for the specimen and the ball, 
are set out in full detail in the report. A few observa- 
tions were also made on the effect of a new file on 
balls of various hardness. 

The effect of these results is best indicated by refer- 
ence to the recommendations to the Association which 
have been based on them. It is suggested that a static 
diamond hardness indentation test should be included 
in the British Standard Specification as a hardness 
test for balls. The corrected diamond hardness number 
of balls used for Brinell testing up to a Brinell number 
not exceeding 500 should not be less than 900. For 
Brinell tests on material with a Brinell number 
exceeding 500 and less than 630, work-hardened balls 
should be employed, the results having shown corres- 
pondence between the Brinell and diamond hardness 
figures up to that Brinell value, but failure in the Brinell 
test to give adequate values on material of higher 
hardness. This failure is ascribed to the permanent 
deformation of the ball, and for materials of such 
hardness the diamond indentation or other suitable 
tests should be used. Where a diamond hardness 
testing machine is not available, the ball-flattening test 
may be applied for 10 mm. and 5 mm. balls, with a 
minimum value of 600 kg. per square millimetre for 
5mm. balls and 630 kg. per square millimetre for 
10 mm. balls. As a rough indication of surface hard- 
ness, it may be taken that the corrected diamond hard- 
ness number of a ball that can be scratched by a new 
smooth file is probably below 850. 








Society or GLass TECHNOLOGY : LoNDoN SecTIon.— 
At the end of last session, the Society of Glass Technology 
decided to form a London section. This section began 
its activities on October 2, when a meeting was held 
at the offices of Messrs. Holophane, Limited, West- 
minster. Dr. S. English presided, and a representative 
council for the London section was formed. The meeting 
elected Mr. Verney Scott, of the National Physical 
Laboratory, as honorary secretary of the section. The 
next meeting was fixed for 7.30 p.m. on November 6, 
at the Osram G.E.C. Glass Works, North Wembley, 
Middlesex. 


Tue 8.8. ‘‘ BERWINDLEA.’’—On page 307 of our issue 
of September 6 last, we gave brief particulars of the 
first voyage of the S.S. Berwindlea, one of the earliest, 
if not the earliest vessel, to be built especially for 
propulsion by means of pulverised fuel. After several 
successful voyages to the Mediterranean and _ back, 
the steamer sailed to Canada and reached Montreal 
recently after experiencing very heavy gales. Messrs. 
Clarke, Chapman and Company, Limited, Gateshead- 
on-Tyne, the makers of the pulverised-fuel plant, 
inform us that this equipment has worked excellently 
throughout, and no trouble of any kind has been 
experienced. The Berwindlea was built to the order 
of Messrs. The Berwindmoor Steamship Company, 


Limited, by Messrs. Blythswood Shipbuilding Company, 
Limited, Scotstoun, Glasgow. The propelling machinery 
was supplied by Messrs. David Rowan and Company, 





Limited, Glasgow. 


CATALOGUES. 


Soot Blower.—A new descriptive catalogue of the Bayer 
soot blower is to hand from Messrs. The Bayer Soot 
Blower Company, Limited, 125, Balham High-road, 
London, S.W.12, illustrating the three models made for 
different conditions. 

Machine Controls.—Messrs. Brookhirst Switchgear, 
Limited, Chester, have issued a useful pamphlet illustrat- 
ing the application of electric motors and control gear 
to woodworking machines where up to 5 motors are 
used for driving one machine. 

Welding.—Messrs. British Insulated Cables, Limited, 
Prescot, Lancs, have now issued a catalogue of Prescot 
electric resistance butt-welding machines, containing 
full descriptive matter similar to that given in their 
catalogue of seam-welding machines. 

Motor Vehicles.—Messrs. The Associated Equipment 
Company, Limited, Southall, Middlesex, issue a monthly 
A.E.C. Gazette containing particulars of their coaches and 
lorries, with prices, and also giving lists of rebuilt vehicles 
for exchange or sale, and notes on cleaning and repairs. 


Vacuum Recorder.—A catalogue of a barometer and 
vacuum recorder for steam turbines is to hand from 
Messrs. Uehling Instrument Company, 473, Getty-avenue, 
Patterson, New Jersey, U.S.A. An explanation of the 
instrument is given with a specimen chart. 


Trackless-Trolley Omnibus.—We have received from 
Messrs. The J. G. Brill Company, Philadelphia, U.S.A., 
a circular illustrating a road coach which they are 
producing to seat 30 passengers, with electric motor drive, 
the current being supplied from overhead wires. 


Piling.—Larssen steel piling, which is specially suit- 
able for the construction of permanent retaining walls 
is described in a catalogue issued by Messrs. The British 
Steel Piling Company, Limited, 54a, Parliament-street, 
London, 8.W.1. It is made in eleven weights, of which 
full particulars are given. 

Valves.—Messrs. G. Dikkers and Company, Hengelo, 
Holland, have issued an interesting booklet, in English, 
describing their works and products. This firm specialises 
in valves, boiler mountings and piping connections of 
all kinds, for low and high pressures and for land and 
marine service. Their London office is at Avenue- 
chambers, Southampton-row, W.C.1. 


High-Speed Steel.—A catalogue of the ‘“‘ Novo ”’ high- 
speed-steel made by Messrs. Jonas and Colver, Limited, 
Sheffield, is to hand from Messrs. Mosers, Limited, 4, 
Marshalsea-road, London, 8.E.1, who are the wholesale 
distributors for London. There are some notes on 
the use of the steel for turning and planing tools, milling 
cutters, punches and drills. 

Power Plant.—A pamphlet describing the machinery of 
the Agecroft power station of the Salford Corporation is to 
hand from Messrs. John Thompson Water-Tube Boilers, 
Limited, Imperial House, Kingsway, London, W.C.2. 
There are several good illustrations and descriptions of 
the turbo generators, boilers, switchgear, &c., and the 
extensions of the original plan. 


Scientific Instruments.—Messrs. Adam Hilger, Limited, 
24, Rochester-place, Camden-road, London, N.W.1, 
have issued a Bulletin of Development for the two and a- 
half years ending December, 1928, giving a series of notes 
on new instruments, trade development, Press references 
to their instruments, and lists of sales and of their research 
publications, with a subject index to the contents. 


Portable Power Sets.—Messrs. Blackstone and Com- 
pany, Limited, Stamford, have issued a folded sheet 
catalogue of small portable power sets with illustrations 
and prices. Either petrol or crude-oil engines are supplied, 
in powers ranging from 2} to 14 brake horse-power, in 
combination with pumps, compressors, mortar mills, 
&c., mounted on wheeled trucks or wooden skids. 

Gas Producers.—A catalogue to hand from Messrs. 
The Power Gas Corporation, Limited, Stockton-on-Tees, 
contains a description of their power-operated pokering 
and levelling mechanism for gas producers. The Seesiien 
up of the clinker and the levelling of the fire are separate 
operations carried out continuously, a small electric motor 
being sufficient for the drive. The mechanism can be 
fitted to existing producers. 


Combustion Indicator.—Messrs. James Gordon and 
Company, Limited, Windsor House, Kingsway, London, 
W.C.2, have sent us a new catalogue of their duplex 
mono CO, recorder. It contains a full explanation of 
a series of example diagrams and of the application of the 
instrument to steam boilers, oil engines, cupola furnaces, 
pottery stores, reverberatory furnaces, gas producers and 
blast furnaces. Some auxiliary fittings and instruments 
are also described, making the catalogue of considerable 
interest. 


Boilers.—Two catalogues of steam boilers have reached 
us from Messrs. Marshall, Sons and Company, Limited, 
Gainsborough. The first deals with vertical water-tube 
boilers, in which the tubes are inclined and a steam collect - 
ing box is formed in addition to the steam space. There 
are six sizes of these boilers, ranging from 3 ft. 6} in. in 
diameter by 8 ft. 8 in. in height to 6 ft. in diameter by 
13 ft. in height. The standard working pressure is 120 lb. 
per square inch, but higher pressures can be provided for. 
The other catalogue deals with internally-fired horizontal 
boilers, of the return-tube type for setting in brickwork 
or of the dry-back type without brick setting. Both 
types are of the same general construction and are made 
in eleven sizes, for evaporating from 1,200 lb. to 7,750 Ib. 
of water per hour, and for working pressures from 100 Ib. 
175 lb. per square inch. These boilers have the special 
advantage, as compared with Lancashire and other 
types, of occupying very little space. In both catalogues, 





ample specifications and illustrations are given. 
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“* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case ; where none it mentioned, the Specification is not 

illustrated. 

Where inventions are communicated from abroad, the Names, &£c., 
of the communicators are given in italics. 

Copies of ——— may be obtained at the Patent Office Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform ~~ of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘‘ Sealed" is appended. 

— may, at any time within two months from the date of 

e advertisement of the acceptance of a Complete Specification, 

give notice at the Patent Office of opposition to the grant of a 

Patent on any of the grounds mentioned in the Acts. 


LIFTING AND HAULING APPLIANCES. 


312,619. Ransomes and Rapier, Limited, Ips- 
wich, and R. S. Lewis, Ipswich. Cranes. (8 Figs.) 
February 29, 1928.—-According to this invention, a 
platform C carrying a crane jib A is mounted to turn 
upon a frame or chassis D supported upon road wheels, 
and a connection is furnished between the platform 
and one or more of these road wheels. Means operable 
from the platform, if desired while the crane is in motion, 
are provided for making or breaking the connection 
whereby the turning movements of the platform (pre- 
ferably between certain limits only) can be imparted 
to the road wheels when it is desired to steer the chassis. 
The connection between the platform and the steering 
wheels of the vehicle is thus such that it can be uncoupled 





























or engaged at will, so that the crane can be slewed while 
the truck or chassis is atrest. Withsuch an arrangement, 
slewing of the jib and steering of the vehicle can be car- 
ried out simultaneously or as continuously consecutive 
operations. The particular form of connection between 
the steering wheels of the chassis and the rotatable plat- 
form will naturally vary in accordance with the number 
of wheels which the chassis possesses and the type of 
steering gear employed, but in a simple case where the 
chassis has four wheels, two of which constitute steering 
wheels provided with the usual Ackermann steering gear 
E1, link mechanism L2, L3 is furnished between this 
gear and a cam K which can be so connected to the 
platform that the movements of the platform are im- 
parted to the wheels E only between certain limits.— 
(Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


312,793. Taylor and Challen, Limited, Birming- 
ham, and B, Challen, Birmingham. Metal-Em- 
bossing Presses. (1 Fig.) May 19, 1928.—The 
invention relates to power presses of the type known 
as coin presses, in which there is employed an ejector 
mechanism comprising a reciprocating cam or sliding 
wedge adapted to raise the lower die or press tool 
to lift the coin to a position for automatic removal 
by the feeder arms as they deliver a fresh blank to the 
press. a is the die and 6 the punch. The lower die c, 
which serves as the ejecior, is carried on a vertically 
movable support d. The coins are moved into and away 
from the die along the upper surface of a fixed table e, 
on which is arranged a slidable feeding device (not shown) 
which reciprocates towards and away from the die. 
At each of a pair of opposite sides of the support d is 
arranged a slide f carrying a cam g, which can impart 
an upward movement to the part d and thence to the 
ejector c, the return being effected by gravity under 
the control of the cam. The cam is formed with a high 
point, so that the movement of the slide from right to 
left is accompanied by both an up and down movement 
of the ejector. The coin is ejected by the upward move- 
ment of the ejector, and when the ejector is again in the 
lower position, a new work piece is placed into the die in 
readiness for the next operation of the punch. Formerly, 
the cam acted on a fixed projection on the part d, and, 
consequently, the part d and the ejector received an up 
and down motion on each stroke of the cam, with the 
result that, when operating at high speed, the work piece 


was often jolted out of position during the return of the 
eam. According to the invention, the motion from the 
cam to the part d is transmitted through a pivoted pawl i 
which, in the position shown in the figure, abuts, at 
its left-hand side, against a shoulder on the part d. 
During the motion of the slide from right to left, the part 
d receives first an upward motion for ejecting the coin h, 
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and afterwards it receives a downward motion which 
allows the next work piece to drop into the die. During 
the motion of the slide from left to right, the pawl 7, 
rocks about its pivot, a gap k being provided in the part 
d to allow this movement, and, consequently, the motion 
of the slide has no effect upon the part d, with the result 
that no risk is incurred of displacing the work piece. The 
pawl is controlled by a coiled spring 7, which tends to 
hold the pawl in the position shown.—(Sealed.) 


MINING, METALLURGY AND METAL 
WORKING. 


312,110. J. Richings, Neath, and P. R. Gillard, 
Neath. Rolling Mills. (5 Figs.) February 18, 1928. 
—The invention relates to a safety device for application 
to rolling mills, to prevent accidents to workmen operating 
such mills as are provided with tightening means operated 
by a lever or spanner. A guard a is bolted to a base 
plate d, and the space between the guard a and the base- 
plate d is wide enough to allow of free movement therein 
of a spanner or lever e through an arc of about 90 deg. 
At the other end of the base plate, is a stop f with its free 
end near, but at a higher level than, the free end of the 
guard a, so as toform a gap g through which the handle to 
the spanner e may be withdrawn when it is necessary to 
impart continuously more than, say, a quarter turn to 
the screw pin A of the roll bearing, Fig. 2. The base 
plate d is attached to the upper part of the standard 
p. The spanner e fits relatively loosely on the head of 
the screw pin A and the handle or lever portion is, con- 























veniently, bent downwards at an angle of approximately 
45 deg. When pieces of metal are entered between the 
rolls n and 0, and/or if the two rolls are not in true align- 
ment and do not bear with equal pressure on both the 
screw pins, a jar is caused which forces the top roll n 
upwards by a rapid movement, causing the screw pins 
h, h to receive a shock which has the effect of slackening 
the spanners e which kick or fly round sharply to the 
right. As the roller man stands in front of the rolls, 
he is liable to receive a blow from a spanner and more 
particularly from the spanner on his left hand, and the 
object of the guard is to prevent the spanner from coming 
back farther than the shoulder of the left-hand standard p. 
Generally, and so far as the workman himself is concerned, 
such a guard will not be required on the right-hand 
standard, as in case of a shock, the spanner would 
move away from the workman, but if there be any likeli- 
hood of a person passing or standing close by the right- 
hand standard, he might receive a blow, if the spanner 
thereon should kick. For this reason, and as shown in 
Fig. 3 only, the standard on the right-hand side may also 
be provided with a similar guard a’.—-(Sealed.) 


313,548. Climax Rock-Drill and Engineering 





Works, Limited, London, and C. J. Grace, London. 
Percussive Machines. (2 Figs.) March 14, 1928. 








The invention relates to percussive. machines, such as 
rock-drilling machines for deep boring, pile driving 


machines, and other machines wherein a weight is su- 
pended from a cable which is periodically drawn in and 
released so as to enable the weight to impart a blow. 
According to the invention, a beam 19 is mounted so 
that it can turn on or slide along a shaft 20, and near its 
other end carries a semi-circular guide member 21 around 
which the rope 5 is passed from a winding drum 12 to 
the weight, one or more cams 17 being provided for act. 
ing upon the beam between its ends so as to cause this 
to pivot on its shaft 20 for the purpose of lifting the 
weight, whereupon the cam is disengaged from the beam 






































(313,548) 


so as to allow the weight to fall by gravity. The cam or 
cams 17 are mounted to slide on a shaft 15, and the 
arrangement is such that, as the rope 5 is wound 
or unwound from the drum 12, it moves the beam 19 
and the cam or cams 17 into a position corresponding 
with the point at which the rope leaves or passes 
on to the winding drum. The semi-circular member 21 
is preferably adjustably mounted on the beam, so that 
the stroke or falling distance of the weight may be readily 
adjusted without dismantling the parts of the machine, 
whilst, for the purpose of reducing friction, the semi- 
circular member is preferably formed in two parts 
between which are mounted in such a manner that they 
can rotate a number of rollers 22 around which the 
rope passes.—(Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, Kc. 


313,368. H. E. Yarrow, Scotstoun, Glasgow. 
Pulverised-Fuel Burners. (2 Figs.) September 24, 
1928.—The invention relates to pulverised-fuel burners. 
According to the invention, a Venturi constriction, or 
nozzle, is introduced in an annular passage through 
which one or more of the fuel-mixture constituents pass 
to the combustion space, thereby reducing the pressure 
locally and inducing a backward flow of ignited fuel 
towards and through the Venturi nozzle into the entering 
fuel or air. The pulverised fuel and primary-air supply 
enter through the passage C, while the secondary air 
supply is derived from an air box or trunk B, and passes 
between angled vanes D, by which it is given a gyratory 
motion, to the annular inlet S leading to the combustion 
chamber. The annular passage M between the outer 
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(313,368) 


tube H and the inner tube E of the burner is formed 
with a Venturi constriction at an intermediate point, 
and, at this point, the inner burner tube E is divided 
transversely, and has its adjacent ends shaped to form 
an annular constricted nozzle N leading into the Ventur! 
constriction in the passage M. This annular nozzle \ 
is preferably directed somewhat towards the furnace 
end of the passage M. The furnace end of the inner 
tube E is fitted with a sliding extension piece G, which 
can be projected into the furnace to a greater or less 
extent. The reduction in pressure within the burner, 
due to the Venturi constriction, induces a backward flow. 
from the combustion space, of hot gases which pass through 
the nozzle N and mingle directly with the fuel constituent 
or constituents which enter the burner through the 
passage C, so that these constituents are heated to : 
comparatively high temperature before being deliverec 
into the furnace through the annular discharge aperture 
S.—( Sealed.) 
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A METHOD OF DRAWING AN ELLIPSE. 


By Dr. G. F. C. Szarze, F.R.S., Cavendish 
Laboratory, Cambridge. 


In drawing an isometric projection of a circle, it is 
necessary to construct an ellipse the axes of which 
are given in position and magnitude. The method 
described below has been found useful in the prepara- 
tion of drawings intended for reproduction. It 
enables the draughtsman to draw an oval curve 
which is reasonably near an accurate ellipse. The 
procedure consists in setting out, by simple graphical 
methods, eight small portions of circular arcs which 
are so chosen that a satisfactory approximation to 
an ellipse can be obtained from them by filling in 
the gaps between the arcs by the aid of French 
curves. 

Graphical Construction.—The principal axes A OA}, 
BO B! of the ellipse are shown in the annexed 
figure and are assumed to be given in position and 
magnitude. The auxiliary circles, viz., AC A? C', 
of radius O A = a, and D B D'B}, of radius O B = 8, 
are drawn. The straight lines BE, BE, CH, 
(! H! are parallel to O A, and FD F', HE A E'H! 
are parallel toO B. Let O E meet CH in L, and let 
OF meet BE in M. Then CL, BM are equal to 
the radii of curvature of the ellipse at B and A, 
respectively. 

We next find a point on the ellipse intermediate 
between A and B, and also the position of the centre 
of curvature corresponding to this point. The 
possibility of a simple graphical construction for the 
centre of curvature depends upon the proper 
choice of the point on the ellipse. 

Let the straight line O H cut the auxiliary circle 
ACA!C! in K. Draw KN perpendicular to O A, 
cutting O EinP. Then Pis the desired intermediate 
point on the ellipse. Through P draw PGR 
parallel to O F, and let PG R meet O F‘in R. Then 
R is the centre of curvature of the ellipse at the 
special point P. 

With centres on AO A! and radius BM, short 
ares of circles are drawn through A and A?’, and, 
similarly, with centres on BO B! and radius CL, 
short ares of circles are drawn through B and Bt. 

With R as centre, a short circular are is drawn 
through P. The construction is repeated for the 
three corresponding points in the remaining three 
quadrants of the ellipse. 

The eight circular arcs are shown by bold lines 
in the figure. When these arcs have been obtained, 
it is easy to draw in a good approximation to an 
ellipse by aid of French curves. 

When working on Bristol board for reproduction, 
I find it best to draw the ellipse in pencil and then to 
ink it in, using a drawing pen and curves. If the 
arcs be drawn in ink by compasses, it is difficult to 
get smooth joints unless the arcs be short. 

General Mathematical Theory.—The equation to 
the ellipse, of semi-axes a, b, is 

249-1 5 ae . ae 

If the eccentric angle of any point P on the 
ellipse be @, the co-ordinates of P are x = a cos 
and y = b sin @; these values of x and y satisfy 
(1). The equation to the tangent at P is 

xeosg@ , ysing 
ee ks 

The equation to the normal to the ellipse at P 
1s 

ax sin @ — by cos d = (a* — b*) sin @ cos g, (3) 
for this straight line passes through the point 
the co-ordinates of which are a cos ¢, 6 sin ¢, and 
is perpendicular to the tangent to the ellipse at that 
point. 

The normal to the ellipse at a second point Q, 
of which the co-ordinates are a cos y, 6 sin y, is 

ax sin y — by cos y = (a? — b?) sin Ycosy . . (4) 

_ If X, Y be the co-ordinates of the point of 
intersection of the two normals, then X and Y 
are the values of x and y, respectively, which satisfy 
“ey simultaneous equations (3) and (4). We thus 
obtain 

aX __cos ¢ cos yp (sin  — sin ) 

a — 2 ‘sin ¢ cos y — cos ¢ sin Y 
__ cos @ cos Y cos $ (¢ + Y). 

cos 4 (¢ — ¥) 

















bY __ sin @ sin ¥ (cos @ — cos p) 
a— sin d cos ¥ — cos gain 

= _ sin ¢ sin y sin $ (¢ + y), 
cost (P— ) — 

When Q moves up to P, and, consequently, 
takes the value ¢, cos 4 (@ — y) becomes unity, 
and we have the equations 
aX = (a? — 6?) cos*g, bY = — (a — b*)sin®g, . (5) 
which give the co-ordinates, X, Y of the centre of 
curvature of the ellipse at the point P. 

By (5) we see that R lies on the straight line 
through the origin which has the equation 

by = — ax tan*? - . (6) 

The normal at P is, by (3), parallel to the straight 
line through the origin which has the equation 

by = ax tan @ ‘ ‘ . « (% 

When any value of ¢ has been selected, we can 
find the position of the point P, of which the co- 
ordinates are a cos g, b sing. Then, through P, 
we draw a straight line parallel to (7); this is the 
normal to the ellipse at P. The straight line (6) is 
then drawn through the origin. The intersection of 
the normal with the line (6) gives the position of R. 
A short circular arc drawn through P with R as 
centre and RP as radius will be a close approxima- 
tion to a short arc of the ellipse near P. 
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Special Cases Used in Graphical Construction.— 
The very simple cases used in the graphical con- 


struction are those in which @ = 0, or @ = 7: 


2 

org = <. 
When ¢ = 0,2 = a and y = 0; this P now 
coincides with: A. Also, by (5), Y = 0, and X 
(a? ne b?) 2 
ee Shaadi, on eS 


a 


Hence R now lies on OA 


2 
at a distance < from A measured in the direction 
from A towards O, and thus the radius of curvature 
2 
at A is e By similar triangles, 
BM_CF_ OB 
OB OC OC 
“pe 
and hence B M = is Thus B M equals the radius 
of curvature of the ellipse at A. 
us * . . 
3’? the point P coincides 
az 


with B, and, by (5), X = 0, and Y = b — 


2 
Hence R is now on OB at a distance i from B 


Similarly, when d = 


measured in the direction from B towards O, and 
2 
thus the radius of curvature at B is - By 
similar triangles, 
CL _CL_ BE _ 0A, 
OA OC OB’ OB 
2 
and hence CL = - the radius of curvature at B. 
T 
4 
CH = AH, the angle KOA = = and thus 
ON =acos 5 and KN =asinj- Since 0 E 
KN intersect in P, 
PN EA_b 
KN HA a 
and thus PN = 4 sin - Thus P is the point on the 


We now take the case when @ = Since 





ellipse of which the eccentric angle is = 
since tan 5 = ], the normal at P is parallel to the 
line b y = ax, which passes through O and through 
the point x = b, y = a, t.e., through F. Hence 
PG, the normal at P, is parallel to CF. Again, 


since tan 3 = |, the straight line (6) becomes b y 


= — a2, which passes through the point x = b, 
y = — a, ie. through F'. The lines PG, OF 
intersect in R, the centre of curvature of the ellipse 
at the particular point P on the ellipse corresponding 


tod = = 
Concluding Remarks.—If we wish, we can use 


a 
5? when @ = 


FO A, or ’, when ¢ = EOA, and can find the 


corresponding points on the ellipse, and the corre- 
sponding positions of the centre of curvature, by 
aid of a series of similar triangles, or by calculation, 
but simplicity is then lost. Practical experience, 
however, shows that the eight short circular arcs 
drawn in the manner described above, and illus- 
trated in the accompanying figure, give a satis- 
factory result. 


By (7), 


other values of tan $, such as 








THE WELLAND SHIP CANAL. 
VI.*—(continued.) 


WITH regard to the excavation of the Ship 
Canal prism, the general scheme adopted was to 
take in hand, as early as possible, the long stretch 
between Stations Nos. 790 and 900 (see Figs. 140a 
and 1406, page 462 ante.) Consequently along 
this, trenches were cut in the dry, so that the 
protection could be placed on both east and west 
banks of the new channel. In order that traffic 
might be diverted from the present canal and 
passed through the new cut at the earliest possible 
date, the contractors were required to excavate a 
channel 100 ft. wide and of a depth equal to that of 
the present canal, before attempting the fina] exca- 
vation to the full section. On the completion 
of this temporary channel, and with traffic now 
passing along it, it has been possible to con- 
struct dams across the ends of the old canal 
loop opposite Stations Nos. 800 and 905, so 
that the present canal area can be used as a 
disposal area for material dredged from the new 
channel. 

Near the south end of the section, between Station 
No. 915 and the syphon culvert, a trench was exca- 
vated along the new west slope so that slab protection 
could be laid in the dry. The work on this is shown 
in Fig. 144, on page 578. Upon completion of this 
a 100-ft. channel was dredged through to the syphon 
culvert. This channel was sufficiently advanced 
before the close of navigation in 1928, for that season’s 
traffic to be diverted through it, and steps were then 
taken to place cut-off dams in the old channel. 
This made it possible to unwater the old channel 
and construct the east bank of the Ship Canal 
between Stations Nos. 920 and 970 in thedry. Cut- 
off dams have been built at Stations Nos. 920, 936, 
947 and 960, and at the south side of the syphon 
culvert discharge. The intermediate dams are pro- 
vided in order that the unwatering might proceed 
in sections, thus reducing risks from possible 
flooding. 

Work on the canal prism was commenced at the 
Port Robinson end in 1926, with the dredging of 
the seat of the east embankment, the west bank 
here following for some distance the west bank of 
the present canal. It is not possible to follow in 
detail the excavation of the prism and construction 
of the banks on this section, as this work was 
fitted in with other tasks, and any account would 
inevitably appear to be unnecessarily involved. 
As in the Creek diversions, some of the work was 
done by dredging, some by elevating graders, and 
some by motor-driven equipment, while steam 
shovels, dragline excavating machines of various 
types, including small petrol, and the large elec- 
trically-operated, machines, were also occupied on 
the job. 

At the end of 1926-1927, about 1,649,000 c. yds. 





* The first part of Article VI appeared on page 462 ante. 
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had been excavated from the canal prism. In some | 
cases, as already described, the material was used | 
directly in the formation of the canal banks, after | 
the seats of the latter had been cleared of unsuit- | 
able material. The latter operation was sometimes 
carried out by dredging, and at others by stripping | 
by dragline, the material in the latter case being | 
side-cast to be rehandled by dredger and pumped | 
into disposal basins. 

Fig. 152, on page 580, is of interest in this connec- | 
tion. It depicts one of the large Bucyrus dragline 
machines excavating and side-casting spoil to | 
be subsequently rehandled by the powerful hydraulic | 
dredger on the left. The latter is using a monitor | 
jet to wash the spoil down from the dump, and is | 
discharging through the pipe line on the extreme | 
left. 

During 1927-28 some 1,715,000 c. yds. were | 
taken out of the prism. In 1927 the wet weather | 
in the autumn actually curtailed this work seriously, | 
but in 1928 the east embankment was so far | 
completed that a temporary channel on the new | 
alignment has now been made available for 14-ft. | 
navigation between Port Robinson and Station | 
No. 910. By the spring of 1928, some 822,000 | 
c. yds. had been placed in embankments on the 
section, and by the close of last season this had | 
been increased to 1,248,000 c. yds., or about 
74 per cent. of the total requisite. 

In the operation of the hydraulic dredgers, the 
material is pumped into disposal basins which, | this point of the old Creek bed. The Creek is shown 
in general, have been formed by means of drag- | on the left, the near stretch being the new diversion 
line machines by throwing up dykes round areas|channel. From the further curved part, the Creek 
set aside for the purpose. The dredgers pumped | struck formerly across to the right of this view, 
through 18-in. and 20-in. pipe lines made of plain | and it was originally intended to build the canal 
lengths of pipe having one end belled and the | west bank in the old Creek bed. As a matter of 
other tapered. These act as spigot and socket, |economy, however, as already stated, this bank 
and wooden shingles are driven in to complete | was eliminated, thus accounting for the widening 
the joint, preventing leakage in a very effective |of the prism at this spot. 
manner. Pumping is carried out normally under| In a few places the sites of the embankments 
from 35-ft. to 40-ft. head, and, of the material| had to be cleared to a lower depth than was 
delivered, solids amount to about 20 per cent. anticipated, in order to get rid of all unsuitable 

The view reproduced in Fig. 153, on page 580, | material. Beds of peat and decayed vegetable 
taken about twelve months ago at Station No. 860,| matter were encountered in some places. All 
gives a good idea of the normal dredging operations. | material of this kind was removed before con- 
The large dredger, the same machine as shown in | struction on the new embankment was commenced. 
Fig. 152, is excavating in the Ship Canal prism. On} Where it was not feasible to form the slopes in 
both sides may be seen the concrete slab protection | the dry, stone rip-rap was substituted for concrete 
laid in the dry. On the left (east side) this follows | slab protection. 

a wide sweep, but on the right will be noticed} Certain dredging work was included in the 
two curves, one in the foreground and one in the| contract, though actually located in Section 
distance. The latter is the true cruve, the near | No. 5, as was noted when we were dealing with that 
one being a recess due to the former presence at section. This work extended between Stations 
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Fig. 144. Concrete-StaB PROTECTION BEING LAID IN THE Dry. 


Nos. 700 and 762, and was due to the fact that 
after the prism in this part had been finished it was 
| decided to carry the dredging of the bottom down 
a further 1} ft., and also to the fact that some 
| silting had occurred, due to material carried down 
|from the banks of the present canal where not 
well protected. This material will be dredged by 
the contractors for Section No. 6, and disposed of 
by pumping into a basin made by throwing a 
rock dam across the entrance to the old basin 
leading to the lock communicating with the 
| Chippawa Creek at Port Robinson. This dam was 








| placed in position in 1927. Its position is shown 


in Fig. 140a, page 462 ante. 

At the south end of the section, as already stated, 
the whole interest lies in the construction of the 
syphon at Welland. To this we shall devote 4 
special article at a later date. It will suffice to 
state now that it was so far completed that water 
was turned over it in the autumn of 1928, but the 
completion of the whole section still requires a 
great deal of prism excavation, which will not be 
fully completed until some time in 1930. 
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When dealing with the 


syphon 


Fie. 153. 


culvert we 








shall give the base rates relating to the contract 


HypravuLic DREDGING AND DisposaL WorkK ON CANAL PRISM. 


at the south end of Section No. 7, and was also pro- | be seen that the canal prism is of greatly increased 


‘curable from dumps resulting from the excavation | width. The dotted line on the extreme right shows 


for that work. 


We now give the rates for the 


‘of the Queenston-Chippawa Hydro-Electric Canal | the present canal channel, and that on the left. the 





principle classes of work involved in the Section | a few years previously. 


No. 6 contract, apar: from the syphon culvert. 


Per c. yd. 

Rock excavation, including disposal 3-15 dols. 
Excavation other than rock in canal 

prism, including disposal --» 0-384 dol. 
Excavation other than rock in Creek 

diversion, including disposal 0:45 
Rehandling material into water- 

tight embankments ef isa. Sa Nee 
Stone protection to banks ... 2-00 dols. 
Concrete* _... ae oe oo Es 
Rock filling in banks, dykes, tc. .... 1°75 ,, 
Steel sheet piling... meet --. 0-05 dol. per lb. 


* Excluding cement. 


Rock required for dams, stone protection of banks 
of Creek diversion, &c., was available at a dump 


The contractor had to find 

| this material himself for use in the Creek diversion 
and unwatering work, there not being sufficient rock 
available from the work on Section No. 6. 

The sections given in Figs. 145 to 151 illustrate 
various features of this part of the undertaking. 
Fig. 145 shows a section at Station No. 760, where, 
as stated above, a rock dam has been placed across 
the old connection to the Chippawa Creek and Lock, 
and the area behind filled with material dredged 
from the end of Section No. 5. South of Port 
Robinson, the Ship Canal west bank is for some dis- 
tance the same as that of the present Canal which 
bears away to the West. The section shown in Fig. 
146, at Station No. 790 is on this length, and it will 





old Creek bed. The new Creek bed is separated 
from the Ship Canal by watertight embankments 
made in the old Creek bed with rock and piling cut-off. 
as shown. Fig. 147 shows the crossing at Station 
No. 822 of the old Creek bed by the Ship Canal 
work, and again shows the rock dam and embank- 
ment construction. At Station No. 847 (Fig. 148) 
the Ship Canal and Creek diversion are further 
apart; here the bank was laid right across the 
Creek bed as described, the diversion channel being 
first cut, the rock dam to the right of it being placed, 
and then the canal prism and banks put im hand. 
At the two other crossings (Stations Nos. 860 and 
875) the sections are much the same. Fig. 149, illus- 
trating Station No. 900, is of some interest, showing 
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on the right, the bank built to cut off the present 
canal, while Fig. 150 shows Station No. 920, and indi- 
cates on the right the temporary 14-ft. navigation 
channel cut throughout this stretch in the dry, 
to be enlarged subsequently, while the bank on 
the left will also be built in the dry, when the present 
channel is abandoned for the temporary one. 
Finally, we illustrate in Fig. 151 Station No. 972, 
which shows the old aqueduct of 1850 buried in the 
filled-in area as already described, and the “ present ” 
1875 aqueduct in the new fairway, and to be cleared 
away. The wall on the right is the west wing wall 
south of the syphon culvert structure. A view of 
these two aqueducts side by side was given in 
Fig. 7, on page 416 of our last volume, but the 
illustration in Fig. 143, on page 578, shows the 
structures much better. This view was taken 
after navigation had been turned over to the new 
crossing and the temporary passage round the new 
crossing works, shown in our previous illustration, 
closed. 








THE INSTITUTE OF FUEL. 
(Concluded from page 566.) 


GAS PRODUCERS FOR METALLURGICAL FURNACES. 


Art the meeting of the Institute of Fuel on Friday, 
October 25, the chair was taken by Sir Arthur 
Duckham, and a paper on “ The Installation and 
Operation of Gas Producers for Metallurgical 
Furnaces’ was presented by Mr. J. S. Atkinson. 
The author pointed out that developments were 
taking place in regard to high-output mechanically- 
operated coke producers which, if successful, would 
have an important bearing on the design of gas 
retorts, coke-ovens and some of the low-temperature 
carbonisation plants. For the heating of retorts, 
and perhaps for other purposes, coalite might be 
used, while anthracite and wood were also being 
employed. By far the greater amount of the fuel 
used for gasification was, however, bituminous 
coal and this was generally the most suitable. 

Wherever the furnace design permitted, it was 
best to use the gas at a temperature as near as 
possible to that at which it left the producer as, 
provided the secondary air was pre-heated, this 
would enable working temperatures up to 1,250 
deg. C. to be obtained with gas entering a furnace 
at about 250 to 350 deg. C. For higher tempera- 
tures, the producer must form part of the furnace, 
and the gas must be pre-heated. Gas from mechani- 
cally-operated producers was cooler and richer than 
from those which were worked by hand. In the 
former case, considerable quantities of dust were 
entrained, amounting, in the case of dusty fuels, to 
7 per cent. of the total coal fed into the producer. 
Experiments had, however, been carried out, where- 
by this loss had been reduced by 75 to 80 per cent. 

With regard to the choice of producers where sepa- 
rate furnaces consuming up to about 5 cwt. were 
needed, the coal for which could be handled directly, 
the attached type, with steam blown wet-bottoms, 
was recommended. Hand-operated producers, though 
they should be confined to the smaller sizes, still 
met a distinct demand. The output of such pro- 
ducers, however, varied greatly with the quality of 
the coal, and the results were not satisfactory if 
higher rates were demanded. The author did not 
generally favour mechanical feeding of the coal in 
mechanical producers, unless it was accompanied by 
agitation of the firebed ; mechanical ash discharge, 
he said, was only economical on large plants. Where, 
however, it was necessary to gasify more than 10 cwt. 
of coal per hour at any one position in the works, 
mechanical equipment was desirable, and on new 
plants with a total gasification rate up to 45 cwt. per 
hour. two or three static-bottom producers with 
agitators and mechanical feed, but without mechani- 
cal ash ejection, were to be preferred, owing to the 
flexibility thus obtainable. On still larger plants, 
the gas machine should undoubtedly be used. 

The most obvious result of the installation of 
mechanical producers was labour saving, a decrease 
of as much as 70 per cent. being obtainable, while 
cheaper grade coal, costing 2s. to 4s. per ton less, 
could be used, the amount of such coal consumed 
being seldom reduced by less than 12 to 15 per cent. 
The more efficient gasification gave a richer and 
more even gas, and higher production. 





581 











Economics oF CoKE-OVEN Gas. 


A paper on “ The Economics of Coke-Oven Gas 
Utilisation in Industry ’’ was next presented by 
Mr. E. C. Evans, who said that the consideration 
now being given by the Area Gas Supply Committee 
to the possibilities of the large scale use of coke- 
oven gas in this country rendered necessary a critical 
consideration of such a scheme in Great Britain. 
The total coal carbonised in by-product coke ovens 
in this country, in 1928, was 16,380,655 tons, from 
which 11,196,441 tons of coke were obtained. 
Probably 1,000 cub. ft. of gas per ton of coal 
carbonised were available for purposes other than 
heating the ovens in the case of waste-heat ovens, 
and 6,000 cub. ft. in the case of regenerative ovens, 
there being thus a surplus of 54,000,000,000 cub. ft. 
in 1925, of which 5,340,000 cub. ft. were purchased 
by gas undertakings. This surplus would be in- 
creased by the installation of modern ovens, with the 
result that the surplus available was estimated to be 
nearly 100,000,000,000 cub. ft. (500 million therms), 
an amount equal to over one-third of the present 
town gas consumption in this country. 

The necessity for a reorganisation of the coking 
industry, and the consequent benefit to “the iron 
and steel industry, was clearly understood. Such 
reorganisation would be rapidly accelerated if a 
reasonable price could be obtained for the coke-oven 
gas. The principal question was, what price the 
industry could afford to pay for that gas. A 
survey showed that no uniform price could be 
assigned, but that it must vary in different districts, 
and even in different plants in the same district. 
The value of coke-oven gas to the industrial con- 


sumer must bear a close relationship to the cost of ! 


coal, and the price, as far as the iron and steel 
industry was concerned, would probably be of the 
order of 1-2d. to 2d. per therm. It was doubtful 
whether a gas network scheme, on the scale of that 
in the Ruhr, would be an advantage in any British 
producing area, though, if individual undertakings 
were given power to co-operate, a rationalised 
method of distribution might be developed, which 
would enable the coke-oven gas available to be 
utilised in the most efficient way. Generally, the 
greater the development in the use of coke-oven 
gas, the more rapid would be the modernisation 
of the coking plant, resulting in the production of 
more uniform coke, and consequent benefit to the 
iron and steel industry. 

The Chairman, in opening the joint discussion 
on these two papers, said that endeavours had 
been made to get producers to work on any class 
of fuel. He was interested in producers employ- 
ing coke, but they had had no great success with 
mechanical producers in this field. Hand-operated 
plant that could be worked on low-grade cokes 
led to low labour costs, and gave rise to less anxiety. 
Charging and clinkering were the two great troubles, 
the latter being due to the haphazard purchase of 
coal. It did not so much matter what the quality 
was, so long as it was always the same. The 
subject discussed by Mr. Evans was receiving much 
attention, but there was a tendency to become a 
little unbalanced. Coke-ovens were an adjunct of 
iron and steel manufacture, and, in this connection, 
the most important factor was the quality of the 
coke, the gas playing no part. Could a balance be 
obtained between the two under these conditions ? 
As regards the use of coke-ovens in other industries, 
such as foundries, the only chance of rehabilitation 
lay in grouping. If the large units thus created 
were not attached to iron and steel works, care 
must be taken to see that the gas was properly used. 
The distribution should, however, be left to existing 
undertakings, for he could not imagine any great 
industrial use of coke-oven gas if it was burdened 
with the cost of supplying a large number of small 
consumers. 

Sir Alexander Walker thought that the surplus 
coke-oven gas could be easily absorbed without 
invading the fields of town or producer gas. On 
the other hand, the advantages of constancy of 
composition and regularity of supply might tend to 
the use of coke-oven gas, rather than producer gas, 
in particular cases. There was no doubt that the 
employment of large units would reduce the cost of 
coke, but the amount of that reduction would 
depend on the disposal of the gas. The right 








position for the coke-ovens was an equally difficult 
question. Where ore was imported, the best place 
for the ovens was at the collieries, but where the 
whole of the gas could be absorbed at the blast 
furnaces, it was better to have them there. In the 
case of foundries, on the other hand, it would again 
be better to bring in the coke. Assuming coke- 
oven gas could be supplied at 6d. per 1,000 cub. ft. 
of 500 B.Th.U., a low cost of distribution and the 
use of the same pipes, it might pay gas undertakings 
to take it for off-peak and night loads. 

Professor W. M. Travers said that a good deal 
of the work on gas producers had been conducted 
on rule-of-thumb lines, and it would be a good 
thing if the problem could be taken over by the 
Fuel Research Board. The important question 
of the flow of gas through fuel beds was a subject 
on which little had been done. The ideal case was 
that of a mass of material, so arranged that the gas 
passed evenly through its particles. As the pressure 
of the gas and its velocity increased, the fuel bed 
would lift and the particles would separate. This 
was an unstable condition, and, as a consequence of 
some irregularity in the bed, the gas stream would 
probably break through and the system would 
channel. That was why a fine coke breeze could 
not be gasified. This disadvantage could be 
remedied by keeping the gas stream uniform and 
below a certain critical velocity, and by agitating 
the bed. It was necessary to think in terms of 
both plant efficiency (per ton of coal) and producer 
efficiency (per cubic foot of gas). The tendency was 
to spend too little on the plant. The installation of 
mains was another matter for research, as by proper 
attention to this point large savings could be 
realised. 

Dr. A. Anderson thought that the great advantage 
of the mechanical producer was the reduction in 
the combustible matter in the clinker, which it 
rendered possible. It was difficult in this equip- 
ment, however, to keep the fuel bed at the proper 
depth. Mr. Atkinson had spoken of a loss of heat of 
100 deg. C. per 100 ft. of gas main. This was 25 per 
cent. of the sensible heat, if the temperature at the 
producer outlet was 500 deg. C. He had reduced 
this figure by using two courses of brickwork, 
firebrick outside and insulating brick inside, and 
filling the space between them with mortar. Even 
electrical methods would not enable all the dust to 
be extracted, and the quantity that would escape 
amounted to 40 to 50 grains per 1,000 cub. ft. 

Mr. H. C. Armstrong criticised the prices at which 
Mr. Evans considered coke-oven gas should be 
supplied. He was not certain that uniformity in 
this gas was so easy to obtain as was supposed. 
Mr. Robur said that Mr. Atkinson had calculated 
the saving in coal consumption obtained by reducing 
the CO, in the gas. To obtain the true figure, he 
should, however, have used the calorific value of 
the gas as a basis. He would then find that the 
true saving was not 400 tons but 300 tons. The 
figures given for the size of mains were not 
applicable to modern plant. 


Heat INSULATION. 


In the afternoon, the chair was taken by Professor 
W. M. Travers, and a paper on “ Heat Insulation ” 
was presented by Mr. E. H. Lewis. This reviewed 
the progress in the use of insulation in this country, 
and pointed out that, though the larger firms 
recognised the need of proper attention to the 
subject, very many others did not realise the savings 
that could be effected. On the other hand, insula- 
tion could be overdone, and, in the case of steel- 
melting furnaces, blast furnaces and parts of cement 
kilns, could not be used in conjunction with the 
refractories now available. Complete insulation 
of retorts was employed in very few gas works, 
while, though it was used as a matter of course in 
modern power stations, there were many cases of 
older boilers or their piping being wholly uninsu- 
lated. In coke ovens and blast furnaces and at 
collieries, the same generally applied. In connection 
with open-hearth steel furnaces, insulation was 
difficult, though much could be done by the use of 
regenerators. It was not certain whether there was 
much advantage in insulating rotary kilns, except 
possibly in the dry process, where waste-heat boilers 
were used. Economies had resulted from the use of 
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heat-insulating material for the walls of buildings. 
Among other advantages of insulation were saving 
in floorspace. With an insulated re-heating furnace, 
for example, it had been found that it was possible 
for men to work in the vicinity in a way that would 
not otherwise have been feasible. 

The Chairman, in opening the discussion, said that 
progress in heat insulation was mainly a matter of 
investigating the thermal conditions of the plant. 
In this connection, even approximate calculations 
were better than a guess. The first fact in all 
insulation problems was that there was a sharp end- 
point beyond which very little was gained by adding 
insulation. Insulation against high and low tem- 
peratures must be considered separately, while great 
care was necessary in applying it to old work. 

Dr. C. H. Lander emphasised the importance of 
insulation in relation to design. There were many 
cases where insufficient attention was paid to 
definite drains of heat from high-temperature 
appliances. For instance, the use of sight-holes 
with flaps on gas retorts was to be deprecated. 
When the flaps were replaced by fireclay plugs, the 
heat lost through the setting was considerably 
reduced. 

Mr. E. C. Evans said that, in high-temperature 
plant, the great difficulty was to explore the surfaces 
that were radiating heat. In open-hearth furnaces, 
though the furnace and roof themselves could not 
be insulated, it was worth while paying attention 
to the chequer chamber, shaft, and other parts. 

Dr. Margaret Fishenden deplored the use of the 
term radiation to describe a condition when both 
radiation and convection was occurring. The 
insulation of buildings was important, both as 
regards economy and comfort. With good insula- 
tion, the heat required could be reduced by one- 
sixth, and both the air and walls were warmer. 
Mr. A. T. Green pointed out that the relationship 
between insulating and refractory materials was 
important. By using insulation behind the refrac- 
tory, the range of the latter could be increased so 
that it worked within its viscous zone without 
trouble. 


FUEL IN THE CERAMIC INDUSTRY. 


Mr. E. C. Evans then took the chair, and the 
last paper to which we propose to refer, entitled, 
“Some Aspects of the Problem of Fuel Utilisation 
in the Ceramic Industries’ was presented by 
Messrs. A. T. Green and A. J. Dale, who said that 
the main utilisation of fuel in the ceramic industries 
was in drying and firing operations. These were 
very intricate, but, during the past twenty years, 
many units, the object of which was economy in 
fuel consumption and in operation, had been intro- 
duced. Unfortunately, some of the methods had not 
taken full account of all the conditions. The times 
required to effect the necessary changes, the bearing 
of kiln atmosphere on the quality of the finished 
ware, the problem of control, the physics of the hot 
gases in the kiln, the heat-transmitting qualities of 
the material used in the construction of the latter, 
besides numerous combustion problems, had all to 
be considered, 

Kilns could be divided into those in which the 
firing was intermittent and continuous, respectively. 
In the past, the type chosen for any given process 
had been governed mainly by considerations peculiar 
to that process. The result was thermal inefficiency. 
Nowadays, however, the prevention of undue heat 
loss through the kiln walls and crown was receiving 
attention. In a certain continuous tunnel kiln, 
45 per cent. of the total fuel fired was lost as heat 
through the walls. In many cases, 60 to 70 per cent. 
of this loss could be prevented, while, by proper 
arrangement of the insulation, the fuel necessary to 


heat the structure during firing could be made con- | 


siderably less. Slag wool and diatomite were the 
only materials suitable for high-temperature insula- 
tion, and the application of the former was limited, 
owing to its comparatively low temperature of disin- 
tegration. As regards oil-firing, the higher cost was 
offset by the better selling quality of the goods. 
The Chairman said that the authors had given 
adequate reasons for the inefficiency in the ceramic 
industry. Many of the new kilns, though more 
efficient, were not adaptable to some types of ware. 
If the control of the atmosphere inside the kiln 


were important, it might be an advantage to use a! boxes of all tvpes of commercial-vehicles. 


fuel like coke-oven gas, which was of stable com- 
position. 

Mr. F. Fox agreed that the best solution of the 
thermal problem was not always the best solution 
of the ceramic problem, as increasing the thermal 
efficiency might reduce the quality of the product. 
Mr. H. Tarrant said that the great attraction of the 
tunnel-kiln was the even heating obtained, while Mr. 
A. Threlfall protested that there had been too much 
comparison between good and bad kilns of the same 
type. The performances could be improved by 
equalising the draught through the kiln. Good 
insulation and good fuel would enable the time of 
intermittent operation to be cut down, and thus 
increase the efficiency. 








THE COMMERCIAL VEHICLE 
EXHIBITION AT OLYMPIA. 


Ir may be said with some confidence that the 
Commercial Motor Transport Exhibition, which 
opened at Olympia yesterday, is of more interest 
from an engineering standpoint than the recent 
Motor Show. ‘Touring cars are decidedly more 
standardised than commercial vehicles, and the 
average purchaser of the former attaches at least 
as much importance to the body work as to the 
chassis. Commercial vehicles, on the other hand, 
are largely purchased under the advice of engineers 
with a wide experience of road work, who are 
usually quite capable of giving due weight to the 
relative merits of different chassis for particular 
requirements. As a consequence, the represen- 
tatives of the different firms exhibiting at the 
Commercial Exhibition are usually fully competent 
to discuss their products from a technical aspect, 
and a further feature tending to increase the interest 
in this exhibition is that a number of special-purpose 
vehicles are on show. 

Many new models of both the four and _ six- 
wheeled types are on view but, as explained else- 
where in this issue, the difference between these and 
earlier models will frequently be found to be com- 
paratively small, and more in the nature of detail 
improvements than radical changes in design. At 
least four of the firms exhibiting, however, have 
only recently commenced commercial-vehicle manu- 
facture, although three of them have previously 
had a wide experience in either touring car or 
motor-cycle production. As these firms are thus 
free from previous traditions in commercial-vehicle 
design, and have been able to view the problems 
involved from a detached standpoint, their products 
are likely to attract particular attention. Although 
somewhat outside our scope, a word may perhaps 
| be justifiable regarding bodywork. The development 
| of long-distance coach services has created a demand 
|for really comfortable passenger accommodation, 
and whether as a reflection from this, or because 
improvements in the chassis have served to direct 





attention to defects in the seating accommodation, 
| short distance ’buses have also been much improved 
|in this respect. On the other hand, modern design 
| favours a minimum overall height, and in the case of 
*buses having covered top decks, there is a tendency 
to reduce unduly the head room on the upper deck, 
| with the result that passengers are obliged to stoop 
| when using the gangway. Another common defect is 
that the stairway is unprotected from the weather, 
and finally, there appears to be no sound reason 
| why both driver and conductor should not also be 
| fully protected. 
| When the rigid six-wheeled vehicle was first 
| placed on the market it met with considerable 
| prejudice, and it was freely suggested that it 
| would be in little demand in this country. The 
six-wheeler has, however, almost become a common- 
place on our roads, and its use is by no means con- 
fined to the heaviest loads, for which it was primarily 
introduced. Practically all the leading makers of 
| commercial vehicles now market one or more models 
of the six-wheeled type, whether steam or petrol 
| driven, and it is satisfactory to be able to record that 
British manufacturers have been able to secure a 
leading position abroad for this class of vehicle. 
| Turning now to minor developments, the demand 
|for quiet running in high-speed passenger coaches 


| has served to direct attention to defects in the gear- 


Many of 


| increase in strength. 





the older lorries in use to-day are intolerably noisy 
on their lower gears, but this defect is being met 
in modern chassis by the provision of ground gears 
mounted on short shafts of large diameter, and 
by stiffening up the gear-box casing to reduce 
resonance effects. In this respect, commercial- 
vehicle designers are following private-car practice, 
and the same remark applies to chassis lubrication. 
It is at least as important that this operation 
should be effected rapidly on a lorry as on a touring 
car, and it is now several years since we ourselves 
advocated the maximum possible employment of 
oil-less bearings, and the grouping of grease nipples 
in a convenient position. It is satisfactory to note 
that both these practices are now becoming general 
on commercial vehicles. Other developments in 
touring-car practice, which are being reflected in 
commercial design, are the increasing adoption of 
cam steering gears in place of worm and wheel, and 
the employment of completely encased all-metal 
universal joints. There is, however, no tendency 
to adopt free-wheel transmissions, or special devices 
for rendering gear changing easier, on commercial 
vehicles. Both these developments _ represent 
added complication with the probability of increased 
maintenance costs, and the possibility of complete 
breakdown on the road, and their future is by no 
means assured even in the case of touring cars. 
Other minor developments will be referred to in 
the course of our description of typical exhibits at 
the Exhibition. 

Messrs. Bean Cars, Limited, of Tipton, have now 
been associated with Messrs. Hadfields, Limited, of 
Sheffield, for several years, and are thus in a position 
to take full advantage of the latter firm’s very 
extensive facilities for metallurgical research. 
Advances in the metallurgy of steel or aluminium 
alloys may be utilised either to reduce the tare 
weight of a chassis without reducing the strength. 
or while retaining normal weights, to give an 
Messrs. Bean appear to have 
mainly had the latter point in view when designing 
their latest commercial model, which is shown at the 
Exhibition, and is illustrated in Figs. 1 to 11, on 
pages 583 and 584, and Plate XLIV. This model. 
which is known as the ‘“‘ Empire,” has been more par- 
ticularly designed as a medium-powered unit for 
Overseas use, and full advantage has been taken in 
its design of the experience gained with the older 25 
and 30-cwt. chassis, of which a considerable number 
are in use in the Colonies. The new model is classed 
as either a 40 or 50-cwt. chassis, and is marketed 
with long and short wheelbases. Before describing 
it in detail, it may be mentioned that, before being 
put on the market, eight of these chassis were 
constructed. Three of these were exhaustively 
tested out in Australia, and five in the British Isles. 
It was found that only minor modifications were 
necessary as a result of these tests, and these modi- 
fications were duly incorporated before the design 
was finally passed. Two models of the Empire 
chassis are marketed, varying only in minor details, 
a 40-cwt. for Overseas service, and a 50-cwt. intended 
for home use. 

The engine, which is illustrated in Figs. 1. 2 
and 4 to 7, is a four-cylinder unit, with a cylinder 
bore of 95 mm. and a piston stroke of 130 mm., 
giving a displacement of 3,685 c.c. and a Treasury 
rating of 22-3 h.p. The compression ratio is 
4-8 to 1. The cylinders are cast en dloc, and are 
in one piece with the upper half of the crankcase 
and with the timing gear case. They are of cast-iron. 
and, as will be clear from Figs. 4 and 5, have 
separate cylinder liners. The latter are also cf 
cast iron, and are held by the usual flange at the 
top, with freedom to expand and contract at the 
bottom. The cylinder head is detachable, and the 
form of the combustion space is clearly shown in 
Figs. 4 and 5. Ample water spaces are provided. 
both in the head and round the cylinder barrels. 
as shown in the same figures. The side-by-side 
arrangement is adopted for the valves, an inter- 
esting point being that the inlet valves are masked, 
as shown in Fig. 4. Both sets of valves are made 
from Hadfield Non-stain steel, and have a throat 
diameter of 144 in. Both inlet and exhaust passages 
are formed to give an easy passage for the gases. 
as shown in Fig. 5. The valves are operated from 
the camshaft in the crankcase by the usual adjustable 
tappets, the valve guides being formed directly in 
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be the cylinder block. The camshaft is a one-piece 
“a drop forging, and is carried in three phosphor-bronze 
‘ete bearings. It is driven from the crankshaft by helical 
ov" gearing at the forward end of the engine, the gear 
a wheels being shown in Figs. 4 and 7. The pistons 
ata are of cast iron, with flat tops, and are provided 
ia with three rings at the top. The gudgeon pins are 
the of the full-floating type, and are hardened, ground 
a and lapped. The connecting rods are the usual 
re steel stampings, with white-metalled — big-end 
its bearings in bronze shells. The crankshaft is a 
‘for drop forging, and is carried in three bearings of 
oie exceptionally large diameter. The bearings are of 
25 white metal in bronze shells. 
ber Turning now to the accessories, the magneto 
sed and dynamo are mounted near the front at the 
ted offside of the engine, and can be seen in Fig. 2. 
ing Their axes are inclined at about 30 deg. from the 
ing vertical, and the arrangement results in an easily 
ere accessible position for the magneto distributor 
ely and the dynamo commutator. The magneto is 
Jes. driven by helical gearing from the forward end 
ere of the camshaft, and the dynamo by similar 
ydi- gearing from the forward end of the crankshaft, 
ign the arrangement being shown in Fig. 7. The 
ire starter has Bendix drive with an outboard bearing, 
ils, and is mounted in the usual position on the near 
led side of the engine. The cooling water is circulated 
by thermo-syphon action, assisted by the impeller 
, 2 shown on the rear end of the fan shaft in Fig. 4. 
der The fan is driven by belt from a pulley on the 
m., crankshaft, and is of the three-bladed built-up 
url type. The outer flange on the belt pulley on the 
is crankshaft is adjustable, as shown in Fig. 4, to 
are provide a means of taking up slack in the belt. 
ase A section of the lubricating-oil pump is given in 
on. Fig. 6, while the casing is shown on the right-hand 
ive side of the sump in Fig. 5. The pump is driven 
of from the camshaft, and the circulating system is 
the provided with an oil cooler incorporated in the 
the radiator, in addition to the usual filters. The oil is 
the delivered to the main and big-end bearings through 
in holes drilled in the crankshaft. The carburettor is 
ed. mounted on the near side of the engine, as shown 
els. in Fig. 1, and hardly calls for special comment. 
ide The engine and gear box form a unit construction, 
er: the flange shown at the left-hand end of the 
ed, gear box in Fig. 8 registering with the recess at 
ide the right-hand end of the engine casing, Fig. 4. 
pant The clutch, shown in section in Fig. 8, is of the 
= dry plate type, the ferodo discs being engaged 
ite by a number of coil springs. The withdrawal 
8 mechanism is clearly shown in the illustration, 
ble and it will be seen that adjustment for wear is 
- Fie. 3. PLAN OF CHASSIS. provided. This takes the form of adjustable 
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collars, on which the outer ends of the withdrawal 
fingers bear. A clutch stop, not shown in the 
illustration, is provided to enable a rapid change to 
be made. The gear-box casing is a stiff iron casting, 
and follows the latest practice in that short shafts, 
of large diameter, are provided, mounted on ball 
bearings. The pinions are of ample dimensions, 
and are ground after heat treatment. Central 
change is fitted, as shown in Fig. 3, the position 
for the various gears being marked on the lever 
cover. Provision is made for tyre-pump and 
speedometer drives, as shown at the right-hand 
end of the main shaft in Fig. 8. Four forward speeds 
are provided, the ratios being 7-33, 15-25, 24-9 
and 42-3 to 1. The reverse ratio is the same as 
that for the first gear. 

The transmission shaft and rear axle are respec- 
tively shown in Figs. 9 and 10, and can also be 
seen in Fig. 3. It will be seen that the transmission 
shaft is of the open type, and is provided with 
a central bearing of the self-aligning type, to 
eliminate any tendency to whip. The universal 
joints are of the Spicer all-metal pattern, totally 
enclosed to ensure that the lubricant is effectively 
retained under the action of centrifugal force. 
The method of charging the bearings with lubricant 
will be clear from Fig. 9. The rear axle is of the 
full-floating type, the final transmission being by 
worm and wheel with a reduction of 7°33 to 1. The 
axle is a pressing with top and bottom covers, 
the former constituting the housing for the worm. 
The differential is of the bevel-wheel type. The 
differential casing is carried on ball bearings and 
the wheel hubs on roller bearings. There are two 
internal-expanding brakes in each rear wheel drum, 
operated respectively by hand lever and by pedal. 
As shown in Fig. 3, the hand brake lever is mounted 
on the chassis frame, and is therefore to the right 
of the driver. The brake drums are provided with 
the usual cooling ribs, as shown in Fig. 10. The 
arrangement of the front wheel brakes and steering 
pivots is shown in Fig. 11, and hardly call for 
particular comment. The chassis frame is made 
up of two straight side members 7 in. in depth, 
2} in. in width, and ¥ in. thick. As shown in 
Fig. 3, it is well braced with cross members of 
deep section, and has been found to be free from 
distortion under the most severe tests in the 
Colonies. Semi-elliptic springing is employed for 
both axles. The dimensions of the front springs 
are 40 in. between bolt holes, by 23 in. wide, and 
of the rear springs, 56 in. between bolt holes, by 
3 in. wide. Both sets of springs are made from 
Hadfield special spring steel. The front springs 
are shackled at the front, and the rear springs at 
the rear. Disc wheels are fitted on both axles, 
all four wheels being drilled for lashing purposes. 
The rims are designed to take 36 in. by 8 in. 
straight-sided tyres. It has already been mentioned 
that long and short wheelbase chassis are marketed, 
and it will be sufficient if we give the dimensions 
of the former. The wheelbase is 13 ft. 1} in., 
the track 4 ft. 8 in., and the ground clearance 
10$in. The distance from the frame to the ground, 
with the vehicle fully loaded, is 2 ft. 74 in. The 
distance from the front of the dash to the rear of 
the steering wheel is 2 ft. 44 in., and from the 
same point to the centre of the rear axle is 11 ft. 33 in. 
The distance from the front of the dash to the 
rear end of the frame is 14 ft. 4Z in. The equipment 
is very complete, and includes a dimming device 
for the headlamps, and Tecalemit hook-on type 
gun and nipples throughout the chassis, the gun 
nipples being grouped on the side members of the 
latter. 

Another firm who are showing commercial 
vehicles for the first time are the Sunbeam Motor- 
Car Company, Limited, Moorfield Works, Wolver- 
hampton. It is hardiy necessary to refer to the 
reputation of Messrs. Sunbeam in connection with 
touring cars, as their products are known throughout 
the world, and have been frequently described in 
our columns. To the ordinary motorist their tour- 
ing cars are chiefly distinguished by their refinement 
and great durability. They are showing two com- 
mercial chasses at Olympia, a 52-110 h.p. four-wheel 
model and a 70-142 h.p. six-wheel model, both 
being fitted with six-cylinder engines. The six- 
wheeler equipped with a double-deck bus body 
is illustrated in Fig. 12, page 585; the four-wheel 
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timed quite independently. All the rocker levers 
are provided with long cast-iron bearings, and are 
el forced-fed with lubricant. The tappet adjustment 
is effected by set screws in the tappet levers, and 
the upper ball socket is oil fed, the surplus oil 
1687.6) draining back to the sump. The pistons are of the 


chassis is shown in Fig. 13 on the same page, and in 
Figs. 16 and 17 on page 586, while the engine details 
shown in Figs. 14 and 15 on the same page, apply 
equally to either model. Both are to be known as 
8.M.C. commercial vehicles. 

It will be sufficient if we describe the four-wheel 
chassis in detail, and then point out the chief 
differences between this and the larger model. The 
four-wheel chassis is designed for a vehicle having 
an unladen weight of approximately 5 tons, and in 
the case of a *bus, for a body to accommodate 32 
passengers. The engine has been specially designed 
for heavy duty, and great care has been taken to 
ensure long life under the arduous conditions 
imposed by public service. Although advantage 
has naturally been taken of the makers’ wide 
experience in the design of touring-car engines, 
the model employed for the commercial vehicle is 
a completely new design and incorporates many 
new features. As already stated, it is a six-cylinder 
unit, the cylinder bore being 100 mm. and the 
piston stroke 140 mm., giving a capacity of 
6,597-4 c.c. The R.A.C. rating is 37-2 h.p., and 
the engine develops 52 brake horse-power at a 
normal speed of 1,000 r.p.m. and a maximum of 
110 brake horse-power at 2,400r.p.m. The cylinders 
form three monobloc castings, bridged by two) 
detachable heads, and are of cast-iron. The com- 
bustion space is hemispherical and is machined on 
the inner surface. Two sparking plugs are provided 
for each cylinder, both being vertical and on the 
longitudinal axis of the engine. There is one inlet 
and one exhaust valve for each cylinder, both valves 
being inclined at about 45 deg., as shown in Fig. 14. 
There are two springs for each valve, as shown in 
the same figure, and the water spaces are carried 
well round the valve seats and guides. The valve 
gear is of exceptional interest. There is a single 
camshaft in the crank-case, in the usual position | 
for push-rod operation, the inlet valves being | 
operated by rods running across the engine between | 
the cylinder bores, while the exhaust valves are 
operated by rods on the camshaft side in the usual | 
way. While retaining the advantages of a camshaft | 
in the crank-case, the arrangement avoids the some- | 
what elaborate valve gear usually associated with 
inclined overhead valves in the transverse plane of | 
the engine, and enables the two sets of valves to be | 





composite type with steel skirts and aluminium 
heads. Each piston is fitted with two compression 
rings and one scraper. The connecting rods are 
machined all over and accurately balanced. The 
big-end bearing is of white metal, run direct into 
the rod. The gudgeon-pins are secured in the 
connecting rods by clamping bolts. The crankshaft 
is made from 40-ton carbon steel drilled for oil leads, 
the drilling being continuous, so that in the event 
of any oil way in the crank-case becoming choked 
the lubrication is not impaired. The crankshaft is 
carried in seven bearings, and the inner end is 
flanged to form the seating for the flywheel, the 
latter being secured by six bolts. At the forward 
end, the fan pulley is secured by a long taper and 
key. Steel and phosphor-bronze helical spur gears 
are used for driving the camshaft, water pump, and 
magneto drives. The camshaft and dynamo are 
driven from the crankshaft through an intermediate 
gear wheel mounted on an adjustable spindle, and 
lubricated by forced feed. The arrangement gives 
a simple adjustment to ensure perfect meshing of 
the teeth. Dry-sump lubrication is employed, 
ensuring that the oil is cool and that there is no 
surging of oil in the crank-case. There is thus no 
danger of oiling up the plugs when on an incline. 
The oil tank is bolted directly to the side of the 


‘crank-case with an air space all round it. The oil 


is drawn, through a’ gauge filter, to a pump which 
forces it through an Auto-Klean filter, from which 
it is directed to the main duct feeding the crankshaft 
bearings and big-ends. Separate leads are taken 
to the valve gear and timing wheels. The overflow 
from these parts passes through a third filter in the 
sump trap, and is returned to the oil tank by a 
second pump, being finally refiltered before entering 
the tank. An oil cooler is fitted in the circuit. 
The remaining engine details only call for brief 
comment. The cooling water is circulated by @ 
centrifugal pump, driven from the same gear wheel 
as the dynamo. The radiator fan is of the four- 


‘bladed type, of cast aluminium, and is driven 


by an endless V-belt from the crankshaft. An 
eccentric adjustment for tightening the belt is 
provided. Separate magneto and coil-ignition 


| systems are fitted, each with its own set of plugs. 


The starting handle is provided with an eye for 
coupling to a Whipple engine starter. 
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Fig. 13. Srx-CyLtinpER, Four-WHEEL CHASsIs. 


The clutch, which is illustrated in Fig. 15, is of 
the single plate type, the plate being of high-carbon 
steel engaging with Ferodo-faced discs. The friction 
surfaces are held in contact by fifteen springs, each 
exerting a pressure of 140 lb., and with a low load 
rating to give uniform pressure as the surfaces wear. 
An oil thrower is provided, as shown in the figure, to 
prevent oil reaching the friction surfaces. The with- 
drawal mechanism is clearly shown in the illustration, 
a simple adjustment being provided by screws on the 
three spider arms. The clutch is machined all over 
to ensure balance, and can be removed entirely or 
in part without disturbing the engine or gear box. 





The coupling between the clutch and gear-box shafts 
is built up from Simms Jurid links in the form of 
flexible shackles, the sliding splines being lubricated. 
The gear-box is a separate unit having four forward 
speeds and reverse. The forward gear-box ratios are 
5:07, 2:77, 1-59, and 1 to 1, the reverse being 
3-91 to 1. The final reduction is 5-75 to 1. The 
gear-box is of cast iron, and is attached to the 
offside frame member by two arms with Silentbloc 
bushes, there being a single arm on the near side 
clipped between rubber blocks. The arrangement 
can be seen in Fig. 16. The change-speed gate is 
mounted on the offside frame member beside the 
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engine, the connection to the selector mechanism, 
which is totally enclosed and mounted on the gear 
box, being by a single shaft with universal joints. 
Provision is made between the main shaft rear 
bearings in the gear-box for a speedometer drive, 
and a tyre pump can be driven when required from 
the rear end of the layshaft. 

The universal joint between the gear-box and the 
propeller shaft is of similar construction to the one 
already described. It can be clearly seen in Fig. 16. 
An open-type propeller shaft is employed, and the 
rear axle, shown in Fig. 17, is of the underslung 
worm type. The differential casing is offset some 
11} in. from the centre of the chassis. The propeller 
shaft is in two parts, with a central universal joint, 
the rear half being made from a 35-ton carbon steel 
weldless tube. The rear axle casing is drop-forged 
from 3 per cent. nickel steel. The hubs, of malleable 
iron, are mounted on large taper roller bearings. 
The differential consists of four planet and two sun 
wheels, and is of the bevel type. The rear axle 
brakes consist of two sets of shoes in each drum, 
side by side. The inner pair of shoes are 76 mm. 
wide, and are operated by the hand lever, while the 
outer pair of shoes, 94 mm. wide, are operated by 
pedal, the action being assisted by a Dewandre servo- 
mechanism. Compensating gear is dispensed with, 
and the cross shafts are supported in spherical swivel 
bearings. The front wheel brakes are of the ordinary 
two-shoe type, operated by a flat cam, the shoes being 
2} in. wide and the drums 18} in. in diameter. The 
steering gear is of the Marles type, and is mounted 
immediately behind the front dumb-iron. The 
ratio is 23-3 to 1. The side members of the frame 
are 97; in. deep by 24 in. wide, and are of the usual 
channel section, } in. thick. The frame is made from 
3 per cent. nickel steel, and is amply stiffened by 
cross members. The petrol tank is of 32 gallons 
capacity, and is mounted on the outside of the frame 
on the offside. The wheelbase is 16 ft. 6 in., the 
front-wheel track 6 ft. 5} in. and the rear-wheel 
track 6 ft. 1 in. The overall length is 26 ft., the 
overall width of the complete vehicle is 7 ft. 6 in., 
and the turning circle 54 ft. 6 in. with 38 in. 
by 7 in. tyres. The frame height when loaded on 
the same tyres is 25 in. The ground clearance is 
104 in. except under the rear axle worm casing, 
where it is 7 in. The approximate weight of the 
chassis is 3 tons 10 cwt. 

The six-wheeled model, shown in Fig. 12, is suit- 
able for a double-deck body to accommodate from 
60 to 70 passengers, or for other commercial pur- 
poses. The engine is generally similar to that for 
the smaller chassis, already described, but the 
cylinder bore is 110 mm. and the piston stroke 
140 mm. The general layout of the chassis is also 
very similar. Both rear axles are of the underslung 
worm type, a double-ended worm being used to 
convey the drive from the forward to the rear of the 
two axles. The springs are of the Woodhead 
divided back plate type. The gear ratios are 
somewhat lower than for the smaller vehicle. The 
wheelbase is 18 ft. 6 in., the overall length is 29 ft., 
and the turning circle is 62 ft. 6 in. The chassis 
weight is approximately 4 tons 10 ewt. 

The firm of Messrs. A. J. Stevens and Company 
(1914), Limited, Walsall-street, Wolverhampton, 
have enjoyed a very high reputation for motor- 
manufacture for some considerable time. Their 
products have been particularly successful in 
connection with the Tourist Trophy races, and 
it is not too much to say that they have had a 
distinct influence on motor-cycle design in both 
this and other countries. So far as we know, the 
firm have never undertaken the manufacture of 
touring cars, and their entry into the commercial- 
vehicle market in the early part of this year was a 
surprise to the public. The first model introduced 
was called the Pilot chassis, and was designed for 
bodies to accommodate about 24 passengers. 
This has been followed by a somewhat larger chassis to 
accommodate 32 passengers, introduced for the first 
time at the present Exhibition. The new model is 
called the Commodore, and is similar to the Pilot 
in many respects. It should perhaps be mentioned 
that both chassis are equally suitable for goods- 
vehicles. Up till comparatively recently, it was 
customary for makers to market separate models 
for passenger and goods work, but it is becoming 
increasingly realised that a chassis suitable for 
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the former service is also suitable for the latter, 
as the ability to average high speeds is equally 
valuable in the two cases, and smooth running 
and good suspension in the case of a goods chassis 
tend to longer life and to prevent damage to fragile 


goods in transit. The recent order regarding 
silence also calls for a smooth-running goods 


vehicle. 

The Commodore chassis is illustrated in Figs. 18 
to 21, pages 587 and 592. It will be seen from 
Fig. 19 on the latter page that it is characterised 
by forward control and a low load line, the actual 
height of the frame when loaded being under 2 ft. 
The engine, illustrated in Fig. 18, has six cylinders 
with a bore of 3 in., the piston stroke being 5 in. 
The Treasury rating is 36 h.p. and the engine 
actually develops 75 brake horse-power at 2,000 
r.p.m. The cylinders are in the form of a single 
monobloc casting, separate from the crank case, 
and with the usual detachable head. In the 
engine for the earlier chassis overhead valve gear 
was adopted, but valves of the side-by-side type 
are employed in the Commodore model. The 
crankshaft is carried in four bearings, and ignition 
is normally by high-tension magneto, although 
provision is made on the top of the cylinders for 
coil ignition. The cooling water is circulated by 
a pump of the centrifugal type. In other respects, 
the engine is generally in accordance with the 
latest practice, and hardly calls for detail descrip- 
tion. 

As can be gathered from Fig. 19, the engine and 
gear-box form one unit. A multiple dry-plate 
clutch is employed, provision for adjustment 


being made through an opening in the housing. 
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Fie. 16. GEarR- 





Box AND CLUTCH. 





Fia. 17. 


The gear-box is designed for four forward speeds, 
the ratios being 6-5, 11-7, 19-11 and 32-17 to 1. 
The reverse ratio is 27-0 to 1. The ratios given, 
of course, include the final reduction gear of 6-5 to 1. 
As will be clear from the illustrations, the gear- 
box is short, so that there is little tendency for 
the shafts to whip. In addition, the latter are 
of large diameter, with the result that a very 
quiet running box is obtained. The selector 
gear casing is mounted at an angle of about 45 deg. 
on the upper part of the box, the connection to the 
gate change mechanism being made by a single 








Rear AXLE. 


shaft, as shown in Fig. 20. The change lever pivot, 
together with the gate, are mounted on a bracket 
bolted to the front of the off-side engine bearer 
arm, with the result that the rod connecting the 
lever to the selector gear is in direct alignment with 
the latter. The change lever is brought to the 
off-side of the engine by this arrangement, and is 
operated with the driver's left hand. Provision 1s 
made on the gear-box for fitting a mechanical 
tyre pump. As shown in Fig. 20, the connection 
between the gear-box transmission shaft and the 
propeller shaft is made with a flexible disc coupling. 
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SIX-CYLINDER FOUR-WHEEL COMMERCIAL CHASSIS. 


CONSTRUCTED BY MESSRS. A. J. STEVENS AND COMPANY (1914), LIMITED, WOLVERHAMPTON. 

















Fia. 18. NraR-SIDE OF ENGINE. 


The propeller shaft is in two parts, and as shown | 
in Fig. 19, is of the open type throughout. The 
central bearing is of the self-aligning type, and | 
is supported on an insulated trunnion. The joints | 
at the two ends of the rear part of the shaft are | 
of the Hardy-Spicer type. 

The rear axle is shown in Fig. 21. The final | 
transmission is by under-slung worm, with fully | 
floating axles. The casing is a steel forging, the | 
axle tubes being in one piece with the upper part | 
of the differential housing. The lower half of the | 
housing incorporates the bearings for the worm. 
The front axle is of the usual H-section and is | 
made from nickel steel. The hubs on both axles | 
are mounted on roller bearings. The braking system | 
consists of one pair of shoes in each of the four | 
wheels, operated by pedal through a Clayton- 
Dewandre servo-motor, and a second pair of shoes 
in each of the rear wheels operated by a hand lever. 
The servo-motor is mounted on the outside of the | 
off-side frame member, as shown in Fig. 20. All 
four power-operated brakes can be adjusted by | 
means of the milled nut visible on the brake-operat- 
ing rod in the figure. The brake-drums are 20-in. 
in diameter on the rear wheels, and 17} in. in| 
diameter on the front wheels. The construction | 
of the frame, which is upswept over both front 
and rear axles, will be gathered from Figs. 19 to 21, | 
and the first of these figures also shows the spring 
mounting. It will be noticed that both sets of 
springs are of the semi-elliptic type, and that the 
rear springs are underslung. The shackles are 
at the rear ends of the springs on both axles. The 
front springs are made up with 13 leaves, 3 in. in 
width, and approximately 3 ft. 10 in. between 
centres. There is the same number of leaves in | 
the rear springs, but they are 3} in. wide, and 
approximately 5 ft. between centres. The steering 
gear is of the cam and roller type, with a 19}-in. 
diameter steering wheel. The position of the gear 
is shown in Fig. 19. The overall length of the 
chassis is 25 ft. 4in., the overall width is 7 ft. 4 in., 
and the distance from the dash to the end of the 
frame is 21 ft. 2} in. The height of the frame, 
when loaded, is 23} in., the wheelbase is 16 ft. 6 in., 
and the track is 6 ft. 0} in. The ground clear- 
ance, from the front of the car as far as the 
rear axle, is 10} in., and below the rear-axle worm 
casing is 8 in, 


(To be continued.) 


CAST-IRON RESEARCH. 


Tue fact that cast-iron is no longer regarded as a 
cheap and more or less inferior material is evidenced 
by the steadily growing number of contributions 
dealing with the product read before technical institu- 


' tions. This new outlook is, in a large measure, due to 


the activities of the British Cast-Iron Research Asso- 
ciation, which was founded in 1921, and the extent of 
the experimental work conducted by the Association 
is indicated in its eighth annual report covering the 
year ending June 30 last. The research work carried 
out falls into three main sections: In the first place, 
the behaviour and possibilities of cast-irons of all 
types under various service conditions are being inves- 
tigated, and the influence of composition, annealing 
time, and other factors upon the properties of malleable 
cast-iron studied. Secondly, research work on cupola 
design and operation is being conducted, with the 
object of determining the best design of cupola for 
specified types and sizes of castings. In the third 
place, research work is in hand aiming at determining 
the most satisfactory types of moulding sands, coke, 
and refractories for use in the foundry. The report 
shows that considerable progress has been made in all 


| branches of the experimental work conducted by the 


Association. A  heat-resisting cast-iron has been 
discovered which has given remarkable results when 
repeatedly heated in the presence of moist carbon 
dioxide at temperatures ranging from 600 deg. C. to 


| 1,000 deg. C. The results are stated to have radically 


modified existing views with regard to the effect of 
composition on growth. 
Experiments with a specially designed cupola have 


| been conducted at the works of the Carron Com- 


pany, Falkirk, and measurements of air volume and 
pressure have been made at the works of the 
Sheepbridge Coal and Iron Company, Limited, Chester- 
field. The research carried out on the combined 
influence of carbon and silicon on white-heart malleable 
cast-iron has been completed, and the results will be 
circulated at a later date. Work upon the function of 
the structure of cast-iron and the importance of melting 
conditions, and upon the strength of cast-iron in 
relation to size, has been continued steadily, as have 
the researches on alloy cast-irons. Much progress 
has been made in the moulding sands section. The 
report states that the completion of the laboratory 
work and the development of practical foundry tests 
brings the work to a point at which it can be applied 
in members’ foundries, and it is hoped that the inves- 
tigator will be able, in future, to spend a considerable 
amount of time in actual foundry visits. 

The main work of the council of the Association 
during the year covered by the report has been in 
connection with the conditions under which the Associa- 





tion receives support from H.M. Government. In 
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accordance with the terms of an agreement made with 
the Advisory Council of the Department of Scientific 
and Industrial Research in 1926, a grant was payable 
at the rate of 11. for each 1/. of industrial subscriptions 
received until July, 1929, at which date the grant was 
due to fall to 10s.in the 11. A committee was appointed 
by the Association to review the whole situation, and 
this committee decided that an appeal should be 
made to the Advisory Council to continue the ll. for 
ll. grant until 1931, when the entire question should 
be reconsidered. The appeal was ultimately approved 
by the Advisory Council, subject to the datum line of 
5,0001. per annum being fixed for 1931 and after. This 
datum is the income which the Association must obtain 
from industry before it can qualify to receive a grant. 
Under the datum scheme, the Government is prepared 
to pay the Association, in 1931 and after, 11. for each 
ll. of subscription income in excess of 5,000/. per 
annum up to an additional 5,000/. per annum. Thus 
an income of 7,000/. per annum would earn a grant in 
respect of the 2,0001. received in excess of the 5,0001., 
so that the total income would then reach 9,0001. per 
annum. 

This matter was again referred to by the President 
of the Association, Major-General Sir Philip A. M. 
Nash, in the course of his speech, on November 6 
last, at a luncheon at the Hotel Cecil, London, 
following the annual meeting at which the report of the 
Council was presented. Sir Philip stated that this 
decision of the Advisory Council constituted the most 
important event of the year. He added, however, 
that, in order adequately to fulfil the purpose for 
which it had been founded, the Association required 
to double its income during the next two or three 
years. The sum needed, namely, 15,000]. a year, 
of which one-third would be provided by the De- 
partment, was in reality a trivial one. If the figure 
of 40,000,0007. were taken as the value of the pro- 
ducts of the industry, considered merely as finished 
castings, a sum of 10,0001. per annum only amounted 
to an ad valorem levy of 6d. for each 1001. of turn- 
over. 

Dr. F. E. Smith, F.R.S., Secretary of the Department 
of Scientific and Industrial Research, who also spoke at 
the luncheon, paid a tribute to the valuable results al- 
ready obtained by the Association in the matter of im- 
proved cupola design and in the field of heat-resisting cast 
irons. He asked the members to be explicit in their 
demands upon the research worker, and pleaded for 
patience on the part of the scientist, on the one hand, 
and on tha‘ of the manufacturer on the other, when 
an endeavour was being made to apply in practice the 
results of a laboratory research. 








MERCHANDISE Marks InQurRies.—The Standing 
Committee appointed by the Board of Trade will hold 
an inquiry at 11.30 a.m. on November 11 next, as to 
whether imported strap butts (also known as millboard 
or belting butts) of leather, dressed or curried, should be 
required to bear an indication of origin. Further 
inquiries will be held at 11.30 a.m. on November 18 
and at 10.30 a.m. on November 19, as to whether 
imported machinery belting, including conveyor and 
elevator bands, other than belting of metal, should be 
required to bear an indication of origin. The inquiries 
will be held at the Board of Trade offices, Great George- 
street, London, S8.W.1. Communications should be 
addressed to the Secretary, Mr. E. W. Reardon, at the 
Board of Trade. 

THE STEAM TUG AND PASSENGER TENDER “‘ CALSHOTT.”’ 
—On Monday last, the 4th instant, Messrs. John I. 
Thornycroft and Company, Limited, launched, from their 
Wooiston Yard, Southampton, the steel twin-screw tug 
and passenger tender Calshott, which they are building 
to the order of Messrs. The Southampton, Isle of Wight 
and South of England Royal Mail Steam Packet Com- 
pany, Limited, of Southampton. The vessel, which is 
built to Lloyd’s Class 100 A.1 for towing and tender 
service and is of about 700 gross tons, has a length, 
between perpendiculars, of 145 ft., the other main 
dimensions being: Breadth, moulded, 33 ft.; depth, 
moulded, to main deck, 13 ft. 6 in.; depth, moulded, 
to upper deck, 21 ft.; and draught, aft, about 14 ft. 
She has two complete decks, main and upper, with a 
lower deck forward and aft of the machinery space. 
Accommodation for first-class passengers is provided 
on the main deck and lower deck forward, while second- 
class passengers and baggage are accommodated .in the 
main "tween decks aft. Steam heating and electric 
lighting are provided throughout the ship. ‘Two sets of 
triple-expansion engines, constructed by Scien Thorny- 
croft, will be used for propelling the vessel, steam being 
supplied by two boilers, one of the ordinary marine 
return-tube type burning coal in three furnaces, and 
the other of the Thornycroft water-tube type arranged 
for oil firing. Both boilers work under forced draught 
on the closed-stokehold system. Coal bunkers, with 
a capacity of about 80 tons, are arranged on the port 
and starboard sides of the forward boiler room, and the 
oil-fuel settling tanks have a capacity of about 30 tons. 
The towing gear is fitted at the aft end of the engine 
casing, which is specially strengthened for the purpose, 
and two heavy slip tow hooks are provided. The two 
towing rails are of T-section steel, supported on wrought- 
iron stanchions and stays, giving 6-ft. clear headroom at 
the centre. 














In order: that the parties immediately concerned 
should have an opportunity jointly to discuss and, 
possibly, agree on the proposals which have been 
formulated for the re-organisation of the coal mining 
industry the Government invited the coal-owners and 
the Miners’ Federation to a conference in London on 
Wednesday. The Miners’ Federation accepted the 
invitation and duly attended at the Ministry of Health 
where the meeting was arranged to take place, but 
the mine-owners did not attend, and it has been 
announced that they had formally declined to discuss 
the proposals. The particular point on which excep- 
tion was taken by the mine-owners was that relating to 
wages. The miners’ representatives desired an assur- 
ance that when the working hours were reduced in 
April by half an hour, there would be no reduction 
of wages. The coal-owners, on the other hand, con- 
tended that any reduction of hours must necessarily 
affect wages. The position, therefore, appears to be 
that if a national agreement on wages cannot be reached 
with the coal-owners, the miners will insist on a 
national minimum fixed by legislation. A National 
Conference of miners’ delegates opened in London on 
Tuesday, and was adjourned to await the result of the 
meeting with the coal-owners called by the Government. 
It re-assembled yesterday in order to hear the report 
of the Executive Committee of the Federation, and, if 
necessary, to pass a resolution on the proposals. 


It has been decided by the Executive of the Trans- 
port and General Workers Union to transfer the office 
of national secretary of the docks’ section, now held 
by Mr. Ernest Bevin, General Secretary of the Union, 
to one of Mr. Bevin’s colleagues. Mr. Bevin himself 
requested that this step should be taken, in view of the 
wide and increasing scope of his duties as general 
secretary. The Transport and General Workers’ 
Union, which was founded on the old Dockers’ Union, 
has now a membership of about 500,000, acquired 
largely by amalgamations, and caters for workers in 
more than 200 industries. It is the largest of the unions 
aftiliated to the Trades’ Union Congress. 





The Swiss Department of Immigration and the 
Federal Labour Office recently prescribed the steps to 
be taken by Swiss employers desiring to engage foreign 
labour. The employer who is in need of a worker or 
salaried employee, and has not been able to find what 
he requires in Switzerland, with the assistance of the 
proper labour office, must ask the Immigration Depart- 
ment at his place of residence to grant authorisation 
in principle to a foreigner to enter the country for the 
purpose of taking up the employment offered. The 
employer must be careful to state whether the work in 
question is seasonal or permanent, the reason of this 
specification being that under the present regulations 
seasonal workers are obliged to leave the country at the 
end of the season. If investigation of the application 
shows that the labour required is not available in 
Switzerland, the Department of Immigration will grant 
authorisation in principle to admit a foreigner, on 
condition that the person selected is not undesirable. 





The Monthly Review, of the United States Department 
of Labour, gives a summary of an interesting address 
delivered by Mr. Lewis A. De Blois, director of the 
Safety Engineering Division of the National Bureau of 
Casualty and Safety Underwriters, at the Sixteenth 
Annual Convention of the Association of Government 
Officials in Industry of the United States and Canada. 
There are, it seems, two national organisations in the 
United States, whici are concerned in establishing 
industrial safety standards. They are the American 
Standards Association and the National Council on 
Compensation Insurance, the latter being a semi- 
governmentally controlled body representing the various 
casualty insurance interests. As the insurance com- 
panies or funds are represented on both these com- 
mittees, the endeavour is made, it was stated, to make 
the two sets of standards as nearly uniform as possible, 
and, with minor exceptions, their safeguarding require- 
ments are so nearly alike that it can be said there is 
only one set of standards. With the exception of the 
safety rules or codes of industrial corporations and 
trade associations, therefore, the application of safety 
standards in manufacturing industry takes place either 
through the influence of the insurance organisations in 
securing the adoption of their safety code (the Indus- 
trial Compensation Rating Schedule), or by the enforce- 
ment of State laws or regulations. 


While there is no comprehensive comparative state- 
ment of the laws, regulations, or orders of the States 
which have attempted to establish safety standards, 
there is no doubt, Mr. De Blois said, that the diver- 
gence in the regulations is very great. A comparison of 
the regulations adopted by thirteen States for the pro 
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tection of workers from contact with toothed gearing 
was made, gears being selected because they present 
one of the simplest and most obvious hazards, with 
the least excuse for variations in protection. There 
was found to be a complete lack of uniformity in 
defining cover, in the type of protection required, 
and in the manner of installation of the protective 
devices. The same thing was true of the revolving- 
spoke hazard. For this hazard one of the three 
accepted types of gear protection was entirely unsuited, 
but this fact was ignored by some of the States, while 
others recognised it only under certain conditions, 
and those that did specify that protection should be 
provided did not agree as to when or how the protec- 
tive device should be used. 

An inquiry sent to the different States in regard to 
the guarding of machine tools failed to bring a reply 
from 16 States, while 11 stated they had no regulations, 
eight had general provisions only, and 13 had specific 
requirements. With such a condition, it was obvious, 
Mr. De Blois claimed, that the rulings of insurance 
inspectors and State inspectors would not agree and that 
plant owners, as a result, were faced with the difficulty 
of satisfying conflicting orders. From the insurance 
standpoint the situation is difficult, since, although the 
companies are attempting to keep the rating schedule 
in harmony with the American Standards Association 
codes, in transmitting the regulations to member 
companies their use can be urged only where they do 
not conflict with local laws, regulations, and ordinances. 
The lack of uniformity in standards also presents a 
problem to corporations which operate plants in many 
States, as their safety departments must enforce not 
only their own regulations, but must see that all 
State regulations are carried out. 








Manufacturers of machinery who desire to make their 
products safe are confronted with the impossibility of 
manufacturing safety devices to meet the different 
State requirements. If uniformity could be secured, 
however, so that guarding devices could be built as 
essential parts of the machines, it would lift a material 
portion of the burden, Mr. De Blois said, from the shoul- 
ders of the State inspectors, the insurance inspectors, 
and the safety engineers of industrial concerns; and 
it would also result in machinery being guarded in 
those small establishments which are never or rarely 
reached by inspectors. The remedy for the situation, 
it was suggested, lay in the co-operation of State labour 
officials, the safety organisations, the insurance interests, 
and trade associations concerned with the manufac- 
ture of machines and machinery. ‘ Accidental indus- 
trial deaths,” the speaker said, “‘ are not decreasing. 
What we have done may have checked a sharper rise 
in the curve, but I believe that you will agree with me 
that a civilised people can not contemplate with 
equanimity the killing of 24,000 persons a year. In the 
last decade accidents in the United states have 
abruptly terminated 830,000 lives, and of this slaughter 
industry is responsible for at least one-quarter. The 
time has certainly come for more concerted, positive, 
and constructive action.” 





Commenting upon the decision to continue for 
six months the 24 per cent. wages reduction, the 
National Union of Railwaymen’s organ, the Railway 
Review says:—‘‘ The universal withholding of the 
same percentage from the earnings of the highest 
to the lowest grade is generally regarded as an equiva- 
lent sacrifice, and relatively one may accept that view. 
However, to the lower paid employee the loss of Is. 
per week involves the loss of some necessity whilst 
in the case of the highest paid the loss of 20s. or more 
will probably affect the amount beyond the margin 
below which may be characterised as necessity. Bear- 
ing this in mind it is not surprising that the lower paid 
men are alert in their observations as to happenings 
in the higher quarters. They are forced by reason of 
their own difficulties to scan the outlook which affects 
their welfare, and anything they observe which suggests 
that all is not well is bound to be commented upon. 
Accordingly, in the management of a depot, the 
attention to traffic, the host of other matters in which 
those in authority have definite power, all come within 
the scope of the analytical mind, and anything which 
appears to be dealt with in a manner other than satis- 
factorily creates a feeling of discontent. This atmos- 
phere soon develops and it becomes a deterrent to the 
process of production. The need for prevention in 
this connection should, therefore, be driven home to 
those who are in positions to wield the necessary 
influence. Equally should it be borne in mind that 
included in the field of review which the staff take part 
in is the reduction in number of posts to which hitherto 
it has been possible for men to anticipate promotion.” 





The leaders of the Minority Movement are, naturally, 





disappointed at the decision of all the trade unions 





concerned to continue the 24 per cent. reduction. “‘ The 
union conferences have accepted the new agreements,” 
says the Worker. “ This means that the trade unions 
will help the companies and the Labour Government 
to develop railway rationalisation, meaning more 
speeding up, more degrading and blocked promotion, 
and more redundancy. Last year the companies cut 
down the staffs by 25,011 and paid 44,500,000/. in 
dividends. They have declared this must be raised 
to 50,000,000/. this year. They must get the difference 
off the wages bill. The new agreement means that the 
unions will help them. The conferences, with many 
delegates unmandated, elected by most undemocratic 
means, did not represent the rank and file. Their 
decision is an act of treachery against the railwaymen. 
Only independent rank and file strike action will bring 
results, strike action not merely for the immediate 
return of the 24 per cent. but for better wages and con- 
ditions and a reduction in hours. Repudiate the accept- 
ance of the slave agreement. Fight the speeding-up 
in every depot. Form depot committees of action, 
Prepare to strike for the 42-hour guaranteed week and 
better conditions, and the immediate return of the 
24 per cent.” 





At Edinburgh on Wednesday, the Executive Council 
of the Amalgamated Society of Woodworkers reported 
to the Shipbuilding Employers’ Federation that their 
members had rejected the proposals (1) to refer the 
Belfast wages dispute to arbitration; (2) comply, in 
respect of overtime, with the Overtime and Night 
Shift Agreement ; (3) accept the standard time rate of 
60s. per week recently granted to the other time- 
working shipyard trades. The Executive Council of 
the Society had recommended acceptance of the 
proposals. In view of the decision, the Shipbuilding 
Employers’ Federation intimated that they had no 
alternative to locking out all the shipyard joiners 
employed in federated yards as from November 23. 





At a meeting of the Unemployment Grants Com- 
mittee, on Monday, Lord St. Davids in the chair, a 
number of schemes of work submitted by Local 
Authorities and other statutory bodies for the relief of 
unemployment were approved for Government grant. 
The estimated cost of the schemes so approved was 
404,816. to provide employment for approximately 
1,642 men. Schemes before the Committee for 
approval which are now the subject of inquiry number 
643, and are estimated to cost 12,100,000I. 





The Eight Hours’ Day Bill, passed by the Argentine 
Chamber of Deputies, in September, has now been 
adopted by the Senate. Under the measure, the 
hours of work of any person employed in a public or 
private undertaking are not to exceed eight in the day 
or 48 in the week. The Bill does not apply to agri- 
culture, stock breeding, domestic service, or under- 
takings employing only members of the family of the 
owner or head of the undertaking. When the work 
is done at night (i.e., between 9 p.m. and 6 a.m.), the 
hours are limited to seven. In unhealthy workplaces, 
they are reduced to six in the day or 36 in the week. 
Exception is made in the case of persons employed in 
management or supervision; in the case of work 
done in shifts, provided that the average hours of work 
for a period of not more than three weeks do not exceed 
eight in the day or 48 in the week ; in the case of actual 
or threatened accidents, urgent repairs to machinery 
or other equipment, and unavoidable circumstances, 
but only in so far as is necessary to avoid serious 
disturbance of the normal working of the undertaking, 
and when the work could not be done during normal 
hours. 





The administrative authorities are empowered to 
issue regulations, determining for each industry, trade 
or occupation, and for each district, the permanent 
exemptions which may be granted for preparatory or 
supplementary work which must necessarily be done 
outside the general hours of work of the undertaking, 
or for certain classes of workers whose duties are 
essentially intermittent, and the temporary exemptions 
which may be granted in order to enable undertakings 
to cope with special pressure of work. The Bill pro- 
vides that the extent of existing unemployment must 
be taken into account when exemptions are under 
consideration. All the regulations issued for the 
application of the Act will be drafted after consulta- 
tion with employers’ and workers’ organisations, and 
will determine the maximum number of hours of over- 
time which may be permitted in each case. Payment 
for overtime will be at a rate 50 per cent. higher than 
that paid for normal hours on working days, and 100 
per cent. higher on public holidays. Other provisions 
lay down the measures imposed on the employer for 
the enforcement of the Act, methods of inspection, and 
the penalties for infringement. 
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JUNG HIGH-SPEED GRINDING MACHINES 


WITH HYDRAULIC 


FEED. 


CONSTRUCTED BY MESSRS. KARL JUNG, ENGINEERS, BERLIN. 











Fie. 1. INTERNAL-GRINDING MACHINE. 


HIGH-SPEED GRINDING MACHINES 
WITH HYDRAULIC FEED. 


Tue high-speed internal-grinding and __ surface- 
grinding machines illustrated, respectively, in the above 
Figs. 1 and 2, while interesting as embodying the use 
of a hydraulic-feed mechanism, have many other points 
worth attention. They are made by Messrs. Karl 
Jung, Berlin, 8.0.16, and sold in this country by 
Messrs. E. H. Jones (Machine Tools), Limited, Britannia 
Wharf, Islington, N.1. Before entering into details 
it must be explained that both machines are designed 
for precision work on small parts, and are therefore 
more remarkable for the accuracy of their construction 
than for size or capacity. This accuracy is, perhaps, 
more important in the internal-grinding machine, of 
Fig. 1, as the fine tolerances now a common require- 
ment in small bores are most easily obtained by 
the operation of grinding. Certainly, in removing 
the distortion in small parts, frequently occasioned by 
hardening processes, the internal-grinding machine is 
of considerable importance. As is well known, the 
peripheral speed of a grinding wheel is a major factor 
in the success of the operation, and a correct speed is 
easily obtained on the wheel of a surface or external- 
grinding machine. In the internal-grinding machine, the 
small diameter of the grinding wheel necessitates very 
high shaft speeds to obtain the desired peripheral speed. 
The machine under consideration has been designed 
so that spindle speeds of as high as 30,000 r.p.m. may 
be safely obtained, and though this is in excess of usual 
requirements, it is held that the accuracy, stiffness, 
&c., necessary to obtain it, conduce to reliability of 
working under normal conditions. The driving pulley, 
which is 4 in. in diameter, is designed to run at 
1,500 r.p.m., and the minimum and maximum diameters 
of bore ground are ,'; in. and ? in., respectively. 

The work is held in a self-centring chuck, the appear- 
ance of which is rather masked in Fig. 1, by the splash- 
guard which surrounds it. The height of the centres is 
4% in., and the spindle is hollow with a bore 3 in. 
in diameter. It has, in the standard machine, three 
speeds, namely, 1,100 r.p.m., 1,360 r.p.m. and 1,650 
'.p.m., but other speeds can be substituted by the use 
of change wheels. The work can be rapidly centred 
and fixed, and this feature, in conjunction with the 
rapidity of the grinding process, makes the machine 
ai economically productive one. On putting the 
piece into the chuck, a pin which fits the unground 
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Fie. 2. 


bore, is caused to enter the bore, and the piece is then 
clamped while it is thus centred. The pin is with- 
drawn before grinding commences. Clamping and 
releasing are effected by the small hand-wheel at the 
left of the work-head. Below and to the left of this 
hand-wheel is a lever, which, by means of a rack and- 
pinion device, traverses the slide on which the work- 
head is carried, and is used when the work is to be 
gauged or removed. Movement of the lever automati- 
cally stops the rotation of the chuck and opens the 
splash-guard which surrounds it. The work-head is 
not directly attached to the slide, but is mounted on an 
intermediate base which can be swivelled when a 
conical bore is to be ground. The slide is traversed, 
when normal grinding is proceeding, by a crank which 
is operated by a cam. The length of the crank can 
be adjusted so as to vary the traverse, and the stroke 
can also be increased when desired by fitting a special 
cam. The crank mechanism is adopted to ensure a 
positive motion to the stroke. In normal circum- 
stances, the maximum traverse of the work-head is 
‘x in., with a minimum traverse of 4, in. There are 
four speeds for the traverse ; thus, the slide may make 
either 52, 88, 168, or 256 strokes per minute. The 
cooling liquid is automatically turned on when the 
slide is being traversed by power, and is turned off 
when the power is disengaged. 

The drive is obtained from a 1-h.p. motor housed in 
the pedestal. The oil pump which operates the grinding 
wheel feed is, together with its tank, also housed in the 
pedestal, and these two may readily be removed 
as a whole. The grinding wheel is carried on a cross- 
slide which can be traversed by a hand wheel when 
required, but is also provided with an automatic 
traverse having a practically infinite range of variation. 
This is obtained by the oil gear previously referred to, 
the mechanism of which is so arranged as to by-pass 
all the oil delivered by the pump, so giving no traverse 
motion, or to regulate the discharge to a degree corre- 
sponding to the precise feed movement required. 
This method of feed control permits very fine limits 
being set. The exact amount of traverse required 
can be determined beforehand, as well as the time 
taken to make it—that is, the rate of feed; and this 
freedom of variation is valuable as affording a wide 
choice when work of widely differing nature as to 
material, &c., is handled. The feed is continued to 
a predetermined depth and then automatically returns 
to the starting point. Only one setting is, therefore, 





SuRFACE-GRINDING MACHINE. 


necessary to grind any number of pieces within the 
wearing capacity of the wheel. For dressing the wheel, 
a diamond tool, hinged to the slide, is provided.. This 
is swung into a vertical position when required, and 
the slide is traversed by hand. There is a micrometer 
adjustment on the power-feed mechanism, by means 
of which the periphery of the wheel, after grinding, can 
be returned to the predetermined position. This and 
other feed adjustments are determined on the box 
near the grinding-wheel drive, at the top right-hand 
corner of Fig. 1. 

The surface-grinding machine illustrated in Fig. 2 
differs in the application of the hydraulic principle 
from the internal-grinding machine of Fig. 1, in that, 
in this case, the work is traversed by oil-gear and the 
grinding wheel by hand. It is also capable of dealing 
with work of much larger dimensions, as is indicated by 
the fact that the longitudinal traverse of the table is 
24 in. and the cross traverse is 7in. As will be evident 
from Fig. 2, the machine is of the horizontal spindle 
type. The maximum distance from the table to the 
centre of the spindle is 13 in., and the largest size of 
grinding wheel admissible is 7 in. in diameter by 
8 in. thick. A particular feature of the machine is 
the provision for the removal of dust and the protec- 
tion of the moving parts from it. A cardinal advantage 
of the hydraulic drive for the table is the infinite 
variations of the rate of traverse that can be obtained 
by the movement of a single lever, i.e., from zero to 
16 ft. per minute. This flexibility makes it possible 
to use the machine for rough and finish grinding with 
the same wheel, a feature which, it is claimed, is not 
possible with any gear-driven machine. A _self- 
contained motor drive is employed, a motor of 1} h.p. 
being required. This drives the spindle at a speed of 
2,800 r.p.m. through a belt 1? in. wide. 

As will be seen from Fig. 2, the table is carried on a 
cross-slide, which itself traverses on two vee-guides. 
The table runs on one vee and one flat guide, and has 
a working surface of 24 in. by 6} in. It is driven by 
a rack and pinion gear which moves the table at twice 
the speed of the piston of the oil gear. The table is 
reversed through the action of adjustable stops on a 
lever connected with the oil-gear. The cross feed may 
be varied from 0-005 in. to 0-070 in., and may be 
applied by the handwheel seen in the centre of the 
figure, or automatically by the pawl and ratchet gear 
below it. This gear is operated by the oil-feed 
apparatus, and the feed is varied as required by altering 
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the stroke of the pawl on the crank disc shown. Ad- 
justable stops are provided which trip the cross feed 
at the required point, by opening a valve and allowing 
the oil to run back into the tank. All the moving 
parts of the oil-pressure mechanism are enclosed in the 
oil tank, and ali other driving mechanisms, with the 
exception of the ratchet drive for the cross feed, are 
inside the machine. A window through which the oil 
level can be observed is provided at the front of the 
machine, and all the oil channels are enamelled to 
prevent any possible contamination of the oil by 
grit from the castings. A thin mineral oil is used. 

The wheel-head column is a casting of box section, 
with the internal mechanism cased in at the top, and 
protected at the bottom by a collapsible leather cover 
allowing for vertical adjustment, which is made by the 
handwheel at the right-hand corner of the machine. 
The spindle bearings are noteworthy; they consist 
of long split bearings with a conical exterior contained 
in conical seats. A cylindrical portion of the bearings 
is threaded, and carries a nut the periphery of which 
is formed as a worm wheel. The nuts are rotated by 
a small worm, and, by forcing the bearings in or out 
of the conical seats, contract or expand them as desired, 
without introducing any eccentricity. The driving 
belt is taken up to the top of the column over a spring- 
loaded jockey pulley and down again. The belt 
pull on the spindle is, therefore, in an upward direction ; 
that is, in the same direction as the thrust on the wheel, 
and as the spindle is thus kept on the top half of the 
bearing, vibration is avoided. The end of the spindle 
opposite to the grinding wheel carries a balanced 
exhausting fan, the suction duct of which is led close 
to the wheel, as shown in the figure. The discharge 
from the fan may be led into an air filter in which all 
entrapped dust is retained for removal at intervals. 
The wheel is trued by a diamond in a holder clamped 
to the table and traversed across the periphery of the 
wheel. The machine is also made with a 12-in. by 
6}-in. table, having a 12-in. grinding length, all speeds 
and feeds being the same as in the larger machine. 








LAUNCHES AND TRIAL TRIPS. 


“Carpe MELVILLE.’’—Steel screw trawler. Launch, 
October 21. Main dimensions, 140 ft. by 24 ft. by 14 ft. 
Built by Messrs. Cochrane and Sons, Limited, Ouse 
Shipbuilding Yard, Selby, for owners at Hull. 

“* GLOFIELD,”’—Single-screw grain-carrying steamer ; 
triple-expansion engines supplied by Messrs. Blair and 
Company, Limited, Stockton-on-Tees. Launch, October 
21. Main dimensions, 414 ft. by 53 ft. 6 in. by 35 ft. 6 in. 
Built by Messrs. Craig, Taylor and Company, Limited, 
Stockton-on-Tees, for The Globe Shipping Company, 
Limited, Cardiff. 


‘“* Karmtro.’’—Self-trimming coal-carrying steamer ; 
triple-expansion engines. Trial trip, October 25. Main 
dimensions, 284 ft. by 46 ft. by 21 ft. Built for Messrs. 
The Union Steamship Company of New Zealand, Limited, 
by Messrs. Cammell Laird and Company, Limited, 
Birkenhead. 

“VERNON Crty.’’—Grain-carrying steamer; triple- 
expansion engines. Trial trip, October 30. Main dimen- 
sions, 400 ft. by 54 ft. 3 in. by 28 ft. Built to the order 
of Messrs. Sir William Reardon Smith and Sons, Limited, 
Cardiff, by Messrs. William Gray and Company, Limited, 
West Hartlepool. 

*“ DUNBAR CASTLE.”’—Twin-screw passenger and cargo 
motorship for service to South and East Africa; six- 
eylinder, single-acting, Harland-B. & W. Diesel engines. 
Launch, October 31. Main dimensions, 470 ft. by 
61 ft. by 35ft. 3in. Built by Messrs. Harland and Wolff, 
Limited, Govan, for Messrs. The Union Castle Mail 
Steamship Company, Limited. 

“* KAREPO.”’—Singie-screw self-trimming (cantilever- 
system) coal-carrying steamer; triple-expansion engine. 
Launch, October 31. Main dimensions, 284 ft. by 
46 ft. by 20 ft. 9 in. Built by Messrs. Cammell Laird 
and Company, Limited, Birkenhead, for Messrs. The Union 
Steamship Company of New Zealand, Limited. 

“ SuntrapP.”’’—Single- screw, self-trimming collier; 
triple-expansion engine supplied by Messrs. George Clark, 
Limited, Sunderland. Trial trip, October 31. Main 
dimensions, 226 ft. by 32 ft. by 15 ft. 6 in. Built by 
Messrs. R. & W. Hawthorn, Leslie and Company, Limited, 
Hebburn-on-Tyne, for The Gas Light and Coke Company, 
London. 

“Tuscan Srar.’’—Twin-serew 
motorship ; Sulzer Diesel engines. Launch, October 31. 
Refrigerated cargo space 600,000 cub. ft. Built by 
Messrs. Palmers Shipbuilding and Iron Company, Limited, 
Hebburn-on-Tyne, for Messrs. The Blue Star Line (1920), 
Limited, London. 

““ ANGLO-AFRICAN.”’—Cargo steamer; quadruple- 
expansion engines supplied by Messrs. North Eastern 
Marine Engineering Company, Limited, Wallsend-on- 
Tyne. Launch, November 1. Main dimensions, 439 ft. 
6 in. by 58 ft. by 36 ft. 6in. Built to the order of Messrs. 
Lawther, Latta and Company, Limited, for Messrs. The 
Nitrate Producers’ Steamship Company, Limited, London, 
by Messrs. Short Brothers, Limited, Pallion, Sunderland. 

‘“TEwERA.’’—Steel screw trawler. Launch, November 2. 
Main dimensions, 135 ft. by 24 ft. 9in. by 14 ft. 7 in, 
Built by Messrs. Cochrane and Sons, Limited, Ouse 
Shipbuilding Yard, Selby, for owners at Milford Haven. 


refrigerated cargo 











ENGINEERING. 
TENDERS. 

We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Diesel Engines.—The supply and erection of two Diesel 
engines and accessories. The Egyptian Ministry of 
Public Works, Mechanical and Electrical Department, 
Cairo; January 4, 1930. (Ref. No. A.X. 8745.) 

Pumping Plant.—The supply and erection of electric- 
ally-driven pumping plant, with ironwork, crane, and 
gantries for the Junee water-supply. The Public Works 
Department of New South Wales, Australia ; December 
16. (Ref. No. A.X. 8740.) 

Constructional Steelwork.—The supply and delivery 
only of constructional steelwork, &c., for engine shed 
and repair shop, Salt River. The South African Rail- 
ways and Harbours Board, Johannesburg ; December 19. 
(Ref. No. A.X. 8742.) 

Electric-Generating Plant.—The supply of two fire- 
tube boilers, steam engines, alternators, switchboard, 
&e. The Municipality of Gatooma, Southern Rhodesia ; 
December 12. (Ref. No. A.X. 8749.) 

Electric-Generating and Pumping Sets.--The supply 
and delivery of electric-generating and pumping sets for 
the Mankabad Barracks, Egypt. The Egyptian Ministry 
of Public Works; December 28. (Ref. No. B.X. 5842.) 

Augers.—The supply of Scotch screw-eye augers and 
sleeper-boring machine augers. The South African 
Railways and Harbours Board, Johannesburg ; December 
5. (Ref. No. B.X. 5848.) 

Tramway-Car Material.—The supply of tramway-car 
axles, gear wheels, pinion wheels, and semic-elliptic 
springs. The City of Johannesburg, South Africa ; 
November 21, 1929. (Ref. No. A.X. 8750.) 

Copper Conductors.—The supply of hard-drawn, high- 
conductivity, bare solid copper conductors for overhead- 
power transmission for the year commencing January 15, 
1930. The India Store Department, New Delhi; 
November 21. (Ref. No. A.X. 8759.) 

Mains and Valves.—The supply of 89,000 ft. of rising 
main, specials, sluice valves, air valves, &c. The India 
Store Department, New Delhi; November 27. (Ref. 
No. A.X. 8762). 


BOOKS RECEIVED. 


United States Bureau of Mines. Bulletin No. 303. Tests 
of Strength of Roof Supports used in Anthracite Mines 
of Pennsylvania. [Price 15 cents.] Miners’ Circular 
No. 36. Advanced Mine Rescue Training. Part IV. 
By J. J. Forses and G. W. Grove. [Price 15 cents. ] 
Washington : Government Printing Office. 

Gas Fires and Their Settings. By Sir LAwReEenceE 
WEAVER. London: The Fanfare Press. [Price 7s. 6d.] 

The Strength of Shafts in Vibration. By J. Morris, 
London: Crosby, Lockwood and Son. [Price 30s. 





net. } 

Department of Scientific and Industrial Research. Report 
of the Food Investigation Board for the Year 1928. 
London: His Majesty’s Stationery Office. [Price 
3s. 6d. net. ] 

Royal Geographical Society. R.G.S. Technical Series 
No. 2. Wireless Time Signals for the Use of Surveyors. 
By A. R. Hiyxs. Third Edition. London: Royal 
Geographical Society. [Price 3s.] 

Department of Scientific and Industrial Research, and 
Imperial Forestry Institute. Forest Products Research. 
Bulletin No. 3. British Hardwoods. Their Structure 
and Identification. By L. CHALK and B. J. RENDLE. 


London: His Majesty’s Stationery Office. [Price 
5s. net. ] 
Advanced Mathematics for Students of Physics and 


Oxford University 


Engineering. By D. HumpnHrey. 
[Price 12s. 6d. 


ress. London: Humphrey Milford. 
net. ] 

Elettrotecnica. Parts I and II, 
Sartori. Milan: Ulrico Hoepli. [Price Lire 120.] 
Canada, Department of the Interior. Dominion Water 
Power and Reclamation Service. Water Resources 
Paper No. 57. Surface Water Supply of Canada. 
Arctic and Western Hudson Bay Drainage (and Missis- 
sippi Drainage in Canada) in Alberta, Saskatchewan, 
Manitoba and Western Ontario. Climatic Year 1926-27. 
Ottawa: Dominion Water Power and Reclamation 

Service. 

Evolventen - Sternradgetriebe. Berechnung, Herstellung, 
Prufung. By R. HERRMANN. Berlin: Julius Springer. 
[Price 9-60 marks. ] 

Telegraphy and Telephony including Wireless. By E. 
Mattetr. London: Chapman and Hall, Limited. 
[Price 21s. net. ] 

The Balancing of Oil Engines. By W. Ker Wutson. 
London: Charles Griffin and Company, Limited. 
[Price 25s. net. ] 

The Electrical Contractors’ Year Book, 1920-30. London: 
Electrical Contractors’ Association. [Price 5s.] 

Proceedings of the Institution of Heating and Ventilating 
Engineers. Vol. XXVIII. 1928-1929. London: 
Offices of the Institution. 

American Society for Testing Materials. 
Tentative Standards, 1929. Philadelphia : 
of the Society. [Price 7 dols.] 

Department of Overseas Trade. Economic and Financial 
Conditions in Japan to June 30, 1929. Report. By G. B. 
Sansom, and R. Bouter. With Annexes of the 
Trade of Formosa and Corea, London: His Majesty’s 
Stationery Office. [Price 3s, net.] 


By L. Donatt and G., 


A.S.T.M. 
Offices 
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NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Transactions in Cleveland 
pig iron are not numerous nor heavy, but stocks are low 
and current needs almost absorb the make. The already 
very healthy statistical situation is strengthened by the 
decision of Messrs. Bolekow, Vaughan and Co., Limited, 
to blow out a furnace, which will reduce the numbe: 
running on Cleveland pig to eight. Furnaces in blast 
producing hematite, basig and other kinds of iron numbe: 
37. Several idle furnaces are ready for re-lighting 
as soon as the supply of raw material is such as to justify 
movements in that direction. Cleveland pig producers 
adhere firmly to the fixed minimum prices that have 
ruled for some months past, though second hands are 
selling small parcels at rather lower figures. Makers 
report a moderate home business passing for delivery 
up to the end of the year, but sales to overseas firms 
continue quite trifling, customers abroad being as un- 
willing as ever to pay the rates demanded. No. | grade 
of iron is 75s.; No. 3 g.m.b., 72s. 6d.; No. 4 foundry, 
71s. 6d.; and No. 4 forge, 71s. 

Hematite.—East-Coast hematite is in moderate demand 
both for home use and for shipment to the Continent. 
Prices are moving in the right direction, but progress is 
much too slow to satisfy producers, who complain that 
rates now obtainable are still quite 2s. below cost. Mer- 
chants are not keen sellers in view of prospect of further 
rise in prices, and some makers are disposed to hold off 
the market until values touch remunerative level. 
Quotations are governed by the price of ordinary quali- 
ties, which stands at 78s. 


Foreign Ore.—Sales of foreign ore are few and small, 
but values and prices are well upheld at the equivalent 
of best rubio at 24s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.-—Durham blast-furnace coke is 
becoming more and more scarce, and the outlook for the 
near future is causing much uneasiness. Values are 
rising, and the minimum figure now named for good 
average kinds, delivered here, is 24s. 

Manufactured Iron and Steel.—Manufactured-iron firms 
are busy, and prices are firm. Orders for semi-finished 
steel are not easily secured in the face of undercutting by 
foreign producers, but local makers have quite a lot of 
contracts to execute, and are not disposed to lower 
quotations. In the finished steel trade also, Continental 
competition is severe, but some improvements of demand 
for structural material is reported and distribution of 
specifications for shipbuilding requisites is on a fairly 
good scale. Common iron bars are 10/. 15s. ; best bars, 
lll. 5s.; double best bars, 11/. 15s. ; treble best bars, 
121. 5s.; iron rivets, 111. 10s.; packing (parallel), 8J. ; 
packing (tapered), 10/.; steel billets (soft), 67. 17s. 6d. ; 
steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 2s. 6d.; steel rivets, 11. 5s.; steel ship plates, 
81. 12s. 6d. ; steel angles, 8/. 2s. 6d. ; steel joists, 8/. 2s. 6d.; 
heavy sections of steel rails, 9/.; fish plates, 13/.; black 
sheets, 10/. 5s.; and galvanised corrugated sheets, 
131. 2s. 6d. 

Imports of Iron and Steel to the Tees.—Official returns 
issued this week show that imports of iron and steel 
to the Tees from overseas and coastwise during the 
twelve months ending October 31 last, totalled 183,958 
tons, as compared with 222,626 tons for the same months 
a year ago, and only 54,564 tons in the corresponding 
pre-war period ending October, 1914. Last month’s 
imports of pig-iron are given at 530 tons, as compared 
with 940 tons in October last year, and nil in October, 
1914, 

Shipments of Iron and Steel.—Aggregate iron and steel 
shipments from the Tees last month are officially returned 
at 96,864 tons, comprising 25,711 tons of pig-iron, 3,451 
tons of manufactured iron, and 67,702 tons of steel. The 
total clearances were 20,000 tons more than those of 
September, and only 48 tons short of the heaviest monthly 
loadings this year, which were in April. Once more 
Scotland was the largest purchaser of pig-iron, taking 
7,144 tons, while Belgium accepted 5,215 tons ; France, 
2,058 tons; Italy, 2,051 tons; and Sweden, 1,348 tons. 
The chief customer for manufactured iron was Natal, 
with an import of 773 tons. Principal receivers of stee! 
were: India, 11,197 tons; Australia, 7,178 tons; New 
Zealand, 5,324 tons; The Cape, 4,653 tons; Natal, 3,273 
tons; Norway, 3,114 tons; Kenya, 2,946 tons; Japan, 
3,690 tons; and Argentine, 2,486 tons. 








NOTES FROM THE NORTH. 


Guiascow, Wednesday. 


Scottish Steel Trade.—In the Scottish steel trade there 
is still a fair amount of business passing, but most 
establishments are quite capable of a very much larger 
output than is general at present. Consumers are still 
confining their transactions within narrow limits and 
practically no distance ahead can be seen. The general 
outlook is not very bright and quite a lot of plant is not 
in operation. Further, there seems little prospect of a1) 
more being put into commission this year. Specifications 
from shipbuilders remain steady, and judging from th: 
contracts recently secured the present state is likely tv 
continue. On the export side, the tonnage has bec! 
only fair recently, but with the approach of winte! 
conditions in Canada, there is a slight spurt in shippin, 
at the moment. In the black-sheet trade the prevailing 
conditions are satisfactory but the demand from th 
East has not yet reached anticipations. There has been, 
however, quite a good tonnage exported and inquiries 
show signs of an improvement. Buyers in India and 
South America have been more prominent of late. The 
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current prices are as follow :—Boiler plates, 101. 10s. 
per ton; ship plates, 8/2. 12s. 6d. per ton; sections, 
8l. 2s. 6d. per ton; black sheets, }-in., 9/. per ton; and 
galvanised corrugated sheets (No. 24 gauge), 13/. 2s. 6d. 
per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—No change has taken place in 
the West of Scotland malleable-iron trade during the week. 
The demand is still poor and hand-to-mouth conditions 
prevail all round. Producers of re-rolled steel bars are 
rather quiet just now as buyers are little in evidence. 
With the trade in its present state the competition for 
any business on offer is extremely keen and prices are 
very severely cut. The following are the market quota- 
tions :—‘‘ Crown” bars, 10/7. 5s. per ton for home 
delivery and 9/. 15s. per ton for export; re-rolled steel 
bars, 71. 15s. per ton for home delivery and for export. 


Scottish Pig-Iron Trade.—In the pig-iron trade of Scot- 
land there has not been any improvement in the demand 
and a quiet tone prevails. Deliveries of hematite to the 
steel works are still fairly good, but foundry iron continues 
dull. No change has been made in official prices, which 
are as follow :—Hematite, 80s. per ton, delivered at the 
steel works ; foundry iron, No. 1, 78s. 6d. per ton, and 
No. 3, 76s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, November 2, amounted to 1,129 tons. Of 
that total, 1,059 tons went overseas and 70 tons coast- 
wise. During the corresponding week of last year the 
figures were 553 tons overseas and 26 tons coastwise, 
making a total shipment of 579 tons. 


Scottish Shipbuilding—Conditions in the Scottish 
shipbuilding industry continue to be fairly satisfactory 
and quite a lot of work is being overtaken. The output 
figures testify to this and the past month was no excep- 
tion, as 28 vessels making 64,410 tons were launched. 
The details are as follow— 





Vessels. Tons. 

The Clyde 20 57,412 

The Forth 4 6,458 
The Tay eae ae wa a — 

The Dee and Moray Firth ... + 540 

Total due - > 28 64,410 


The Clyde total for the year to date is now 458,513 
tons, as compared with 498,658 tons for the same period 
of last. year, and 559,834 tons for the corresponding ten 
months of the record year of 1913. Taken generally, 
there has been quite a fair amount of activity in the 
Clyde yards this year. There has been no rush of new 
contracts, but each month brings forth a few more, and 
during the month of October, 24 were reported. A number 
of these were for small craft, but all count in the total. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel—That a tendency towards better 
conditions has developed in the steel and engineering 
trades finds confirmation in the fact that orders for a 
variety of steel products have been booked, and that 
inquiries are more numerous than for a long time past. 
The drop in the Bank Rate is expected to act as a tonic 
to the heavy steel trades, and this, coupled with the 
benefits from the De-rating Bill, tends to give the outlook 
a brighter appearance. The raw and semi-finished steel 
trades have not maintained the recent improvement, but 
the decline in business is expected to be of temporary 
duration only. The major portion of the output is of basic 
materials, though acid steel is in slightly better demand 
following the receipt of heavy orders for railway materials. 
Though railway rolling-stock departments are operating 
at higher capacity there is still room for considerable 
improvement. British railways are not placing work 
at the rate desired, while South America is not such a 
good market as in the past. Substantial contracts, 
however, have been received from South Africa. Ship- 
building requirements have been maintained. Makers 
of tool steel have fair-sized order books, while producers 
of stainless steel are experiencing active conditions, 
and have been compelled to extend melting plant in 
order to keep pace with the demand. The call for 
automobile steel and fittings has improved. Varied 
conditions exist in implement and machinery manufacture. 
Development schemes in this country and abroad have 
been responsible for the placing of some valuable contracts 
for electrical apparatus. Coal mining equipment does 
not make much headway on home account, but export 
requirements are on the upgrade. Makers of all kinds 
of edge tools are meeting with competition from the 
Black Country, but are attracting a fair share of the work 
in circulation. 


South Yorkshire Coal Trade.—The coal trade generally 
shows improvement. The demand for industrial fuel 
has been more than maintained, and the tonnage trans- 
ported from the collieries is on the increase. The house- 
coal market displays little alteration. A movement 
towards increased purchases is expected to develop 
now that wintry weather is being experienced. Good 
business continues to be done in all classes of coke. 
Steelmaking sorts are active at round about 40s. per ton. 
Blast-furnace makes are also strong at 23s. to 24s. f.o.b. 
Chere is a brisk market for foundry and furnace coke, 
while gas coke is firm at 25s. f.o.b. Quotations: Best 
branch 26s. 6d. to 28s. Derbyshire best bright house, 
21s, to 288.; best house coal, 20s. 6d. to 21s. 6d. ; screened 
house coal, 18s. 6d. to 20s. ; screened house nuts, 16s. 6d. 
to 18s. ; Yorkshire hards, 15s. 6d. to 17s. 6d. ; Derbyshire 
hards, 15s, 6d. to 17s. ; rough slacks, 9s. to 10s.; nutty 
slacks, 7s, to 8s. ; smalls, 3s. to 5s. 








NOTICES OF MEETINGS, 


Puysicat Socrery.—To-night, 5 p.m., Imperial 
College of Science, South Kensington, S.W.7. ‘“ Dia- 
magnetism and Molecular Structure,” by Prof. Sir C. V. 
Raman, 

ILLUMINATING ENGINEERING SOCIETY.—To-night, 6.30 
p.m., Royal Society of Arts, John-street, Adelphi, W.C.2. 
‘*The Nature and Effects of Glare,” by Mr. W. S. Stiles. 


Junior InsTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. Annual General Meeting. 
Friday, November 15, 7.30 p.m., “‘ Nickel and its Uses 
in Engineering,” by Mr. W. T. Griffiths. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Scottish Branch : 
Saturday, November 9, 4 p.m., Royal Technical College, 
Glasgow. ‘* Nickel in the Cast-Iron Foundry,” 
Dr. A. B. Everest. Wales and Monmouth Branch: 
Saturday, November 9, 6.30 p.m., University College 
Newport-road, Cardiff. “Making Iron in Primitive 
Times,” by Professor A. A. Read. Lancashire Branch : 
Burnley Section: Tuesday, November 12, 7.15 p.m., 
Municipal College, Ormerod-road, Burnley. ‘‘ A Compre- 
hensive Paper,” by Mr. E. Flower. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
November 11, 7 p.m., Victoria Embankment, W.C.2. 
Informal Meeting. ‘Discussion on Temporary Expedients 
in Engineering,” opened by Mr. W. E. Highfield. North- 
Eastern Centre: Monday, November 11, 7 p.m., Arm- 
strong College, Newcastle-upon-Tyne. ‘‘ The Heating of 
Buildings Electrically by Means of Thermal Storage,” 
by Lieut.-Col. S. E. Monkhouse and Mr. L. C. Grant. 
South Midland Centre : Monday, November 11, 7 p.m., 
The University, Edmund-street, Birmingham, “ Voltage 
Control of Large Alternators,” by Mr. H. W. T. Taylor. 
North Midland Centre: Tuesday, November 12, 7 p.m., 
Hotel Metropole, Leeds. ‘“‘ Feed Heating by Extracted 
Steam in Generating Stations,” by Mr. E. J. Evans. 
Scottish Centre: Tuesday, November 12, 7.30 p.m., 
Royal Technical College, Glasgow. Chairman’s Address 
by Mr. G. Morgan. 

InstiTuTE oF Metats.—-Scottish Local Section : Mon- 
day, November 11, 7.30 p.m., Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. ‘Some Difficulties in Aluminium Alloy 
Founding, and Some Remedies,” by Mr. G. Mortimer. 
North-East Coast Local Section : Tuesday, November 12, 
7.30 p.m., Armstrong College, Newcastle-upon-Tyne. 
‘‘ Age Hardening in Alloys,” by Dr. R. Hay. Swansea 
Local Section: Wednesday, November 13, 7 p.m. The 
Thomas Café, High-street, Swansea. “The Effect of 
Some Impurities in Copper,” by Mr. W. E. Prytherch. 
Birmingham Local Section: Thursday, November 14, 
7 p.m., Chamber of Commerce, New-street, Birmingham. 
Joint Meeting with the Birmingham Metallurgical 
Society and the Staffordshire Iron and Steel Institute. 
Open discussion on “ Rolling.’’ London Local Section : 
Thursday, November 14, 7.30 p.m., Royal School of 
Mines, South Kensington, S.W.7. ‘‘ Mineral Flotation,” 
by Mr. H. L. Sulman. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Novem- 
ber 12, 6.30 p.m., 85/88, The Minories, E.C.3. ‘‘ The 
Opposed Piston Oil Engine,’ by Mr. J. Harbottle. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Coventry 
Centre: Tuesday, November 12, 7.30 p.m., King’s 
Head Hotel, Coventry. ‘‘The Super-Sports Motor 
Cycle,”’ by Mr. J. Wallace. 

INnstTITUTION oF Gas ENGINEERS.—Autumn Meeting, 
Wednesday, November 13, and Thursday, November 14. 
Institution of Electrical Engineers, Victoria Embank- 
ment, W.C.2. Wednesday, November 13, 11 a.m., 
Charter By-Laws. Supplementary Report to the 23rd 
Report of the Joint Research Committee of the Institu- 
tion and Leeds University. Discussion of the 22nd 
and 23rd Reports of the Joint Research Committee of 
the Institution and Leeds University—Studies in Car- 
bonisation—Parts IV and V. Discussion of the Gas 
Research Fellowship—1929 Report. At 2.30 p.m., 
Statement on Use of Creosote in C.W.G. Plants. Dis- 
cussion of the Report of the Refractory Materials Joint 
Committee, 1929. At 7.30 p.m., Charter Dinner, Cri- 
terion Restaurant, Piccadilly Circus, W.1. Thursday, 
November 14, 11 a.m. Discussion of the Ist Report of 
the Ammonia Sub-Committee. At 2.30 p.m., Discussion 
of the 3rd Report of the Effluents Sub-Committee. 

InstTITUTION OF PRopUCTION ENGINEERS.—Birming- 
ham Branch: Wednesday, November 13, 7 p.m., Grand 
Hotel, Birmingham. ‘“‘ Mould Design for Synthetic 
and other Compounds,” by Mr. H. T. Richardson. 

Betrast ASSOCIATION OF ENGINEERS.-—-Wednesday, 
November 13, 7.30 p.m., Municipal College of Technology, 
Belfast. ‘‘ Industrial Lighting as an Engineering 
Science,’ by Mr. L. M. Tye. 

Royat Socrety or Arts.—Wednesday, November 13, 
8 p.m., John Street, Adelphi, W.C.2. ‘“‘ New Develop- 
ments in Hydraulic Pneumatic Engineering,” by Mr. 
J. O. Boving. 

INSTITUTION oF CiIvIL ENGINEERS.—Birmingham and 
District Association: Thursday, November 14, 6 p.m., 
Chamber of Commerce, New-street, Birmingham. 
Chairman’s Address by Mr. R. Green. 

INSTITUTION OF MECHANICAL ENGINEERS.—South 
Wales Branch: Thursday, November 14, 6.30 p.m., 
South Wales Institute of Engineers, Cardiff. Chairman’s 
Address by Mr. H. D. Madden. London: Friday, 
November 15, 6 p.m., Storey’s-gate, S.W.1. ‘‘ Journal 
Bearing Practice,” by Mr. F. Hodgkinson. 

INSTITUTION OF WELDING ENGINEERS.—Thursday, 
November 14, 7.30 p.m., Caxton Hall, Westminster, 
§8.W.1. ‘The Manufacture and Standardisation of 
Eye-Protective Glasses,” by Dr. W. M. Hampton, 








INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
November 14, 6.30 p.m., 10, Upper Belgrave-street, 
8.W.1. ‘‘ New Underground Railway Offices, St. James’s 
Park—Notes on Foundations and Erection,” by Mr. 
J. C. McCarthy. 

Socrety or CHEMICAL INDUSTRY: CHEMICAL ENGIN- 
EERING GRoup.—Thursday, November 14, 7.30 p.m., 
Victoria Station Hotel, Nottingham. Joint Meeting 
with Nottingham Section. ‘The Scientific Heating 
of Liquids and Gases,’’ by Mr. J. A. Reavell. 

OpticaL Socrety.—Thursday, November 14. 7.30 
.m., Imperial College of Science and Technology, 
outh Kensington, 8.W.7, Lecture and Demonstration. 
‘The Busch Optometer (Eye Refractor)” and “A 
Glare-Free, Reflexless, Stereoscopic, Hand Ophthalmo- 
scope for Oculists and Clinics,” by Mr. A. G. Frewin. 

Nortu-East Coast INSTITUTION oF ENGINEERS AND 
SHIPBUILDERS.—Tees-side Branch: Thursday, Novem- 
ber 14, 7.30 p.m., Cleveland Scientific and Technical 
Institution, Corporation-road, Middlesbrough. ‘‘ Notes 
on Practical Marine Engineering Problems,” by 
Eng.-Capt. J. J. Sargent. | Newcastle-upon-Tyne : 
Friday, November 15, 6 p.m., Mining Institute, New- 
castle-upon-Tyne. ‘“‘The Behaviour of a Cargo Vessel 
— a Winter North Atlantic Voyage,” by Dr. B. C. 

aws. 

INsTITUTION oF LocomoTIVE ENGINEERS.—WNorth- 
Eastern Centre: Friday, November 15, 7 p.m., Hotel 
Metropole, Leeds. ‘Compound Locomotives,” by 
Mr. E. W. Selby. 

INSTITUTE OF FuEL.—Friday, November 15, 7 p.m., 
University College, Nottingham. ‘‘Coals and their 
Impurities,” by Dr. J. W. Whitaker. 

Royat AERONAUTICAL Socrety.—Friday, Novem- 
ber 15, 7.30 p.m., St. Ermin’s Hotel, Caxton-street, 
8.W.1. Discussion on ‘‘ That this Meeting is of the 
opinion the present Rules for the Schneider Trophy 
Race and the High-Speed Record are not consistent 
with the proper Development of High-Speed Aircraft.” 
by Major J. 8S. Buchanan. 

Roya Sanrrary InstirutTe.—Friday, November 15. 
7.30 p.m., Town Hall, Carlisle. ‘“‘Town Planning of 
Built-up Areas,’’ by Mr. P. Dalton. ‘‘ Some Dangers 
= _ of Small Water Supplies,” by Mr. C. J. H. 

tock. 


NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 
The Coal Trade.—Though open market business is quiet, 
and colliery owners and exporters have suffered from 
delays to shipping, caused by bad weather and fogs, 








shipments foreign as cargo last week totalled 541,770 


tons, which was 75,000 tons more than in the preceding 
week and represented the largest aggregate since the 
middle of July. The improvement was largely due to 
the export of 179,000 tons to France, the largest quan- 
tity for any week of this year, while Australia also took 
20,000 tons. Moreover, clearances to the Argentine were 
raised from 39,400 tons to 55,000 tons, to Brazil from 
29,000 tons to 33,000 tons, and to Portugal from 7,000 
tons to 25,000 tons. A good demand has developed for 
dry large coals as a substitute for anthracite, and prices 
for the best grades have been raised by 6d. to from 19s. 6d. 
to 20s. 6d., while the ordinary qualities range from 19s. 
to 19s. 6d. and are difficult to stem at these figures. 
Other classes of large, however, remain in plentiful 
supply at schedule prices, based on 20s. for best Admiralty 
large, despite the continued stoppage of some 5,000 men 
in the Garw Valley in connection with non-unionist 
strikes. Production of large has consequently suffered, 
and as a result, the output of small has been curtailed. 
In many cases colliery salesmen will not sell small 
except in conjunction with large, and even so, prices 
are about 2s. 6d. per ton above the minima, the best 
bunkers sorts realising 14s. to 14s. 6d., and cargo qualities 
from 13s. up. Demands for sized products have eased off, 
but most concerns are comfortably placed with old 
orders, and consequently prices show little change. 
Dry nuts are scarce at 29s. to 30s., but bituminous classes 
are irregular at 19s. 6d. to 20s. 6d., while duffs are also 
more freely available, with dry duff from 12s, 6d. to 
13s. 6d., washed dry duff from 14s. 6d. to 16s., and 
bituminous washed duff from 16s. 6d. to 17s, 6d. The 
uncertainty regarding the conditions which will operate in 
coalfields so far as wages and hours are concerned, next 
year, is checking business for deliveries ahead. Until 
the collieries know the new conditions it is impossible 
for them to estimate the extra costs which will be 
involved. At the same time, buyers are unwilling to 
pay more than current values, which under altered 
conditions, would involve heavy losses. Consequently 
both sellers and buyers are marking time, as colliery 
salesmen are not disposed to take the risk of selling at 
current figures. 

Heavy Chartering.—Charterin 
Welsh coal was very heavy in 
the best for any month for at least six years. Vessels to 
load at Cardiff totalled 1,201,080 tons, which was 
155,000 tons more than was fixed in September, while 
the Swansea aggregate of 413,640 tons, recorded an 
improvement of 148,000 tons, and was the highest total 
since before the war. The bulk of the tonnage was 
taken to load for the Mediterranean and near French 
ports, though a good proportion was chartered to carry 
coal to South America. 

Fifty-Ton Wagons.—A coal conveyor is to be erected at 
the Roath Dock, Cardiff, capable of dealing with wagons 
having a capacity of 50 tons. The present wagons are 
20-tonners, and are the largest used in the Welsh 
export trade. If the new conveyor is satisfactory, four 
others are to be erected, 


for the loading of 
ctober, the total being 
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PLATE LXIV. 





EL {(OMMERCIAL CHASSIS. 


BEAN chs, LIMITED, ENGINEERS, TIPTON. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 
TrizcrapHic ) “ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NuMBER—TEMPLE BAR 3663 
(2 lines). 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 








advance :— 
For the United Kingdom....................:0 £3 5 0 
For Canada— 
Thin paper Copies ..............cseee0 £2 18 6 
Thick paper COPieS................:00+ £3 3 0 
For all other places abroad— 
Thin paper copies .............ccscsee £3 3 0 
Thick paper copies........ £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Poston Thursday. In consequence 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of publication. 


All accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
N.S.W. T. Willmett and Company, Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia. 
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DENMARK, Copenhagen: Kaat-Jensen and Company, Vester 
Farimagsgade 22. 

EDINBURGH : John Menzies and Company, Limited, Rose-street. 

FRANCE, Paris: Ricour, Chevillet et Cic. 22, Rue de la Banque. 

GERMANY: Hermann Fromm, Liitzowstrasse, 84, Berlin, W.35 

GLASGOW : William Love, 221, Argyle-street. John Menzies and 
Company, Limited, West Nile-street. 
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PROGRESS IN COMMERCIAL-VEHICLE 
DESIGN. 


THERE has been a marked tendency in recent 
years to higher speeds in all classes of motor 
vehicles, and even though this may result in a shorter 
life, it is probably sound, as tending to encourage 
traffic flow, and in the case of commercial vehicles, 
to reduce the time between receipt and delivery 
of goods or passengers. A shorter life is, however, 
by no means a necessary corollary of higher speeds, 
but this point is, perhaps, best discussed in connec- 
tion with design. Two other important recent 
developments in commercial vehicle design, both 
to some extent associated with the question of 
increased speed, are the initiation of long-distance 
passenger services, and the marked extension in the 
employment of rigid six-wheeled vehicles. All 
these developments, were, however, in being at 
the time of the last Commercial Vehicle Exhibition, 
held two years ago, and, although a forward 
tendency has since been in evidence in each of the 
three directions mentioned, a superficial examina- 
tion of the latest models would suggest that there 
has been no marked development in chassis design 
in the intervening period. 

It would be an interesting, and by no means 
difficult, occupation to draw up a specification for 
a lorry chassis, say, in the 30-cwt. class, which 
could be applied impartially to a large number of 
different makes, with slight modifications in the 
cylinder bore and stroke, and perhaps in the overall 
chassis dimensions. Further, it would probably be 
found that this specification could be equally applied 
to models shown at the 1927 exhibition. At first 
sight, this would suggest that design was stationary, 
but such a specification would only include the 
general layout, and not the minor details. Except 
in the case of an exceptional development, such as 
the rigid-six wheeler, it is, however, in the variation 
of minor details that design progresses, and it is 
also in this respect that the model of one maker 
usually differs from that of another. 

So far as commmercial-vehicle design is concerned, 
the object of the designer is to secure the highest 
ratio between useful load and tare weight, while 





paying due consideration to such questions as 


and it is precisely because no two designers or 
purchasers can agree on the relative importance to 
be attached to each of these factors, that a number 
of alternative designs in the same class are avail- 
able. Increased speed has been secured by raising 
the power-weight ratio, and it may be said that, 
in general, this has been done without reducing 
the useful life of the vehicle, basing the useful life 
on mileage and not on age in years. A higher 
power-weight ratio may be secured either by 
increasing the power of the engine without increasing 
its weight, or by reducing deadweight at various 
points on the vehicle without reduction in strength. 
Progress in both directions has fortunately been 
rendered possible by advances in the metallurgy 
of both steel and aluminiun alloys, and while taking 
advantage of this factor, designers have also cut 
down useless weight by devoting more attention to 
the design of individual parts. As a result, the 
latest models, while apparently bearing a close 
resemblance to their predecessors, are capable of 
an appreciably higher performance, and generally 
represent better value for money. 

Commercial-vehicle designers are deeply in debt 
to the private car, more particularly as regards the 
engine. The tendency in private-car practice for 
some years has been to reduce the diameter, while 
increasing the number, of cylinders, and_ this 
tendency has been followed, although to a lesser 
extent, by the commercial-vehicle designer. Eight 
and twelve-cylinder engines are by no means 
uncommon on private cars, while there are actually 
more six than four cylinder models among the cars 
recently put on the market. In commercial-vehicle 
practice, on the other hand, engines having more 
than six cylinders are extremely rare, and the four- 
cylinder engine is still very widely used. The 
reason for this apparent conservatism on the part 
of commercia]-vehicle designers is to be found in the 
respective requirements of the two types of vehicle. 
The private-car owner attaches great importance 
to smooth running, rapid acceleration, and very 
high maximum speeds, while these factors, although 
of increasing importance for the commercial vehicle, 
are still of secondary value, as compared with 
reliability, ease of overhaul, and first cost. Apart 
from the actual number of cylinders, however, the 
commercial-vehicle engine has closely followed 
private-car design in the tendency to higher crank- 
shaft speeds, and speeds approaching 3,000 r.p.m. 
at full power are now not uncommon for the former 
type of engine. A high crankshaft speed affords 
one of the most valuable means of increasing the 
power-weight ratio, as it tends to the elimination 
of the slogging action which characterised the early 
commercial-vehicle engines. This action imposed 
high stresses on the various elements constituting 
the transmission, with the result that these elements 
required to be very robust and heavy to stand up 
to their work. High crankshaft speeds postulate 
light reciprocating parts, large valve areas, the 
avoidance of tortuous gas passages, and so on, and 
in all these respects, the two types of engine now 
present a close similarity. 

Increased road speed has necessitated a careful 
review of the design of suspension lay-outs. As 
in the case of wide torque variations in the engine 
output, inefficient suspension imposes high stresses 
on various parts of the chassis, which have to be 
made proportionately stronger, and, over any given 
road surface, these stresses increase rapidly with 
the speed. It is not, therefore, surprising to find that 
the movement towards higher road speeds has 
resulted in a marked extension in the employment 
of pneumatic tyres, a movement which has been 
further assisted by the rebate in taxation on 
vehicles fitted with such tyres. The springs 
themselves present a problem that cannot yet 
be said to have been satisfactorily solved on com- 
mercial vehicles. The variation in loading is 
usually much greater with the latter than with a 
private car, the designer of an omnibus, to carry 
50 passengers, for example, being called upon to 
design a suspension capable of adapting itself to 
a variation in load of some 7,000 lb. The obvious 
solution is a springing system which automatically 
adjusts itself to the load, but none of the efforts 
which have been made in this direction to date 





have been entirely satisfactory. Improvements 








have, however, been effected by the use of auxiliary 
springs and shock absorbers, and by utilising to 
the best advantage the superior spring steels 
now available. 

This is hardly the place for a detailed discussion 
of minor chassis improvements, although, as 
already stated, it is mainly in this direction that 
the vehicle of to-day is differentiated from that 
of two or three years ago. Confining ourselves 
to wider issues, it may be mentioned that the 
number of steam lorries in use in Great Britain 
at the beginning of the present year was about 
8,600, showing a drop of some 400 as compared 
with the previous year, while the total number of 
commercial petrol-driven vehicles was nearly 
296,000, an increase of some 20,000 over the previous 
year. These figures are symptomatic of the 
movements in the two classes for several years 
past, and suggest that the protagonists of the 
steamer are fighting a rearguard action. The 
older vehicle. still retains certain advantages tor 
heavy work, but its supremacy in this respect is 
being gradually threatened even in the industrial 
centres of the north. Rumours of a revolutionary 
development in steam vehicle practice have been 
prevalent for some time past, but the information 
available to date on this point is hardly convincing. 
A more serious threat to the omnipotence of the 
petrol lorry lies in the airless-injection engine. 
We have discussed this development comparatively 
recently, and need only add that three or four 
examples of goods vehicles fitted with this type 
of engine are on view at the Commercial Vehicle 
Exhibition, while others are on test in various 
parts of the country. A completely British-built 
vehicle of this type has been placed on the market 
for the first time within the last few weeks. 








THE RAILWAY WAGON QUESTION. 


ALTHOUGH we have never contended that the 
adoption of large-sized wagons would save this 
country from ruin, or recommended such a policy 
as the main issue on which to fight an election, we 
have consistently favoured the idea of the big 
unit, being convinced that it would bring advantages 
in its train. Such arguments as have been advanced 
in these columns, and for the most part those of 
other quarters, have perforce been based upon 
principles of railway economics, supported by the 
lessons of experience elsewhere. At the same 
time, we have admitted that there are arguments, 
here, on the other side, based on the methods of 
conducting trade among us, and on customs which 
would certainly be difficult to adjust to changes 
in the direction named. 

For the first time in the railway history of this 
country, the pros and cons of this matter have 
really been brought into juxtaposition by the 
publication, last week, of the First Report of the 
Standing Committee on Mineral Transport [Cmd. 
3420. Price 2s. net], although even with all the 
facts and figures now available, conclusions still 
remain indefinite in a quantitative sense. There 
are, actually, so many facters which cannot be 
accurately assessed that economies can only be 
stated in broad terms. It is possible, from the pure 
economics point of view, to argue that a certain type 
of wagon will mean increased paying load per train ; 
less length of train for equal tonnage ; less resistance 
to be overcome by the locomotive ; fewer trains on 
the system and consequently less congestion, or 
greater capacity of the railway ; and fewer vehicles 
to sort and shunt in yards, thus avoiding waste of 
power and time, and so on. All these are points 
which cannot be gainsaid. Our railways have been 
well aware of their weight, and are undoubtedly 
ready to take advantage of any or all of them if 
possible. 

The companies are, however, not their own 
masters in the matter. They are hedged in by the 
colliery owners, the port authorities, the great 
industrial concerns, the private owner, the factor 
and others, all of whom hamper their freedom. So 
far as the railways themselves go, their attitude 
may be judged from the facts that they are them- 
selves providing 20-ton coal wagons, are converting 
port equipment to handle such wagons, and, 
in cases, offer a rebate for coal shipped in such 





stock. It is obvious, therefore, that they appre- 
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ciate the advantages to be derived from their use. 
This is made clear in the report now published, if it 
has not been so hitherto to the many experts 
among the public, who are convinced that the rail- 
ways are continually mismanaged. 

But the interests to be faced are many, and well 
entrenched behind old-established custom. Our 
mineral traffic has developed on lines which are 
practically unique in the world. Originally, units 
had to be such that they could be handled by horses, 
and consignments were small. Even to-day, with 
the changes of a century, there are works and 
collieries which, for physical reasons, cannot be 
made capable of taking 20-ton wagons, however 
much the railways may wish to employ them ; while 
to meet present conditions of the distribution of 
household coal, small units are still essential. 
There is, however, no standing still in such matters. 
Vested interests of any kind are notoriously difficult 
to convince of the necessity of change, and the 
private owner and the small dealer not unnaturally 
picture to themselves many difficulties in the way 
of the adoption of a larger unit; but the change 
must come ultimately, just as changes are being 
found necessary in organisation in other industries 
to meet present-day conditions. Small organisa- 
tions are making way for large, and if the small 
dealer is unable to adapt himself to the situation, 
he will have to fall into some organisation by which 
he can do so, either co-operatively, or otherwise. 

The question of the service of wagons on our rail- 
ways, and of the importance of stock of large capa- 
city, has been emphasised on many occasions before 
and since the war, and especially during the post-war 
period when the Act of 1921, and the Ministry of 
Transport, were being put into shape. In his James 
Forrest Lecture of 1922, Sir J. A. F. Aspinall 
went fully into the matter, so far as statistics 
permitted, and pointed to savings which, if 
capitalised, would easily cover most of the alterations 
necessary at ports, &c. The present Committee, 
with more complete data, estimate (very approxi- 
mately) that some 8,750,000/. would be required 
to make existing terminals at collieries, ports, 
private sidings, &c., suitable for 20-ton stock. In 
a limited census of 555 large consumers, the com- 
mittee found 65 large iron and steel works, 70 gas 
works, and 30 electricity undertakings unable to 
take 20-ton stock. 

The question arises, how this situation is to 
be met, in view of the undoubted reluctance which 
would be evinced in many quarters in days such as 
these to incur avoidable expenditure. In the case of 
the railways the solution is fortunately to hand 
owing to the late Chancellor of the Exchequer’s plan 
of remitting the passenger duty. The present Com- 
mittee suggest that if the railways are helped in this 
way, arrangement for assistance on similar lines 
should be accorded to ports, owners of collieries, 
and private sidings, under some enlargement of 
the scope of the Development Act. The cases, we 
submit, are hardly on a footing; for, in the first 
case, the assistance becomes available through 
action directly affecting the railways, while in the 
second there is no close connection between the 
object and the source of assistance, and, if the 
objects named are singled out for national aid, 
why should not other private enterprises be helped ? 

The reply is, we suppose, that the money would 
be spent for the good of all, since transport would 
be cheapened, trade would develop, and everything 
move again briskly, once the wheels were properly 
set in motion. And, since our old ideals of self- 
sufficing, independent enterprise have nowadays to 
be relaxed, first in one direction and then in another, 
in the hope of a general revival of trade, we must 
admit that such expenditure would appeal to us 
much more than, say, proposals for a great increase 
of our road system. The Committee suggest that 
no colliery should be assisted in this way which 
had less than ten years’ life in prospect. Clearly 
some such limit must be imposed. 

Obviously, the necessary changes could not be 
effected at once, neither could 20-ton stock be 
furnished immediately, but much of the present 
stock is old, and with a life of about thirty years, 
will fall due for replacement before long. The 
recommendation is made that after January l, 
1932, only 20-ton stock should be built. 
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The report draws attention to the poor service 
obtained from wagons in this country, from 1} to 3 
round trips only per month, with an average of less 
than two for private-owned wagons. In this matter 
railway-owned stock show up somewhat. better 
partly, no doubt, because it can be used with greater 
freedom and even changed over to other traffic. This 
question brings to the fore points relating to pooling 
and demurrage, on both of which the Committee 
makes strong recommendations. 

With regard to the first, it is suggested that 
considerable benefit might be derived from a wide 
extension of pooling, so that the 5,000 or so private 
owners could work, at the most, in about 200 groups. 
The private owner is averse to losing his individuality 
and becoming absorbed in a pool, but, as we have 
always contended, the system has advantages, 
and in the cases in which it has been tried here 
this has been amply proved, according to this 
Committee. 

On the subject of demurrage the Committee 
favour increased siding rent to encourage the 
quick release of wagons. At the same time, they 
recognise that in order to equalise out fluctuations 
in trade or shipment for export, storage in wagons is 
practically unavoidable if other disadvantages are 
not to be introduced, such as double handling, 
increased breakage, delays in loading cargoes, &c. 
The private owner is rather more ready to meet 
these trade conditions than railway companies 
would be, so that for the conditions involved the 
existence of private-owned wagons is not altogether 
a disadvantage, although the Committee recognise 
that there is “‘no doubt that the present system is 
defective.” The fact stands out that, as the report 
pictures the situation, more co-operation is needed 
if the railways are to be put in a position to conduct 
their mineral traffic on more economical lines than 
those at present possible. The report is, we may 
add, quite unique in its details, the Committee having 
been in. a position to collect data never before 
accessible. Many of the facts, therefore, which 
it brings to light will well repay study, though 
their import in general terms may long have been 
known. 





ANGLO-RUSSIAN TRADE. 


Ir is commonly believed, and apparently with 
incontrovertible reason, that Russia is a country of 
almost fabulous natural resources, but without 
either the capital, the credit, or in some respects 
the practical experience necessary to enable her to 
do justice to them. With no less certainty it is 
known that Great Britain has manufacturing 
resources and credit which would enable its manu- 
facturers to supply a large part of what Russia 
wants, and that she is anxious to increase her 
export trade. It is not surprising, therefore, that 
in both countries men who understand their econo- 
mic interests would be glad to see the commercial 
relations between the two emerge from their present 
state of suspended animation, and take advantage 
of what appears to be opportunities for mutual 
benefit. At the present time, this desire is repre- 
sented strongly by the Anglo-Russian Committee, 


which this year organised a delegation of 84. 


members, stated to represent over 1,500 British 
firms with capital resources exceeding 700,000,000/., 
to proceed to Russia at the invitation of the Russian 
Government, and ascertain on the spot the prospects 
and conditions of increased Anglo-Russian trade. 
The Delegation arrived in Moscow at the 
end of March, and the arrangements made for 
enabling its members to come into contact with 
their opposite numbers in the various State depart- 
ments were so efficient that, by the end of the first 
week, most of the delegates had completed their 
departmental discussions and were making their 
arrangements either for visiting other towns or for 
returning home. Further discussions, however, 
took place between representatives of the delegates 
and of the Government, extending, apparently, 
over about another fortnight. The report of the 
Committee on the proceedings of the Delegation has 
now been published (Anglo-Russian Committee, 4, 
Lloyd’s Avenue, E.C.3; price 2s. 6d.). The docu- 
ment is not long, but no explanation is given 
either of the delay in its publication or of the retire- 
ment from the committee of ‘Mr. Ernest Remnant, 
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to whom its formation is said to have been due, 
and of three of his colleagues. Even as it stands, 
however, the report is obviously the opinion of a 
considerable body of responsible firms, much the 
largest group of which is associated with one or 
other branches of the engineering trades. The opinion 
it expresses is, in effect, that, on certain conditions, 
there is a great volume of Russian business available 
for Great Britain. No conclusion can be more 
welcome, if it can be justified by the circumstances. 
The evidence contained in the report appears to 
present only a prima-facie case ; nothing more could, 
perhaps, be expected under existing conditions. It 
may, however, be of interest to examine shortly what 
this case is, and to indicate certain conditions that 
must be fulfilled before it can become absolute. 

The programme on which the present Russian 
demands have arisen is a reversal of what was 
contemplated by those who organised the final 
revolution of 1917 and secured control of the 
Government. An essential part of the object of 
that party was to abolish all forms of private 
property, and to nationalise every industrial and 
commercial institution. According to a statement 
appended to the report, which appears to have been 
prepared with the assistance of the Russian autho- 
rities, the result of this policy was to plunge the 
country rapidly into economic chaos. The Govern- 
ment, therefore, though it appears to have remained 
under the domination of the same party as came 
into power after the revolution, instituted a new 
economic policy in 1921, under which the right to 
possess private property was revived, and, in a 
fashion, private trading was again encouraged. The 
measures adopted for this purpose proved insuffi- 
cient to provide the country with a satisfactory 
industrial organisation, and, two years later, each 
of its important industries was formed into a trust, 
covering either its entire operations or those of 
groups of factories in individual districts. 

With the exception of small factories and of 
concessionnaires, all industrial production in Russia 
comes under the control of these trusts, which, 
though allowed a certain independence in their 
organisation and operations, have their policy 
and finances controlled effectively by a Supreme 
Economic Committee. All foreign trade, moreover, 
both export and import, with the possible excep- 
tion of what is done by concessionnaires, is con- 
fined absolutely to State trusts. The industrial 
trusts pay wages, in some instances by piece work, 
and are authorised and stated to make profits. 
Out of these profits, however, a minimum provision 
is allowed to be made for interest on capital, 
renewals, &c., and the entire surplus profit goes 
half to the State, 10 per cent. to some form of 
welfare work, and the remaining 40 per cent. to 
reserve for capital development. The State, more- 
over, controls the retail prices at which the 
syndicates through which the trusts sell may charge 
for their products, as well as that at which the 
factory may sell to the Syndicate and may buy its 
raw materials. The State may also use the surplus 
profit of one trust to make good any deficiency on 
other trusts, or to provide other trusts with fresh 
capital. 

While thus providing Russian industry with a 
new organisation, the Government, at the same time, 
undertook to consider what extensions must be 
given to the resources of industry with the object 
of developing the resources of the country to their 
fullest advantage. Accordingly, it set up, in 1923, 
an advisory committee, known as the State Planning 
Committee or Gosplan, composed of economists, 
engineers, and statisticians. This committee covered 
the country with a network of decentralised statis- 
tical organisations, by the help of which it was 
able, in three years, to frame estimates for the 
development of industry over a period of five years 
thereafter, at the end of which it was estimated that 
production in industry would have increased by 
78 per cent. and in agriculture by 30 per cent. This 
programme requires colossal constructive work, 
notably in the engineering trades. It is stated that it 
is drawn up in accordance with the country’s econo- 
mical or financial possibilities, and not with its 
full requirements, which will still remain insuffi- 
ciently satisfied when the programme is completed. 
Even as it stands, however, the scale of the work is 
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sufficiently impressive. Over the five years it runs 
into several thousands of millions of pounds sterling, 
out of which the Government states that it would 
be easy for them to place with this country, on 
terms, a programme of industrial orders to a value 
of 150,000,000/., or, if English capitalists would 
invest in concessions and other contracting work in 
Russia, a total of 200,000,000/. or more, irrespective 
of the purchase of staple commodities such as 
cotton, wool, copper, rubber, and the like. 

Upon terms, this is evidently a programme attrac- 
tive to British manufacturers, and none the less 
because, according to the statement of the Russian 
Government, if things go well, its volume, and there- 
fore that of the British share, may be even larger 
than these figures. It does not, indeed, seem to 
point to permanent relations of similar magnitude 
between the two countries. It seems clear, and no 
attempt is made to disguise the fact, that the purpose 
of this vast expenditure is to equip Russia with 
a complete producing organisation of its own, which, 
when finished, will supply much, or most, of its 
requirements, both for home and for export trade. 
Concessions, for instance, where they are granted, 
will revert absolutely to the State at the end of 
periods up to a maximum of 50 years, and part of 
the object of granting them is said to be to get the 
benefit of the concessionnaires’ experience in 
carrying out work of the kind. Circumstances such 
as these, however, are neither unnatural nor 
unusual, and should not prevent the business from 
being attractive. The difficulty lies in defining the 
terms on which it is to be done. An essential part 
of them lies in providing, at reasonable rates, an 
enormous amount of financial assistance by long 
credits, or otherwise. That, doubtless, is a matter 
that could be arranged if adequate security were 
available for ultimate payment. 

On such a point, it seems impossible to form an 
opinion without more detailed information than has 
been published. It is clear that, in one way or 
another, the security must come from the profitable 
trading of Russian industries, and while the high 
competence of Russian economists, engineers, and 
technical men of all professions is generally recog- 
nised and admired, further information is obviously 
necessary in order to form a conclusion that the 
present programme will be profitable. It is, indeed, 
all the more necessary, because there is no compar- 
able precedent for the successful working of an 
organisation under the artificial conditions provided 
under the Russian industrial regime such as those 
relating to prices. Beyond question, these aspects 
have been foreseen, and it may well be that informa- 
tion may exist which will clear them up. It would, 
indeed, be strange if a responsible body, such as this 
Delegation, could have put forward the advice that 
is contained in their report, unless it had been in 
possession of some such information. There remain, 
however, the two conditions already familiar in the 
public mind. The Russian Government declares 
that no serious economic and financial agreements 
between the two countries are possible without 
a corresponding legal basis, which can alone be 
provided by the existence of normal diplomatic 
relations between them. There are, moreover, 
large unsatisfied claims on the part of British 
nationals, and it is impossible to expect British 
financial help on any large scale until satisfactory 
arrangements have been made for meeting them. 
On this point, it is understood that the Russian 
Government would be willing to open negotiations 
after, but not before, full diplomatic relations have 
been resumed. What would be the result of such 
negotiations remains obscure. 

Whether this situation will result in a deadlock 
seems to lie with the Russian Government. The 
necessity of diplomatic relations if extensive 
mutual trade is to be carried on may be frankly 
admitted. Whether such relations are possible is 
another matter. Diplomatic relations were broken 
off between the two countries becausé they led to 
propaganda being pursued in this country which 
were mischievous to its internal, and particularly 
to its industrial, peace. At no price whatever 
would it be tolerable for Great Britain to permit 
such propaganda to be resumed. They seek, 
among other things, to disturb the industrial peace 
of the country at a critical period in its history, 





when the interests of all classes demand undisturbed 
co-operation. If the industries of the country were 
subject to the risk of such disturbance, its capacity 
to carry out its contracts would be imperilled, 
including those now contemplated with Russia 
itself. The Russian Government is understood to 
disclaim responsibility for the propaganda of the 
political bodies to which exception has had to be 
taken. It is not necessary to examine how far this 
disclaimer is made seriously, in order to recognise 
that it is immaterial to the issue, if the propaganda 
have been made under the cover of the diplomatic 
relations, and the Russian Government is unable 
to prevent them. It does not seem unreasonable, 
or inconsistent with the policy of Great Britain in 
other similar matters, that if the existing claims of 
British nationals are admitted, acceptable terms for 
satisfying them should be arranged, by which the 
convenience of Russia could be met, while the 
just claims of this country were respected. In 
regard, on the other hand, to the possibility of 
hostile propaganda, permitted or even fostered by 
the renewal of diplomatic relations, the British 
Government could accept no compromise without 
forfeiting the respect and support of the industrial 
community. 








CRITICAL RELATIONS BETWEEN 
WATER AND STEAM. 


On Friday evening last, at the Institution of 
Mechanical Engineers, Professor H. L. Callendar, 
F.R.S., delivered the annual Thomas Hawksley 
lecture, taking as his subject the relations between 
water and steam at the critical point. 

In the earlier part of his lecture,* Professor Cal- 
lendar pointed out that until recently no reliable 
measurements of either the specific volume or the 
latent heat of any fluid had been made in the 
neighbourhood of the critical point. Even in 
the case of CO,, of which the critical temperature 
had the convenient value of 314 deg. C., accurate 
observations of total heats and specific volumes 
ceased at temperatures and pressures which were 
still far removed from the critical. In the case of 
water, the measurement both of heat quantities 
and densities in the critical region, say at tempera- 
tures of from 700 deg. to 800 deg. F., and at pres- 
sures of 3,000 to 4,000 Ib. per square inch, were so 
difficult and expensive as to discourage physicists. 
In the consequent absence of experimental data, 
the properties of fluids in the critical region had been 
mainly a matter of speculation, based on the law 
of corresponding states, which had proved an un- 
reliable guide. Unfortunately, the van der Waals 
modification of Rankine’s equation of state was so 
plausible and was in such excellent qualitative 
agreement with many of the phenomena observed, 
that it had been difficult to dislodge it from the 
status of a scientific dogma, which it had held for 
over 60 years. This position was maintained, 
although in the case of CO, the van der Waals equa- 
tion gave liquid volumes nearly twice those actually 
observed, whilst the modifications made by Clausius 
had proved equally unreliable, both in the case of 
CO, and of steam, when extrapolated beyond the 
data available to their author. 

The formule in question were based on the idea 
that “liquid and vapour are merely widely sepa- 
rated furms of the same condition of matter, and 
differ only in density.” The molecules in each 
phase were assumed to be identical, for example, 
H,O both for steam and for water, and the pro- 
perties in both phases were represented by the 
same equation of state. 

As already noted, the formule based on this 
ingenious and highly attractive speculation had, 
so soon as accurate measurements were available, 
proved to be at variance with the facts. The cause 
of these serious discrepancies between theory and 
observation lay primarily in the assumption that 
the same equation of state could represent both 
phases. According to the theory of van der Waals, 
the internal latent heat of vaporisation represented 
work done in the expansion of the liquid against an 
internal pressure. Hence, if there were any serious 








* This earlier section covered much the same ground 
as did Prof. Callendar’s Lectures at the Royal Institution 
last autumn. See ENGINEERING, vol. cxxvi, pages 594, 
625 and 671.—Eb. E. 
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error in the calculated volume of a liquid, there 
would be a corresponding error in the latent heat 
deduced. 

Some light upon the real nature of a liquid was 
afforded by the X-ray analysis of crystals, which 
suggested quite a different relationship between a 
liquid and its vapour. The most fundamental 
property of atoms and molecules was that of com- 
bining with each other in multiple proportions. 
Thus the molecule of cyanogen was C,N,, and para- 
cyanogen, which was represented by (CN)z was a 
fairly stable solid. 

The density of steam at low pressures, showed 
that the great majority of the constituent molecules 
corresponded to the formula H,O, but it was now 
certain that higher complexes were also present, 
the proportion increasing with the density. In 
this way the defect of volume, below that corre- 
sponding to H,O, could be satisfactorily accounted 
for, whilst the corresponding defect from the 
theoretical value of the total heat could be explained 
by the latent heat of co-aggregation of the complex 
molecules. 

In the case of water, or any similar liquid, it 
appeared probable that nearly all the molecules 
were co-aggregated to a high degree of complexity, 
being held together in a complex network by loose 
linkages similar to those met with in an amorphous 
solid or jelly. The arrangement was, however, so 
perfectly mobile and irregular that there seemed 
little hope of determining the proportions of the 
different complexes. Something might, however, be 
inferred from the structure of the ice crystal. Thus, 
by X-ray analysis, Sir William Bragg had shown that 
ice was built up of hexagonal rings formed as indi- 
cated, by the photographs of the model reproduced 
in Figs. 1,2 and 3. These views made very evident 


the emptiness of the crystal. Each of the hexa- 
1 ° 
gons measured about 5j99) In. across, and the 


distance between two neighbouring oxygen atoms 
(represented in the model by the larger balls) was 
about half this amount. 

It would be seen from the model that, through- 
out the whole structure, each oxygen atom had 
for its nearest neighbours four hydrogen atoms, 
which were situated at the corners of a regular 
tetrahedron. Conversely, each hydrogen atom 
was directly connected to two oxygen atoms and 
could not be said to belong exclusively to either. 
There was thus no trace here of the original vapour 
molecule H,O, save that the number of hydrogen 
atoms in the model was exactly twice as great as 
the number of oxygen atoms. 

In view of the high latent heat of steam, it was 
reasonable to suppose that most of the atomic 
linkages occurring in ice also existed (in an incom- 
plete state) in the liquid, though many of higher 
complexity must also be present. It seemed 
not improbable that the surface film, which was 
known to present special affinities to the solid 
phase, might consist of a complete hexagonal net- 
work, as indicated in Fig. 4. One mesh of the 
network was shown to an enlarged scale in Fig. 5. 
This network was linked by hydrogen atoms to the 
oxygen atoms in the layer below, as in the side view 
of the ice crystal model. 

With rising temperature, the proportion of 
complex molecules in the liquid would diminish, 
thus affording an explanation of the high specific 
heat of water, and of the decrease of latent heat as 
the temperature rose. The vanishing of the surface 
tension at the critical point would occur when the 
proportion of complex molecules left was insufficient 
to form a continuous nevwork of the type suggested 
above. The vapour would doubtless contain 
many intermediate types of less complexity. 
Chemists had frequently suggested other multiple 
water molecules, but did not go far enough, and 
had, moreover, generally attributed all the residual 
affinity to the oxygen atoms, instead of supposing 
them to be linked together by hydrogen atoms, as 
occurred in the ice crystal. 

The complex molecules in the liquid being, at 
low temperatures, all more or less linked together 
in contact, could not be expected to behave as 
independent gas molecules, with appreciable free 
paths. On this, view, therefore, it was not sur- 
prising that the behaviour of a liquid could not be 





represented satisfactorily by the type of equation 
appropriate to a vapour. 

Both theory and experiment showed that the 
total heat of water could be represented by the 
simple thermodynamic equation 
voL 
V-0 
which assumed that the liquid contained dissolved 
in it, its own volume of vapour. This equation 
had now, by direct measurement, been proved 
to hold good up a saturation pressure of 3,800 Ib. 
per square inch, and independent confirmation of 
it up a pressure of 800 Ib. per square inch had been 
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obtained by the U.S. Bureau of Standards. By 
combining the above formula with the speaker’s 
equation of state, viz. 

V-b=-> 
where c denoted the defect of volume due to co- 
aggregation of some of the molecules, the saturation 
pressure could be calculated, and the results were 
in very close accord with observation, over the whole 
range from 32 deg. to 717 deg. F. 

On the van der Waals hypothesis the latent heat 
disappeared at the critical point, and the volume of 
the liquid became equal to that of the vapour. 
To test this assumption, the speaker had sealed 
up water in quartz tubes, and heated these up to 
various temperatures. Highly resistant as was 
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quartz to the solvent action of water, it was, 





nevertheless, found necessary to use fresh tubes 
for almost every experiment. Each tube gave 
with great accuracy a measurement of the specific 
volume of either the liquid or the vapour, by 
noticing in the one case just when the water exactly 
filled the tube, and in the other just when the last 
trace of liquid disappeared. 

By making use of fresh tubes, it was possible 
to follow the expansion of the liquid even for 
a few degrees beyond the point at which the 
meniscus disappeared, since there was then still 
visible a line of demarcation between the fluid 
in the upper and the lower portions of the tube. In 
these experiments the co-efficient of expansion of 
the liquid showed no sign of becoming infinite at 
the critical point, as should happen according to 
van der Waals, and, moreover, so far from the 
volume of the liquid becoming equa] to that of the 
steam when the meniscus disappeared, the ratio 
was actually 3 to 5. 

He had next determined the latent heat of 
steam at this critical point, and found it to be, not 
zero, as it should be according to van der Waals, 
but of a value of 130 B.Th.U. when the meniscus 
vanished at 705-2 deg. F. In the course of this 
research total heats were measured for pressures 
up to 4,000 lb. per square inch and the results were 
communicated to the Royal Society and reprinted 
in our columns.* 

The independent measurement of volumes and 
latent heats showed remarkable correspondence with 
each other. It was found that the saturation lines 
did not meet when the meniscus vanished, but 
could be traced up to 717 deg. F., where they co- 
alesced in a cusp, the pressure being 3,650 Ib. per 
square inch. At this point the isothermal made an 
abrupt bend, becoming parallel to the lower iso- 
thermals of the liquid. At the point stated the 
whole of the steam had therefore disappeared. 

On the co-aggregation theory, both steam and 
water were mixtures of different kinds of complex 
molecules. Those in the liquid diminished with 
rise of temperature, whilst those present in the 
steam increased as the pressure rose. At any 
temperature in excess of 705-2 deg. F. there were 
no longer two distinct phases in. permanent equi- 
librium with a sharp surface of separation, but two 
mixtures of different densities could, under static- 
conditions, still be observed in the quartz tubes. 
Both mixtures contained the same number of active 
steam molecules per unit of volume, and approached 
identity of constitution as the active molecules were 
condensed by increasing pressures. 

The total-heat—pressure or H—P diagram, Fig. 6, 
proved most convenient for plotting the experimental 
results obtained over the range from 2,000 to 4,000 
Ib. per square inch, the more especially since it was 
found that the relation between H and P at satura- 
tion was little, if at all, affected by the presence of 
impurities. On the other hand, when the latent 
heat was small, the presence of very minute amounts 
of impurity was proved to affect most seriously the 
relation between P and T. Fig. 7 represented a 
diagram of H plotted against T. On the H-P 
diagram, the volumes plotted down as straight lines 
in accordance with his, Prof. Callendar’s, funda- 
mental formula. 

t. B= SaP(v— b) +abP 

If this equation held, then the adiabatic equation 

took the form 
_ = constant, or P (V — 5) 15 = constant. 

His fundamental equation was first formulated 
in 1900 on the basis of very precise measurements of 
the relation between P and T in an adiabatic ex- 
pansion. The maximum temperature then attained 
was 800 deg. F. It had now been proved that the 
equation in question agreed very closely with direct 
observations on H and V made near the critical point, 
the slight modification required being merely a more 
exact determination of 6, which could not be mea- 
sured at low pressures. These observations were 
important since, according to the van der W aals 
theory, the adiabatic index should, as the critical 
point was reached, increase to nearly twice its norma! 
value instead of remaining constant. In order 
to bring his steam tables into accord with the 





* See ENGINEERING, vol. exxvi. pages 530 and 567 (1928). 
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van der Waals’ view, Professor Mollier, in his latest 
issue, had abandoned the simple form of adiabatic, 
and empluyed instead, a graphic extrapolation based 
on the orthodox theory, which, however, did not 
agree with his new equations. 

Whilst the H—P diagram had special advantages 
over a limited range at high pressures, it exaggerated 
enormously the importance of these. By plotting H 
against log P, however, as in Fig. 8, the whole range 
of pressures, from one to 10,000 lb. per square inch, 
could be covered with uniform accuracy in all parts 
of the diagram. Moreover, the adiabatic heat drop 
(in the superheated field) could then be obtained not 
only by measuring the drop on the H scale, but was 
also represented by the areas.* Hence indicator 
cards could be plotted on this diagram, areas on 
which represented, to a uniform scale, work done. 
The diagram, therefore, gave a just appreciation of 
the relative values of increased pressures and in- 
creased temperatures. It showed clearly that less 
was to be gained by raising temperatures along the 
saturation line from 500 deg. F. to 670 deg. F. 
(say from a pressure of 500 lb. per square inch to 
a pressure of 1,000 lb.) than by raising the steam, 
saturated at 500 deg. F. to 670 deg. F., keeping 
the pressure constant. Moreover, it was also 
easy to see that the properties of steam at the 
critical point rendered it unsuitable for direct use 
Ina steam turbine. For this purpose, steam, at the 





* The following note may, perhaps, be of use: The work 
represented by an indicator diagram is given by the relation 
We f{Vap. This may be written in the form 

ee 
=fP ‘> =fP V.d. (log P). 

But in the superheated field (neglecting an insignificant 
correcting term) PV «H — B, where Bisa constant. Hence, 
in the superheated field, W is proportional to f (H —B)d 
(log P). Now every thermodynamic cycle will be 
represented on the diagram by a closed figure; and the 
area of any closed figure is independent of the position 
of the axes from which the co-ordinates are measured. 
Therefore in every closed cycle in the superheated field 
W is proportional to f H.d (log P). For expansions in 
the saturated field the expression P V«xH —C is again a 
good approximation, where C is a constant differing from 

Hence in this field also the work done in any closed 


°ycle is proportional to f H d (log P) but the scale will 
not be the same as in the superheated field.—Eb. E. 
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critical pressure, should have a temperature of at 
least 900 deg. F. Other factors, of course, came in, 
and in his masterly paper, “On the Economic 
Value of Increased Steam Pressure,”’ Mr. H. L. Guy 
had come to the conclusion that, with an initial 
temperature of 700 deg. F., the pressure for best 
efficiency should be well under 500 lb. per square 
inch. 

Dealing next with the question of an international 
steam table, Prof. Callendar stated that the small 
outstanding discrepancy between absolute mecha- 
nical units and international electric units, which 
had caused so much confusion in the past, had been 
settled by the general admission that the inter- 
national ohm was one part in 2,000 larger than the 
true ohm. It remained to settle for steam the 
fundamental constants and equations involved. 
Some took the view that nothing should be done 
until every detail had been settled with the utmost 
accuracy, whilst others held that for all practical 
purposes there was already sufficient agreement as 
to the properties of steam, and that simple and 
rational formule would be of the greatest assistance 
both to the experimentalist in his future investiga- 
tions and to the engineer. There was, in fact, littie 
prospect that all the properties of steam, or indeed 
of any other substance, could be represented exactly 
by any system of equations whivh would not 
be too complicated and unwieldy for practical use. 
Indeed, recent researches appeared to show that 
there were two varieties of hydrogen, which had 
been provisionally named “ ortho-hydrogen” and 
“‘ para-hydrogen.” Both were fairly stable at low 
temperatures, but one had a much higher specific 
heat than the other. The “ortho” variety could 
be almost completely converted into para-hydrogen 
by condensation on charcoal at low temperatures, 
and could be re-converted back again by exposure to 
ultra-violet light with mercury vapour as a catalyst. 
Otherwise the change back was comparatively slow. 
In view of the high proportion of hydrogen in 
steam, it seemed not improbable that similar effects 
might occur. If so, they would help to explain the 
difficulties encountered in determining S,, the 
specific heat of steam at zero pressure. Thus, 
observations made by a wave-length method with 
a frequency of 3,000, appeared to give at 700 deg. F. 
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a”much lower value of S, than observations taken 
by a slower method, though some lag was observable 
even at quite moderate speeds. The best way of 
evading this difficulty seemed to lie in the definition 
of an ideal standard value of S, equal to =* ’ 
which was known to lead to very accurate results 
for the total heat of steam at low pressures and at 
temperatures in the neighbourhood of 700 deg. F. 








NOTES. 


Orentina oF Hams Hatt Power Station, 
BIRMINGHAM. 


THE new Hams Hall Power Station of the Birming- 
ham Corporation, of which we began a detailed 
description on page 545 of our last issue, was 
officially inaugurated by T.R.H. the Duke and 
Duchess of York, on Wednesday last. Their Royal 
Highnesses, who were accompanied by the Lord 
Mayor and other civic representatives, were received 
by Councillor H. K. Beale, Chairman of the Electric 
Supply Committee, and Mr. R. A. Chattock, the 
City Electrical Engineer. A number of persons 
were then presented, among whom we were glad 
to see that the engineers and contractors, who have 
been concerned with the erection of the station, 
predominated. In welcoming the visitors, the 
Lord Mayor called attention to the rapid develop- 
ment of the undertaking, and pointed out that the 
electricity consumption in Birmingham had risen 
from 3,000,000 kw.-h. in 1900 to 314,000,000 kw.-h. 
in the present year. The Duke of York, in reply, 
said that the increase in the use of electrical energy 
must lead to the betterment of the health and 
welfare of the people of the city. He then started 
one of the main turbo-alternators and afterwards, 
accompanied by the Duchess, inspected the station. 
At a lunch which preceded the ceremony, Councillor 
H. K. Beale expressed his thanks to the Electricity 
Commissioners and the Central Electricity Board 
for the help they had given in solving the frequency- 
conversion problem. An agreement had been reached 
that the change should take place gradually, 
sufficient 50-cycle and 25-cycle plant being made 
available to prevent any risk of failure to either. 
The third alternator which was shortly to be in- 
stalled at Hams Hall would be wound for 50 cycles. 


PRESENTATION OF THE KELVIN MEDAL TO 
M. ANDRE BLONDEL. 

The opening meeting of the 1929-30 session of 
the Institution of Civil Engineers, on Tuesday last, 
was preceded by a gathering at which the Kelvin 
Medal was presented to M. André Blondel. It 
may be recalled that this medal was founded in 
1914, and is awarded triennially as a mark of 
distinction in engineering work or investigation of 
the kinds with which Kelvin himself was especially 
identified. The award is made by a committee 
consisting of the presidents of eight representative 
British engineering institutions, who take into 
consideration recommendations received from similar 





bodies in all parts of the world. The first award 
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was made to Dr. W. C. Unwin in 1920, the second 
to Dr. Elihu Thomson in 1923, and the third to 
the Hon. Sir Charles A. Parsons in 1926. Dr. Unwin 
and Sir Charles Parsons were present on Tuesday. 
Unfortunately, M. Blondel’s health did not permit 
him to travel to London, and the medal was there- 
fore received on his behalf by H.E. the French 
Ambassador (M. de Fleuriau). Sir Brodie Hender- 
son, President of the Institution of Civil Engineers 
and Chairman of the Award Committee, presided, 
and after briefly recounting the history of the 
foundation of the medal, called upon Sir Donald 
Macalister of Tarbert, Chancellor of Glasgow Uni- 
versity, to make the presentation. Sir Donald 
said that the Kelvin Medal was an emblem of high 
scientific distinction, which was now awarded to 
a very faithful servant of France. It derived its 
significance from the glory attaching to its name. 
Glasgow was distinguished by its long association 
with Kelvin, and between Glasgow and the French 
nation the ties had also always been of the closest. 
Like Kelvin, M. André Blondel had combined a 
study of scientific principles with exact practical 
observation, and had made both subservient to 
prompt and effective application. It was this last 
quality that constituted the special glory of the 
engineer, but the former ensured originality, which 
enabled new fields of investigation to be opened up. 
Like Kelvin, M. Blondel had used mathematics as 
a means to an end, and again like Kelvin, he 
had devised instruments of precision which enabled 
him not only to supply data for filling gaps in 
equations, but to predict the operation of hitherto 
not understood forces and to turn them to practical 
purposes. He had invented many methods and 
devices which would have delighted Kelvin, and 
had made himself the amplifier of many of that 
master’s unconfirmed predictions. His signal ser- 
vices to applied science had won for him recog- 
nition, and the whole world rejoiced to do him 
honour as the most distinguished French electrical 
engineer. Sir Donald concluded by asking His 
Excellency to place the medal in M. Blondel’s 
hands, and to convey to him the cordial apprecia- 
tion of his British colleagues and their sincere desire 
for the restoration of his health. M. de Fleuriau, in 
accepting the medal, said that Kelvin was famous 
in France, and recalled that he had worked ‘in 
Regnault’s laboratories before he went to Glasgow. 
Though not competent to speak of his scientific 
achievements, as a master mariner he could appre- 
ciate his practical discoveries in telegraphy and 
navigation. He read a letter in which M. Blondel 
stated that he regarded the award as an honour to 
his country and to French engineers, and that he 
was proud to consider himself a disciple of Kelvin. 
M. Blondel, it may be added, has been engineer 
of the Department of Ponts et Chaussées since 1889, 
and for many years has acted as chief engineer of 
the French lighthouse services. He is distinguished 
for his work, both optical and electrical, particularly 
in connection with measuring instruments and 
photometry. He was elected a member of L’Aca- 
démie des Sciences in 1913, and is an honorary 
member of both the British and American Institut- 
tions of Electrical Engineers. 


MunicrpaL AIRPORTS. 

About a year ago, it may be remembered, the 
Air Ministry addressed a letter to the town clerks 
of the chief provincial cities and towns in Great 
Britain, and to a number of urban and rural district 
councils, inviting them to consider the advisability 
of establishing municipal aerodromes within their 
areas. As a result of the Air Ministry’s policy, 
we understand that four municipal aerodromes have 
already been licensed in this country, and that a 
large number of other municipal authorities are 
actively interesting themselves in the matter. The 
recent aerial tour of Great Britain carried out by 
Sir Alan J. Cobham has shown, however, that 
comparatively little has been done so far, and a 
suggested explanation of this is the lack of know- 
ledge of the actual requirements. It was therefore 
decided by the three bodies mainly concerned with 
air matters in this country, viz., the Royal Aero- 
nautical Society, the Royal Aero Club, and the 
Air League of the British Empire, that a Conference 
on the Necessity for Municipal Airports should be 
convened, and this conference met on Tuesday last 





in the lecture hall of the Institution of Electrical 
Engineers, under the chairmanship of Colonel, the 
Master of Sempill. The conference was well 
attended, mainly by representatives of the municipal 
authorities of all parts of the country, and, during 
the course of the proceedings, three papers of interest 
to those contemplating the provision of aerodromes 
were read. These were: ‘‘ The Administration of 
Airports,” by Major L. F. Richard; ‘“‘ The Layout 
and Equipment of Airports,” by Major R. H. S. 
Mealing; and ‘The Selection of Airport Sites,” 
by Sir Alan J. Cobham. From Major Mealing’s 
paper, we gather that the site for a municipal 
airport must measure not less than 600 yards in all 
directions, but, if possible, should measure 1,000 
yards, especially in the direction of the prevailing 
winds. Assuming the site to be square, the area 
in the former case would be 75 acres, and in the 
latter case 200 acres. The ground must, of course, 
be free from obstructions and reasonably level, the 
overall gradient not exceeding 1 in 50, and the 
gradient of any undulation being not more than 
1 in 40. The bearing power of the soil must be 
about 1 ton per square foot, and as a rough test of 
the character of the ground, Major Mealing stated 
that it would be satisfactory if a 3-ton lorry, with 
solid-rubber tyres, could be driven over it without 
showing any tendency to sink in. In addition, the 
site must have clear approaches on all sides, free 
from trees, tall chimneys, and similar obstructions. 
Apart from such items as access roads and equip- 
ment, which admittedly need not be of a very 
elaborate character at the inception of the scheme, 
it will be evident that the cost of the site, which 
must be as close as possible to the town, will be 
by no means negligible. We believe that the 
protagonists of the scheme desire such aerodromes 
to be provided at all reasonably large towns through- 
out the country, and as there are, we suppose, 
nearly 300 towns of over 10,000 inhabitants in 
England, Scotland and Wales, the total expenditure 
involved would reach a very high figure. Of 
necessity, proximity to a large town implies heavier 
cost than would arise in the case of a small one. 
At the present time, expenditure of public money, 
either by the State or by local authorities, can only 
be said to be justifiable in the case of works of 
urgent and immediate necessity. We are by no 
means convinced that municipal airports can as 
yet be included in this category. In public or in 
private affairs expenditure on desirable objects 
must sometimes be deferred for lack of funds, and 
it would hardly seem practicable to establish a 
chain of aerodromes throughout the country until 
the long-awaited industrial revival has had some 
effect in replenishing the nation’s depleted coffers. 
The conference was followed by a dinner given at 
the Savoy Hotel by Sir Charles Wakefield, who 
occupied the chair. The toast of ‘‘ The Municipal 
Airports of Great Britain,’ proposed by the chair- 
man, was responded to by the Secretary of State for 
Air, Lord Thomson of Cardington, and was seconded 
by Sir Eric Geddes. The other speakers were 
Colonel, the Master of Sempill, Lord Herbert Scott, 
Sir Alan J. Cobham, the Lord Mayor of Hull, 
Sir Herbert Hambling, and Sir Philip Sassoon. 








LAUNCH OF THE RESEARCH 
STEAMER ‘“ DISCOVERY II.’’ 


THE Royal research ship Discovery II, constructed 
to the order of the Crown Agents for the Colonies for 
the Discovery Committee, was launched from the 
shipyard of Messrs. Ferguson Brothers (Port Glasgow), 
Limited, on Saturday, November 2 last. The vessel, 
a single-screw steamer, is designed for research work 
in connection with whaling, hydrographic, and other 
scientific investigations. She has an overall length 
of 232 ft., a length between perpendiculars of 220 ft., 
a moulded breadth of 36 ft., and a moulded depth of 
20 ft. It is anticipated that the bulk of her service 
will be in the Antarctic seas; consequently .the 
forward part of her hull and her whole length fore and 
aft, in way of the load line, have double plating, and 
are specially stiffened to resist the action of ice. As a 
protection from cold, cork insulation is fitted through- 
out. The vessel is rigged as a fore and aft schooner, 
and has a crow’s nest and searchlight platform on 
the fore-mast. The main or upper deck extends fore 
and aft, and is of steel sheathed with wood; a top 
gallant forecastle and raised poop, also sheathed with 
wood, are fitted. The ’tween decks extend over the 





whole length of the ship, except in way of the machinery 
space. Under the ’tween decks, the vessel is fitted 
with double bottom throughout. Part of this space 
is utilised for divided oil-fuel tanks carrying over 
300 tons of oil, which will give the vessel an extensive 
steaming range. Large store rooms are provided in 
the lower hold for long voyages. 

The accommodation for the scientists, officers, and 
seamen is arranged in the tween decks, as are the 
laboratory work-room, and the dark-room. Chemical 
and biological laboratories are fitted in a steel house 
forward of the boiler casing, while steel houses on each 
side of the engine and boiler casings are fitted up as 
scientific stores, ship’s office, navigator’s stores, bath- 
rooms, lavatories, &c. The deck machinery includes 
a large trawl winch, a windlass, a steam and hand 
steering gear of the Wilson-Pirrie type, and a steam- 
driven Lucas sounding machine mounted on the fore- 
castle head. 

Other features of the vessel comprise electric 
generators for lighting, &c., a refrigerating plant, and 
wireless and steam-heating installations. The propel- 
ling machinery consists of one set of triple-expansion 
engines working at a pressure of 200 lb. per square 
inch. The two boilers burn oil fuel on the Wallsend- 
Howden forced-draught system. A complete workshop 
is installed in a separate compartment in the engine- 
room. It is equipped with a lathe, a drilling machine, 
a slotting machine and grinding machines, all of which 
are driven by electric motors. The whole vessel is of 
exceptionally strong construction, and is well and 
comfortably arranged and fitted out for her special 
work. The Discovery II was launched with engines 
and boilers installed on board, and it is anticipated 
that her trials will be carried out in a few days’ time. 








TRANSPORT CONFERENCES.—A number of conferences 
will be held during the International Commercial Motor 
Transport Exhibition at Olympia. The first begins at 
11 a.m. to-day, and is organised by the railway companies. 
The subject is ‘‘ Railway Road Transport,”’ and the chair- 
man will be Sir Josiah Stamp. The second will be held 
at 1l a.m. on Monday, November 11, when the subject 
will be ‘‘ The Second Report of the Royal Commission 
on Transport.” The organisers are the Incorporated 
Association of Retail Distributors, and the chair will be 
taken by Sir Sydney Skinner. The third conference, at 
11 a.m., on November 12, has been organised by the 
Omnibus Owners’ Association and the Tramways and 
Light Railways Association. Mr. Frank Pick will be in 
the chair, and the subject will be ‘‘ The Heavy Motor 
Car (Amendment) Order, 1929.’ The conference on 
November 13, at 11 a.m., will be held under the auspices 
of the Commercial Motor Users’ Association. Mr. G. 
Munro will occupy the chair, and the subject will be 
‘*A Discussion on the Royal Commission on Transport 
dealing with the Control of Traffic on Roads.’”’ The 
final conference, to be held on November 14, at 10.30 a.m., 
has been organised by the Municipal Tramways and Trans- 
port Association, and Alderman T. Canby will preside. 
The subjects to be dealt with are: ‘‘ Modern Design and 
its Relation to the Repair and Maintenance of Road 
Passenger Vehicles”; ‘‘The Repair and Maintenance of 
Road Passenger Vehicles ’’; and ‘‘ Power Transmission 
on Road Passenger Vehicles.” 





Contracts.—Messrs. British Brown-Boveri, Limited, 
Trafalgar House, Waterloo-place, London, S.W.1, have 
secured the contract for the equipment of the two 
rectifier sub-stations required in connection with the 
electrification of the Madras suburban section of the 
South Indian Railway. The sub-stations will be at 
Egmore and Minambakkam, and will each contain two 
750-kw. rectifier plants with high-tension and low-tension 
switchgear and feeder switchgear, the whole designed 
for automatic control. One sub-station will be fed with 
three-phase current at 5,000 volts, and the other with 
current at 33,000 volts, 50 cycles, the direct-current 
pressure being 1,500 volts.—Following on the installation 
of four Yarrow water-tube land boilers a few years 
ago at H.M. Dockyard, Devonport North, — Messrs. 
Yarrow and Company, Limited, Scotstoun, Glasgow, 
W.4, have just received an order for a fifth repeat unit, 
comprising, as before, Yarrow boiler, integral superheater, 
mechanical forced-draught stoker, and cast-iron econo- 
miser superimposed in series. Messrs. Yarrow also 
supplied recently the boiler installation at H.M. Dock- 
yard, Portsmouth, a description of which will be found 
in ENGINEERING, vol. exxvi, page 444, October 5, 1928.— 
Messrs. The Hydraulic Engineering Company, Limited, 
Chester, have been successful in obtaining an order from 
the Boston Dock and Harbour Commissioners for & 
hydraulic coal hoist, capstans, pumping plant, and an 
accumulator for the Port of Boston. The contract will take 
about twelve months to complete.—We are informed 
that Messrs. Karrier Motors, Limited, Huddersfield, 
have adopted the Westinghouse Vacuum Servo brake 
for their 1930 programme, and an order for a large 
number of sets has been received from them by Messrs. 
The Westinghouse Brake and Saxby Signal Company, 
Limited, 82, York-road, London, N.1.—Messrs. Under- 
feed Stoker Company, Limited, Derby, have secured an 
order for six Schenck-Heymann Vibro-Conveyors. The 
conveyors are capable of handling fine cement dust at 
a temperature of 400 deg. C., with capacities up . 
30 tons per hour. A further conveyor has been ordered 
for use as a combined conveyor and screen, its capacit) 
being 100 tons of limestone an hour. 
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LETTER TO THE EDITOR. 
IRRIGATION WORKS IN INDIA. 


To THE Epitor oF ENGINEERING. 


Srr,—With reference to the articles on “ Irrigation 
Works in the Bombay Deccan,” published recently in 
ENGINEERING, there is a calculation given for the 
determination of the pressure exerted by waves 
breaking against a vertical wall which I do not under- 
stand. In the issue of June 21, 1929, the profile of 
the Bhatgar Dam is given, and I am going through 
the calculations for the stability of the dam with my 
students. The points on which I am not clear are in 
column 2 on page 775. They are :— 

(i) A formula is given as the Barton & Mansfield 
formula for calculating wave height, viz., H = 1-5 a D 
+(2:5—4./D). The last term should be, I think, 
Di. This will give the formula in the form H = 1-5D 
+2-5 — YD and in various text-books I have 
consulted, this formula, given in the form I have 
suggested, is credited to Stevenson. 

Also, I cannot obtain the value H = 8-87 ft. as 
given at top of column 2. 

(ii) I am not able to follow the calculation given 
lower in column 2 for the determination of the wave 
pressure, i.e., the method for obtaining the values 
8-12 and 0-12 is not clear. 

There is one other point which I might mention, 
viz., that in Fig. 42, the highest reduced level is given 
as 371-56, where the width of the section is 20 ft. 
This level should be, I think, by comparison with the 
other figures, 365 ft. 

I shall be very grateful to have these points explained 
by the author of the articles in question.—Y ours faith- 
fully, 

H. C. OLIvEr. 
West Ham Municipal College, 
Romford-road, West Ham, E.15. 
October 30, 1929. 








POWER STATION EXTENSION AT 
STOKE-ON-TRENT. 


Since the last extensions were made to the Central 
Power House of the Stoke-on-Trent Corporation in 
November, 1927, it has acquired the added status of 
a “selected”? station under the Central England 
Electricity scheme, and should play an important 
part in the development of the north-western portion 
of that area. This station was first started in* the 
spring of 1913, as part of the policy of concentrating 
the generation of electricity in the Pottery towns, 
which had shortly before been formed into the County 
Borough of Stoke-on-Trent. Its initial capacity was 
3,000 kw., and it has since been extended several 
times, so that at present the plant installed has an 
aggregate output of 37,500 kw., including the new 
12,500 kw. unit which was formally started by the 
Lady Mayoress (Mrs. W. T. Leason) on Thursday, 
October 31. This extension has not necessitated any 
additions to the building structure, but has meant 
the installation of two boiler units, further high-tension 
and low-tension switchgear, an extra cooling tower, 
and other auxiliaries. 

The boilers were manufactured by Messrs. John 
Thompson Water Tube Boilers, Limited, of Wolver- 
hampton, and are of that firm’s Delta type. They 
are equipped with integral superheaters, air heaters 
and economisers, and are fired by mechanical stokers. 
Each unit has a heating surface of 28,430 sq. ft., 
10,690 sq. ft. of which is in the boiler, 3,000 sq. ft. 
in the superheater, 3,240 sq. ft. in the economiser, 
and 11,500 sq. ft. in the superheater. The normal 
evaporative capacity is 60,000 lb. per hour, steam 
being supplied at a pressure of 275 lb. per square inch 
and a final temperature of 660 deg. F. The economisers 
were supplied by Messrs. E. Green and Son, Limited, 
of Wakefield, and the air heaters by Messrs. The 
Carrier Engineering Company, Limited, of London, 
S.W.1. The stokers are of the Underfeed type, while 
the forced and induced draught fans, which were 
manufactured by Messrs. Davidson and Company, 
Limited, of Belfast, are driven by Lancashire Dynamo 
and Motor Company motors. The boilers are fitted 
with the Hagan automatic control system, and with 
the usual mountings and meters. The ashes are 
removed by Babcock and Wilcox paddle extractors. 

The new turbo-alternator was manufactured by 
Messrs. The Metropolitan-Vickers Electrical Company, 
Limited, of Manchester, and has output of 12,500 kw. 
at 0-8 power factor. It supplies three-phase current 
at 6,600 volts and a frequency of 50, when running 
at 3,000 r.p.m. The turbine is a single-cylinder 
machine of the impulse type, and is bled at a low- 
pressure stage for feed heating and supplying the 
evaporators. The alternator is excited from an over- 
hung exciter, and is air cooled on the closed system. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Norr.—In the diagrams, the figures plotted for tin and copper are the 
the London Metal Exchange for “ fine foreign” and “ standard ” metal respectively. 
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official closing cash quotations of 
The prices shown for 


lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 


for steel plates and rails, and also for hematite and Cleveland pig-iron. l 
and those for steel rails are for heavy sections. 


plates are for ship, bridge and tank qualities, 


prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. 
bottle, the contents of which vary from 70 lb. to 80 lb. 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, 
lines represent IJ. each, except in the case of the diagram relating to tin-plates, in which they represe 


The condenser, which is of the central flow type 
was also manufactured by the Metropolitan-Vickers 
Electrical Company. Its cooling surface is 16,250 
sq. ft., and it is designed to maintain an absolute 
pressure of 1-55 in. of mercury at full load when 
supplied with 792,000 gallons of cooling water per hour 
at 70 deg. F. The auxiliary pumps are in duplicate, 
one set being driven by steam and the other electri 
cally. The additional main switchgear consists of six 
metal-clad circuit-breaker units, three of which control 
the supply to outgoing feeders. 

The new cooling tower was constructed by the 
Davenport Engineering Company, Limited, of Bradford, 
and is of the natural-draught two-chimney type. It is 
designed to deal with 450,000 gallons of water per 
hour, and to reduce the temperature from 86 deg. 
to 74 deg. F. It is 70 ft. high and surmounts a 





The prices given in the case of steel 
The pig-iron 
The price of quicksilver is per 
The price of tin-plates is per standard box, but in 
and the horizontal 
nt ls. each. 


reinforced concrete pond with an area of 6,960 sq. ft. 


and 4 ft. deep. : ce - 

The electricity generated in this station increase: 
from 2,827,201 kw.-h. in 1913-14 to 40,075,750 kw.-h. 
in 1928-29, the coal consumption per kilowatt-hour 
generated falling from 3-75 lb. to 1-83 Ib. A ~— 
of tests made by Mr. W. M. Selvey shows that the 
overall station efficiency increased from 10:7 per cent. 
in 1924 to 15-44 per cent. in 1929. 








INSTITUTION OF NAVAL Axcutrgcts.—The ay ~ 
opening of the next annual spring meetings ne 
Tostitution of Naval Architects has been i pc 
Wednesday, April 9, 1930. The Council will be plea: on 
to consider offers of contributions, which should, if — 
ible, be in the hands of the secretary, 2, Adam-stre« 4 
Adelphi-terrace, London, W.C.2, by the close of the yeat- 
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LABORATORY. 
(Continued from page 488.) 
TrmBerR MeEcHaNIcs. 

Tux physical and mechanical properties of timber 
not only vary with each species, but also with the 
circumstances of its ‘growth and the position in the 
tree from which the specimens were cut, the circum- 


SAWING DIAGRAM LAID ON THE TOP OF THE BOLT 
& MARKING ENDS OF THE STICKS 
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stances and treatment to which it has been exposed, 
the moisture contents of its fibres, the presence of 
defects caused in growth or subsequent treatment, 
and other matters. Mechanical and _ physical 
determinations form, therefore, an essential part 
of the investigation into every class of timber and 
every kind of treatment. To bring the many 
variables into relation with each other, methods 
have had to be adopted or developed for subjecting 
the material under examination to standard tests 
or observations, and an equipment of great variety, 
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and in some respects special character, has had to 
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and some results obtained have been published by 
the Department.* Here, therefore, it will be suffi- 


SHEAR TEST PIECE TENSION TEST-PIECE 


Fig. 3. -1/4:-» 34a 
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Fig.5. CLEAVAGE TEST PIECE 
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IMPACT BENDING TEST 
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Fig. 74. 
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cient to describe the general character of the methods 
adopted and the leading features of some of the 
most important machines and appliances. 

Varieties of T'ests.—Tests on each kind of timber are 





made comparable by using small clear specimens, i.e., 
straight grain specimens free from defects. They 
are tested for strength and stiffness by static 
bending, compression parallel to and perpendicular 
to the grain, shearing parallel to the grain and 
tension perpendicular to it ; for toughness by impact 
bending and static bending tests; for cleavability 
by a cleavage or tearing test and a tension test 









“ENGINEERING” 





* See ENGINEERING, vol. cxxiv, page 774; vol. exxv, 
page 348; and vol. cxxvii, page 209. 


perpendicular to the grain; and for hardness a 


STATIC BENDING TEST 
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Fig.9. SHEARING TEST TOOL. 
Fig.10 hl 
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ball-impression test. The physical determinations 
consist of specific gravity, both in test conditions 
and oven-dried, shrinkage from green to air-dried 
and from green to oven-dried, radial, tangential, 
and volumetric shrinkage, and structural observa- 
tions, including rings per inch when discernible, and 
percentage of summer wood and of sap wood. Such 
tests are made on specimens of the endless varieties 
of species brought to notice, and in each species on 
specimens varying in factors such as the locality 
where grown, the position of the specimens in the 
tree both radially, in height, and in orientation, 
the conditions of seasoning from green to air-dried, 
and the relation of moisture contents to fibre- 
saturation point. Independent tests are made on 
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structural sizes, in which almost invariably one or 
more defects are present, as well as on timber which 
has undergone treatment, such as storage, kiln- 
seasoning or preservation, and on timbers removed 
from service. It is hoped that through the collation 
of the various results obtained data may emerge 
by which the mechanical, physical and structural 
properties of the various species of wood may be 


compared, the influence of defects on the mechanical | 
properties ascertained, the effect of storing, kiln- | 


seasoning and preserving processes determined with 
a view to establishing the optimum procedure in 
treatment, the appropriate timbers and the varia- 
tions of design and treatment for different services 
determined, and, if possible, relations ascertained 
between the various mechanical properties and the 
fundamental physical and structural characteristics. 

The specimens are sawn from bolts or 4-ft. logs, 
which themselves are cut from logs of which the 
orientation is noted carefully before the tree is 
felled, and marked on the top of the bolt before it 
is cut up. Fig. 2 shows the scheme of marking 
applied to a large log. In this way the orientation 
of each test piece in respect both of the compass 
position in which it grew, and of its relation to the 
structure of the tree is determined precisely, and 
specimens are matched accordingly in the tests. 
Results are usually averaged by taking from 5 to 7 
typical straight-grained trees of the species in the 
locality where it is being collected. Test specimens 
for static and impact bending, compression, and 
hardness are 2 in. square in cross-section, the length 
for static and impact bending being 2 ft. 6 in., 
for compression parallel to the grain 8 in., for com- 


pression perpendicular to the grain 6 in., and for | 


hardness 6 in. The specimens used for the shear, 
tension and cleavage tests are shown in Figs. 3 to 5, 
and the nature of the stresses imposed in Figs. 6 to 
14. The moisture determinations are made by 
drying thin sections sawn from the appropriate 
part of the specimen, and taking the loss in weight. 

Layout and Equipment.—A plan of the timber- 
mechanics hall and the adjoining accumulator house 
is given in Fig. 15, and a general view of the interior 
in Fig. 16. The hall is 105 ft. long by 42 ft. wide, 
floored in concrete, with a head-room of 14 ft. clear 
to the steel trusses which support the roof. The 
excellence of the lighting throughout the laboratory | 
is notable, but that of this testing hall is con- | 
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spicuously so, the five large windows on each 
| side of its length being supplemented by a skylight 
running the full length of the roof. One end of the 
hall adjoins the railway siding, and has immediate 
| access to it through two large sliding doors. A third 
| sliding door in one side wall gives convenient access 


| . 
| to the accumulator house, and also to the neighbour- 


|ing woodworking shop, in which material is prepared 
| for the testing machines. In addition to the general 
| electric lighting of the hall, each testing machine is 
| fitted with electric plugs, to supply such local 
| illumination as may be required for instruments 
| and scales. 

The accumulator house is fitted with a three-throw 
single-acting hydraulic pump, driven by a 5-h.p. 
|motor, and supplied with hydraulic liquid from a 
galvanised tank, to which the liquid is returned 
from the testing machines. This liquid is an emul- 
sion of soft soap, water, and mineral oil. The 
accumulator ram is 5 in. in diameter by 7-ft. stroke, 
| and carries a steel cylinder loaded with scrap iron 
to give a pressure of 1,000 lb. per square inch. It 
has fittings on its under-side to pick up cast-iron 
| weights by which the hydraulic pressure may be 
raised to 2,000 lb. per sq. in., or at other times 
relieving the hydraulic system, and in particular 
the leathers and packing, of part of the pressure 
when the tests in hand do not require the full 
amount. 

The testing machinery consists of two hydraulic 
universal machines—that is to say, adapted for 
either compression, tension, or transverse tests— 
one hydraulic compression and transverse-stress 
machine, nine motor-driven universal machines, 
and five machines for special tests. Generally 
speaking, the hydraulic machines are used for t sts 
on structural sizes, where it is desired to apply a 
uniform rate of increase of stress, which is regulated 
by the mechanical drive of the poise weight. The 
| clear specimens, in which a uniform rate of increase 
is required of the strain, are tested on motor-driven 
machines, the motors for which are all of a variable- 
speed type, for which the necessary continuous 
|current is supplied from the two small motor- 
generators in the generator house. Each of the 
hydraulic machines is set in a pit, with its weighing 
table an inch below the floor level, so that normally 
when the machine is not required for transverse 
tests, the extensions of the weighing table may be 
covered over with chequer plates, thus affording 
freer access to the machine. A feature common 
to the universal motor-driven machines is that each 
has three fixed straining screws with long rotating 
nuts. 

Attention may be called to the diagonal arrange- 





ment of the testing machines, by which a wider 
range of observation and freer passage between 
the machines is provided. 


(Zo be continued.) 








DEEP-MINE VENTILATION. 


As mentioned on page 272 ante, the final meeting of 
the Engineering Section of the British Association 
held in Johannesburg, South Africa, on Friday, 
August 2, took the form of a joint discussion with 
Section I (Physiology) on Problems Connected with 
Deep-Mine Ventilation. The discussion was opened 
with a contribution by Dr. J. S. Haldane, F.R.S., who 
dealt with the physiological aspects of the problem. 
Other speakers dealt with engineering questions, and 
below we give abstracts of two of these contributions. 


TEMPERATURE AND Humipity ConpDITIONS OF MINE 
ATMOSPHERES. 


Dr. J. H. Doxsson, D.S.O., M.Inst.C.E. 


The question of the atmospheric conditions in some of 
the deep-level gold-mining propositions of the Wit- 
watersrand is a subject of the greatest importance to the 
gold mining industry which has been the back-bone 
of South African development, and at one time might 
easily have become one of the finally determining 
factors as to how deep gold mining operations can be 
continued on an economic basis where the working costs 
involved may gradually approach the revenue obtained 
from the gold recovered. 

The magnitude of the heat underground expressed 
in B.Th.U. can be fairly well computed from the know- 
ledge and actual experience of rock temperatures at the 
various depths, the surface area of rock exposed, the 
quantity of rock mined daily, taken in conjunction 
with the physical constants of the rock such as density, 
specific heat, conductivity, thermal diffusivity and so 
on. To this must be added the heat introduced into 
the mine by underground machinery, by the workers 
themselves, lighting, &c., whilst the cooling effect of 
the compressed air used in the rock drills can also be 
taken into account. 

The following mathematical relationships are useful : 
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where tg = temperature gradient at the surface of the 


rock, 

H = heat units taken up by the volume of ven- 
tilating air per unit of time in caluries per 
second, : 

A = area of rock exposed in square centimetres, 

k = conductivity of rock in calories per square 
centimetre per unit thickness per unit 
degree centigrade per second, ; 

= temperature of the rock at the particular 
depth, 





——_______ 


Dn Reb 








HEE ERS YU ATT INE OO YI ty SOOT ANON 


ait sn irsennecree soa 





eee ee 


ae 











Nov. 8, 1929. ] 


te = surface temperature of rock after being 
cooled by the ventilating air for a time 
T seconds, 

K = the thermal diffusivity of the rock which 
is connected with k the conductivity, d its 
density, and § its specific heat. 

After a certain time T, the surface temperature of the 
rock attains stable conditions having regard to the 
volume and condition of the cooling air which passes 
through the various places. This provides some ex- 
planation as to why rock temperatures in different 
places underground have been found to vary appre- 
ciably and thus to be misleading, but by careful appli- 
cation of the above, these differences can be accounted 
for and more correct conclusions arrived at. 

According to the physiologists* a native worker under- 
ground has a heat production of 3 to 4 calories per 
kilogram of body weight per hour which he must have 
dissipated, and experience suggests that the wet- 
Kata must lose heat from 4 to 5 times the rate of the 
worker if he is to work efficiently and comfortably. 

In engineering language, this means that the efficiency 
of the cooling atmosphere on the worker is only 20 per 
cent. to 25 per cent., because of his clothing, the 
mass of hot moist air around him which has to be 
removed, &c. 

Taking a worker weighing 160 lb. (approximately 
70 kg.) who has a skin surface of about 20,000 sq. cm., 
such worker must have dissipated 4 x 70 = 280 
calories per hour, equal to roughly 1,000 B.Th.U. per 
hour. This means that if 1 lb. of perspiration were 
evaporated from the worker per hour, he would be 
efficiently cooled, and this bears some relationship to 
the amount of perspiration an underground worker may 
lose on a working shift. 

If x represents the milli-calories per square centi- 
metre per second (i.e. Kata units), then 
x X 20,000 x 60 x 60 x 3-96 _ 1,000 B.Th.U. 


106 per hour 

z@ = 3-5, 
This represents the number of Kata units required 
by the worker, and the Kata units of the atmosphere 
must be 4 to 5 times this amount, equal to, say, 14 to 
17-5 Kata units. Dr. Orenstein takes 16 for the atmos- 
phere as representing 100 per cent. efficient condition 
of the worker. From the foregoing, the engineer has 
all the information he requires to deal with his part of 
the problem in terms of plant to meet the physiologists’ 
requirements. This brings the problem to a definite 
number of B.Th.Us. required per minute in the required 
change of air condition. Using the same terms as in 
refrigeration (1 ton of refrigeration = 200 B.Th.Us. per 
minute) the plant required in terms of tons of refrigera- 
tion is determined, and the engineer deals with it 
accordingly. 

Having got to the computation stage of the plant 
required for any volume of air in cubic feet per minute 
from K, to K,, the advisability occurred to the writer of 
taking a typical mine and following the course of the 
mine ventilating air, tracing its conditions of tempera- 
ture and humidity from the surface through the down- 
cast shaft, through the mine workings, terminating its 
course at the exit of the upcast shaft. Fortunately, 
Messrs. Tillard and Ransome’s figures of dry and wet 


bulb temperatures for the Village Deep Mine were | js not generally the case, however, and the only suitable 


available. These were transformed into relative 
humidities, from which were calculated, from the volume 
of air passing through, the quantities of moisture 
picked up by the air in the course of its journey through 
the mine air circuit. | From these it becomes clear 
that, regarding the splits, the development workings, 
and the stopes in the actual underground workings 
where most of the manual labour is performed, approxi- 
mately over 50 per cent. of the cooling effect of the 
ventilating air is lost before it gets to the actual 
underground workings. The writer expresses the 
opinion that, before artificial methods for improving 
conditions are to be considered, this aspect of the 
question justifies most careful investigation, to see 
whether the large quantities of moisture picked up in 
the downcast shaft and prior to the actual workings 
cannot possibly be prevented. If this could be 
done it would be the equivalent of sending down 
almost double the quantity of air in the cooling effect 
it would have upon the workers for the same money 
expended on fan power. 

The writer’s investigation of the problem, and from 
actual horse-powers used for 230,000 cub. ft. per | 
minute and 380,000 cub. ft. per minute at the Village | 
Deep Mine, led him to the conclusion that the fan power | 
required (exclusive Of fan and motor losses) for the 
additional quantity of air, varied as the cube or third 
power of the volumes in cub. ft. per minute. This 
enables a standard of reference to be made as to the 
additional cost involved in sending more ventilating air 
through the mine. 

Other methods to obtain possible improvements are 
referred to below. 











* Drs. Mavrogordato and Pirow’s paper S.A.J.E. 
Journal, February, 1927. 








ENGINEERING. 


The refrigeration of the ventilating air at the surface, 
prior to sending it down the mine, is the method 
adopted at the Morro Velho Mine. Owing to the 
exceptional dryness of the air at the surface in the 
Witwatersrand area, as well as the amount of moisture 
picked up by the ventilating air prior to reaching the 
actual underground workings, this scheme is not appli- 
cable here. In any case, with a winter temperature of 
41 deg. F., with 32 deg. F: wet bulb, and summer tem- 
perature 73 deg. F., with wet bulb 56 deg. F., the under- 
ground temperature and humidity conditions are the 
same practically all the year round from the bottom 
of the downcast shaft onwards, which illustrates the 
uselessness of any proposal to refrigerate the ventilat- 
ing air at the surface on the Witwatersrand prior to 
sending it underground. 

The costs of the cooling effect of compressed air are 
as follows :— 

By nozzling, in a particular example, | B.Th.U. cost 
0-00093d., and by expansion engines caused to do work, 
1 B.Th.U. costs 0-00022d. 

Refrigeration of the rock-drill compressed air before 
being sent down the mine is also possible. Taking as a 
typical case that of a gold mine in which 1,100,000 air 
units are being consumed per month, the compressed 
air as carrier of negative B.Th.Us. is limited (leaving 
out of account any practical difficulties of applying it) 
to about 7,000 B.Th.U. per minute, an amount too 
small to be of much practical value. 

The use of liquid air for mixing with the ventilating 
air, costs about 0-004d. per B.Th.U. This isso high 
compared even with nozzling ordinary compressed 
air, as above, that it is outside practical economics on a 
large scale. 

The writer estimates that, in using ice for air cooling 
on a large scale, 1 B.Th.U. should be obtainable for 
0-000155d. on a large production basis, ice costing 
2-58d. per 100 lb. He has found no economically 
satisfactory system of air drying by chemical methods 
available for practical use. 

With regard to the use of ordinary refrigerating 
plants placed underground and neglecting, for the 
purposes of these remarks, the disadvantages of the 
introduction of a refrigerating medium like ammonia, 
carbon dioxide, sulphur, sulphur dioxide, ethyl, 
chloride, &c., underground, the fact is that the produc- 
tion of negative heat by refrigeration plants is always 
accompanied by the production of positive heat which 
finds its way into the cooling water of the condensing 
plant, and this must be carried away to the surface 
by some medium and not left to make the mine atmos- 
phere worse. In ordinary refrigeration practice and 
steam condensing plants, it is not always realised how 
conveniently simple it is that the ordinary outside 
atmosphere cools our circulating water almost without 
cost, but in the problem now under review, it is a 
different matter when it is realised that to get the con- 
densing water to a suitable place to be cooled, it must 
be pumped outside the mine to a height of about twice 
the height of Table Mountain. 

If a mine makes sufficient water from underground 
sources, and this is pumped daily to the surface, such 
water can be pumped first through the refrigerator 
condensing plant, and the problem is simplified. This 











medium to carry away the positive B.Th.Us. associated 
with any proposed underground refrigeration scheme 
is the mine air itself rising above the mine workings 
in the upeast. This fixes the position of the condensing 
plant and does not make for good practical working, 
and in any case the temperature of the upcast air 
(generally 100 per cent. humidity) is such as to put the 
refrigeration medium under most inefficient working 
conditions. To place refrigeration plants underground 
is therefore not such an easy problem as to employ 
them under ordinary surface conditions. 

To produce cold water on the surface and circulate 
it to depths of over 7,000 ft. through suitable cooling 
stacks placed underground, or sprays through which 
mine air would be blown and thereby cooled, involves 
enormous hydraulic pressures of over 3,000 lb. per 
square inch, owing to the great depths, or, alternatively, 
a complicated method of pressure breaking. 

For the direct cooling of the workers, assuming that 
special suits could be made and the difficulties of 
chills overcome, on the basis that 600 B.Th.Us. per 
hour is the balance required to be dissipated for a worker 
by such a method, an amount of ice or liquid air of 
about 3 lb. per hour would be required, and on a shift 
of say 6 hours, this means a total of 18 lb. must be 
supplied to each worker. 

The real question of underground atmospheric 
conditions is that of improving the humidity conditions 
or drying the air. Temperature is only one factor, 
but apparently not the matter of greatest importance 
so far as the gold mines of the Witwatersrand are 
concerned. The behaviour of the mine air in its course 
from the surface down the mine workings appears to 
be the starting point from which to decide what policy 
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exposed wetted surfaces from the down shaft collar to 
the working places would be well repaid by the bene- 
ficial results achievable. After this has been attended 
to, it remains to make a choice from among the various 
methods mentioned. Hot spots have been dealt with 
by the nozzling of ordinary compressed air blown 
over ice, and, although apparently crude, appears to 
have been amply justified as regards the relative 
costs of other methods. It might be advisable for the 
physiologists to give some information as to what is 
the maximum CO, allowable for the health of the 
workers, in case it may prove justifiable to isolate 
a portion of a mine and re-circulate continuously 
washed and treated air under very special circumstances. 

In addition to investigating whether the moisture 
picked up prior to reaching the working places can 
be reduced, it is clear that any reduction of water- 
spraying at the rock drills and elsewhere, consistent 
with the health of the workers, would be a very big 
step forward in the solution of providing mine air 
with a low humidity and therefore higher cooling 
effect. 





VENTILATION AND THE ConTROL oF Srxicrous Dust 
ON WITWATERSRAND GOLD MINEs. 


By H. Mrresets and E. C. PoLtKinaaorne. 


On the mines of the Witwatersrand adequate venti- 
lation is rendered necessary by heat and dust. The 
problem of counteracting the effect of high rock tem- 
peratures has, of recent years, received so much atten- 
tion and has been dealt with in so thorough a fashion, 
that it is only in a few very deep mines that it has 
become serious. The dust problem, on the other hand, 
concerns all the mines on the Witwatersrand and it is 
proposed, therefore, to deal, in these notes, with ventila- 
tion chiefly from the standpoint of the control of dust. 

As is well known, mining operations on these fields 
are liable to produce dust largely composed of free 
silica and the lungs of persons working in an atmos- 
phere containing this dust become affected with the 
condition known as silicosis. Unfortunately this is not 
all. Silicosis lungs cause a general weakening of the 
disease-resisting organisms of the body and render 
affected persons particularly susceptible to tuber- 
culosis which, in turn, diminishes the resistance of the 
lungs to the effects of dust. It is the combination 
of these two—silicosis and tuberculosis—that has 
taken such a heavy toll of life on the Rand. 

Dust is produced underground by drilling, blasting 
and the movement of broken rock. The dust caused 
by drilling operations, although small in amount when 
compared with that produced by blasting, is difficult 
to deal with, because it is necessarily produced in close 
proximity to the drill operators. The drilling of rock 
on these fields was, in the early days, almost entirely 
performed by hammer boys. As operations became 
more extensive, compressed-air drilling machines came 
into use, and to-day the drilling of rock by hand labour 
is only done in special circumstances. 

The first rock-drilling machines generally used were 
large reciprocating drills operating with solid steel, and 
it was during this period that the seriousness of miners’ 
phthisis was first recognised. With these machines and 
solid steel, the dust created could only be controlled 
by the application of water through independent 
hoses and long jets in an attempt to deliver water as 
near the bottom of the hole as possible ; but such an 
unsatisfactory method soon came to an end with the 
appearance of a new type of machine,viz., the Leyner 
drill, which was of the hammer type, using hollow steel 
through which water passed definitely to the bottom 
of the hole. Even with these machines, unsatisfac- 
tory dust results were often obtained, owing to air 
passing down the steel with the water and ultimately 
escaping to the atmosphere in the form of bubbles 
carrying dry dust. By the provision of longer pistons 
and, later on, by front head releases, and the use of 
shorter water tubes, the position has been considerably 
improved, and it is difficult to see how much more can 
be done in this respect until a really satisfactory exter- 

















nally water-fed machine can be produced. 

In addition to all the efforts that have been made 
to supply the operator with the best possible machine, 
great pains are taken to ensure that it is kept in good 
order and is properly used, as carelessness or indiffer- 
ence on the part of the operator is liable largely to 
impair the dust-prevention qualities of the machine. 
Furthermore, very strict regulations have been framed 
by the Government Mines Department with a view to 
preventing the formation of dust during drilling, and 
only those machines which have been passed by the 
Department are allowed to be used in the mines of the 
Witwatersrand. 

When everything possible has been done to ensure 
that as little dust as possible is created during drilling 
operations, it is still essential to provide a good current 
of air to the working places in order to break down any 
concentrations of dust that may be formed and to 
carry the dust particles away as soon as possible to 





is required to improve matters. Any attempt to prevent 
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the return airways. Particulars of methods used in 
this connection are given later. 

The most dangerous condition of atmosphere created 
in the whole course of mining operations is that pro- 
duced by blasting. The air becomes practically 
saturated with fumes and very fine, and consequently 
dangerous, dust, and can then only be treated as a 
poisonous gas. By means of careful arrangement of 
the sequence of blasting, workmen are kept free from 
this atmosphere at the end of the shift and by the 
provision of powerful ventilating machinery and proper 
control of the air currents, all working places are 
cleared of dust and fumes before it is necessary for 
anyone to re-enter them. Except in special circum- 
stances, blasting is only permitted on these mines 
once in 24 hours, and it is laid down in the Mining 
Regulations that no one is allowed to enter any working 
place in a mine if any trace of fumes or dust is still 
present. 

In shafts and development ends, water blasts are 
installed as near the face as possible and are turned on 
just after the holes are fired. These devices project 
a mass of water towards the blast by means of com- 
pressed air, thereby creating a water curtain through 
which it is difficult for dust to pass to other parts 
of the mine and, in cases where they can be erected 
close to the face, they wet the broken rock very 
thoroughly to the great benefit of conditions, when it has 
subsequently to be removed. This generous wetting 
also has the effect of absorbing much of the nitrous 
fumes due to blasting, with the result that it is now 
very rarely that cases of gassing occur among gangs 
cleaning development ends. 


The amount of dust produced by the handling and | 


shovelling of broken rock is comparatively small, 
provided that the rock is thoroughly wetted and kept 
wet throughout the working period, but the dust 
created by the tipping of rock into bins and its passage 
through ore-passes is sometimes considerable, in spite 
of the sprays and atomizers used. It can generally be 
successfully dealt with, however, by passing the dust- 


carrying air through filters or direct to return airways 


by means of auxiliary fans and ventilation tubes. 

Examinations of the lungs of deceased miners reveal 
that about 70 per cent. of the particles of dust there 
found are approximately | micron (, ;';; mm. in diameter) 
with very few particles over 3 microns. Dust of this size 
takes several hours to settle in still air, and, for prac- 
tical purposes, must be regarded as a dangerous gas 
to be diluted and swept out of the mine by adequate 
ventilation. Although the application of water in the 
drilling of holes and to all broken rock is still of great 
importance, it is realised that the efficiency of this 
method in the settlement of minute particles of siliceous 
dust is distinctly limited, and efforts are therefore 
now directed to the complete removal of dust-laden 
air as quickly as possible. To do this successfully, 
large volumes of air must be available and its definite 
movement along the working faces ensured. 

Miners’ phthisis has been receiving the attention 
of Government Commissions and Joint Committees 
for many years, and is the subject of special legislation, 
with the result that a great reduction in the dust 
contents of mine air has been effected compared with 
fifteen years ago. This improvement is indicated by 
the results of the periodical surveys carried out by the 
Chamber of Mines Dust Sampling Department, which 
show that, for the years 1914 and 1915, the general 
average of samples for all the mines of the Reef was 
4-9 m.gm. of dust per cubic metre of air. For 1919 
and 1920, this average was reduced to 2-5 m.gm., and, 
for 1927 and 1928, it had come down to 1 m.gm. These 
results are confirmed by the work of the ventilation 
staffs on the mines. 

Although much has been done in preventing the 
formation of dust, the reduction in the dust content 
of the air is largely due to improved methods of venti- 
lation. In the layout of all the newer mines, ventila- 
tion has received great consideration. Special shafts 
have been sunk, and powerful ventilating appliances 
installed—in fact no expense has been spared to 
produce the healthiest possible conditions underground. 
As an example of what has been dore in this respect, 
a short description of the ventilation system now 
obtaining on the Government Gold Mining Areas may 
be of interest. 

The mine is ventilated by a 30 ft. diameter Walker 
fan at the top of No. 5 shaft, through which the vitiated 
air is exhausted from the workings. This shaft is 
22 ft. in diameter, centrally situated in relation to the 
downcast shafts, and was sunk solely for ventilation 
purposes. A tandem compound engine, of 1,500 h.p., 
drives the fan, which is designed to pass 900,000 cub. ft. 
of air per minute, at a water gauge of 7in. At present 
the fan is operating at four-fifths of its full speed, and 
is handling approximately 800,000 cub. ft. of air per 
minute (measured in the fan drift), the water gauge 
being 4-5 in. 

The four producing shafts of the mine are rectangular, 
and of seven compartments. These shafts are all 
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downcast, and the average volume of air (measured at 
the bottom of the shafts) passing through each for the 
year 1928, was as shown in Table I. 


TABLE I.—Air Passing Down Mine Shafts. 





Cub. ft. 
Shaft. Depth per Minute. 
Ft. 

North-west 2,375 172,750 
North-east 2,285 | 97,500 
South-west oa ved 3,646 193,000 
South-east se | 3,750 176,750 
Total i 640,000 


By means of main ventilation controls placed at 
suitable points in the mine, the volumes mentioned 
in Table I can be easily varied. 

The difference between the total downcast, 
measured at the shaft bottoms, 
measured in the fan drift, is accounted for by com- 
pressed air, 55,000 to 60,000 cubic feet per minute, 
in terms of free air; expansion due to increased tem- 
perature ; and expansion due to a decrease of approxi- 
mately 3-4 in. in barometric pressure. 

To ensure that, as far as possible, every part of the 
underground workings receives a fair proportion of 
fresh air, the mine has been divided into six ventilation 
districts. Excluding compressed air amounting (in 
terms of free air) to about 6 cub. ft. per person per 
minute, the average quantities circulating in these 
districts during the year 1928 were as given in Table II. 


as 


TaBLe Il.—Air Circulating in Mine- Ventilation 
Districts. 
| Number of | cup, ft. of Air Cub. ft. of Air 











District No. | Persons on | ‘ : ; per * Person 
| One Shift. | per Minute. per Minute. 
| Ls ——— 
1 | 2,671 185,500 69-5 
2 | 734 | 50,100 | 63-9 
3 486 | 34,750 | 71:5 
4 3,032 185,775 61-3 
5 | 506 35,000 69-2 
6 | 2,117 148,875 70°3 
Whole Mine 9,596 640,000 66-7 


* A minimum volume of 30 cub. ft. per person per 
minute is required by the mines, works, and machinery 
regulations of the Union. 


Whenever possible, advantage is taken of unworked 
areas due to dykes, faults, unpayable ground, &c., 
in the arrangement of the ventilation districts; in 
the detail distribution of air within the districts and, 
when necessary, regulators subsidiary to the main 
controls are also installed. 

In order to reduce leakage and short-circuiting of 
air to a minimum, air locks are built wherever the 
ventilation pressure is at all high, and in places afford- 
ing direct communication between intake and return 
airways a third door is erected to form a double air 
lock. Where the traffic is considerable, doors are 
provided with attendants; in all other places they 
are made self-closing. Two timbermen and eight 
natives are employed solely for the construction and 
maintenance of doors and stoppings. 

Generally speaking, the policy on Government 
areas is to concentrate as much of the cold downcast 
air as possible at the lowest points in the mine, after 
which it is split into stopes and thence coursed 
through the intervening workings to the upcast shaft. 
The following advantages may be claimed for this 
system: The air reaches the extremities of the mine 
at temperatures between 6 deg. F. and 10 deg. F. lower 
than the rock temperature, although it may have 
travelled over a mile from the bottom of the downcast 
shaft, thus enabling the deepest workings of which 
the rock temperature is 84 deg. F., to be kept reason- 
ably cool. The trend of natural ventilation is assisted, 
resulting in the greatest possible amount of air being 
circulated through the mine, because the air is allowed 
to rise as it gets warmer. As a result of the concen- 
tration of large volumes, it is easier to obtain a definite 
movement of air along stope faces, so enhancing the 
cooling effect of the air on the workers and providing 
for the dilution and, removal of dust. Full effect is 
given to the condensation factor in the elimination of 
dust. 

The system of foot-wall haulages for the transport 
of ore in use on this mine facilitates the operation of 
this method of ventilation. The main haulages are 
usually over 100 sq. ft. in area, straight, practically 
all well in the foot-wall of the reef, and tapped only 
by foot-wall cross-cuts about 800 ft. apart. Ina mine 
equipped with potential airways, such as these, large 
volumes of air can be sent to the boundaries at reason- 
ably low velocities with consequently little loss. It 
might be thought that the dust content of the air 
would materially increase during its progress from the 
lowest workings to the upcast shaft, actually, however, 


and the volume | 
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a great deal of the dust is eliminated through the con- 


densation of water vapour. The air emerging from 
the downcast shafts is practically saturated, more 
water is picked up in the workings and, as the air 
rises to the higher and cooler levels, dust is precipitated 
with the condensing moisture. 

The recent introduction of concrete for the support 
of workings has been a great help to ventilation, as 
air currents can pass through several stopes without 
acquiring the unpleasant smell caused by rotting 
timber. The general use of concrete is also of advan- 
tage as regards temperature conditions. Some years 
ago it was not unusual to find that the.air temperature 
of heavily timbered and poorly-ventilated stopes was 
3 deg. F. to 5 deg. F. higher than the rock temperature. 

As the stope faces advance and the area of the 
excavations increases, the velocity of the air is reduced 
and special measures become necessary to divert the 
air streams from the centres to the faces of the stopes. 
This is effected by means of ventilation walls built of 
concrete or waste rock traversing the stopes to within 
a few feet of each face or by means of walls running 
parallel to the stope faces. The latter method is 
preferable in that a definite channel is provided through 
which the air must flow, but is open to the objection 
that new walls have to be built as the stope faces 
recede. Such walls are being systematically built on 
this mine at the rate of 1,500 ft. to 2,000 ft. per month 
and a notable improvement in ventilation has resulted. 

Development headings are ventilated by small 
electrically-driven fans, or by Venturi blowers, 
operated by compressed air, delivering fresh air to the 
faces through galvanised iron piping of 14 in. or 
22 in. diameter. ‘The essentials are that the intake 
end of the piping be placed in a through ventilation 
current, and in such relation to it as to obviate circula- 
tion of dust and fumes, and that the air be delivered 
near the working face at a velocity great enough to 
penetrate the “curtain” formed by the compressed 
air exhausted from the rock drills and to break up 
any dust concentration that may be present. Definite 
provision is thus made for air to sweep the face and, 
as a result, the dust content of the air in development 
ends is often less than that in many stopes. Entry 
to an end after blasting is not allowed until the whole 
of the air contained in the heading, measured from the 
face to the last through connection, has been replaced 
by fresh air. 

As an indication of the importance attached to the 
maintaining of healthy conditions underground, it may 
be mentioned that this mine employs 12 Europeans 
and over 200 natives entirely on ventilation and dust- 
prevention work. It may safely be claimed, in con- 
clusion, that the reduction in the incidence of silicosis 
that has occurred during recent years is due, to a great 
extent, to the improved methods of ventilation and 
dust control described above, and it is probable that 
continued efforts in the same direction will improve 
the position still further. 








CATALOGUES. 

Paper Pinions.—A new catalogue of paper pinions is to 
hand from Messrs. British Insulated Cables, Limited, 
Prescot, Lancs., who supply these either in blanks or 
finished. 

Tools.—We have received a leaf catalogue illustrating 
special broaches, jigs, gauges, and fixtures for machine 
tools made by Messrs. The Brooke Tool Manufacturing 
Company, Limited, Greet, Birmingham. 

Lifting Magnets.—Messrs. Igranic Electric Company, 
Limited, 149, Queen Victoria-street, London, E.C.4, have 
issued an interesting circular explaining their KY relay 
for energising lifting magnets. 

Welding.—Messrs. Oxley Engineering Company, Lim- 
ited, Hunslet, Leeds, have sent us a new catalogue of 
electric resistance machines for spot, butt and seam 
welding, rivet heating, and annealing springs for drilling. 
The butt welders are made in designs for light, medium 
and heavy work. 

General Engineering.—The Skoda Company of Prague, 
Czeckoslovakia, have sent us a copy of a review illus- 
trating examples of their products which include Pelton 
wheels, large hydraulic presses, locomotives, small tools, 
aero engines, cranes, &c. Brief descriptive notes are given 
in five languages, including English. 

Rubber Hose.—Messrs. Macinlop, Limited, Cambridge- 
street, Manchester, have issued a catalogue of rubber 
hose, in the form of a handbook illustrating and describ- 
ing the various kinds of hose with particulars of materials, 
manufacturing processes, and working pressures, — and 
also including notes and tables of relevant information. 

Refrigerating Machinery.—Messrs. J. and E. Hall, 
Limited, Dartford, Kent, have issued a new catalogue ol 
machinery and fittings for refrigerating and ice-making, 
illustrating a large number of installations, which they 
have supplied, to show the various applications, such as the 
conditioning of the atmosphere in mines, workshops and 
hospitals, and the preservation and preparation of food. 
It is pointed out that, except for small installations, which 
are generally of the automatic type, plants must be 
specially designed and estimated for in order to produce 





satisfactory results. 
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THE CORRELATION OF FATIGUE 
AND OVERSTRESS.* 


By Professor J. H. Smrru, D.Se., M.I.Mech.E.; C. A. 
Connor, M.Sc., and F. H. Armstrone, M.Sc. 


EXPERIMENTAL work on the phenomenon of the fatigue 
of metals has until recently been practically confined to 
investigations from the point of view of endurance 
determinations. An enormous amount of information 
has thus been gained, though but little has been added 
to our knowledge of fatigue. As a result of these 
researches many theories have been propounded, but 
very little has been done by way of real attempts to 
give satisfactory practical explanations of the pheno- 
mena. Recently research work has branched out in 
quite a new direction. It has been realised very fully 
that endurance tests scarcely justify the amount of 
time, labour, and money expended upon them. The 
time spent may be enormous—some of Wohler’s tests 
occupied years. Bearing in mind this factor, several 
investigators have devised methods whereby the 
fatigue properties of metals may be obtained by a series 
of short tests, and they have compared their results 
with those from corresponding endurance tests. 

A brief summary of these methods is as follows: 
(1) The ‘‘ microscopical ” method of determining that 
range of stress which is just insufficient to produce slip- 
bands in the material. This method has been fully 
investigated by Rosenhain and others.t (2) While 
studying the strains in a material which was being 
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“ENGINEERING” 
subjected to periodic stress of high-frequency and of 
varying intensity, one of the authors evolved his 
‘strain’? method.t (3) Stromeyer, when experi- 
menting with temperature rises during straining by 
periodic stress, introduced his ‘‘ calorimetric ’’ method.§ 
Throughout this work the authors have used the strain 
method ; it has been thoroughly tested by one of the 
authors, and he has come to the conclusion that yield 
ranges are identical with limiting fatigue ranges. In 
the absence of experimental evidence to the contrary 
the authors will assume that this is so. 

In investigating the proportionate effect of two ranges 
of stress upon the endurance properties of a material 
during some earlier work, one of the authors had 
concluded that the effect of a range of stress greater 
than the corresponding Wohler limiting range appeared 
to improve the endurance properties of the material. 
Recent investigations by Moore and Kommers, of the 
Engineering Experimental Station of the University of 
Illinois, on the effect of overstress upon the fatigue 
range when using reversed bending stresses, appear 
to contradict the above. Working on steels of 0-49 
per cent. and 1-20 per cent. carbon content, they 
obtained the following results :— 

0-49 per cent. Carbon Steel. 
Decrease in 


Degree of Overstress. Fatigue Range. 


Per cent. 
5,000 cycles at 10 per cent. ... 0 
5,0 *» 20 * "re e” 30 
5,000 *» 29 * ee ll 
1,000 $s 29 * ans 0 
1,000 os 35 ” ee 4 
100 9 38 % Ee 0 


see 27 a ee Sanne ee) 
_* Paper read before the Iron’and Steel Institute, at | 
Newcastle-upon-Tyne, on Thursday, September 12, 1929. 
Abridged, 

| Proceedings of the Royal Society, 1900, vol. lxxiv. 

{ Journal of the Iron and Steel Institute, vol. 1xxxii, 
page 246 (1910). 

§ Proceedings of the Royal Society, [A], vol. xe, 





1-20 per cent. Carbon Steel. 
Decrease in 


Degree of Overstress. Fatigue Range. 
Per cent. 
5,000 cycles at 20 percent. ... 12 
10,000 9 20 * eer 14 


This gave rise to one branch of the present paper, in 
which this question of the variation of fatigue limits 
resulting from overstress is studied from the point of 
view of yield ranges. 

The work consists of two distinct series of experi- 
ments. In the one series, a normal steel was over- 
stressed, first with symmetrical, and secondly with 
unsymmetrical ranges of periodic stress. In the other, 
the yield ranges of a steel which had failed in engineering 
practice through fatigue were investigated, and in each 
case, after this treatment, the yield ranges were investi- 
gated. 

Yield Ranges.—The behaviour of a ductile material, 
such as wrought iron or mild steel, when subjected to an 
alternating stress range of high periodicity and super- 
imposed direct or mean stress, is very similar to that in 
the ordinary static test. On the addition of direct 
stress, while a material is subjected to a fixed alter- 
nating stress range, the relation between strain and 
direct stress is linear, but only for a very limited range 
of direct stress. With higher values a certain amount of 
creeping occurs, but settlement takes place in a few 
seconds. On further application of mean stress the 





amount of creeping becomes greater, until a point is 
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reached at which the creeping becomes very great. 
At this point there is a definite yield, this point being 
the yield point. A range of stress which, when mean 
stress is superimposed, gives rise to yielding, is known 
as a “‘ yield range.” 

As this mean stress may be either tensile or compres- 
sive the corresponding yield point may be obtained. 
Steel supplied by the maker is in a condition termed 
the primitive state, and on being tested with a range of 
stress and superimposed mean stress, the yield points 
may not necessarily occur at equal values of mean 
stress in tension and compression. A state, however, 
may be reached in which the yield points occur at 
equal stresses in tension and compression. This state, 
which is reasonably a normal state, has been termed 
the “cycle state.” On unloading again from these 
limits by varying the mean stress, the material again 
becomes elastic between two equal and opposite elastic 
limits. These limits are evidently the natural elastic 
limits of Bauschinger, and the material is then said to 
be in the ‘“‘ Bauschinger state.” 

Description of Testing Machine.—All the work was 
carried out on the Smith fatigue-testing machine. 
A full description of the machine is published elsewhere* 
and is not within the scope of this paper. A brief 
description of the method of securing the specimen and 
the more important features are, however, necessary. 
A very important point is that the specimen may be 
subjected to ranges of stress of which the mean stress 
is tensile, zero, or compressive as may be required. 
The method of securing the specimen to the extremity 
of the load spindle and to the machine frame is shown 
in Fig. 1. The end of the specimen to be attached to 
the load spindle is tapered, and is held in position by a 
hollow tapered split chuck in the end of the spindle, 
the end being bored out for about an inch. A hollow 
nut screwed to the end of the spindle securely locks the 
tapered end of the specimen. The parallel portion of 
the specimen is surrounded by a split cradle in which it 
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is free to move axially. This arrangement minimises 
buckling under compressive stress. There is also no 
danger of initial stress. 

In the load spindle there is a gunmetal bush, at 
right angles to the axis, carrying a shaft at the ends of 
which are flat discs to which masses are bolted at a 
radius of 5 in. This shaft is driven from the central 
shaft by means of a flexible coupling. The specimen 
receives reversed direct stresses once in each revolution, 
due to the horizontal component of the centrifugal 
forces of the masses. From the following formula it 
can be seen that any required range of stress is obtain- 
able by choosing suitable masses and periodicity :— 


wn t r squ inch 
= 3594 tons per square inch. 
where 
= mass (Ib.) ; 
N =r.p.m. (hundreds); and 
A = cross-sectional area (square inches). 


The machine consists of two units, each or both of 
which may be used at once. Speeds are read off 
from a tachometer, but for accuracy it is desirable to 
use a revolutions counter and a seconds clock. By 
means of a helical spring any required mean stress can 
be superimposed on the alternating stress. One end 
of the spring is bolted to the framework of the machine, 
and in the other end is a brass bush which is screwed on 
the load spindle. The spring is compressed or extended 
by rotating a handwheel keyed on the bush one way or 
the other; by compressing the spring a tensile load is 


| applied to the specimen, and by extension a compres- 


sive load is applied. One turn of the handwheel pro- 
duces a load of 95-3 Ib. in tension or compression. This 
static load applied by the spring is the mean stress of 
whatever range of alternating stress is employed, and 
will be referred to as “ mean stress.” The amount of 
mean stress is usually spoken of as so many turns of the 
spring. 

The extensometer is a modification of the Martens 
type. The double knife-edge piece of hard steel is 
pressed between the sheath and a bracket on the speci- 
men, both of which are suitably grooved to receive it. 
A small, silvered concave mirror, 3-inch in diameter, 
and of 50-cm. focal length, is fixed with sealing-wax 
to the upper portion of the knife-edge piece. Change of 
length of the specimen causes axial movement of the 
bracket relative to the sheath, thereby rotating the 
mirror through a small angle. The image of a ,-inch 
diameter orifice, illuminated from behind by an arc 
and condenser, is thrown from the mirror and focussed 
on a graduated translucent screen. Movement of this 
spot of light gives a visible indication of the amount of 
strain. When a range of alternating stress acts on 
the specimen, the spot of light appears as an illumi- 
nated band owing to persistence of vision. When 
the mean stress is superimposed on the alternating 
stress, the mean strain is indicated by the movement 
of this illuminated band. 

In carrying out loop tests, the strains met with are 
such that the movement of the illuminated band is 
confined to the screen. In complete yield tests the 
strains are much greater, the line tending to leave 
the screen entirely. The latter strains have to be 
estimated in instalments, in which the band of light 
traverses the middle 60 cm. of the screen during each 
instalment. To do this, the specimen must be made 
to stop yielding until the mirror is brought back to 
its original position. Yielding may be arrested either 
by stopping the machine or by reducing the mean 
stress. When the range of stress is restored the speci- 
men yields again. Since the screen is a plane surface 
there will be inaccuracies if the movement of the illu- 
minated band be not confined within, say, 30 cm. on 
either side of the middle point. 

As the specimen is a part of the constraint of the 

mean stress spring, changes in its length will affect 
the mean stress. If it suffers a tensile strain, the mean 
stress spring will slacken and reduce the stress. If 
it be shortened by compression, the spring will also 
slacken and decrease the mean stress. Compensation 
is made by adjustment of the load zero. For each 
instalment of yield of 60 cm. of scale reading, a rotation 
of the handwheel through one-sixth of a turn is made, 
in a clockwise direction in the case of tensile strain, and 
vice versa. The readings of the extensometer were not 
tabulated, but were plotted directly on specially 
ruled paper with spring turns as ordinates. The 
co-ordinate axes are inclined to one another at 46 deg. 
This method of plotting gives much more compact 
stress-strain diagrams than when rectangular co- 
ordinates are used. 
Preliminary Investigation of Material in Overstress 
Experiments.—The first set of tests was carried out on 
a mild steel of which the following are the chemical 
analysis and mechanical properties :— 








page 411 (1914), 
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Analysis, Per cent, 
Carbon - “es eee asd 0-19 
Silicon ‘xe wee dae aa 0-037 
Sulphur... eee a wee 0-034 
Phosphorus see eee are 0-058 
Manganese eee eee eee 0-62 
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Fig. 1. 


Mechanical Properties (Static Tests). 


Limit of proportionality .... 13-1 tons per sq. in. 
Yield stress con vw GFE vy A 
Maximum stress oon BOO a 3 
Breaking stress... oe §=221°3 

Elongation ess ... 29-9 per cent. 
Contraction of area ... 60-8 

Brinell hardness number... 127. 


Specimens were turned from the bar, and the parallel 
portion was finished by grinding. Fig. 2 shows the 
dimensions of a specimen. For convenience the 
material will be referred to as C steel. 

The determination of the yield ranges for various 
amounts of mean stress was carried out by the following 
method :—A small range of alternating stress is chosen, 
and the machine adjusted to give this range. A 
specimen is inserted, and the speed checked by the 
revolutions counter and a seconds clock. Upon this 
alternating stress a mean stress is superimposed. The 
loading with mean stress is done cyclically ; thus, 
2 turns on spring in tension are given, and then 2 in 
compression ; next 4 turns in tension are followed by 
4 in compression, and so on. The initial elastic line 
is plotted, and shows the limits of proportionality. 
At some point in the loading with mean stress, the 
specimen yields; this is observed by the failure of 
the illuminated band on the screen to come to rest. 
With stresses below the yield the illuminated band 
settles in a few moments, but at the vield it continues 
to creep without any further increase of stress. It is 
not advisable to allow yields of more than 4 or 5 cm. 
of scale reading. The mean stress is now reduced to 
zero, and increased in the opposite sense. Yielding 
may now occur for a greater or less value of mean 
stress than in the former loading. If the specimen be 
loaded up to the yield points several times in tension 
and compression alternately, and yields of small 
amounts be allowed to take place, the yield points 
may be equalised; that corresponds to the cyclic 
state. The stress-strain diagrams for a material in 
the cyclic state are closed loops, provided that the 
stresses are below yielding values. Yielding is detected 
when the stress-strain loop fails to close. The specimen 
is now unloaded cyclically in the same manner until 
finally the material falls into an elastic state between 
equal limits of stress. This is the ‘‘ Bauschinger state.” 

For other values of alternating stress the yield is 
approached by a sefies of soop tests with increasing 
mean stress, until its occurrence is indicated by the 
failure of the illuminated line to come to rest and give 
a closed loop. After each yield test the specimen is 
unloaded into the Bauschinger state. When a small 
range of alternating stress is used there is no difficulty 
in detecting the yield, but where the range is near the 
Wohler range for equal and opposite stresses the yield 
is small and more difficult to detect. 

Particulars of experiments on specimen C15 are 
given below. The results are plotted in the graph 
reproduced in Fig. 3. 

Conditions, 
960 r.p.m. 
4°15 lb. 


Periodicity... 
WY ase see ate 
Range eos soe ... 9-9 tons per sq. in. 


The specimen was initially in the Bauschinger state. 
The yield was approached by loading with mean stress 
as represented below :— 


Variation of Mean Stress. Remarks, 
2 turns tension to 2 compression) 

- i 4 = | Elastic line traced. 
a 6 J Bauschinger state. 
Ss; 8 

10 10 

= Loops traced. 
16 ,, BR 16 Er 

17 me 17 = Yield. 


The material yielded equally in tension and compres- 
sion for 17 turns of mean stress, or 14-7 tons per 
square inch. The specimen was unloaded cyclically 
and brought back to the Bauschinger state, thus :— 


Variation of Mean Stress. Remarks. 
17 turns tension to 15 compression. Loops traced. 
IS” » > 
a ys ” 
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| an elastic line. 
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The results of the complete test were :— 


” 





Tons per 
Square Inch. 
Alternating stress es re 9-9 
Mean stress cae ei ase 14-7 
Maximum stress ... ee sisig 19-65 
Minimum stress... ; a= 9-75 


(To be continued.) 








EXTRACTION FAN FOR INFLAM- 
MABLE GASES. 


A COMPARATIVELY new field within the purview of 
the Factory Department of the Home Office is that 
comprising the handling of air charged with gases of 
a highly inflammable or explosive nature, such as 
those which obtain in cases where cellulose is employed. 
The tendency to impose greater restrictions on the 
use of extractor fans for dealing with air in such a 
state has led Messrs. S. G. Leach and Company, 
Limited, 26-30, Artillery-lane, E.1, to bring out a fan 


meet the requirements of the Home Office and of the 





in the accompanying Figs. 1 to 3, and is known as 
| the ‘‘ Leach-Woods ” type of propeller fan, Messrs. 
| Leach producing it in association with Messrs. M. W. 
| Woods, Limited, Colchester. As will be seen from 
| the external view of the fan given in Fig. 1, the fan 
is of the free-intake type, with a four-bladed pro- 
| peller of a somewhat unusual type. The motor is 
|completely protected, and the terminal box is also 


o\ —> 
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having a flame-proof electric motor, and designed to | 


Mines Department, Sheffield. This fan is illustrated | 


Fig.3. 
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closed in, and has the cable entry tapped for a screwed 
conduit. A reference to Fig. 3 will show that the 
covers for the motor and that for the terminal box 
are secured by set-screws, which can be tightened 
with box spanners in order to ensure good joints 
being made. The flanges, moreover, are of consider- 
able width, and are machined. Should the leakage of 
inflammable gases take place into the motor casing, 
any resultant flame would be sufficiently cooled in its 
passage between the flanges to remove all danger of 
ignition of the surrounding atmosphere. 

The motor may be supplied suitable for either 
alternating current, of single-, two- or three-phase, 
or for direct current. The impeller has four blades 
of the shape indicated in Fig. 2. These blades are 
provided with an embossed stiffening rib near the 
straight edge, which effectually prevents whipping. 
The blades are secured to a machined conical boss, 
the formation of which prevents re-entrant air currents 
when working against a resistance, and conduces to 
silent running with absence of vibration. Ball bear- 
ings are fitted to take both radial and end thrust, 
and the fans can be used either in the vertical or a 
horizontal position. A special grease-filled stuffing box 
is provided to prevent the leakage of air inwards. The 
fan is at present manufactured in five sizes, ranging 
from a blade diameter of 12 in. to one of 30 in. 

The employment of a fan with a protected motor is 
not, of course, necessarily restricted to the handling 
of air containing inflammable gases ; such fans may 
be used for air laden with moisture, acid fumes, fine 
dust or other substances likely to be deleterious to 
unprotected electrical machinery. Further, these fans 
may be used in connection with ducts, provided these 
are correctly designed, both as regards dimensions and 
lead. It is claimed that, installed in such a way, 
this type of fan will do the work of a centrifugal or cased 
type of fan at about half the current consumption of 
the latter, while its original cost is much lower. 








LECTURES ON ENGINEERING MANAGEMENT.—AS pre- 
viously announced, a course of three public lectures 
on ‘ Engineering Management” will be delivered at 
University of London, University College, Gower-street, 
W.C.1, by Mr. E. T. Elbourne, M.B.E., on Tuesdays, 
at 6.30 p.m., beginning on November 12. The first 
lecture will deal with the management function, the 
second with production policy and progress control, 
and the third with process planning and_ production 
estimating. The lectures are open to the public without 
fee or ticket. 








Prorection oF Moror-Cars purine Frost.—In 
order to assist motor-car owners, the Royal Insurance 
| Company, Limited, has prepared a card showing some 
| simple precautions for avoiding damage to motor vehicles 
| by frost. The precautions prescribed comprise the use 
|of an anti-freezing mixture in the radiator, &e., the 
| draining of the cooling system, the adoption of heating 
| devices, and the protection of cars in motion. Copies 

of the card may be obtained on application to the com- 
pany’s head offices, 1, North John-street, Liverpool, 
and 24-28, Lombard-street, London, E.C.3. 
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THE INSTITUTION OF CIVIL 
ENGINEERS. 


Presidential Address* by WILLIAM WYLIE GRIERSON, 
E. 








| 
Ir is the usual practice of the President to select for 
his inaugural address that branch of engineering with 
which his professional career has been most closely | 
associated, and, having regard to the many specialised | 
branches into which engineering science is now sub- | 
divided, the practice is one which is generally to be 
commended. Although not unmindful of the valuable 
address on Railway Engineering and Transport 
delivered in 1927 by Mr. Ernest Trench, which will | 
yender unnecessary reference to some of the technical 
and other matters dealt with on that occasion, I hope 
there still remains interesting and perhaps useful 
material for a further address on the same subject. 
Fortunately, from one point of view, industrial 
depression, road motor competition, and the develop- 


| 


| been opened in 1825. 





ment of air services, coupled with a depleted revenue, 
have inevitably served to call attention to the 
alteration in conditions which formerly caused railway 
securities to be regarded as one of the soundest of | 
industrial investments, and, inde-d, it is not improbable 
that the investing public have, in the last few years, 
been disposed to doubt whether the days of railways 
as successful commercial undertakings may not be | 
numbered, and whether their ultimate fate may not, 
in some measure, prove to be the same as that of the 
canals which preceded them. 

Immediately prior to the advent of railways, inland 
transport of bulky material was largely dependent on 
canals and the natural waterways of the country, and 
still further back, in the middle of the eighteenth 
century, on bridle paths and roadways. The con- 
dition of the roads about 1750 may be gathered from 
the following extract taken from an article on ‘“‘ Canals 
and Railroads,” which appeared in the Quarterly 
Review of March, 1825 :—‘ It is true that we who in 
this age are accustomed to roll along on hard and even 
roads at the rate of 8 or 9 miles an hour, can hardly 
imagine the inconvenience which beset our great- 
grandfathers when they had to undertake a journey, 
forcing their way through deep miry lanes, fording 
swollen rivers, obliged to halt for days together when 
the waters were out, and then crawling along at a pace 
of 2 or 3 miles an hour.” 

Well before this period, however, canals had become 
the principal means of the transport of coal, minerals, 
agricultural products and heavy and bulky articles. 
The rapid use and spread of canals through the country 
was largely consequent on the enterprise of the third 
Duke of Bridgwater, who, in 1762, obtained an Act of 
Parliament for the construction of an artificial waterway 
between a colliery on his property at Worsley in 
Lancashire and the town of Manchester, and although 
the cost, 225,0001., practically exhausted the Duke’s 
private resources, his enterprise was fully rewarded, 
for the net revenue returned is said to have eventually 
reached between 80,000/. and 100,000/. per annum. 
The impetus given to canal construction by the success 
of the Bridgwater Canal led to the promotion of 
canals throughout the country, and reached a peak 
level between the years 1790 and 1795, when as many 
as eighty-one Acts were sanctioned. 

The following examples of prices to which shares in 
some well-known canals attained are given in the 





(entleman’s Magazine, 1824 :— 
Original 


Gham. Rose to 

£ s. £ 
Trent and Mersey 75 O 2,200 
Grand Junction oe oe 10 0 290 
Staffordshire and Worcester- 

shire eet — ae 40 0 960 

Birmingham ... ry ae 12 10 350 
Shropshire 8 0 175 
Kennet and Avon 1 0 29 

15 0 600 


Leeds and Liverpool... 


It is, indeed, probable that the very prosperity of the 
canals, as indicated by the dividends paid, in some 
cases 100 per cent. per annum, was instrumental, to 
no small extent, in hastening the advent of railways, 
for it was only to be expected that, having regard to 
the large profits made, demands should have been 
put forward by traders for a considerable reduction in 
tolls and charges, and perhaps also natural that canal 
Proprietors, subject to no parliamentary control in 
respect of revision of tolls, and confident in their 
belief that they were possessed of a monopoly with 
which no other means of transport could seriously 
Compete, should have been slow to respond. 

Among the many prosperous undertakings ap- 
proached by traders with a view to securing lower 
tolls were the Bridgewater Canals and the Mersey and 
Irwell Navigation, described by a prominent Liverpool 
trader in a letter to the Press (1825) as “‘ being deaf 
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to all remonstrances and to all entreaties,’ and it was 


mainly the failure of the traders to secure concessions 
such as they considered adequate which led to the 
promotion of the Liverpool and Manchester Railway. 
Cheaper transit, however, was not the only considera- 
tion, for it was also claimed by the promoters that the 
frequent delays caused by shortage of water in summer 
and frost in winter would be avoided, and that greater 
expedition and certainty of delivery would result, a 
matter of great importance in the case of goods intended 
for shipment. 

The Act was passed in 1826, and the railway opened 
in 1830, the Stockton and Darlington Railway having 
The first effect of the advent of 
railways was to bring about a very great reduction in 
charges on the canals rather than of the volume of 
traffic carried. 

It is difficult for a railway engineer, whose duties 
have included the supervision of canals, to share the 
optimism of those who advocate the expenditure of 
large sums of money on the reconstruction of canals 
as an economic proposition in the interest of the trade 
of the country. No canal, other than the Manchester 
Ship Canal, which may be regarded as in a category 
by itself, and a few short junction branches, has been 
constructed since 1830. Seven hundred and sixty-one 
miles of originally constructed waterways are now 
derelict, and of the 3,902 miles still operating, 2,604 
are owned by independent companies, and pay as a whole 
a merely nominal return on the capital invested, while 
1,298 are owned or controlled by railway companies, 
and are a liability rather than a source of profit. 

These facts do not tend to confirm the argument that 
inland water-borne traffic must necessarily be a cheaper 
method of transport in this country than by rail, 
and it is questionable whether any useful comparison 
can be made with canals in Germany, Belgium and 
France, where water-borne traffic has held its own, 
and where, indeed, considerable canal construction has 
taken place in recent years, seeing that the geographi- 
cal, physical and political conditions are very different. 

Development of Railway Track.—A railway, as now 
understood, implies a track Jaid with rails on which 
vehicles are moved by a locomotive, and the earliest 
instance dates back to 1804, when an engine con- 
structed by Trevithick was used on a track of that kind 
at Pen-y-darran, South Wales; but railways on which a 
vehicle could be moved by a horse with less effort 
than on a highway date from much earlier times, 
Georgius Agricola, in his work entitled ‘“‘ De re Metal- 
lica,” mentioning that such railways existed in Germany 
in 1556. Probably the earliest in this country was a 
““wooden way,” consisting of cross sleepers and 
wooden rails, laid down in the early part of the seven- 
teenth century by a Mr. Beaumont between the port of 
Newcastle-on-Tyne and an adjoining colliery. 

In 1767, cast-iron rails were introduced at Coalbrook- 
dale Works, and rails of this kind were substituted in 
1818 on the Wylam wagon-way for the wooden rails 
which had previously been used. Malleable-iron rails 
were experimented with in 1803, but it was not till 
1820 that a patent was taken out for rolling iron rails 
15 ft. in length. Steel rails came into use about 1857, 
manufactured by Bessemer process. The standard rails 
of to-day for use in this country weigh, respectively, 
85 lb. and 95 Ib. per yard, and are rolled to lengths of 
45 ft. or 60 ft., as required by the engineer. 

Gauge.—The guage adopted on the Stockton and 
Darlington, Liverpool and Manchester, and the two 
railways Liverpool to Birmingham and Birmingham to 
London, for which Acts were obtained in 1833, was 
4 ft. 84 in., not, however, on account of any inherent 
virtue attributed to that particular width, but because 
it had been adopted on the old wagon-ways and tram- 
ways in the North of England and the Midlands, to suit 
the distance between the wheels of country carts. 

The Act for the Great Western Railway between 
London and Bristoi was passed in 1835, but contained 
no clause defining the gauge to which the permanent 
way was to be laid, owing to the opinion of Brunel that 
a gauge of 4 ft. 84 in. limited to a disadvantageous 
extent the capacity of vehicles for both merchandise and 
passengers, and also the possible power of locomotives. 

Brunel’s views in favour of a track-width of 7 feet, 
commonly known as the broad gauge, appear in a report 
to the Great Western directors of August, 1838, the 
following being some of the considerations to which he 
attached chief importance: In his opinion, the gauge 
best suited for one railway was not necessarily best 
suited for another, and depended on gradients, curves, 
the volume of traffic, and speed. The following is an 
extract from the report: ‘‘ With the capability of 
carrying the line upwards of 50 miles out of London on 
almost a dead level and without any objectionable 
curve, and having beyond this and for the whole 
distance to Bristol excellent gradients, it was thought 
that unusually high speed might easily be attained, and 
that the very large extent of passenger traffic which such 
a line would certainly command would ensure a return 
for any advantages which could be offered to the 
public either in increased speed or increased accom- 
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modation. . . . The attainment of high speed appeared 
to involve the question of the width of the gauge, and 
on this point accordingly I expressed my opinion at a 
very early period.” 

Another factor to which reference is made is the 
reduced frictional resistance of the carriage wheels 
which would result from an increase in their diameter ; 
and, further, that a 7-foot track required no wider 
bridge or tunnel than one 5 ft. in width, the breadth 
being governed by the maximum width allowed for the 
largest load to be carried and the clear space to be 
allowed beyond on either side. 

It is questionable, however, whether, in those early 
days of railway development when experience was small 
and design had largely to be determined by theory, 
Brunel’s recommendation, having regard to the objects 
he had in view—speed, safety and increased power of 
locomotives—could be said, as applying to that time, 
to be wrong; and, indeed, a Royal Commission, 
appointed in 1836 to report on regulations to apply to 
railway construction in Ireland, recommended a gauge 
of 6 ft. 2 in. for apparently very similar reasons to those 
which influenced Brunel. 

It is more difficult to understand how a man of 
Brunel’s foresight should have failed to foresee the 
importance of interchangeability of traffic with other 
railway systems ; but, as his reports show, he visualised 
the Great Western Railway as eventually covering the 
whole of the western counties, South Wales, and 
Northants to Oxford and beyond, and therefore as a 
self-contained system between which and others direct 
interchangeability of rolling stock was a matter of 
small importance. Limited as this view appears 
to-day, it was not at that time exceptional, as is 
evidenced by the fact that a gauge of 5 ft. was adopted 
on the Eastern Counties Railways opened in 1839, and a 
similar gauge on the Northern and Eastern Railway 
opened somewhat later. Nevertheless, want of 
uniformity was the cause which led to the ultimate 
abandonment of the broad gauge. 

The area of Great Britain is insignificant compared 
with that of the continents of Australia and Africa, or of 
India ; but it is not improbable that the question of 
conformity of gauge for main through and secondary 
lines will, in course of time, become one of importance in 
each of those countries. The standard main-line gauge 
of India is 5 ft. 6 in., of Australia 4 ft. 8} in., and of 
Africa 3 ft. 6 in., and it would hardly appear, looking 
to the future, that the conditions in India and Africa 
are so different as to necessitate a difference of 2 ft. 
in gauge. 

Railway Electrification—The superiority of electric 
over steam traction for underground passenger railways 
was definitely established on the opening of the Central 
London Railway in 1900, and confirmed by the sub- 
sequent conversion, about 1905, of the Metropolitan 
and Metropolitan District Railways, and by the many 
tube railways since constructed. The advantage of 
electric power also in the case of suburban lines giving 
access to and through densely populated areas is 
now fully recognised. No country, other than Switzer- 
land, has electrified more than a comparatively small 
proportion of its total railway mileage. 

A feature common to the Continental countries is the 
availability of water for generation of electric power, 
while a further similarity of conditions is the non- 
existence of native coal in Switzerland and Italy, 
and the partial dependence of France, more particularly 
in the centre and south, on imported supplies. A third 
feature, common to Switzerland and the districts in 
Italy in which electric power is being, or has been, 
substituted for steam, is the comparative steepness of 
the grades, and the consequent limitation of loads 
and speeds, and for conditions such as these, the power 
of the electric locomotive to haul greater loads at 
higher speeds is obviously of great economic value. 

It would appear that the question of adopting 
electric traction for main lines in this country must 
largely turn on the possibility of reducing working 
expenses to an extent sufficient to include a return 
on the cost of conversion and the increased cost of 
maintenance of the track, and, under existing -con- 
ditions in this country, that result does not at present 
seem probable. 

Description of Some of Brunel’s more Important 
Railway Work.—Reference has been made to the 
prominent part played by Isambard Kingdom Brunel 
in connection with the question of railway gauges, 
and though the course of events has proved unfavour- 
able to the realisation of his views on that matter, it 
is well to remember that he has left many notable and 
enduring monuments to his genius and originality 
of thought and his skill as an engineer. 

It is interesting to note that the Bill of 1834, as 
deposited, provided for a terminus on the north side 
of the Thames near Vauxhall Bridge. That intention, 
owing to opposition, had to be abandoned during 
the hearing, and a site near the present underground 
South Kensington station was substituted. This 
proposal, however, was also strongly opposed, the 
neighbourhood of Brompton being described by counsel 
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as famous for the salubrity of its air, and the state- 
ment also being made that streams of fire would 
proceed from the locomotive engines. Finally, in 
1836, powers were obtained to construct the terminus 
at Paddington. 

A structure of considerable magnitude, known as 
Wharncliffe Viaduct, crosses the valley of the Brent at 
Hanwell, and is of interest as illustrating the care 
taken by Brunel, as is apparent in all his drawings, 
so to design a structure that the least possible material 
will, with an added allowance for safety, meet the 
theoretical stresses imposed upon the various parts. 
The viaduct is 65 ft. in height and 889 ft. in length, 
subdivided into eight semi-elliptical arches, each of 
70 ft. span and 17 ft. 6in. rise. The spandrels of the 
arches are lightened by longitudinal spandrel walls, 
and the piers also are hollow. 

The well-known bridge over the Thames at Maiden- 
head, which was considered a bold work at the time, 
is a peculiarly graceful structure, the two main arches 
being semi-elliptical, each of 128 ft. span with a rise of 
24 ft. 3 in. The radius of curvature at the crown is 
165 ft., and the thickness of the arch at the centre 
is 5 ft. 3 in., and at the springing 7 ft. 1} in. London 
stock yellow bricks in cement were used, the thrust 
being 12 tons per square foot at the centre and 103 tons 
at the springing. The bridge was widened to carry 
four lines of way about 1890, and it was then found 
that the true lines of one of the arches of the original 
structure were considerably distorted. No part of the 
new structure was bonded with the old, in order to 
avoid the consequences of possible settlement. 
Maidenhead Bridge has the largest span of any brick 
arch carrying a railway. 

Brunel did not, to any considerable extent, use piled 
foundations, preferring, apparently, to rely on uniform 
distribution of the load over a large bearing area ; 
and many of his largest bridges and viaducts con- 
structed on soft ground are built on this principle. 

Probably the timber viaducts, of which there 
were at one time many examples, not only in Devon 
and Cornwall, but also in South Wales, will rank 
among his boldest and most pleasing designs. Between 
Plymouth and Penzance alone there were forty-five, of 
which thirty-four were from 80 ft. to 153 ft. in height 
and varied from six to twenty openings, each of 60 ft. 
or 66 ft. span. The use of timber on so considerable a 
scale can no doubt be explained by the facts that large 
timber scantlings of considerable lengths were, at that 
time, relatively cheap, and that wrought-iron, although 
it had been used for shipbuilding as early as 1837, 
was still a costly material. Brunel never had a high 
opinion of cast-iron as a suitable material for railway 
bridges. Though they vary in detail, the general 
features of the design of these lofty timber structures 
may be classified under two heads, A and B. In Class A, 
timber trusses are generally supported upon timber 
piles forming the piers; in Class B, which includes 
the great majority, timber struts radiate from the 
tops of masonry piers and carry the decking and rail- 
way. The truss type, of which there were compara- 
tively few, and which call for no special description, 
was adopted over soft ground and for the crossing 
of tidal creeks in which the depth of mud sometimes 
reached 70 ft., the usual span being 40 ft. and the 
height ranging from 40 ft. to 100 ft. In this type of 
construction, the replacement of worn timbers in 
any part of the main trusses involved the breaking 
up of the main truss and the complete occupation 
of the railway for several hours. 

The more interesting Class B, varied considerably 
in detail of design, but the feature common to all 
was the carrying of the track floor by radiating timber 
struts. 

A short description of St. Pinnocks Viaduct on the 
Cornwall railway will serve to illustrate the general 
principles adopted. Masonry piers, 66 ft. apart, 
centre to centre, were built to within 35 ft. of rail 
level, and were strengthened by buttresses on both 
sides at right angles to the direction of the viaduct, 
and by four others in the longitudinal direction, two 
at each end, the maximum height being 153 ft. 
from ground to rail level, and the total length 620 ft. 
The whole weight of the superstructure and live 
load was, in this case, concentrated on the two ends 
of the pier, where, as described, three buttresses met. 
At either end of the pier, exght timbers, 12 in. by 12 in., 
the feet of which were housed in cast-iron shoes, 
radiated upwards, four inclining slightly inwards and 
supporting at intervals of 15 ft. an outside set of 
longitudinal beams, and four inclining at a greater 
angle inwards so as to support, together with similar 
timbers springing from the other end of the pier, 
a central set of longitudinal timbers. Each outer 
beam was made up of two pieces, 12 in. by 10 in., 
one above the other, fastened together by joggles 
and bolts, and the central beams, of pieces 12 in. 
by 12 in., were similarly fastened. These three sets 
of longitudinal beams carried the floor of the rail- 
way track. No trussing of the main beams was used, 
but a light system of wrought iron was fitted in each 








span, for the purpose, no doubt, of resisting unbalanced 
thrust due to unsymmetrical loading. 

St. Pinnocks Viaduct has been selected for des- 
cription, as the adoption of timbers springing from 
each end of a pier and meeting at the cross sectional 
centre of the viaduct would appear to give greater 
lateral stability. This feature, however, was not 
adopted in a large number of cases, and apparently 
without disadvantage. St. Austell Viaduct, for 
instance, was typical of a design which provided for 
the support of the central longitudinal beams by 
timbers springing from the centre, and not the outside, 
of the piers. 

One of the main objects of providing for the support 
of the track floor by timber struts in compression was 
to facilitate the replacement of the struts when worn, 
and, by due preparation in advance, this could be 
accomplished in one hour. The design of these struc- 
tures is such that it is possible, without undue 
interruption to the traffic, to replace timbers requiring 
renewal. 

The two most important bridges, from an engineering 
point of view, built by Brunel, are the bridge over the 
Wye at Chepstow and the Royal Albert Bridge over 
the Tamar at Saltash. 

The main span of the Chepstow Bridge is 300 ft., and, 
for a structure carrying a railway, the design is unusual; 
chains are attached to the ends of a horizontal circular 
tube, 9 ft. in diameter, which is supported on two piers 
rising 50 ft. above the levels of the rails, the other end 
of each chain being attached to one of the two track 
girders at two intermediate points. The principle of 
the design may be described as that of a queen truss, 
the circular tube acting as the compression member to 
resist the inward pull of the chains. One end of the 
main span rests on a land foundation, and the other on 
a cluster of six cast-iron cylinders, each 8 ft. in diameter. 
The total height of the cylinders from foundation to 
summit is about 130 ft. The design of the main span 
results in an economical structure, and one which 
admits of the passage of the heaviest Great Western 
locomotives of to-day, the recently designed ‘‘ King ”’ 
class only excepted. 

The Royal Albert Bridge, which carries a single line 
of railway, is over 700 yards in length, made up of 
two spans of 455 ft. each and 17 smaller spans varying 
from 70 ft. to 90 ft. The headway at high water is 
100 ft., and the cylinders of the main central pier 
rest on a rock foundation about 87 ft. below high 
water ; the highest part of the bridge is 260 ft. above 
foundation level. The central pier, 35 ft. in diameter, 
is formed of masonry from foundation level to about 
12 ft. above high-water level, supporting four cast-iron 
columns braced together. The masonry during construc- 
tion was built inside a wrought-iron cylinder with the 
aid of air pressure and a very ingenious arrangement 
of inside cylinders. 

The design of the main span is similar in principle 
to that of the Chepstow bridge, though the upper boom 
is curved, whereas in the latter it is horizontal. Two 
suspension chains are hung from each end of the upper 
boom or tube, which is 16 ft. 9 in. in width and 
12 ft. 3 in. in depth, and the longitudinal track girders 
are each suspended from the chains at 21 points, 
11 primary and 10 secondary. The total weight of 
wrought-iron in the superstructure of each main span 
is 1,060 tons. The trusses of the main spans were raised 
to their final position by short lifts of about 3 ft. at a 
time, and the piers were built up beneath them. The 
bridge was opened in 1859, and, while some of the 
smaller side spans have been renewed, the two main 
spans are still, seventy years later, carrying the railway. 

Atmospheric System of Haulage.—In the early days 
of railway development, railways in hilly country, 
except in populous districts, were not considered 
commercially practicable, largely on account of the 
limited power of the locomotives. With a view to 
overcoming the delay and inconvenience attendant on 
haulage by rope, Messrs. Clegg and Samuda introduced 
and patented in 1839 an invention known as the 
atmospheric system, which was tried, with apparent 
success, on both the Blackwall Railway and the Dalkey 
Branch of the Kingstown Railway in Ireland. 

The Act for the South Devon Railway, a line 52 miles 
in length between Exeter and Plymouth, was passed in 
1844, and, in a report to the directors the same year, 
Brunel recommended the adoption of the atmospheric 
system on account of the hilly character of the district, 
the railway as designed involving inclines as steep as 
1 in 43, and also several other steep and long gradients 
of 1 in 80 or steeper. 

The following is an extract from Brunel’s report : 
“*T shall assume, and I am not aware it is disputed by 
anybody, that stationary power, if freed from the 
weight and friction of any medium of communication, 
such as a rope, must be cheaper, is more under command, 
and is susceptible of producing much higher speeds than 
locomotive power ; and when it is considered that for 
high speeds such as 60 m.p.h. the locomotive with its 
tender cannot weigh much less than half of the gross 
weight of the train, the advantage and economy of 





dispensing with the necessity of putting this great 
weight also in motion will be evident.” 

The system, as applied on the South Devon Railway, 
involved the erection, at distances of about three miles 
apart, of stationary engines working large air pumps, 
by means of which air could be exhausted from cast- 
iron pipes or tubes, 15 in. in diameter on the level and 
22 in. on the steeper gradients, laid in the centre of the 
railway track. The tube enclosed a piston which, when 
required for the movement of a train, was connected 
with a leading vehicle through a continuous slot about 
2} in. in width, sealed, or intended to be sealed, by a 
continuous leather strip. 

The anticipation as to greater speed—even, it is said, 
up to 68 m.p.h. on the level—and greater hauling 
power, was realised ; but the system was not a success, 
and was abandoned after twelve months’ experience. 
The cost of the working power proved far higher than 
had been estimated, due primarily to three causes-— 
the low efficiency of the stationary engines, the very 
serious leakage that occurred through the longitudinal 
tube valve, and the decomposition of the leather 
forming the valve ; the cost of traction, in fact, proved 
to be nearly three times that of locomotive power. 

The low efficiency of the engines could probably 
have been remedied, but the leakage trouble proved to 
be insuperable ; in frost, the leather became too stiff, 
and in drought too dry to effect an airtight joint ; 
further, rust from the iron brought about decomposition 
of the leather and destroyed its impermeability to air. 
The failure of the system on the South Devon Railway 
led to its general abandonment as a practical alterna- 
tive to a locomotive on the level or a rope on a steep 
incline. 

Earliest Steamships.—In any account of the more 
important works carried out by Brunel for the Great 
Western Railway Company, reference is permissible 
to the first steamship to cross the Atlantic regularly ; 
for though the ship, named the Great Western, was 
not the property of the railway company, the suggestion 
that a steamship should be built to sail from Bristol 
was made by Brunel at a meeting of the Great Western 
Railway Board in 1835, with the result that some of 
the directors appointed themselves a committee to 
consider the feasibility of the proposal and, shortly 
afterwards, formed a company at Bristol known 
as the ‘‘Great Western Steamship Company.” The 
Great Western was not the first steamship to cross 
the Atlantic, a vessel built at New York, called the 
Savannah, of 300 tons burden, having accomplished 
the crossing in 1819 in twenty-six days. 

At a meeting of the British Association for the 
Advancement of Science held at Bristol in 1836, 
Dr. Dionysius Lardner, addressing the Mechanical 
Section on the subject of transatlantic steam navigation, 
stated that a run of 2,000 miles, or thereabouts, was 
the maximum voyage which a steamship could accom- 
plish without recoaling, his view being that the 
capacity of a vessel to undertake a given voyage would 
not increase with its size, inasmuch as the consumption 
of coal would increase proportionately. On the other 
hand, Brunel contended that the tonnage of a vessel 
increased as the cube of her dimensions, and the 
resistance only about as the square, a basis since 
accepted as correct. 

The Great Western left Bristol on April 8, 1838, and 
reached New York on April 23, having accomplished 
the crossing in fifteen days and consumed only three- 
fourths of the coal taken on board. She continued 
to run regularly between Bristol and New York till 
1846, when she was sold to the West India Mail Steam 
Packet Company, and finally, after successful service, 
was broken up in 1857. 








ALGERIAN MARKET FOR AGRICULTURAL MACHINERY.— 
A confidential report on the market for agricultural 
machinery in Algeria has been prepared by the Depart- 
ment of Overseas Trade, 35, Old Queen-street, London, 
S.W.1. United Kingdom firms desirous of receiving a 
copy should communicate with the Department, at the 
address given above, quoting Reference No. A.X. 8635. 





Heavy ARTICULATED RoAD-VEHICLES.—A new order, 
entitled Heavy Motor Car (Amendment) Order, 1929, 
and dated October 11, 1929, deals with the construction 
and use of articulated vehicles. The expression, articu- 
lated vehicles, is defined as meaning a heavy motor car 
together with a trailer, which is so constructed that a 
substantial part of the weight of the trailer is at all 
times borne by the heavy motor car. The order pre: 
scribes that every wheel of an articulated vehicle shall 
‘be fitted with resilient tyres, and further, that in those 
cases in which the tyres are not pneumatic, the rim 
diameters of the wheels shall be not less than 670 mm. 
(26-38 in.). The total overall length of the vehicle, 
excluding the starting handle, is limited to 33 ft. The 
Order also lays down the limits of weight to be borne 
by the wheels of an articulated vehicle and prescribes 
the manner in which the weight may be distributed. 
Copies of the Order, which comes into force on January 1, 
1930, may be obtained from H.M. Stationery Office 
Adastral House, Kingsway, London, W.C.2. 
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STEAM STAND-BY AND CENTRAL 
STEAM HEATING PLANT OF THE 
CITY OF WINNIPEG. 

By G. W. OLIvEr. 


Ow1NnG to the severe storms’of the summer of 
1922, sections of 77 miles long transmission lines 
between Pointe du Bois and Winnipeg, of the 
City of Winnipeg Hydro-Electric System, were 
demolished. A complete disorganisation of elec- 
trical supply ensued, causing great inconvenience to 
customers. To avoid a repetition of this complete 
disorganisation and thus enable the Department 
to give a guarantee of dependable service to at least 
the larger of the industrial customers, the construc- 
tion was proposed and sanctioned of a steam stand- 


4675 


199.16 





(617. A) 


= plant of 11,000 kw. capacity within the city 
Imits. 

Construction of this plant had started when 
a further proposal was brought forward for form- 
ing a central heating division and utilising the 
boilers of the stand-by plant during the winter 
months, when fear of breakdown of the electrical 
transmission lines was at a minimum. This pro- 
posal liad the advantage of overcoming the heavy 
charges of maintaining a plant that might not 
otherwise come into useful operation for years. 
The proposals were adopted and the construction of 
pipe lines, &c., for central heating was commenced 
mmediately. In October, 1924, work was com- 
pleted and steam from the new plant was turned 
into the distribution pipe lines for the first time. 

The station, shown in elevation in Fig. 1 is 
constructed of structural steel, faced with. brick, 
the foundations resting on wooden piles, having 
an average length of 50 ft., and driven to a rock 


se. The building is divided into four sections, 
comprising ; 














plant ; (2) boiler room ; (3) turbine room ; (4) elec- 
trical sub-station. 

Coal-handling and Preparation Plant.—Only bitu- 
minous coal is used, which is delivered to the site in 
75-ton steel railway cars, of the bottom dump 
type. The cars discharge directly into a sunk 
hopper at the base of which is a Simplex loader. 
This loader automatically fills the 2-ton bucket 
of the skip hoist, which lifts the coal to a receiving 
hopper placed on the roof of the building. The 
entire cycle of loading, elevating, discharging, and 
returning of the skip is automatic, the only manual 
operation being that required for starting and 
stopping the apparatus by push-button control. 

When the receiving hopper is full, all excess coal 
is discharged through a chute into the uncovered 


Vent 


are separated, the air returning to the mills through 
ducts, and the coal falling into screw conveyors 
which distribute it to the three 55-ton pulverised fuel 
bunkers. 

Botler Room.—The boiler room is equipped with 
three Erie City water-tube boilers, having one steam 
and one mud drum, of 11,000 sq. ft. of heating sur- 
face each, and capable of evaporating 85,000 Ib. of 
water per hour per boiler from and at 212 deg. F. The 
working pressure is 250 lb. per square inch gauge, 
with 150 deg. F. of superheat. Firing is by the 
Lopulco centralised system for pulverised fuel. Fuel is 
fed to each combustion chamber by multi-type screw 
feeders through seven fish-tail burners, each having 
a capacity of 1 ton per hour. The combustion 
chambers are of hollow-wall construction, and each 
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storage yard where a drag scraper is employed for 
storing, trimming, and reclaiming purposes. A 
reciprocating plate at the base of the receiving 
hopper, driven by an eccentric off the crusher shaft, 
feeds the coal into a twin roll crusher which reduces 
it to a maximum size of 1 in. A magnetic separator 
at the crusher discharge removes all tramp iron 
from the coal before it enters the 160-ton crushed 
coal bunker. 

The coal passes by gravity from the bunker 
through the waste gas dryers, into two six-roller 
Raymond mills fitted with pneumatic feed control, 
capable of handling up to 8 tons of coal per hour, 
the final quantity being governed by the amount 
of moisture present. After being pulverised so 
that 83 per cent. will pass through a 200-mesh 
sieve and 95 per cent. through a 100-mesh (quality 
being controlled by perforated sleeves at the 
discharge of the mills), the coal is lifted by exhaust 
fans and discharged into the cyclone separators 
erected near the top of the station. Here the air 








(1) Coal-handling and __ preparation | 





required for lifting by exhaust fans, and the. coal, 
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is fitted with a horizontal water screen, situated 
near the base of the chamber, which prevents fusion 
of the ash and allows it to be removed in a granular 
state. Each combustion chamber is 31 ft. high 
by 18 ft. 7 in. wide by 17 ft. 2 in. deep, and has a 
volume of 7,200 cub. ft. above the water screen. 

Ash is raked from the combustion chambers 
by hand into a trough running the length of the 
boiler room and parallel with the chambers, from 
which it is removed by a steam jet vacuum system 
to the ash tank situated in the yard. It is finally 
disposed of to local contractors, who use it as a 
binder in bricklaying work. 

The three boilers are served by one reinforced 
concrete stack 178 ft. high, above the centre line 
of the breeching openings. The internal diameter 
tapers from 11] ft. at the breeching to 10 ft. at the 
top. Under normal conditions the boilers are 
operated under natural draught. Each unit, how- 
ever, is equipped with an induced-draught fan 
which may be used in the event of heavy loads or 
poor natural draught. 
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Fig. 2. 


In addition to the three fuel boilers, three electric 
boilers, as shown in Fig. 2, above, are installed. 
These have an individual capacity of 7,500 kw., and 
each is capable of producing approximately 21,000 Ib. 
of steam per hour at 250 lb. pressure. 


operation of these boilers is very interesting as 


they serve primarily to flatten out the load curve of | 
the hydro-electric system by utilising peak energy, | 


and secondarily to produce steam for the heating 
division. 
hours of off-peak energy’ were utilised in this 
manner, increasing the system’s annual load factor 
from 50 per cent. to 61 per cent. All the boiler- 


room auxiliaries are electrically driven, except two | 


of the three main boiler feed pumps, which are 
steam operated. 

During the winter months, when the station has 
a 24-hour daily load, an efficiency in the neighbour- 
hood of 78 per cent. is maintained in the boiler room, 
In the summer months, however, and during emer- 


gency calls from the hydro-electric system, the | 
efficiency is not of importance, the main object being | 


to maintain supply at all costs. 
With coal at 30s. jd. per short ton and off-peak 


energy at one-twentieth of a penny per kilowatt- | 


hour, prime costs per 1,000 Ib. of steam produced 


average 2s. 2d. for the coal boilers, and 1s. 5d. for | 


the electric boilers. 
Turbine Room. 
two 5,C00-kw. and one 1,000-k.w. turbo-alternators. 





ELECTRICALLY-HEATED BOILERs. 


Energy is | 


supplied at 4,800 volts 3-phase 50 cycles. The | 


During last vear some 70,000,000 kw.- | 


Installed in the turbine room are | 
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Fig. 4. Susstration SwitcH Room. 


Each consists of a Howden-Zoelly multi-stage turbine | 


directly coupled to a Parsons’ alternator. The 
general lay-out of the turbine room may be gathered 
from Fig. 3, on this page. The turbines of the larger 
machines have six rows of blading, and when sup- 
plied with steam at an initial pressure of 220 Ib. per 
square inch, with 150 deg. F. of superheat, and 
exhausting to a 28-in. vacuum (30-in. barometer), 


| their water rate is 12-5 lb. per kw.-hour (0-8 power 

factor on the alternator). The 5,000-kw. alternators 

generate at 12,500/13,200 volts, 60 cycles, three 
| phase, and run at 3,600 r.p.m. 

The house unit (1,000 kw.) differs from the large 

| machines, only in that the turbine has four rows of 


blading, and exhausts into a Cochrane feed water 
heater under a back pressure of 1 Ib. per square 
inch gauge, which brings its water rate up to 23-3 Ib. 
per kilowatt-hour, whilst the alternator generates 
at 2,400 volts, 60 cycles, 3 phase, and runs at 
3,600 r.p.m. 
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Each alternator is totally enclosed, and is venti- 
lated by a closed air-cooling system, fitted with 
coolers capable of reducing the air temperature 
from 130 deg. to 85 deg. F. when supplied with 
water at the rate of 250 gallons per minute, and 
having a temperature not exceeding of 75 deg. F. 
Embedded in the stator of each alternator are six 
temperature detectors of the thermocouple type. 
These detectors are connected to a direct reading 
meter, through a selector switch, so that the tem- 
perature at any one of the points may be ascertained 
immediately. 

The Hick, Hargreaves condensers, with their 
respective circulating pumps and ejectairs, are 
capable of handling 65,000 lb. of steam per hour, 
when working under a vacuum of 28 in. (30 in. 
barometer), and being supplied with 4,020 gallons 
of circulating water per minute at a temperature 
not exceeding 65 deg. F. With the exception of 
the emergency oil pumps, which are steam operated, 
rs the turbine room auxiliaries are electrically 
ariven, 

_ It may be mentioned here that the house unit 
is kept running continuously, under “no load ” 
conditions, so that in the event of a failure of the 
incoming lines, this machine can be put on the *bus 
bars immediately, thus supplying sufficient energy 
to get the main turbines “alive.” The three 
turbines are fitted with atmospheric relief valves, 
so that in the event of either the condensers or the 
feed water heater becoming crippled, electrical 
energy may still be produced, although under some- 
what uneconomical conditions. It is interesting to 
hote that turbo-alternators, condensers, and all the 
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countries, and that up to the present the equipment 
has given very satisfactory service. 

Electrical Sub-station—This station serves the 
dual purpose of being the control gallery for the 
turbine room, and at the same time sub-station 
No. 6 of the hydro-electric system. It is fed directly 
from the hydro-electric terminal station by two 
12,000-volt overhead lines. Installed in the base- 
ment are transformers which step this voltage down 
to 2,400 volts for distribution by cables. In addition 
to these “ customers ” transformers, there is a bank 
of three single-phase, of 200 kv.-a., 2,400/220 volts, 
for local service, and three banks each composed of 
three 2,500-kv.-a., 12,000/4,800 volts transformers 
for supplying the electric boilers of the boiler room. 
The latter transformers are not equipped with 
low-tension switches, the transformers and boilers 
forming complete units. 

The two 5,000-kw. turbo-alternators, when in 
service, feed directly into the 12,000-volt bus bars, 
and thus to the terminal station for emergency 
distribution. The house unit feeds the 2,400-volt 
*bus bars for local service only. 

The switch room is shown in Fig. 4, on page 610. 
On the right are the high tension switches (Canadian 


General Electric Company), immediately under |. 


which are the 12,000-volt main and auxiliary bus 
bars. On the left are Ferguson-Pailin 2,400-volt 
switches and ’bus bars. 

Central Heating.—The Central Heating Depart- 
ment serves a territory shown in Fig. 5, situated in 
the downtown or business section of the city, and 
covering an area of about 0-68 mile long by 0-45 
mile wide. In the boiler room, steam from the 


turbine room auxiliaries were supplied by Great | electric and coal-fired boilers is fed into a common 


Britain, in face of keen competition from other! header, from which it passes in turn through a 
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Hagen de-superheater and pressure reducer, a steam 
separator, and finally into a low-pressure header 
at 55 lb. pressure (gauge) with 35 deg. F. of super- 
heat. From this low-pressure header two 14-in. 
trunk lines convey the steam out to the heating 
district. 

Altogether 184 customers are connected to the 
system, which includes 7,097 ft. of trunk lines of 14-in. 
and 12-in. pipes, 13,216 ft. of branch lines of 10-in. 
to 6-in. pipes, and 8,641 ft. of service lines of 4-in. to 
1}-in. pipes. Fig. 6, on this page, depicts a typical 
section of piping, all of which is carried underground 
in concrete trenches, access being possible through 
manholes placed at frequent intervals along the lines. 
The main lines have a grade or slope varying from 
0-5 per cent. to 0-34 per cent. (6 in. to 4 in. per 
100 ft.). This grade is only departed from when 
obstructions such as water mains, cable ducts, &c., 
are met with. The grade on the service lines or 
customers’ feeders is maintained as close to 1 per 
cent. as possible. These grades are sufficient for 
draining all condensate to given points. Traps 
located at these points discharge the condensate 
to the 4-in. vitrified tile drains, laid immediately 
under the trenches for the purpose of running off all 
drainage from traps and manholes to the sewers. 

Expansion on all but the service lines is taken care 
of by the slip-joint type of expansion joint. These 
are placed at approximately every 300 ft. and 250 ft. 
on the 14-in. and 12-in. trunk lines and every 230 ft., 
200 ft. and 150 ft. on the 10-in., 8-in. and 6-in. branch 
lines respectively. On service lines expansion is 
taken up by four 90-deg. elbows, arranged as illus- 
trated in Fig. 7. Anchoring is by standard anchors, 
the lugs of which are embedded in the concrete 
trenches or in the manhole floors and walls. 

Alllines are heavily insulated with asbestos sponge 
felt (14-in. thick on the trunk lines), wired on, over 








which is a protecting layer of tarred paper. Fittings, 
valve bodies and expansion joint bodies are lagged 
with magnesium slabs cemented on and covered 
with canvas. 

In general, steam is supplied to the different 
buildings served at a pressure of approximately 
10 lb., no steam being supplied for power purposes. 
Steam consumption is measured by metering the 
condensate in each building servetl, by means of the 
dump type two-bucket condensate meter, placed at 
the outlet of the customer’s heating apparatus. 
These meters weigh the condensate in quantities of 
1 lb. per bucket, and have been found to be extremely 
accurate. As there are no return lines to the boiler 
house, all condensate is wasted to the sewers after it 
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passes through the meters. In well designed heating 
systems all steam is condensed before it reaches the 
meters. Occasionally, however, installations are 
met with that do not condense all the steam, and in 
such cases economisers are installed in front of the 
meters to insure complete condensation. 

The operating statistics for 1928 are as follows :— 


Lb. steam sold . 243,850,000 


Lb. steam delivered to system . 843,350,000 
Tons coal burned (central heating only) 8,220 
Lb. steam delivered to system per lb. 

coal... ove oe ove ose 7:3 
Kw.-hours used by electric boilers .... 77,554,400 


Lb. steam delivered to system per 
2-9 


kw.-hour ae — ies = 2: 
Ratio of steam sold to steam delivered 0-71 
Peak load for season (January 29) 214,000 
Connected square feet of radiation 655,885 
Number of customers ... see ose 184 
Lb. steam sold per square foot radiation 

os Soe = Pee 373 


(mean) 


The rates in force at present vary from 5s. 8d. 
per 1,000 lb. of steam for consumptions up to 25,000 
lb. per month, to 4s, 2d. per 1,000 lb. for 300,000 Ib. 
consumption per month. All over and above this 
comes within the 3s. 9d. rate. The average rate 
over a heating season approximates 4s. 4d. per 
1,000 Ib. 

Like the controversy that still exists regarding 
the supremacy or otherwise of pulverised fuel over 
mechanical stokers, so with central heating and the 
private plant there exists a similar discussion. 
However, be that as it may, central heating is now 
firmly established in Winnipeg. So much so that 
in addition to the plant just described there exists 
another plant within the city limits supplying steam 
for heating one of the residential quarters. So 
favourable have the results been, that within the 
first twelve months of its existence it has been 
decided to extend the plant to include, in addition 
to the two pulverised fuel fired boilers on the unit 
system at present at work, two more boilers of 
the same capacity, stoker fired. A further company 
is at present being formed for supplying another 
residential district’ in the City of Winnipeg with 
heat in the form of hot water, which is to be 
pumped to the customers from a central station 
by means of booster pumps located in pits along the 
streets. 


ALTERNATIVE METHODS OF POWER 
GENERATION. 


Tue latest returns of the Electricity Commis- 
sioners show that, of the total electricity produced 
in the public generating stations of the kingdom, 
95-39 per cent. was derived from the combustion 
of coal. Though, unfortunately, similar returns 
relating to the private plants of the country are 
not available, it is probable that if they were 
prepared the result would not be very different 
from that just stated, in spite of the fact that, in 
private plants, the use of the internal-combustion 
engine is more popular than it is in public stations. 
A further point of interest is that, although the 
country depends so largely upon coal and oil 
for the increasing amount of power which it needs, 
there is also an accelerating movement towards 
greater economy in the use of these forms of fuel. 
This is shown by the fact that though, to quote 
the Electricity Commissioners’ return again, the 
electricity generated in 1928-29 rose by 9-58 per 
cent. over the previous year’s figure, the fuel 
consumed in its production only increased by 
3-66 per cent. If, therefore, the pessimists are 
right and the exhaustion of our coal resources is 
in sight, something is certainly being done to post- 
pone the evil day as long as possible. That, how- 
ever, is no reason why a careful examination 
should not be made of the possibilities of using 
alternative sources of power, especially where the 
demands of a particular industry or consumer 
render that course both attractive and practicable. 
Mr. S. B. Donkin is, therefore, to be congratulated 
on devoting the Presidential Address which he 
recently delivered to the Association of Super- 
vising Electrical Engineers to this subject, and on 
having collated a large amount of useful, if contro- 
versial, information relating to the various problems 
involved. 
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power generation, even in this country, is, of course, 
water power. Statistics show, however, that the 
total amount of that power which is continuously 
available in the British Isles is 275,000 kw., and 
of this only about 210,000 kw. could be econo- 
mically developed. It is evident, therefore, that, 
even if fully utilised, it would go but a 
little way towards meeting future power demands, 
especially when it is remembered that, in 1927-28, 
668,357 kw. of plant was sanctioned as an addi- 
tion to the capacity of the public supply stations 
of the country. While then there is good reason 
why the employment of this alternative should 
be encouraged in particular cases, it is clear that 
it cannot go far towards a complete solution 
of our problem. This is equally true, though for 
another reason, when we extend the usual con- 
notation of water power to an alternative which 
has the support of Mr. George Bernard Shaw, and 
has also been examined by others who are more 
versed in engineering matters than he. This is the 
utilisation of the power of the tides. Of the 
native proposals for this purpose, the most inter- 
esting is that on the Severn estuary, about which 
some further information may, perhaps, be expected 
at an early date. The scheme proposed by the 
Ministry of Transport for this purpose uses lake 
storage, and is estimated to cost 26,000,000I. for the 
development of 500,000 h.p. It has also been sug- 
gested that energy might be stored in the form of 
heat, compressed air or hydrogen, or that storage 
might be abandoned, the necessary variations in 
output from the tidal plant being met by steam. 
A similar scheme put forward for the Tay 
estuary has been estimated to cost 11,500,000/. 
for a capacity of 11,700 h.p. The utilisation of 
wave power, as distinguished from tidal power has 
also been suggested, either through the agency of 
some form of pump or ram, or by causing the 
waves to flow into a reservoir some height above 
mean sea level, whence the water thus collected 
could be employed for driving turbines. The 
protagonist of the latter scheme has estimated 
that, in this way, electricity could be produced 
at half the cost of that necessary in a steam plant 
of equal size. 

An even more ambitious project is a scheme for 
utilising the difference in level between the Valley 
of the Jordan and the Mediterranean, which is 
of the order of 1,000 ft., the idea being to con- 
struct an intake at Haifa and to convey the 
water over the watershed either by syphonic 
action or by pumping to a station near Beisdn. 
It is estimated that about 500,000 kw. could be 
obtained in this way. More recently it has been 
proposed that the Mediterranean should be utilised 
by building dams across the entrances at Gibraltar 
and the Dardanelles, and thus, partly by natural head 
and partly by the power obtained at the dams, 
irrigating the Sahara. For this purpose, the level 
of the Mediterranean would have to be lowered some 
650 ft., and considerable secondary advantages, such 
as the reclamation of large areas of land and the 
recovery of salt, are claimed. 

The idea of putting solar energy under direct 
contribution has proved attractive to some, and 
more or less practical schemes for doing this have 
been worked out in many countries. One of these 
was actually erected in Egypt shortly before the 
war, with the result that about 63 B.H.P. was 
obtained per acre of land covered by the absorber 
plant. The cost of such an equipment would 
probably be of the order of 3001. per horse-power, 
exclusive of any storage plant that it might be 
necessary to erect. 

Wind power is yet another alternative to coal 
and has, of course, been employed in more or less 
primitive forms from time immemorial. Recently, 
it has been utilised to a considerable extent, especi- 
ally in Denmark and certain parts of Germany, 
for generating electricity, and has also been the 
subject of investigation by the Institute of Agricul- 
tural Engineering in this country. It suffers even 
more than tidal power from irregularity of supply, 
but even when the cost of the storage equipment is 
taken into account, the capital expenditure necessary 





for its development is much less. This being so, 
it is strange that its use has not been more extended, 


The obvious alternative method to fuel for! though the explanation probably is that the alter- 


natives, coal and oil, are more generally known and 
have been more extensively tried. 

Mr. Donkin also draws attention to the suggestion 
of M. H. Barjot that the latent heat of ice might 
be utilised, in localities where extremely low tem- 
peratures exist, by pumping water at 32 deg. Fahr., 
or over, from under the surface ice of a lake or a 
river into a boiler,and thereemploying it toevaporate 
some fluid which is insoluble in water, such as certain 
volatile hydro-carbons. The result would be that 
the fluid would boil and cause a corresponding 
amount of water to freeze. The vapour obtained 
by the boiling would be utilised to operate a turbine, 
the exhaust from which would be passed to a con- 
denser containing frozen brine, thus causing the 
hydrocarbon to be liquefied, so that it could be used 
indefinitely. This scheme does not seem to have 
been tried in practice. 

Mention is further made of the Claude process of 
utilising the thermal energy of the sea, which was 
investigated practically last year. This, it will be 
remembered, consists of drawing cold water from 
the bottom of the sea and simultaneously pump- 
ing hotter water from the surface into separate 
closed vessels. These vessels are connected by a 
closed circuit (which includes a pump in the rising 
pipe and a descending pipe which forms a barometric 
column) to closed upper vessels, which act as 
degassing chambers. At one end of the warm- 
water degassing chamber is a boiler, and at the 
similar end of the cold-water degassing chamber is 
a condenser, the two being connected through a 
vapour turbine. The evacuation necessary for 
boiling the water and for the formation of the 
vacuum is due to the descending barometric columns. 
During the trials, the turbine developed 60 kw. at 
5,700 r.p.m. when there was a temperature differ- 
ence of 20 deg. C. between the two water supplies. 
The power taken by the auxiliaries amounted 
to 31 per cent. of the total developed. Again. 
mention is made of the plants that have been 
erected in Tuscany to utilise the natural steam 
that is found in that district, but no costs are 
given, and, as far as we know, resources of this 
kind are not available in this country. 

To sum up the whole matter, engineering 
experience warns us against stating that anything 
is impossible. In the majority of the schemes 
| reviewed by Mr. Donkin, however, it is economic 
rather than engineering difficulties that will 
prevent their development. There are doubtless, 
even in this country, many water powers that could 
be harnessed, but to do so and to bring the energy 
generated to places where it could be utilised would 
cost more than to erect a fuel-operated station of 
equal capacity. The same applies with even 
greater force to such schemes as those for harnessing 
the Mediterranean and to most of those for utilising 
tidal power, while in other cases the intermittency 
of the power generated renders the whole idea 
impracticable, unless very costly storage systems are 
provided, when it becomes uneconomic. Perhaps 
the sole exception to this rule is that of wind power, 
but even then the amount of energy that can be 
generated in this way is generally so small as to be 
unattractive. While, therefore, there is no reason why 
such schemes should not be investigated and even 
tried, the better road toeconomy seems to be to make 
every effort to use our existing sources in the best 
possible way. 














Farapay House Otp Stupents’ AssocraTion.—The 
twenty-first annual dinner of the Faraday House Old 
Students’ Association was held at the Savoy Hotel 
London, on Friday, October 25, Dr. Alexander Russell 
F.R.S., President, being in the chair. Proposing the 
toast of ‘‘ Faraday House and its Old Students,” Dr. 
8. Z. de Ferranti said that the number of pupils now 
attending was 360, while the membership of the Associa- 
tion was 1,000. Only one conclusion could be drawn 
from these figures, and that was that the Institution 
was filling a great want exceedingly well. In his own 
early days, there was hardly any formal electrical 
training, with the result, in his own case, that he had 
failed by a very little to invent both the induction 
motor and the tungsten-filament lamp. The moral was 
that no one could have too much knowledge, if he 
only applied it well. Institutions like Faraday House 
could not therefore fail to be of the greatest use to the 
rising generation. Dr. Alexander Russell, in reply, 
said that one of his greatest pleasures as Principal was 
to watch the success of Old Faradians. There were now 
six old students on the Council of the Institution of Elec- 





trical Engineers, compared with three Cambridge men. 
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THE CONOWINGO HYDRO-ELECTRIC 
DEVELOPMENT. 


(Concluded from page 554.) 


A GENERAL view of the seven combined main 
and auxiliary alternator sets, with which the 
Conowingo station is at present equipped, is given 
in Fig. 55, on Plate LXV. Four of these sets were 
manufactured by Messrs. The General Electric Com- 
pany, of Schenectady, and the remainder by Messrs. 
The Westinghouse Electrical and Manufacturing 
Company, of Pittsburgh. The firms co-operated in 
the design of these machines, so that all the units 
have the same general dimensions and external 
appearance, though, as will be seen from our descrip- 
tion, there are important differences in the details 
of their construction. Each main alternator has an 
output of 40,000 kv.-a., and supplies three-phase 
current at a pressure of 13,800 volts and a frequency 
of 60 cycles, when running at 81-8 r.p.m. As will 
be gathered from Fig. 43, Plate LXII, and Fig. 45, 
Plate LXIII, in our issue of November 1, the alter- 
nators are arranged directly above the turbines, the 
stator being supported on a concrete foundation and 
carrying beams on which the central structure, con- 
taining the thrust bearing and auxiliary generator, 
rests. This arrangement is shown in more detail 
in Fig. 57, Plate LXVI, which applies to the 
General Electric units, and in Fig. 58, which illus- 
trates the Westinghouse machines. 

An interesting feature about the sets is the 
auxiliary machine which is mounted directly above 
the thrust bearing. This comprises a 715-kv.-a. 
three-phase alternator, from which such important 
auxiliaries as the fans, governors, oil pumps and 
the motors of the separate main exciter sets are fed, 
at a pressure of 460 volts and a frequency of 60. 
The main exciter itself consists of a 240-kw. Westing- 
house motor-generator, an illustration of which is 
given in Fig. 62, Plate LXVII. This arrangement 
was adopted in place of that conventionally em- 
ployed, because the low speed of the main set would 
have rendered it difficult to obtain the necessary 
sensitiveness of regulation in the exciting circuit. 
The current for driving each motor-generator is 
usually obtained from the auxiliary alternator with 
which it is associated, but, in addition, two emer- 
gency sets are provided which are supplied from the 
house *bus bars, and these can be used for exciting 
any machine if a breakdown of its own exciter occurs. 
On the other hand, the exciting current for the auxili- 
ary alternators themselves is obtained from a small 
machine, which is mounted above it on an extension 
of the main generator shaft. This extension is 
centred over the end of the shaft, and is bolted to 
the auxiliary-generator spider. Apart from the main 
sets, there are two 1,600-kv.-a. house units with 
direct-connected exciters, which are also used for 
supplying auxiliary power. These generate three- 
phase current at a pressure of 460 volts and a 
frequency of 60 cycles, and were manufactured by 
Messrs. The Westinghouse Electrical and Manufac- 
turing Company. 

The low speed at which the hydraulic conditions 
make it necessary for the alternators to run 
naturally affected their physical dimensions. It is 
claimed, in fact, that they are the largest machines 
of their kind that have yet been built. They are 
roughly 38 ft. in diameter and 32 ft. high, and 
weigh, together with the thrust bearing, auxiliary 
alternator and exciter, well over 500 tons. The 
pressure on the thrust bearing, including the water 
thrust, is stated to be about 600 short tons. In spite 
of the large number of poles, 88, with which they 
are provided, the stators are of conventional design, 
the details of which will be appreciated by reference 
to igs. 57 and 58. In the case of the Westinghouse 
machines, the stator frame is made of cast-iron 
and is divided into three sections, each of which 
1s sub-divided into three parts. It is stated 
that this type of construction has been found very 
effective in preventing the buckling caused by 
€xpansion, such as often occurs on the shallow cores, 
Which are necessary in large-diameter slow-speed 
machines of standard construction. Another 
advantage claimed is that any damage to the core 
can be repaired with a minimum of disturbance 
to the stator, only one-ninth of the iron having 
to be removed if a burn-out occurs. Each of 





the three sections of the stator was dispatched from 
the works completely wound, except that tho coils 
over the places where the joints occurred in the frame 
had to be inserted on the site. Fig. 58 also shows 
the construction of the rotor spider on the Westing- 
house machines. This againisconstructed on conven- 
tional lines, and consists of a cast-steel centre, made 
in halves, upon which a laminated ring is built up. 

On the other hand, the rotors of the alternators 
manufactured by Messrs. The General Electric Com- 
pany are of novel design, the essential feature of 
which is a floating rim made up of 44 rolled-steel 
plates. A section through one of these rotors is 
given in Fig. 57, while Figs. 56, 59 and 60, on 
Plates LXV and LXVII, show the parts in various 
stages of construction. It was considered that a 
cast-steel wheel of the size necessary for these sets 
might prove defective, owing to the presence of blow 
holes and shrinkage strains. Moreover, when the rim 
and arms of the rotor spider are integral, the former 
is subject to bending stresses, owing to the fact that 
the unsupported portion is deflected by centrifugal 
forces. Theoretically, the centrifugal forces are 
taken up by the arms, but calculation shows that 
the bending stresses near the junction of the arm 
and rim are nearly as great as if the rim were 
entirely unsupported. Thus a floating rim is ex- 
posed to no higher stresses than one rigidly fastened 
to the arms, and since local bending is eliminated, 
its employment is preferable. A consideration of 
the pros and cons of the matter therefore led to the 
adoption of a new and interesting design of rotor. 

As already stated, the spider in question is 
made up of forty-four rolled-steel plates, each of 
which extends the full width of the rim and one- 
quarter the way round the circumference. Forty 
of these plates, which were assembled to form 
ten layers, were $-in. thick, while those in the outer 
layer were originally 1 in. thick to allow a margin 
for truing up. The length of the plates made it 
possible for the joints to be distributed so that 
the minimum section is much greater than when 
ordinary methods of fastening, such as are employed 
in building up flywheels, are used. The result is 
that the rim is relatively flexible, though this is 
not important when it is allowed to float freely. 
The plates used for building up the rim were bent 
to shape in plate-bending rolls. Being of different 
radii it was possible to fit them closely together. 
Indeed, the fit was surprisingly good for plates that 
were not machined. The bolt holes were drilled 
before the plates were bent, and were used for 
drawing the latter together during assembly. 

As shown in Fig. 60, the rim was assembled round 
the outer edge of the brackets, the latter being 
bolted to the erecting floor. These brackets were 
carefully spaced, so that the diameter of their outer 
vertical edges was the same as that of the spider 
arms. Hydraulic jacks were then used to pull 
the plates together, the inward movement being 
assisted by the employment of the bolts mentioned 
above. The holes for the bolts which hold the plates 
together and take the circumferential shear, were 
next drilled and reamered in the rim. These bolts, 
which are provided with countersunk heads with 
square recesses in them, are turned all over and 
are made a driving fit in the holes. The recess in 
the head of the bolt is employed to keep it from 
turning in case the nut should be very tight. The 
hub is made of cast-steel, and was annealed to 
relieve shrinkage strains. The torque is transmitted 
from the hub to the arms by the rolled end plates 
shown in Fig. 59, while a second thinner plate of 
larger diameter distributes it over a wider area of 
the arms. The arms themselves are constructed like 
a plate girder, except that bolts are used instead 
of rivets. All the bolts in the spider centre are 
fitted, and have a taper of % in. to the foot. 

The rim itself is supported and driven by 
radial dowels, four of which were fitted into the 
angle plates and four into the outer end of each 
arm at the top and bottom respectively. The 
holes for these dowels were drilled and reamered 
after the rim was assembled and while it was on 
the vertical boring mill, as shown in Fig. 56. These 
dowels allow the rim to slide freely in a radial 
direction, thus permitting expansion, should the 
set run away, and preventing the production of 
bending stresses. They also keep the rim central, 








even if it leaves the spider at an overspeed. Key- 
ways are cut in the end of the arms into which 
two tapered keys are fitted so that, when the 
spider runs at normal speed, the latter are tight and 
there is no clearance between the rim and the 
spider. 

As a matter of interest, it may be added that the 
diameter of the spider over the rim is 29 ft. 8} in., 
the radial depth of the latter being 9 in. The width 
of the rim is 4 ft. 24 in., while its weight is 75 tons. 
The weight of the hub is 14 tons, while that of the 
arms and side plates is 61 tons, and that of the poles 
70 tons, making a total of 220 tons, After the rotor 
had been built, it was dismantled and re-assembled 
at the works to ensure that the various parts 
would fit without difficulty, and to discover whether 
any special tools would be necessary for the work 
of erection on site. This re-assembly was, however, 
effected without any trouble, and nothing in the 
way of special appliances was found to be required. 

The thrust bearings, which support the weight 
of both the alternator rotor and the turbine runner 
are of the well-known Kingsbury type on the 
Westinghouse machines, while on the General 
Electric sets they are of a flexible spring pattern, 
an illustration of which is given in Fig. 61, Plate 
LXVII. This bearing consists essentially of a cast- 
iron runner, which rests on a thin steel disc, the sur- 
face of the latter being lined with Babbit metal. 
The disc, in turn, rests on a number of short helical 
springs and is prevented from rotating by dowel pins. 
Both the springs and the pins can be seen in the 
illustration, the disc being raised from its normal 
position to make this possible. The casting in which 
the bearing is carried also acts as an oil reservoir. 
The large tube visible in the centre of the disc forms a 
sleeve round the shaft within which the oil is re- 
tained. The cast-iron runner is carried on the under- 
side of the thrust collar, the latter being fastened to 
the upper end of the shaft by a retaining ring. 
The bearing surface of this runner was finished with 
great accuracy, and was given a high polish. The 
surface upon which the runner revolves, as is clear 
from the illustration, has oil grooves cut in it, one 
of which entirely severs the metal, so as to eliminate 
any tendency to warp with changes in temperature. 
The springs used are designed so that they are only 
slightly stressed, and there is, therefore, little 
possibility of their taking up a permanent set. 
The oil retaining tube in the centre of the bearing is 
welded to a supporting ring, which, in turn, is bolted 
to the base ring. It is claimed that the flexible 
support furnished by the springs in this bearing 
enables operation to be effected at a much higher 
unit pressure than when means are not provided for 
relieving any extra stress that may occur over a 
small part of the bearing surface. 

As is well known, the amount of oil required for 
thrust bearings is large, and to cool this by passing 
it through the usual cooling system necessitates 
the installation of pumps, filters and pipes of large 
capacity. To overcome this drawback at Conowingo, 
Messrs. The General Electric Company have therefore 
installed a number of cooling coils through which 
water flows and which are immersed in the oil in 
the bearing housing. The oil is circulated over 
those coils by the pumping action set up by the 
radial grooves in the rotating surface of the thrust 
bearing, so that a satisfactory cooling effect is 
obtained. 

As already stated, the main exciter sets 
consist of a 460-volt three-phase motor run- 
ning at 1,200 r.p.m. and driving a 240-kw. 
direct-current generator of special design. The 
field coils of this generator are arranged in two 
parallel circuits, with a view to reducing their 
inductance, while, for the same reason, the air 
gap is shorter than usual. This enables the voltage 
of the machine to be built up to a maximum of 
350 volts in a very short time. To obtain good 
commutation under these conditions, a compen- 
sating winding is provided. This has the further 
effect of reducing the impedance in the circuit, 
which consists of the main generator field and the 
exciter armature, since: it lessens the armature re- 
action of the latter. The result is that the transient 
current, which is set up in the field of the main unit 
and tends to maintain the flux in the latter 
when the load changes, persists for a longer period 
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than would otherwise be the case, and thus allows 
the voltage regulator more time for action. The 
speeding-up effect is assisted by the use of a 10-kw. 
pilot exciter which, as will be seen in Fig. 62, Plate 
LXVII, forms part of the set and is used to supply 
the field of its generator. The building up of the 
latter is, therefore, independent of the terminal 
voltage of the main machine. 

While on the subject of regulation, something may 
be said about the rheostatic type of regulator which 
is being used instead of the ordinary vibrating pat- 
tern. This regulator, a diagram of which is given in 
Fig. 67, on the opposite page, consists of motor- 
operated rheostat E, which is connected in the field 
circuit of the exciter B supplying the main generator 
A, and a control device, which is energised through 
the combination of resistances and reactances shown 
in the centre of the diagram from the potential 
transformer C. The circuit is arranged so that the 
current in the rheostat is always proportional 
to the balanced voltage in the combination of 
resistances and reactances. The control device 
itself consists of a magnet which operates a lever 
system. This system has two sets of contacts 
G and H, each of which opens or closes a contactor 
switch. These contactor switches control the 
motor F, which operates the rheostat, so that 
resistance is inserted or cut out of the field circuit 
as required. As such an arrangement is necessarily 
slower in action than a vibrating regulator, the 
contactors are provided with additional contacts, 
which control a special circuit through the resist- 
ance D, and thus enable the excitation to be 
rapidly built up. 

For example, if the load increases, the natural 
tendency is for the main generator voltage to 
fall. This will cause the contacts of the control 
device to close, with the result that the motor- 
operated rheostat will be moved in the direction 
appropriate for raising the voltage. At the same 
time, the auxiliary contacts will short-circuit the 
rheostat, so that the exciter field will be rapidly 
increased. As soon as this occurs, however, 
the control device closes again. The above cycle 
of operations is, therefore, repeated and is con- 
tinued until the motor has moved the rheostat 
arm to a position corresponding to the new 
conditions. If the load falls, the action is similar, 
except that resistance is inserted, while the rheostat 
is moved round to the appropriate lower voltage 
position. It is claimed for this arrangement that it 
combines the advantages of the usual vibrating and 
rheostatic regulators by responding rapidly and 
noiselessly to any change of load. Its maintenance, 
moreover, is said to be small. 

As already mentioned, the switching arrange- 
ments of the exciter installation are such that 
each main unit can be excited either from its 
own motor-generator or from one of the two spare 
exciters. In case of need, the excitation of the 
auxiliary generators and of the house sets can be 
effected in the same way. 

These house-sets have an output of 1,600 kv.-a. 
and generate three-phase current at a pressure of 
460 volts and a frequency of 60. They are large 
enough to supply all the lighting and power 
required in the station, apart from that necessary 
for exciting the main sets, but they are used 
particularly for the cranes and for the machine- 
shop plant. 

Before turning to a description of the switchgear, 
it may be mentioned that the neutrals of both the 
main and auxiliary generators are brought out 
and are fitted with differential-relay protection, 
and, in the case of the main generators, are then 
earthed through a 4 ohm resistance, which is 
common to all the units. The neutrals of the 
auxiliary units are not earthed. Resistances are 
fixed at fifteen points in the main machines for 
recording the temperatures. The main alternators 
are air-cooled, the supply being obtained from 
the down-river side of the station, whence it is 
drawn over the machine by a fan, the position of 
which is shown in Fig. 44, Plate LXII in our issue 
of November 1. Inthe summer time, this air is dis- 
charged under the highway, but in winter it is 
mixed with fresh air, which is brought in through 
dampers and ducts to the right of the 13-8-kv. 
*bus bars, as shown in Fig. 45, Plate LXIII, in 





the same issue, and is then used for heating the 
building. 

The relative positions of the 13-8-kv. ’bus bars 
and switchgear, as well as of the main transformers 
and the 220-kv. circuit-breakers will be clear 
from Figs. 43 and 44, Plate LXII and Fig. 45, 
Plate LXIII. This lay-out forms an interesting 
contrast to the usual arrangements. Fig. 66, on the 
opposite page, is a single-line diagram indicating the 
connections between the main electrical equipment 
in the station, from which it will be noted that, on 
the low-tension side of the transformers, the ’bus 
bars are divided into sections, two generating units 
supplying each section with one set spare, and 
that two of the sections can be connected to- 
gether by a *bus bar coupler, so as to increase 
the flexibility of operation during low loads. This 
*bus bar coupling is effected through a reactance, 
so as to limit any short-circuit currents on the 
13-8-kv. ’bus bars. If, later on, it is found 
advisable, the 13-8-kv. *bus bar system can be 
converted into a ring which will be sectionalised 
by circuit - breakers and reactances, as shown 
dotted in the diagram, while arrangements can 
also be made for connecting some of the machines 
to one or other of the sets of bus bars thus formed. 
A possible arrangement, when the station is com- 
pleted, will, in fact, be to sectionalise the ring into 
four parts, three of which will be fed by three 
machines and the other by two machines, though 
it is more probable that the units will continue to 
be operated in pairs as at present. 

As shown in the diagram, the plant, as a whole, 
is operated in parallel on the 220-kv. side, the high- 
tension windings of the transformers being con- 
nected to a tie *bus bar through oil switches. 
In addition, there is a ring ’bus bar, which eventually 
will be controlled by a circuit-breaker at each end, 
though only one of these devices has, so far, been 
installed. At present, there are two outgoing 
250,000 kv.-a. lines operating at 220 kv., with a 
provision for a third in future. These lines are, as 
shown, connected to the tie bus bar through oil 
switches, but should these fail, the lines can be con- 
nected to the ring *bus bar through similar equip- 
ment. It will be noted that each line is capable of 
carrying the full output of the station, so that 
one acts as a reserve to the other. It will also 
be noted that the supply from the auxiliary genera- 
tors can be augmented, in case of need, by a trans- 
former, which is connected through oil switches 
to two of the 13°8-kv. *bus bar sections and the 
primary of which is supplied from the auxiliary sets. 
In this way a very high degree of flexibility and 
reliability of the power supply within the station 
itself is ensured. 

Turning to the switchgear lay-out, two ways of 
effecting this were considered when the preliminary 
designs for the station were being prepared. One 
of these was a complete double ’bus bar arrange- 
ment. This, owing to the characteristics of the 
site, would have necessitated the erection of a 
switch-house on the west shore some distance 
from the power station, and would have been 
costly and inconvenient to operate. The alter- 
native was to employ the most flexible system that 
could be erected on the roof of the station and 
thus, as shown in Fig. 45, Plate LXIII, in our issue 
of November 1, was the arrangement finally decided 
upon. As already explained, in spite of the limita- 
tions of space, it was possible to obtain considerable 
flexibility and to incorporate: the two essential 
features of reserve oil circuit-breakers and immu- 
nity from protracted breakdown owing to a failure 
of a portion of the bus bar system. The reserve 
oil circuit-breakers are located at the ends of the 
220-kv. structure and connect the tie and ring 
*bus bars. They are equipped with the same relays 
as the line breakers, and, by opening the latter 
and the ring *bus bar selector switch, which is 
electrically operated and interlocked in the same way 
as the ’bus bar sectionalising switches, the reserve 
circuit-breaker can be brought into circuit in place 
of the regular breaker. The sectionalising switches 
just mentioned are used for rapidly isolating a 
defective ’bus bar section, and are prevented from 
opening or closing under load by an interlock. 

The 220-kv. oil circuit-breakers, which were sup- 
plied by Messrs. The Westinghouse Electrical and 





Manufacturing Company, are rated at 1,000 amperes, 
and have a rupturing capacity of 2,500,000 kv.-a. A 
view of a number of these circuit-breakers on the 
roof of the power house with the lightning arresters, 
which will be referred to later, is given in Fig. 63, 
Plate LXVIII. They are carried on two I-beams, 
and can be removed from their operating positions 
by raising each tank with four jacks, so that a small 
trolley can be placed underneath it. In this position, 
the tank just clears the I-beams, so that the small 
trolley with the breaker on it can be run on to a 
larger trolley, by which it is taken to the repairing 
bay. : 

The 13-8-kv. circuit-breakers, which were sup- 
plied by Messrs. The General Electric Company, are 
insulated to withstand 25 kv. Those controlling 
the generators and the lighting and power circuits 
are rated at 2,000 amperes, while the sectionalising 
breakers have a capacity of 4,000 amperes. All these 
circuit-breakers are motor operated and have a 
rupturing capacity of 1,500,000 kv.-a. They are 
contained in a number of smokeproof compartments, 
so that any fire will be confined to a comparatively 
small area. 

The control room from which the whole of 
the switchgear is operated is placed at what will 
eventually be the middle of the station, and is 
equipped with three semi-circular switchboards, 
which are installed one behind the other. The 
first of these boards is of the bench type and 
carries the control switches for the main and 
direct-connected auxiliary generators, the main 
transformers and the 220-kv. circuit-breakers and 
switches. Behind this board are a series of 
instrument panels showing the current, voltage 
and power in the main circuits, while behind them 
again is a relay board. The boards for controlling 
the house generators and transformers, and for 
carrying the voltage-regulating equipment are placed 
round the walls of the control room. The energy 
for operating the switchgear and for supplying 
the emergency lighting in the station is obtained 
from two 630 ampere-hour storage batteries, and 
three 15-kw. motor-generator sets. 

The position of the main transformers which 
step up the generator pressures from 13-8 kv. to 
220 kv. is shown in Fig. 44, Plate LXII, and Fig. 45, 
Plate LXIII, in our issue of November 1. Each 
main transformer bank has a capacity of 80,000 
kv.-a. and consists of three 26,667-kv.-a. units, which 
are delta-connected on the 13-8-kv. side and star- 
connected on the 220-kv. side, the neutrals on the 
latter side being solidly earthed. The initial installa- 
tion of transformers consists of four such banks with 
one unit in reserve, making 13 transformers in all, 
each of which is provided with one 74 per cent. tap- 
ping on the high-tension side. All the units, a view 
of one of which is given in Fig. 64, Plate LX VIII. 
are water-cooled, the necessary supply being derived 
from the lake formed by the main dam. Usually 
the water will flow through the housings by gravity, 
but pumps are installed to maintain the circulation, 
when the pond level is reduced below normal. The 
transformers can be removed from their cubicles 
for inspection and testing by similar methods to 
those described in the case of the oil-switches. 
The main transformers were manufactured by 
Messrs. The General Electric Company, while, in 
addition, a bank of three 833-kv.-a. 13,800/460- 
volt house-service transformers were supplied by 
Messrs. The Westinghouse Electrical and Manufac- 
turing Company. It may be added that the 
oil required for the transformers and circuit- 
breakers throughout the station is supplied, through 
an extensive system of piping, from five 12,000- 
gallon underground tanks, by two pumps, the output 
of each of which is 500 gallons per minute. 

Other points of interest in the electrical equip- 
ment are that the station contains what is said to 
be the first installation of 220-kv. lightning arresters. 
These are shown in Figs. 45, Plate LXIII and on 
the right of Fig. 63, Plate LXVIII, and are of 
the oxide-film type. Each arrester is made up 
of 666 discs per phase. Special precautions against 
fire have also been taken. These consist of water 
hydrants, carbon-tetrachloride extinguishers, and 
a portable Foamite generator. In addition, there 
are two stationary Foamite generators, which 
can be connected to an emergency system in the 
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legs, which are made of different lengths in accord- 
ance with the site conditions. The standard length 
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Ba transformer cubicles. Under normal conditions, | Public Service Electric and Gas Companies, and the | Philadelphia, where the pressure is stepped down 
res, this system is disconnected, but it can be quickly | voltage is stepped down to 66 kv., which is the exist- | to 13-2 kv. The sites of both these stations have 
= brought into action by means of flexible hose. | ing standard high-tension voltage of the Philadelphia | been selected close to a railway, so that the handling 
ao Water will be used for extinguishing any generator | Electric Company. At present, two 130,000 kv.-a.|of the heavy switch and transformer equipment 
yg fires that may occur, and here again the necessary} step-down transformer banks are installed at |is facilitated. 
ba connection will be made by lengths of hose. Plymouth Meeting, while there are also three 30,000] The towers used on the main 220-kv. transmission 
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; STA) lines are of four types : A standard suspension tower, 
a railway-crossing and angle tower, with a special 
extension enabling it to be used for transpositions, 
SCORE SERN. HOUSE GEN.N?2. Fig. 67 and two-patterns of angle towers for angles less 
; idl than, and exceeding, 15 deg., respectively. A typical 
= example of one of these towers is illustrated in 
| reer Fig. 65, Plate LXVIII. The conductors are arranged 
in a horizontal plane, the distance between them 
j - being 25 ft. 6in. Two earth wires are carried 16 ft. 
above the plane of the conductors and midway 
oe between the pairs. Owing to the base of the tower 
being about 35-ft. square, horizontal members close 
110 to the ground line were undesirable, so that the lower 
section of the tower is composed of four independent 
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_ The two 220-kv., 250,000 kv.-a. lines from Conow- 
ingo are carried on steel towers to a substation at 
Plymouth Meeting, outside Philadelphia, a distance 
of 58 miles. Here a connection is made with the 
systems of the Pennsylvania Power and Light and 
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kv.-a. synchronous condensers for stabilising pur- 
poses, should one of the lines from Conowingo 
break down. From this station, two 66-kv., 100,000 


of leg is 18 ft., which gives an 80-ft. tower, but special 
legs, either 5-ft. shorter or 5 ft. or 10 ft. longer, 
have been used. The towers are built of galvanised 
structural-steel sections, and full details of their 
design, which embodies some unusual features, were 
given in a paper read by Mr. P. H. Chase at 
the Baltimore Meeting of the American Institute 
of Electrical Engineers, in April, 1928. The con- 
ductors are of steel-cored aluminium with a total 
diameter of 1-14 in., and consist of thirty 0-163-in. 
aluminium and nineteen 0-097-in. steel wires, the 
total weight per foot being 1-23 lb., and the ultimate 
strength 37,900 lb. The earth wires have the same 
general characteristics as the conductors, but their 
diameter is 0-7 in., and their weight 0-65 lb. per 
foot. The insulators are made up of 10-in. discs 





kv.-a. lines are run to the Westmoreland substation, 
10 miles to the south-east on the outskirts of 


spaced 5} in. apart, there being 14 such units in 
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2-TON INDUSTRIAL CHASSIS WITH FOUR-CYLINDER ENGINE. 


CONSTRUCTED BY MESSRS. SINGER AND COMPANY, LIMITED, ENGINEERS, COVENTRY. 








Fig. 22. Sipe View or Cuassis. 





























Fic. 23. Pian or CHassIs. 


! 
a single string, and 16 in the double and triple | 


strings. Normally, both the conductor and earth | 
wires are carried in a releasing type of clamp, which | EXHIBITION AT OLYMPIA. 
is designed so that an unbalanced pull of 5,000 Ib. | (Concluded from page 587.) 
will release the clamping device. The longitudinal! In our previous issue, we mentioned that several 
tension from a broken wire is thus restricted to a | firms were showing commercial vehicles at the exhi- 
small fraction of the strength of the wire, with the | bition for the first time. Examples of the products 
result that the stresses that might otherwise be | of two of these firms have already been described, 
imposed on the towers are considerably reduced. | and we may now deal with the new goods chassis 
On leaving the power house, the lines are carried | shown by Messrs. Singer and Co., Limited, Coventry. 
across the river in two spans of 1,450 and 2,200 ft., | Incidentally, this chassis affords a good illustration 
respectively, the intermediate towers being erected | of the advantage to be gained by designing ab initio, 
on an island, thus greatly diminishing the stress | as several of the problems involved in the production 
on the roof structure. These towers are 228 ft. | of a chassis suitable to modern road conditions have 
high. | been dealt with in an original manner. It should, 
| perhaps, be stated that Messrs. Singer have pre- 
Evecrriciry Surrry iN CANapA.—The Canadian | Viously manufactured commercial vehicles, but as 
Bureau of Statistics, Ottawa, informs us that the aggre- | these have been small delivery vans, their design 
gate output of electric power stations in the Dominion | has followed touring-car rather than commercial 
was 1,468,314,000 kw.-h. during August, as compared with | J pactice. Two new vehicles are being exhibited at 


1,410,709,000 kw.-h. in July, and 1,313,556,000 kw.-h. in : : : 
August, 1928. the show, a two-ton industrial chassis, and a low- 
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loading chassis for 20-seater coaches. These have 
many features in common, and it will be sufficient 
to deal with one of them in detail. The two-ton 
chassis is illustrated in Figs. 22 to 24, on this and 
the opposite pages, and its unusual features may 
best be brought out by following our usual practice 
of describing the components in order. 

The engine, illustrated in Fig. 25, is a four- 
cylinder model with detachable head, the cylinder 
bore being 90 mm. and the piston stroke 120 mm. 
The capacity is 3,053 c.c., and the R.A.C. rating 1s 
20 h.p. The engine actually develops 23 b.h.p. 
at 1,000 r.p.m., 35 b.h.p. at 1,500 r.p.m., 45 b.h.p. 
at 2,000 r.p.m., and 53 b.h.p. at 2,500 r.p.m. The 
road speed corresponding to 1,000 r.p.m. of the 
engine is 15°5 m.p.h. From the figures quoted, it 
will be seen that the engine develops 7-5 b.h.p. per 
litre capacity at 1,000 r.p.m., and 17-4 b.h.p. at 
2,500 r.p.m., these figures being high for a commer- 
cial-vehicle engine, when taken in conjunction with 
a low fuel consumption. The latter is actually on 
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gallon to 19 miles with the vehicle loaded. This 
result is obtained by the employment of a relatively 
high compression ratio, overhead valves, and 
machined combustion spaces. The compression 
ratio is 5:2 to 1. The valves are mounted in the 
detachable head, and are operated by push rods 
from the camshaft, which is located in the crankcase. 
If the brake horse-power figures given are plotted 
against engine revolutions, it will be seen that the 
power-speed ratio is practically constant up to 
2,000 r.p.m., and only falls off slightly at 3,000 
l.p.m., indicating that the mechanical and volu- 
metric efficiencies are both maintained at the 
higher speeds. The former result implies light 
reciprocating parts, a stiff crankshaft, and effective 
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lubrication ; and the latter, ample valve area and 
well-designed gas passages. Actually, aluminium 
pistons are employed with a five-bearing crankshaft 
of large diameter. The valves are operated through 
centrally-pivoted rockers, giving a ratio of valve 
to tappet movement of 1-4 to 1. The inertia 
forces on the valve gear as a whole are thus reduced, 
and as a constant-acceleration cam with a harmonic 
leading-in curve is employed, light valve springs 
can be used. The lubricating oil-pump is located in 
the sump, and is driven from the camshaft through 
the medium of a vertical shaft’ with skew gearing at 
the top. The oil is passed through an Auto-Klean 
filter before entering the main supply duct. The 
latter is formed in the wall of the crankcase, and 
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from it the oil passes through internal branch 
ducts in the cross webs to the main bearings, 
|and through passages drilled in the crankshaft 
to the big ends. There are no pipes in any part 
lof the oiling system, so that fracture through 
| vibration is impossible. Pressure feed is provided 
| for the rocker-shaft bearings, and for the ball joints 
| on the push rods, and the valve guides are lubricated 
| by a supply of oil fed through a passage in each 
‘rocker arm to the point in contact with the end 
of the valve stems. The timing gear, which is in 
the form of a triangular chain drive, is also lubri- 
cated from the main oil-supply system, the pressure 
being maintained by a spring-loaded valve. A 
triple roller chain is employed for the triangular 
drive to the camshaft and dynamo. The length 
of chain between the camshaft and crankshaft 
pinions is made as short as possible, and any 
tendency of the camshaft to slogger is further 
reduced by the uniform dynamo load behind the 
camshaft drive. 

The engine, clutch, and gear box form one unit, 
mounted on buffers on a sub-frame, the latter 
being carried in the main frame on a three-point 
suspension. The use of a sub-frame, although now 
somewhat unusual, has the advantage that either 
the engine or the gear box can be removed from the 
chassis without disturbing the other components. 
The clutch is of the single dry-plate type, and 
the gear box provides four forward speeds with the 
usual reverse. The forward ratios are 1, 1-62, 2-76 
and 5-36 to 1, the reverse ratio being 7-78 to 1. 
The final reduction ratio is normally 6-5 to 1, but 
|® specially low ratio of 7-25 to 1 can be provided 
|if required. The gear box shafts are short and 
| of large diameter, in accordance with the latest 
| practice, and provision is made for fitting a power- 
driven air pump and for a positive speedometer 
drive. The gear wheels on the constant-speed and 
third-motion shafts are made from air-hardening 
steel. As will be clear from Figs. 24 and 25, the 
selector mechanism is mounted on top of the gear 
box, and is arranged for right-hand change, the 
whole of the mechanism being independent of the 
main frame, and being therefore entirely free from 
the possibility of binding or wear due to distortion. 

The propeller shaft is totally enclosed, the 
torque tube terminating at the forward end in a 
U-shaped bracket pivoted on the two sides of the 
gear box. The rear end of the torque tube terminates 
in the overslung worm housing, and stays are 
provided between a bracket near the centre of the 
tube and the two ends of the rear axle. These 
stays are inclined in both the horizontal and verti- 
cal planes. The arrangement recalls the practice 
adopted by many makers in the past, with the 
important difference that the pivot pins on the 
gear box are carried in rubber bushes, and in the 
provision of a bearing, also rubber bushed, at 
the point where the forward end of the torque 
tube enters the U-bracket. The provision of 
rubber bushings at the joints is intended to eliminate 
wear, and to prevent the development of play on 
the tube, which was occasionally a troublesome 
feature of earlier designs of a similar type. As 
already stated, a single dry-plate clutch is em- 
| ployed, and the connection between the gear box 
and the propeller shaft, is made with a Simms-Jurid 
joint. There is an intermediate bearing in the torque 
tube at the point where the stays are attached. The 
details of the torque tube mounting can be seen in 
Figs. 23 and 24. 

The rear axle, which can be seen in the same 
figures, only calls for brief comment. The axle is 
of the full-floating type, the load from the wheels 
being transferred to the axle tubes through taper- 
roller bearings. The axle casing is of steel, and the 
worm casing of aluminium alloy. The rear springs 
are shackled at each end, and a floating bearing is 
provided for the spring seat on the axle. The main 
chassis frame is of exceptional interest. ‘The two 
side members, which are of the usual section, are in 
two parts, riveted together, the first extending from 
the front dumb iron to the central cross member 
shown in Fig. 23, and the second from the cross 
member, visible in the same figure immediately 
behind the gear box, to the rear of the chassis. 
The frame is thus strengthened up in the central 
portion by the overlapping of the two parts of each 























EXHIBITS 


(Nov. 15, 1929. 








AT THE COMMERCIAL MOTOR EXHIBITION. 














Fic. 26. Riarmp-Typr Srx-WHEEL Drive Lorry; Messrs. Four WHEEL Drive Motors, LIMITED. 














Fig. 27. 


110-Ton DovuBLE-Boaiz TRAILER ; Messrs. R. A. Dyson anp Company, LIMITED. 


side member, and an examination of the bending-| The overall length is 15 ft. 10 in., and the distance | accessibly mounted on the near side of the engine, 


moment diagram for any fully loaded vehicle carried | between the dash and the end of the frame is 12 ft. 
on two axles will show that the bending moment is | The chassis weight is 31 cwt. 
greatest at a point near to the centre. We under-| From an engineering standpoint, one of the 
stand that such diagrams were made representing | most interesting chassis at the Exhibition is the 
all conditions of loading, and were carefully con-| rigid six-wheeler shown by Messrs. Four Wheel 
sidered when deciding on the amount of overlap} Drive Motors, Limited, 46, Charing Cross, 8.W.1. 
of the side members. The frame is stiffened by a|In this chassis, which is illustrated in Fig. 26, 
tubular cross member of large diameter at each!| above, all six wheels can be driven, giving ex- 
end, and by intermediate cross members of bridge|ceptionally high tractive effort. The carrying 
2% It will be| capacity is 8 tons, and a body space of 18 ft. is 


form, as shown in Figs, 23 and 24. 
noticed from Figs. 22 and 24 that the frame/available. The standard four-wheel drive vehicles 


has been considerably lightened by cutting away} manufactured by the firm are now very well 
the webs of the side members at the rear end,| known, and we may therefore confine ourselves 
where both bending moments and shearing stresses|to a description of the special features of the 
are comparatively small, Pedal-operated brakes are | six-wheeler. Following upon a working arrange- 
fitted on all four wheels, the foot pressure being | ment recently concluded with Messrs. The Associated 
assisted by a vacuum servo system. In addition, | Equipment Company Limited, an engine manufac- 
there is another pair of shoes in each rear| tured by the latter firm is employed. This engine is 
wheel operated by a hand lever. The remaining | a six-cylinder model, with a cylinder bore of 100 mm. 
features of the chassis only call for brief comment. | and a piston stroke of 130 mm. It develops 48 brake 
The radiator fan is effectively cowled, and the water | horse-power at 1,000 r.p.m., 70 brake horse-power 
circulation is assisted by an impeller on the fan| at 1,500 r.p.m., and 92 brake horse-power at 2,400 
shaft. Fan-belt adjustn.ent is obtained by clos-|r.p.m. The maximum torque is 258 Ib. ft. at 
ing in the flanges of the upper fan pulley. The|700 r.p.m. This engine is similar to that fitted 
front axle is the usual H-section steel stamping,|in the new L.G.O.C. omnibuses, and it is hardly 
the hubs being carried on taper-roller bearings, | necessary to describe it in detail, as its construction 
adjustable for wear. Marles steering gear is| will be familiar to the majority of our readers, 
employed. Lubrication of all points on the chassis, | but it may be mentioned that it is fitted with 
with the exception of the main units, is by a Luvax|a detachable head, and the valves are operated 
central foot-operated system. The chassis is| by a chain-driven overhead camshaft. The crank- 
designed to carry a gross load of 48 cwt., so that, | shaft has seven bearings, 2} in. in diameter, and 
with a body weighing approximately 8 cwt., a useful | both these and the big-end bearings are lubri- 
load of 2 tons can he carried. The wheel base|cated under pressure. The fan and dynamo are 
is 11 ft. 1} in., the track 4 ft. 11 in., and the laden | positively driven by chains, no belts being used. 
height 2 ft. 44in. The ground clearance is 11} in./ All accessories, such as the dynamo, carburettor, 
under the front axle, and 104 in. under the rear axle. | oil filler, water pump, and sparking plugs are 








as it is designed for forward-control vehicles. 
The engine is built in one unit with the gear box 
and clutch, the latter components being also 
manufactured by Messrs. The Associated Equipment 
Company. The clutch is of the single dry-plate 
type, and the gear box is of the normal sliding-gear 
type, giving four forward speeds with the usual 














reverse. The forward gear-box ratios are 1, 1-59, 2-7 
and 4-42 to 1, and the reverse ratio is 5-16 to l. 
All the shafts in the gear box are carried on either 
ball or roller bearings. 

Turning now to the special features of the chassis, 
an auxiliary gear box is mounted at the rear of the 
main box, to which it is coupled through a single 
fabric-disc coupling. This gear box gives either a 
straight-through drive, with a 1 to 1 ratio, or 
an indirect drive with a reduction of 2-78 to 
1, so that eight different forward gear ratios, and 
two reverse ratios, are actually available, the lowest 
forward ratio being 12-29 to 1. It may be men- 
tioned at this point that the final transmission ratio 
is 7-75 to 1, so that the lowest overall forward gear 
ratio is 95-2 to 1. The drive to the front axle is 
taken from the auxiliary gear box, the arrangement 
being similar to that employed on the firm’s standard 
four-wheel drive lorries, with the exception that 
the drive can be disengaged at will. This is 
effected by sliding the driving pinion out of 
mesh, an operation which can be performed, if 
required, when the vehicle is running, enabling the 
front-wheel drive to be disconnected when the 
vehicle is operating on good roads. The main 
object of the front-wheel drive is, of course, to 
enable the vehicle to be driven over loose ground, 
or for cross-country work. The auxiliary gear box 
is also fitted with a countershaft for driving 4 
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winch, or for other purposes. The front axle is of the 
full-floating spiral-bevel type, provision being made 
for steering by universally-jointed shafts passing 
through hollow steel axles, and having the joints 
centrally located with respect to the steering 
pivots. 

The rear axles are also of the full-floating spiral- 
bevel type. The drive from the gear box is trans- 
mitted by the propeller shaft to a shaft on each 
axle mounted above the driving bevel, and driving 
the latter by an enclosed silent chain. The chain 
housings are bolted to the axle casings, the for- 
ward housing being in front of the forward axle, 
and the rear housing behind the rear axle. As 
a result, the propeller shaft between the two 
rear axles is longer than the distance between 
the axle centres, with a view to reducing the flexure 
on the universal joints as much as possible. It has 
already been mentioned that the final reduction 
ratio is 7-75 to 1, and this is obtained by a reduction 
of 1-8 to 1 on the chain drive and 4-31 to 1 on the 
bevel gears. As regards the brakes, there is a 
foot brake, of the external-contracting type, acting 
on a drum mounted behind the auxiliary gear box, 
and a hand brake of the usual internal-expanding 
type on all four rear wheels. The hand-brake is 
operated through a toggle gear, giving increased 
leverage as the brake is applied. 

The rear suspension is of the War Office type, of 
which details will be found on page 336 of vol. cxxiii 
of EnernEERING. The front springs are pinned 
at the rear end, the front ends being carried on 
a transverse compensating beam pivoted at its 
centre to a point below the radiator. The 
arrangement permits of a difference in level of 
12 in. between the front wheels without frame 
distortion. The front ends of the springs are guided 
by horn brackets. The main frame has a maximum 
depth of 12} in., and is upswept at the front to give 
clearance for the spring-compensating bar, as shown 
in the figure. The power unit is carried on a three- 
point suspension on the main frame, and the 
auxiliary gear box is carried on a short sub-frame. 
Marles steering gear is fitted, and, as will be clear 
from the illustration, the chassis is arranged for 
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consider the arrangement of the wheels on one 
of them. This will most easily be followed if an 
ordinary four-wheeled truck be visualised, in which 
each wheel is replaced by a short axle having two 
outer and two inner twin-tyred wheels. Each axle 
is mounted at the centre in such a way that it 
can swing in the vertical plane to enable the wheels 
to follow irregularities in the road surface. In 
addition, the four axles can be rotated in the hori- 
zontal plane about their respective centres by means 
of a hand steering gear. The object of this arrange- 
ment may now be explained: normally, the two 
bogies are connected by means of a steering yoke 
located under the centre of the platform, as shown 
in the figure. 

In these circumstances, the trailer is entirely 
self-tracking, and follows the movements of the 
tractor, or tractors, but, should a particularly 
awkward corner have to be negotiated, the hand- 
steering apparatus can be brought into operation, 
allowing the rear bogie to be steered to the right or 
left as may be required. The hand-steering wheel 
can be seen in the illustration on the side of each 
bogie. The motion is conveyed to the two forward 
axles on each bogie by means of cable connections, 
the rear axles running free. The inner wheel on 
each axle is provided with a Ferodo-lined internal- 
expanding brake, which is also operated by a hand 
wheel on the side of the bogie. The brake gear is of 
simple type, and hardly calls for detailed description, 
but it may be mentioned that it is compensated. 
Each of the eight axles is 7 in. in diameter, and the 
wheels are carried on ball bearings. 

The platform on which the load is carried has 
a flat upper surface, and consists of steel plating 
on a girder frame. It is mounted on the bogies 
by means of a turntable at each end. The usual 
king pins are provided for each turntable, and the 
load is transmitted to the bogies by means of large 
rollers mounted in recesses in the platform. An 
important feature is that the trailer can be operated 
equally from either end, and the platform can be 
removed, leaving two short trucks with a capacity 
of 60 tons each. The trailer weighs approximately 
32 tons, the loading height is 3 ft. 6 in., and the 








forward control. The wheelbase, measured from the | 
front axle to the centre line of the rear bogie, is | 
14 ft. 9 in., the distance between the rear axles being | 
4 ft. The track is 5 ft. 10? in., the width of the | 
frame 3 ft. 74 in., and the length of the frame | 
24 ft. 8 in. The height to the top of the frame is | 
3 tt. 32 in., the overall length 24 ft. 8 in., and the | 
overall width 7 ft. The maximum tractive effort | 
is 10,100 Ib. 

Heavy machinery parts have not infrequently 
to be transported, either to a given site or to a 
port of shipment, by road, since they are too large 
to be handled by the railways. Although the 
route is usually carefully selected in such cases, 
complaints of damage to road surfaces have been 
common in the past, and, in fact, such damage 
was often unavoidable when loads of from 50 tons 
to 100 tons were conveyed on a four-wheeled 
trailer fitted with steel tyres. The tendency to 
increase the size and weight of units in many 
classes of machinery has served to direct attention 
to the whole question, and trailers are now available 
on which loads of over 100 tons can be transported 
with no damage to the road surfaces over which 
they run. Broadly speaking, the number of wheels 
on these trailers is such that the load per wheel is 
reduced to a point at which rubber tyres may safely 
be utilised, and, what is of equal importance, the 
wheels are mounted in such a manner that they 
conform to irregularities in the road surface, thus 
eliminating the risk of the load being concentrated 
on a few wheels only. 

A trailer of this type, for loads up to 110 tons, 
which we believe to be the largest yet constructed, 
1s shown by Messrs. R. A. Dyson and Company 
Limited, Grafton-street, Liverpool. The trailer, 
which is illustrated in Fig. 27, on the opposite page, 
has been constructed for Messrs. Pickfords, Limited, 
the well-known haulage contractors. The load is 
carried on two four-axle bogies, and as there are 
four twin-tyred wheels on each axle, there are 
64 tyres in all, the maximum load per tyre thus 
being approximately 2 tons. The two bogies are 
similar, and it will therefore only be necessary to 





turning radius is 24 ft. 








LETTERS TO THE EDITOR. 


COMBINED REAPERS AND 
THRESHERS. 


To THE Eprror oF ENGINEERING. 


Str,—My letter, published in your issue of October 25, 
was not intended, in any sense, to be an attack upon 
British thresher engineers, although Mr. F. Ayton, 
judging by his letter of October 28, certainly seems 
to think so. 

The original article that appeared in ENGINEERING 
(page 482, ante) pointed out the many advantages to be 
gained by the use of the combined harvester, and my 
letter was written with the intention of showing that a 
steel thresher may often be profitably used where it is 
not possible to use a combine. 

As a matter of fact, I received my engineering 
training in the shops and drawing offices of a famous 
British firm who started to manufacture Americane 
type steel threshers towards the end of the war, so 
that I hope Mr. Ayton will concede that I know my 
subject. 

The comparatively few British-made, American-type 
machines manufactured are undoubtedly better than 
the American machines, although it is quite another 
matter as to which is the better value for money when 
one compares price against price. 

My whole point was that both combines and steel 
threshers could be used in this country and that it is 
the duty of British manufacturers to push them. 
The number of machines of these two types produced 
in this country is very small compared with the produc- 
tion of the same machines in Canada and in the United 
States. Also the number of peg-drum threshers and 
combines manufactured here during the past five 
years or so is, I believe, below the number of beater- 
drum machines made here during the same period, 
and it is one thing to turn out a few machines specially 
made to customers’ requirements, and quite another 
to have large-scale ‘ moving platform” production 
resulting in shipment from the factory by the trainload. 
Several transatlantic firms even bring out a new model 
yearly, and their production schedules are planned 
out a year in advance. Highly organised sales and 


including the export sales. And this brings me to 
another point, which is to ask why it is that if, as Mr. 
Ayton avers, British manufacturers are thoroughly 
up to date, they allow the Americans to have such 
complete control of the South American and Dominion 
markets ? 

Finally, I should just like to emphasise that your 
original article was, as I read it, intended to show the 
advantages that are gained by using the combined 
harvester, and my letter was meant to show that there 
is also a strong case for the use of the steel thresher in 
Britain. On these two points, at least, I hope Mr. 
Ayton is in agreement with me. 

Yours faithfully, 
F. W. Otiver WHITE. 
Forest House, Forest-road, 
Nottingham. 
November 7, 1929. 








EXPERIENCE WITH READY-MIXED 
CONCRETE IN THE UNITED STATES. 


To tue Eprror oF ENGINEERING. 

Sir,—With reference to the paper presented by me 
to the American Concrete Institute, on the use of ready- 
mixed concrete, and mentioned in your issue of 
September 27 (page 399), since presenting this contri- 
bution last year, we have again tried using a small 
amount of concrete which was hauled with ordinary 
dump trucks. Our experience with this method of 
hauling has convinced us that such practice is no longer 
good, and we are now requiring our contractors to 
transport centrally-mixed concrete with cubic-yard 
drop-bottom buckets, which can be handled with a 
crane, or in trucks having a suitable agitator to stir the 
concrete in transit. 

A number of companies in this country are producing 
agitator body trucks which gently stir the concrete 
during transit and deliver a very satisfactory material. 
I am not referring to the Barrimore mixer, which is 
used quite extensively for actually mixing the materials, 
but by agitator trucks I mean those which simply 
maintain a uniform product by moderate agitation. 

Very truly yours, 
P. J. FREEMAN, 
Chief Engineer. 
Department of Public Works, 
County of Allegheny, 
Pittsburgh, Pa. 
October 17, 1929. 








LAUNCHES AND TRIAL TRIPS. 


“ Kirry Taytor.’—Single-screw cargo steamer ; 
triple-expansion engines. Completed and _ delivered 
to her owners recently. Main dimensions, 407 ft. by 
53 ft. 9 in. by 36 ft. 3 in. Built for Messrs. Eros, 
Steamships Limited, by Messrs. Sir W. G. Armstrong, 
Whitworth and Company (Shipbuilders), Limited, 
Willington Quay-on-Tyne. 

‘** BLINJOE.”—Steamer. Launched recently. Main 
dimensions, 252 ft. by 40 ft. by 15 ft. 6in. Built by 
Messrs. The De Maas Shipbuilding Company, Slikkerveer, 
Holland, for the Royal Packet Company, Amsterdam, 

‘* KayEeson.”—Single-screw cargo steamer; triple 
expansion engine supplied by Messrs. The North-Eastern 
Marine Engineering Company, Limited, Wallsend-on-Tyne. 
Trial trip, November 2. Main dimensions, 405 ft. by 54 ft. 
by 28 ft. 2 in. Built by Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited, Hebburn-on-Tyne, for The 
Kaye Steam Navigation Company, Limited, London. 

** GoRJISTAN.”—Screw passenger and cargo steamer 
for far-Eastern trade ; triple-expansion engines, working 
in conjunction with a Bauer-Wach low-pressure exhaust 
turbine. Trial trip, November 5. ain dimensions, 
440 ft. 3 in. by 55 ft. by 31 ft. Built by Messrs. John 
Readhead and Sons, Limited, South Shields, for Messrs. 
Frank C. Strick and Company, Limited, London. 








TRACTOR AND CULTIVATOR TRIALS, OxrorD, 1930.— 
We are informed that at the international tractor trials 
to be held near Oxford next year, special attention will 
be devoted to the testing of the efficiency of small 
mechanical equipment, such as_ tractor-cultivators, 
suitable for use by market gardeners. It is also announced 
that the Royal Agricultural Society, which is organising 
the trials, has decided to reduce the entry fees in order 
to encourage manufacturers of high-power equipment. 


British STANDARD SPECIFICATION FOR PHOSPHOR- 
Bronze Bars.—A specification for phosphor-bronze 
bars or rods has recently been issued by the British 
Engineering Standards Association. This publication 
is drawn up on lines parallel to those of the specifications 
for brass bars, published in 1926, and covers round, square, 
and rectangular bars, from }-in. to 2 in., and hexagon 
bars for standard nuts from No. 3 B.A. to 1} in. B.S.W., 
and 13 in. B.S.F., with specified margins of manufacture. 
The chemical composition of the material, mechanical 
tests, and the procedure in selecting samples for these 
tests are laid down. Copies of the specification, which 
is designated No. 369-1929, can be obtained from the 
British Engineering Standards Association, Publications 
Department, 28, Victoria-street, London, 8.W.1, price 





publicity departments forecast the probable sales, 
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STOP-VALVE GEAR. 


CONSTRUCTED BY MESSRS. HOPKINSONS, LIMITED, ENGINEERS, HUDDERSFIELD. 

















Fia. 1. 


THE HOPKINSON ELECTRICAL 
CONTROL FOR VALVES. 


THE increasing size of boilers and the growing use 
of very high steam pressures are both emphasising 
the desirability, if not the absolute necessity, of electri- 
cally-operated stop valves. A large boiler not only 
postulates the virtual inaccessibility of the stop valves 
but an increase in their size, and the latter, combined 
with the high pressures now in use, implies the substitu- 
tion of power instead of manual operation. Again, 
very high pressures, with their attendant greatly- 
increased danger in case of accident, make distant and 
emergency control,so easily effected by electrical means, 
practically an indispensable feature. The electrically- 
operated valve shown on the stand of Messrs. Hop- 
kinsons, Limited, Britannia Works, Huddersfield, at 
the Bradford Engineering Exhibition, dealt with 
elsewhere in this issue, meets these requirements very 
well. The valve forms one of seven now being supplied 
to the new Kirkstall Power Station of the Leeds Cor- 
poration, and its chief features are described below 
with the aid of Figs. 1 to 5, on this and the opposite 
pages. It is of the Hopkinson patent parallel-slide 
type, 8-in. in diameter, and is to operate with steam 
at a working pressure of 490 Ib. per square inch, and 
a temperature of 750 deg. F. 

The valve is of the firm’s 600-lb. per square inch 
pattern with a cast-steel body. The discs and seats 
are of Platnam metal, centrifugally cast, and having 
a dense micro-structure and a high Brinell figure. 
The spindle is of nickel-chromium-steel and is supported 
in the bridge by substantial ball bearings as journals 
and to take both the end thrust in opening and closing, 
as well as the side thrust of the gearing. Grease 
lubrication is provided, and glands are fitted to prevent 
the entry of steam and water to the ball races. In 
referring to Fig. 1, which shows a completely-equipped 
valve of a slightly different pattern, it should be noted 
that the handwheels seen on the main and by-pass 
spindles, in the actual Leeds installation, are replaced 
by bevel-gears so that they can be manually operated, 
when desired, by means of long vertical shafts carried 
down to the platform. The electrical operating gear 
is that known as the Hopkinson C.A. type, which 
is designed for three-phase alternating current up to 
600 volts, the C-type being made for operation on 
direct current up to 500 volts. The motor is seen 
at the right-hand of the figure, bolted directly to an 
oil-tight box housing the transmission gear. Above 








8-Incu, 600-LB. PRESSURE, ELECTRICALLY-CONTROLLED STOP VALVE. 


this box is seen the casing containing the limit switches, 
electrically-operated clutch, &c.; in front is the gear 
case containing the transmission gear between the 
valve spindle and the unit. 

The motor is of a design which has been specially 
developed for the purpose. It is of the three-phase 
squirrel-cage type with a special rotor giving a high 
static torque and having a great overload capacity for a 
short period, developing, in fact, 6-h.p. under these 
conditions. The motor is totally-enclosed and the 
armature is mounted on ball bearings. The drive is 
taken through a worm and hobbed gear-wheel running 
in an oil bath, and incorporates a clutch which is 
electro-magnetically controlled by the speed of the 
motor. The motor consequently attains full speed 
before taking up the drive, and a hammer blow is im- 
parted to the spindle when the clutch engages. This 
overcomes any tendency of the valve to stick when 
being opened, and prevents any risk of stalling the 
motor. The handwheel is provided with a spring centre, 
so that the effectiveness of the hammer blow is not im- 
paired by its inertia. The permanent coupling of the 
handwheel to the spindle is considered desirable for, as 
there is no de-clutching process to be gone through 
before manually operating the valve, this latter opera- 
tion may be safely undertaken in an emergency, such 
as current failure, by a person unacquainted with the 
gear. It should be noted that failure of the current, or 
its normal interruption by the operation of the limit 
switches, automatically frees the clutch, which, when 
the motor is functioning normally, is positively locked. 
The gears between the electrical unit and the valve 
spindle are of exceptional strength. 

The limit switches for arresting the travel of the 
valve are seen in Fig. 3. Those shown are of the 
main-current type, fitted with magnetic blow-outs, 
but, when used with a contactor panel, the magnetic 
blow-outs are fitted to the contactor panel contacts 
only. They are, of course, actuated, in the first 
instance, by the movement of the spindle, but are 
positively operated by a quick-moving cam action, 
in preference to trigger action springs, and function 
by breaking the control circuit of a contactor panel 
which, in turn, cuts off the supply of current to the 
motor. This cessation of current, of course, auto- 
matically disengages the magnetically-operated clutch, 
and the motor thereupon coasts to rest. The limit 
switches function with such precision that the travel 
of the valve spindle can be set, should such accuracy 
be necessary, to cease at a point less than ,}-in. 














Fie. 2. Marin Controt INSTRUMENT. 


from that desired. The switches do not prevent the 
valve, when in an intermediate position, from being 
operated in either direction, and it is accordingly 
under as perfect control as when operated by hand. 
The contactor panel is worked off an auxiliary circuit, 
and is controlled by push-button instruments with 
lamp position indicators. 

The control instrument in the installation exhibited 
is shown in Fig. 2. As previously mentioned, there is 
hand-operating gear provided on the stokehold plat- 
form for both the main and by-pass valves. Such an 
arrangement, it is clear, inevitably localises the control 
positions; that is, they must correspond to the par- 
ticular boiler concerned. With electric operation of 
the valves, the control stations can be grouped in a 
central position, and it is for this purpose that the 
push-button station shown in the figure is designed. 
The case contains three contacts operated by push 
buttons lettered “‘ open,” “‘ stop,”’ and ‘‘ close.” The 
first of these starts the valve moving upwards, which 
motion continues until it reaches the top of its stroke, 
that is, when it is fully open, and further movement 
is stopped by the limit switch; the last push button 
closes the valve. The middle button, marked “ stop, 
is used for stopping the valve at any point between 
its extreme positions on either its up or down stroke. 
The push buttons are protected by a glass panel, 
which, with normal working, is kept open, but which, 
when it is desired to protect them from unauthorised 
interference, can be locked. Access in an emergency 
is obtained by breaking the glass with the hammer 
suspended from the bottom of the casing. The two 
luminous indicators above the buttons show a red 
light with the word “ open,” and a green light with the 
word “closed,” when the valve is in one or other of 
these positions. When the valve is in an intermediate 
position, both indicators are illuminated. Interlocks 
are provided to prevent the “open” and “ close 
pushes being operated at the same time. A complete 
system of interlocks is incorporated in the contactor 
panel, so that it is impossible to reverse the motor 
suddenly when it is running in one direction, a state 
of affairs which, were it possible to happen, would be 
equivalent to putting the motor on a line at double 
the normal voltage, and would probably result in the 
main fuses being blown at a critical moment. 

In addition to the main control station, a separate 
emergency closing station is provided. This may be 
situated in a different place to that of the main station ; 





in some cases probably near the turbines. It is 
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ELECTRICALLY-CONTROLLED STOP-VALVE GEAR. 


CONSTRUCTED BY MESSRS. HOPKINSONS, LIMITED, ENGINEERS, HUDDERSFIELD. 




















Fie. 3. 


Limit-Switcu Box. 








Fia. 5. 


illustrated in Fig. 4, and contains only one push button 
Protected by glass. This is placed in the auxiliary- 
current circuit and its operation results in the closing 
of the valve. A patented magnetic hold-on device 
aed to maintain the auxiliary-operating circuit to 
- Contactor panel without the necessity for keepi ng 

© button pressed after contact has once been made. 








VALVE WITH ELECTRICALLY-OPERATED By-Pass. 


This device is also embodied in the main control 
station on the “‘ open”’ and “ close”’ buttons. Thus, 
after one of them is pressed, the circuit remains 
closed until the “stop”? button is pressed. If the 
valve is allowed to make its full travel, the push 
buttons are automatically reset when the limit switch 
on the valve unit opens. 

















Fig. 4. EmMErGEncy CLosina INSTRUMENT. 


It should be understood that the foregoing descript- 
ion applies to the particular valve shown at the 
Bradford Exhibition, and that this equipment by no 
means represents the only scheme possible. On the 
contrary, there is a variety both of valve units and 
control stations, the choice of which is dictated by a 
number of circumstances. It is very often desired, for 
instance, to have the valve-operating unit on the plat- 
form level, in which case it is mounted on a pillar 
and coupled to the valve spindle by shafts and gearing ; 
or direct current only may be available. In this 
latter case, a small reversible controller of the tramway 
type may be fitted either on a pillar or arranged for wall 
mounting. With the wall mounting arrangement, a 
dial indicator giving the position of the valve in 
fractions of the full stroke is fitted. 

Again, the by-pass valve may have to be electrically 
operated. Such an arrangementis illustrated in Fig. 5, 
which shows a 14-in. straight-through valve, designed 
for a working pressure of 600 lb. per sq. in., under steam 
test, the body being lagged for this purpose. The by- 
pass valve is 1 in. in diameter, and is provided with 
independent electrical operating gear. For controlling 
this set, a four-push-button station is provided, with 
indicating lamps as already described, as well as one to 
show when the by-pass valveis open. One of the buttons 
opens the by-pass valve, and, until this operation is 
complete, an interlock puts the main-valve “ open ”’ push 
button out of circuit. The “ close’ push button closes 
both the main and by-pass valves, or this can be done 
from any of the emergency “close” stations. To close 
the by-pass valve while the main valve is still closed, the 
main “close” button is pressed. The fourth button 
stops the valve at any intermediate position. Hand- 
operation is provided for both the main and by-pass 
valves. It will be noticed that the arrangement of 
limit switches in this set is exactly similar to that on 
the valve shown at the Bradford Exhibition. 








WuitwortH ScHOLARSHIP Awarps, 1929.—Whitworth 
Senior Scholarships, each having an annual value of 
250/., and tenable for two years, have been awarded to 
Mr. J. G. Jagger, a student of Manchester University, 
and to Mr. J. Caldwell, a student of The Royal Technical 
College, Glasgow. We should like to emphasise the fact 
that neither of these successful candidates is a dockyard 
apprentice. On the other hand, of the seven Whitworth 
Scholarships awarded, five have been gained by dockyard 
apprentices, namely, Messrs. A. F. Barnes, W. W. R. 
Beer, and W. J. Morcom, of Devonport, and Messrs. 
J. W. H. Freebody and R. F. Beaton, of Portsmouth. 
The other two candidates are Mr. H. D. New, of The 
College, Swindon, and Mr. L. B. Cook, of Manchester 
College of Technology. The Whitworth Scholarships 
have an annual value of 125/., and are tenable for three 
years. Whitworth Prizes, of the value of 10/. each, have 
been awarded to 24 candidates, of whom 9 were students 
at H.M. Dockyard Schools, 











AUXILIARY TURBO-ELECTRIC PRO- 
PULSION ON S.S. “CITY OF HONG- 
KONG.”’ 


In a leading article on page 813 of ENGINEERING for 
December 23, 1927, we called attention to a proposal 
by Dr. Bauer to install an exhaust turbine on the 
propeller shafts of the large number of ships already 
driven by reciprocating engines, on the lines originally 
suggested by Sir Charles Parsons, and thus to increase 
their thermodynamical efficiency and speed and reduce 
their steam consumption. This system has since been 
applied with success on several vessels, as, in addition 
to the advantages already mentioned, it enables the 
uneven torque and rapid change in speed with the 
load of the reciprocating engine to be compensated by 
the opposite characteristics of the turbine. To obtain 
satisfactory combination, however, some form of 
flexible connection between the two prime movers is a 
practical necessity, and up till now a hydraulic coupling 
has generally been employed for this purpose. On the 
City of Hong-Kong, however, this form of coupling is 
replaced by an electric motor, which is supplied from 
a generator, which in turn is driven by the turbine. 
This vessel, which has a displacement of 18,480 tons, is 
one of the Ellerman Line, and was originally driven 
at a speed of 12 knots by a 4,400-i.h.p. quadruple- 
expansion engine running at 80 r.p.m. As a result 
of collaboration between Mr. Hinchcliffe, the superin- 
tendent engineer of the line, and Messrs. Metropolitan- 
Vickers Electrical Company, Limited, of Manchester, 
this has been augmented by an exhaust-steam turbo- 
generator, from which current is supplied to a 1,300-h.p. 
motor on the propeller shaft. The output of the latter 
combination alone would enable a speed of 6 or 7 knots 
to be maintained. 

The turbine is of the impulse type and receives steam 
from the low-pressure cylinder of the main engine 
through a Vortex steam separator. It exhausts into 
the original condenser, which has been modified to 
deal with the increased steam volume at the higher 
vacuum. A Mirrlees-Watson vacuum augmentor and 
a new circulating pump have also been added. The 
generator is driven through single-reduction, double- 
helical gearing and a Wellman-Bibby coupling, and the 
set occupies a portion of the space which was previously 
filled by the fuel it now saves. The motor is located 
well aft and is air-cooled on the closed system. Control 
is effected by an oil-relay system, in such a way that, 
so long as pressure is maintained in the latter, all the 
steam valves are open and the switches are closed. 
The turbo-electric equipment therefore operates auto- 
matically, and is reversed with the engine without 
separate control. If the oil pressure fails, the valves 
are closed, the switches opened, and the exhaust steam 
from the reciprocating engine passes direct to the 
condenser. 

During a recent series of trials, this plant developed 
an aggregate power of 4,900 i.h.p., and it was found that 
the steam consumption per equivalent i.h.p.-hour 
was 23 per cent. less than with the reciprocating engine 
alone, the figures being 9-08 Ib. and 11-82 lb. per 
indicated horse-power, respectively. In arriving at this 
result, the steam consumption during the ‘ engine 
only” trial was corrected for the effect of the lower 
vacuum at the exhaust caused by the interposition of 
the separator and by-pass valve between the engine 
and the condenser. At full speed, the proportion of the 
total power developed by the motor was 27-5 per cent., 
while at three-quarter speed, this proportion was about 
20 per cent. On reversal, the motor was reversed with 
the engine, and attained full power astern in approxi- 
mately 10 seconds from the time the steam in the 
ahead direction was cut off. During one of the trials 
the weather was rough and the draught light, so that 
the propeller was partly out of the water. Under these 
conditions, the load on the electrical plant varied from 
20 per cent. to 100 per cent. of full load, and there was 
no noticeable fluctuation in the propeller speed. 


THE Late Mr. J. Sarvaas.—We regret to have to 
record the death, on September 7 last, at Healesville, 
Victoria, Australia, of Mr. Johan Sarvaas, chief of the 
Engineering Department of the Melbourne Technical 
School. Mr. Sarvaas was born in 1866 at Bendigo, 
Victoria, a town some 100 miles north-west of Melbourne, 
and received his technical education at Melbourne 
University. He or the degree of B.A. in 1888, 
and that of B.C.E. (bachelor of civil engineering) in 
1890. In the following year, he obtained the degree of 
M.C.E., with honours. On leaving the University, he 
was appointed engineering draughtsman at Messrs. 
Thompson’s foundry, Castlemaine, Victoria, and later 
accepted the position of lecturer in engineering at the 
Bendigo School of Mines, which he continued to occupy 
until 1912. He subsequently joined the staff of the 
Melbourne Technical School, and was appointed head of 
the Engineering Department. He was also, for many 
years, consulting engineer to the Huntly and Strathfield- 
saye Shire Councils, Victoria, and was holding the latter 
position at the time of his death. 








EERING. 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date of 
each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Rolling Stock.—The supply of rolling stock. The 
Uruguayan State Railways, Montevideo; February 12, 
1930. (Ref. No. A.X. 8754.) 

Constructional Steelwork.—On page 590 of our issue of 
last week we gave particulars of a call for tenders on the 
part of the South African Railways and Harbours 
Board, Johannesburg, for constructional steelwork for an 
engine shed and repair shop at Salt River. We now learn 
that a complete set of drawings relative to this tender 
has been received by the Department of Overseas Trade 
and is available, on loan, in order of application. (Ref. 
No. A. 8761.) 

Steam Crane.—The supply of one five-ton steam travel- 


ling crane. The South African Railways and Harbours 
Board, Johannesburg; December 19. (Ref. No. A.X. 
8763.) 


Dredger Boilers.—The supply and delivery of two 
Scotch marine-type, single-ended, cylindrical, multi- 
tubular boilers for a new suction cutter dredger. The 
Melbourne Harbour Trust Commissioners, Australia ; 
January 7, 1930. (Ref. No. A.X. 8764.) 

Waterworks Plant.—The supply of 140,500 ft. of 
galvanised, screwed and socketed piping, together with 
flanges, &c., valves and cocks, water meters, filters 
and chlorination gear, pumps, &c., for the proposed new 
water supply scheme. The Municipality of Aliwal 
North, South Africa ; December 3. (Ref. No. A.X. 8777.) 


Motor Watering and Dust Carts.—The supply of five 
motor street watering carts, six motor dust carts, and one 
motor lorry. The Municipality of Port Said, Egypt ; 
December 31. (Ref. No. A.X. 8776.) 


Refrigerating Plant.—The supply and erection of a 
refrigerating plant. The Stavanger Town Council, 
Norway ; November 25. (Ref. No. A.X. 8786.) 

Sewage Pumping Plant.—The supply, delivery, and 
installation of four electrically-driven automatically- 
controlled pumping plants, each plant consisting of two 
horizontal centrifugal pumps with electric motor direct 
coupled, and two horizontal-type 3-h.p., alternating- 
current motors directly coupled with centrifugal sewage 
pumps. The Christchurch Drainage Board, New 
Zealand ; December 13. (Ref. No. A.X. 8788.) 

Steam Winch and Boiler—The supply and delivery of 
one steam winch and boiler for pile driving and general 
haulage work. The New Zealand Government Public 
Works Department, Wellington; January 28, 1930. 
(Ref. No. A. X. 8792.) 

Structural Bridgework.—The supply and delivery of 
structural bridgework. The South African Railways 
and Harbours Board, Johannesburg; January 2, 1930. 
(Ref. No. A.X. 8791.) 


BOOKS RECEIVED. 

Canada. Department of Mines. Mines Branch No. 705. 
Comparative Tests of Various Fuels When Burned in 
a Domestic Hot Water Boiler. By E. S. Mattocn 
and C. E. Battcer. Ottawa: Mines Branch. Depart- 
ment of Mines. [Price 20 cents.] 

University of Michigan. Engineering Research. Bulletin 
No. 13. A Practical Method for the Selection of Foun- 
dations Based on Fundamental Research in Soil 
Mechanics. By W. 8S. Houser. Ann. Arbor, Mich. 
University of Michigan. [Price 1 dollar.] 

Medical Research Council. Industrial Health Research 
Board. Report No. 57. Further Experiments on the 
Use of Special Spectacles in Very Fine Processes. By 
H. C. Weston. London: His Majesty’s Stationery 
Office. [Price ls. 3d. net.) 

Mechanics of the Gyroscope. 
London: Macmillan and Company, Limited. 
17s. net. } 

Stairbuilding and Handrailing. By J. F. Dowsettr. Lon- 
don: The Library Press, Limited. [Price 30s. net.] 

Law and Industry. By G. 8S. W. Martow. London: 
Bailliére, Tindall and Cox. [Price 18s. net.] 

Aeronautical Research Committee. Reports and Memo- 
randa No. 1246. Measurement of Landing Loads. 
By E. T. Jones. [Price 9d. net.] No. 1249. Measure- 
ment of Lateral Derivatives on the Whirling Arm. By 
L. W. Bryant and A. 8. Hatumpay. [Price 6d. net.] 

No. 1253. Report on Some Properties of Alloys of 
Aluminium with Thorium and Silicon. By J. D. 
Grocan and T. H. Scuorrerp. [Price ls. 6d. net.] 
No. 1260. Flight Tests on an Atlas fitted with Automatic 
Slots Connected with the Ailerons and Some Data Relevant 
to the Design of Auto-Slots for R.A.F. 28 Section Wing. 
By E. T. Jones. [Price 6d. net.] London: His 
Majesty’s Stationery Office. 

Cable Research Handbooks. Vol. I. Rules, Regulations 
and Specifications Affecting the Supply and Distribution 
of Electricity. London: Commercial Secretaries, 
Limited. [Price 21s. net.] 

Gaseous Combustion at High Pressures. By WILLIAM A, 
Bone, D.Se., DupLEY M. Newitt, and Donatp T. A. 
TOWNEND. London: Longmans, Green and Com- 
pany, Limited. [Price 42s. net.] 

Modern Aviation Engines. Design—Construction—Opera- 
tion and Repair. Vols. I and II. By Masor Victor 
W. Pace. London: Chapman and Hall, Limited. 


By RicHarp F. DEIMEL. 
[Price 


[Nov. 15, 19209. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Producers of Cleveland pig 
are in a strong statistical position, and adhere firmly 
to their fixed minimum prices, though merchants continue 
to accept rather lower figures. The latter, however, have 
only moderate quantities to dispose of, and their sales are 
confined almost entirely to small lots for early delivery. 
Makers report a steady direct business with home con- 
sumers for supply over the remainder of the year, and 
they have made a few sales to Scotland, but transactions 
with firms abroad are still quite trifling, overseas buyers 
being very unwilling to pay the rates demanded. Stocks 
are at a low ebb, and output is well taken up. A little 
Midland foundry iron is still being used here, but local 
consumers of pig are not buying from overseas. No. 1] 
Cleveland is 75s.; No. 3 g.m.b., 72s. 6d.; No. 4 foundry, 
71s. 6d.; and No. 4 forge, 71s. 


Hematite.—While home and Continental users of Kast 
Coast hematite are in the market at rates recently accepted, 
they are very disinclined to follow an upward movement in 
prices. Values, however, are moving in the right direc- 
tion, though at much too slow a rate to meet the views 
of manufacturers, who protest that prices obtainable still 
entail a loss of at least 2s. per ton. Some producers are 
holding off the market until quotations approach nearer 
economic level. The cost of output of ordinary qualities 
is stated to be fully 80s. For this year’s delivery the 
general market quotation is 78s., but for January supply, 
8ls. is named, while for contracts over the first quarter 
of 1930 up to 82s. 6d. is asked. 


Foreign Ore.—Foreign ore values are ruled by best 
rubio at 24s. 6d. c.i.f. Tees, but there is next to no business 
passing, sellers having very little to offer, and consumers 
being heavily bought. 

Manufactured Iron and Steel. —Manufactured-iron 
makers have quite good order books, and hold steadily 
to recent quotations. Semi-finished steel firms are also 
well sold and are not disposed to lower their prices, 
though they experience difficulty in securing orders, as 
foreign products are comparatively cheap. In the 
finished steel departments continental competition is 
keen, but there is some improvements in demand for 
certain types. Shipbuilding requisites are in good 
request and sales of constructional steel are on a rather 
better scale. Among the principal quotations are: 
common iron bars, 101. 15s. ; best bars, lls. 5d.; double 
best bars, lll. 15s.; treble best bars, 12/. 5s.; iron 
rivets, 11l. 10s.; packing (parallel), 8/.; packing 
(tapered), 10/.; steel billets (soft), 67. 17s. 6d.; steel 
billets (medium), 7/. 12s, 6d.; steel billets (hard), 
81. 2s. 6d.; steel rivets, 117. 5s.; steel ship plates, 
81. 128. 6d. ; steel angles, 81. 2s. 6d. ; steel joists, 81. 2s. 6d.; 
heavy sections of steel rails, 9J.; fish plates, 13/.; black 
sheets, 10/7. 5s. ; and galvanised corrugated sheets, 13I. 5s. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Despite the fact that the aggregate 
output in the steel and engineering branches continues 
to be heavy, and to employ more men than in normal 
periods pre-war, there is little sign of the general expan- 
sion that was prophesied for this period of the year. 
Progress is seen in the more modern departments which 
particularly benefit from the installation of up-to-date 
machinery, but in the sections of older standing, manage- 
ments find difficulty in maintaining satisfactory conditions. 
Foreign competition in crude steel is again in the ascen- 
dant, and though the purely Sheffield trades are not 
immediately affected, the indirect influence is serious. 
Basic-steel manufacture is not maintained at recent 
capacity. Efforts to attract new business of equal ton- 
nage to that of expiring contracts have not been wholly 
successful, with the result that output has been slightly 
restricted by the closing of several furnaces. This 
position is not peculiar to Sheffield, but merely reflects 
the easier conditions that are reported from the Midlands 
and the North East Coast. A good deal of capacity in 
acid-steel manufacture is unemployed despite the receipt 
of considerable orders from foreign and Colonial railways. 
Much is expected of the growing tendency to replace 
wood by steel in railway and colliery enterprise. The 
rumour that important works in the Lincolnshire area 
will eventually close owing to foreign underselling is 
authentically refuted. It is gathered that the possibilities 
are rather in the opposite direction. The pig-iron market 
reflects the mixed conditions in steel manufacture. 
Current quotatons are as follow: Siemens acid-steel 
billets, 97. 10s.; hard basic-steel billets, 7/. 12s. 6d. to 
91. 12s. 6d.; soft basic-steel billets, 7/.; Derbyshire 
foundry pig iron, 73s. 6d. ; Derbyshire forge iron, 69s. 6d. ; 
Lincolnshire foundry pig iron, 76s.; soft wire rods, 
81. 2s. 6d.; crown iron bars, 11l.; iron hoops, 121. : 
steel hoops, 9/. 15s. to 101. 5s. ; basic steel scrap, 70s. A 
good many inquiries are circulating for railway materials. 
The South India Railway is asking for switch gear for 
station lighting, and for mild-steel bars and wire rods. 
Tenders are out for the Bombay, Baroda and Central 
Indian Railway in connection with supplies of steel 
plates and related parts. Coal trimming machinery !s 
under inquiry from Australia, and Portugal is in the 
market for seamless steel tubes. Special-steel manu- 
facture continues to make sound headway despite the 
efforts of Continental competitors to weaken Britis! 
connections. The tool trades show little variation. 


South Yorkshire Coal Trade.—While export demands 
continue on a substantial scale, and inquiries are fairly 
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encouraging, inland needs are somewhat patchy, reflecting 
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the uneven conditions prevailing in the basic industries. 
Best steams and trebles are in more active demand than 
nuts and smalls. The coke market continues to display 
firm conditions. A strong tone characterises foundry 
and furnace coke, recent prices being well maintained, 
while more active conditions in gas coke are resulting in 
enhancing rates. House-coal business is not developing 
its usual rise for this period of the year. Stocks tend 
to accumulate despite restrictions of output at collieries. 
Quotations: Best branch handpicked, 26s. 6d. to 28s. ; 
Derbyshire best brights, 21s. to 23s.; Derbyshire best 
house, 20s. 6d. to 21s. 6d.; screened house, 18s. 6d. to 
20s.; screened nuts, 16s. 6d. to 18s.; Yorkshire hards, 
15s. 6d. to 17s.; Derbyshire hards, 15s. 6d. to 17s. ; 
rough slacks, 9s. to 10s. ; nutty slacks, 7s. 6d. to 8s. 6d. ; 
smalls, 3s. to 5s. 








NOTES FROM THE NORTH. 


Guiascow, Wednesday. 


Scottish Steel Trade.—In the steel trade of Scotland 
there has been little, if any, change in the position since 
last week’s report. The demand from the shipyards keeps 
along even lines, and a regular if somewhat moderate 
consumption is general. Plant in operation is fairly 
steadily employed, but is not rushed for deliveries. The 
overseas demand is not very heavy at the moment. At 
the meeting in London last week, the associated British 
producers decided to make no change in the home price 
of heavy steel for the present. In the black-sheet 
trade the conditions are again a little better, and the 
majority of the works have quite a fair tonnage on order. 
Eastern buyers are showing more inclination to come into 
the market, and the outlook is, on the whole, much better. 
The following are the current market quotations :— 
Boiler plates, 107. 10s. per ton; ship plates, 8/. 12s. 6d. 
per ton ; sections, 8l. 2s. 6d. per ton ; black steel sheets, 
4 in., 91. per ton; galvanised corrugated sheets (No. 24 
gauge), 13/. 2s. 6d. per ton, all delivered Glasgow stations. 


Mal'eable-Iron Trade.—A dull tone is very general in 
the malleable-iron trade of the West of Scotland. Buyers 
are very scarce, and it is difficult to secure a fair 
volume of specifications to keep plant running with 
regularity. In the re-rolled steel bar sections, there is 
a similar state prevailing, and with keen competition 
for all business. Prices are unchanged, as follow :— 
“Crown” bars, 10/. 5s. per ton for home delivery and 
91. 15s. per ton for export ; re-rolled steel bars, 7/. 15s. 
per ton, either for home delivery or for export. 


Scottish Pig-Iron Trade——The state of the Scottish 
pig-iron trade has not altered, and business is quiet. 
The demand for hematite remains fairly steady, but 
foundry grades move very slowly. The present output 
is quite equal to all calls. The current market quotations 
are as follow :—Hematite, 80s. per ton, delivered at the 
steel works ; foundry iron, No. 1, 78s. 6d. per ton; and 
No. 3, 76s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, November 9, amounted to 562 tons. 
Of that total 511 tons went overseas and 51 tons coast- 
wise. During the corresponding week of last year the 
figures were 230 tons overseas and 20 tons coastwise, 
making a total shipment of 250 tons. 


Shipbuilding.—Messrs. George Brown and Company, 
Greenock, have received orders to build a cargo steamer 
of 1,600 tons deadweight for Continental owners. This 
new vessel is intended for service between London 
and the Continent.—Messrs. Lithgows, Limited, Port- 
Glasgow, have contracted to build two twin-screw oil 
tankers for Messrs. Westfal-Larsen and Company, A/S., of 
Bergen, Norway. They will each be of 13,500 tons 
deadweight, and will be propelled by Harland-B. and W. 
internal-combustion engines, aggregating about 4,000 
horse-power. Delivery is to be in the first half of next 
year. 








PeRsonAL.—Mr. G. R. T. Taylor. has resigned his 
appointment as deputy chairman of Messrs. Vickers 
Limited, but retains his seat on the Board. Mr. G. G. 
Sim, C.S.I., C.I.E., has been appointed deputy chairman 
in his place. Mr. J. Reid Young has been appointed 
secretary to the company in place of Mr. Sim.—Mr. E. J. 
Sileock has entered into partnership with Mr. C. Simpson 
and they will continue to practise as consulting civil 
engineers and surveyors at 25, Victoria-street, London, 
S.W.1, and at 10, Park Row, Leeds.—Messrs. Bruce 
Peebles and Company, Limited, Edinburgh, have been 
granted by Messrs. Brown Boveri and Company, Limited, 
Baden, Switzerland, the sole licence for the manufacture 
and sale, in Great Britain, of the mercury-are rectifiers, 
with which the name of the latter firm is associated. 





THE Late Masor T. W. Bartitettr.—We regret to 
record the death of Major Thomas Walter Bartlett, 
V.D., at his home, Beech Grove, Tring, Herts., on 
October 29 last. Born on November 16, 1847, he was 
articled to the late Mr. T. C. Watson in 1864 and entered 
the Indian Public Works Department in January, 1871. 
The whole of his career in India was devoted to the 
building of railways. He was employed on the con- 
struction of the Rajputana-Malwa (State) Railway, the 
Bolan Pass Railway, the Bengal-Nagpur Railway, and 
the Eastern Bengal (State) Railway. For his work as 
Superintendent of Works on the Bolan Pass Railway, 
Major Bartlett received the thanks of the Government 
of India and was granted two month’s special leave in 
recognition of his services. An old volunteer, Major 
Bartlett was the possessor of the Volunteer Officers’ 
Decoration. He became an associate member of the 
Institution of Civil Engineers on January 8, 1884, and 





NOTICES OF MEETINGS, 





INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. “Journal Bearing Prac- 
tice,’ by Mr. F. Hodgkinson. Graduates Section : 
Monday, November 18, 7 p.m., Storey’s-gate, S.W.1. 
Joint Meeting with Students’ Sections of the Institution 
of Civil Engineers and Institution of Electrical Engineers. 
“ Artificial Lighting of Factories and Public Buildings,” 
by Mr. A. G. Brown. Yorkshire Branch: Wednesday, 
November 20, 7.30 p.m., Grand Hotel, Sheffield. ‘‘ The 
Effect of Shape and Surface Conditions on the Resistance 
of Materials to Repeated Stresses,’’ by Mr. H. J. Davies ; 
also on Thursday, November 21, 7.30 p.m., Hotel Metro- 
pole, Leeds. Midland Branch : Thursday, November 21, 
6.30 p.m., Queen’s Hotel, Birmingham. ‘‘ Coal Measure- 
ment,” by Mr. J. E. Lea. London: Friday, November 
22, 7 p.m., Storey’s-gate, S.W.1. Informal Meeting. 
“The Utilization of Low-grade and Refuse Fuels, includ- 
ing Town’s Refuse,” introduced by Mr. J. 8. Atkinson. 


Junior INSTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. ‘‘ Nickel and its Uses 
in Engineering,” by Mr. W. T. Griffiths. Friday, 
November 22, 7.30 p.m. ‘The Quick-Running Oil 
Engine as Applied and Used in Railway Service,” by 
Mr. H. D. Bush. 

INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
November 18, 6.45 p.m., Engineers’ Club, Coventry- 
street, W.1. Annual General Meeting. ‘“‘ The Outlook 
in the Rubber Industry,” by Mr. H. E. Miller. 

INSTITUTION OF ELECTRICAL ENGINEERS.— Mersey and 
North Wales (Liverpool) Centre : Monday, November 18, 
7 p.m., Tae University, Liverpool. ‘‘ The Theory and 
Practice of Modern Loud Speakers,’ by Dr. N. W. 
McLachlan. North Midland Students’ Section : Tuesday, 
November 19., 7.30 p.m., Hotel Metropole, Leeds. Dis- 
cussion on ‘* Should the Railways be Electrified ? ’”’ opened 
by Mr. H. J. Fraser. London: Thursday, November 21, 
6 p.m., Victoria-embankment, W.C.2. Joint Meeting 
with the Institute of Fuel. ‘‘ Low Temperature Carboni- 
sation of Fuel, with Special Reference to its Combina- 
tion with the Production of Electricity,’? by Mr. E. H. 
Smythe and Mr. E. G. Weeks (English Practice), Mr. S. 
McEwen (American Practice), Professor Dr.-Ing. G. 
Rosin (German Practice). 

BRADFORD ENGINEERING Socrety.—Monday, Novem- 
ber 18, 7.30 p.m., Technical College, Great Horton-road, 
Bradford. ‘‘ Automatic Boiler Control,” by Mr. J. E, 
O’ Breen. 

Royat Soctety or Arts.—Monday, November 18, 
8 p.m., John-street, Adelphi, W.C.2. Cantor Lecture. 
«* Musical and Scientific Aspects of Wind Instruments ” 
(Lecture I), by Dr. E. G. Richardson. Wednesday, 
November 20, 8 p.m. ‘‘ Urban and Rural Amenities,” 
by Mr. P. M. Horder. 

INSTITUTION OF CrIvIL ENGINEERS.—Tuesday, Novem- 
ber 19, 6 p.m., Great George-street, S.W.1. ‘‘ Some 
Experimental Methods and Apparatus for Determining 
the Stresses in Bridges and Framed Structures,’ by 
Professor E. G. Coker. Wednesday, November 20, 
6.30 p.m. Students’ Meeting. Chairman’s Address, by 
Mr. G. C. Bunn. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanD.—Tuesday, November 19, 7.30 p.m., 39, 
Elmbank-crescent, Glasgow. ‘‘ Some Lesser-known Facts 
Concerning Alloy Steels,’’ by Professor J. H. Andrew. 


Society or Giass TECHNOLOoGy.—Wednesday, Novem- 
ber 20, 2 p.m., The University, Leeds. General Discus- 
sion on “The Function of Cullet in Glassmaking.” 
(a) ‘The Effect of Repeated Re-melting of Glass in 
Sillimanite and in Fireclay Pots,’’ by Mr. A. A. Childs, 
Miss V. Dimbleby, Mr. H. W. Howes and Professor 
W. E. S. Turner. (b) “The Effect of Some Physical 
Properties of Glass repeatedly melted in Platinum,” 
by Miss V. Dimbleby, Mr. H. W. Howes, Mr. F. Winks, 
and Professor W. E. S. Turner. ‘The Influence of 
Manganese Oxide on Some Properties of Glass,” by Mr. 
A. A. Childs, Miss V. Dimbleby, Mr. F. Winks, and Pro- 
fessor W. E. S. Turner. 

Royat METEOROLOGICAL SocreTy.—Wednesday, Nov- 
ember 20, 5 p.m., 49, Cromwell-road, S.W.7. ‘‘ The 
Physical Conditions Controlling Visibility through 
the Atmosphere,” by Mr. M. G. Bennett: ‘‘ The Reflec- 
tivity of Woodland, Fields and Suburbs between London 
and St. Albans,” by Dr. L. F. Richardson. ‘‘ The 
Electric Charge on Rain,” by Mr. T. C. Marwick. 


NewcoMeN Socrety.—-Wednesday, November 20, 
5.30 p.m., British Sea Anglers Society, 4, Fetter-lane, 
E.C.4. Annual General Meeting. ‘‘D’Acres: ‘ The 
Art of Water Drawing ’ 1659,”’ by Mr. R. Jenkins. 


BritTIsH WATERWORKS AssocraATION.—Thursday, Nov- 
ember 21. Public Works Congress and Exhibition. 
Agricultural Hall, Islington, N.1. ‘‘ Water Supply 
as a Factor in Town and Regional Planning,” by Mr 
G. L. Pepler. ‘‘ The Preservation of Rivers and Streams 
from the Standpoint of Water Supply: Some Observa- 
tions on River Pollution,’’ by Dr. J. B. Firth. ‘‘ The 
Purity of Drinking Waters from a Biological Aspect,” 
by Dr. W. Rushton. 

INSTITUTION OF MINING AND METALLURGY.—Thursday> 
November 21, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘‘ Studies in Ventilation at the 
Crown Mines, Witwatersrand,”’ by Mr. C. W. B. Jeppe. 

Royat AERONAUTICAL Soctety.—Thursday, Novem- 
ber 21, 7.45 p.m., Royal Society of Arts, John-street» 
Adelphi, W.C.2. Joint meeting with Institution of 
Automobile Engineers, ‘‘ The Inspection of Metals and 





was elected to full membership on April 3, 1894. 


Their Alloys,” by Mr. L, W, Johnson, 





INSTITUTE OF BRITISH FOUNDRYMEN.—London Branch : 
Thursday, November 21, 8 p.m., Engineers’ Club, 
Coventry-street, W.1. ‘‘ Steel Castings,” by Mr. C. H. 
Cain. Birmingham, Coventry, and West Midlands 
Branch: Friday, November 22, 7.30 p.m., Chamber of 
Commerce, New-street, Birmingham. ‘‘ The Mechanical 
Handling of Foundry Materials,” by Mr. R. Spriggs. 
Sheffield and District Branch: Friday, November 22, 
7.45 p.m., Albany Hotel, Fargate, Sheffield. “‘ The 
Metallurgy and Production ‘of Modern Grey Iron Cast- 
ings,”’ by Mr. A. E. Macrae Smith. Hast Midlands Branch : 
Saturday, November 23, 6 p.m., Loughborough College, 
Loughborough. ‘‘ Work in a Jobbing Foundry—Pipes, 
Rope Pulleys, and Hydraulic Cylinders,” by Mr. A. 
Sutcliffe. Newcastle-on-Tyne and District Branch : 
Saturday, November 23, 6.15 p.m., Neville Hall, New- 
castle-on-Tyne. ‘‘ Hidden Facts in Oil Sand Practice,” 
by Mr. F. Hudson. Lancashire Branch, Junior Section : 
Saturday, November 23, 7 p.m., College of Technology, 
Sackville-street, Manchester. ‘‘ Some Foundry Experi- 
ences,’’ by Mr. A. Phillips. 

INSTITUTION OF ENGINEERING INSPECTION.—Friday, 
November 22, 5.30 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2. ‘Saws: Their Manufacture 
and Some Hints on their Use,” by Mr. T. W. Willis. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Monday night’s gale has disorganised 
the Welsh coal trade. Loading was suspended at the 
docks on account of the inadvisability of moving vessels 
under the tips and the impracticability of shifting boats 
from the buoys to the berths or vice versa. This caused 
the holding up of loaded wagons which were required 
at the pits. Furthermore, many collieries were com- 
pelled to cease winding in consequence of the railway 
lines being rendered unsafe by floods, with the result that 
coal standing at the pits could not be moved or empty 
wagons returned to the pit head. Again, ships which 
should have docked were compelled to shelter. In spite 
of this dislocation, the general condition of the market 
showed no appreciable change. Supplies of dry large 
were scarce to meet an active demand as a substitute 
for anthracite. Prices in the circumstances were main- 
tained on the basis of 20s. to 21s. for best drys, which 
is ls. 6d. to 2s. 6d. above the minimum schedule, while 
ordinary drys realised 19s. to 19s. 6d. On the other hand, 
Admiralty and Monmouthshire large coals were plentiful 
and easily available at the minimum, based on 20s. for 
best Admiralty large. Dry sized coals remained scarce 
at 29s. to 30s. and in good demand, but the bituminous 
classes were available at 19s. to 20s. Irregular working 
at the pits restricted the output of small, but as the 
demand was able to absorb available supplies, prices 
were upheld on the basis of 14s. for the best bunker 
classes with most colliery salesmen unwilling to sell, 
except in conjunction with large. Shipments of coal 
foreign as cargo last week totalled 475,740 tons, which 
was 66,000 tons less than the quantity despatched in the 
previous week. Exports to Canada were raised from 
5,400 tons to 18,400 tons, and to Belgium from 15,000 
tons to 19,300 tons, but to Egypt, France, Italy, and 
Spain they are reduced. 


Colliery Combine.—A new Welsh coal combine 
with a capital of 10,000,000/., to be known as Associated 
Welsh Collieries, Limited, is practically complete. The 
combine will comprise the Abercynon collieries of Messrs. 
Guest, Keen and Nettlefolds, Limited, the Cambrian 
Combine group consisting of the Glamorgan, Naval, 
Britannic and Cambrian collieries, the properties of 
Messrs. D. Davis and Sons, Limited: the Bwilfa and 
Cwmaman OCollieries, Limited; Llewellyn (Nixon), 
Limited ; Llewellyn (Plymouth), Limited; Llewellyn 
(Cyfarthfa), Limited ; Treedrhiw Coal Company, Limited ; 
Messrs. D. R. Llewellyn and Sons, Limited: the Aberdare 
Graig Coal Company, Limited; Duffryn Rhondda (1929), 
Limited ; Cynon Colliery, Limited; and Messrs. Gueret 
Llewellyn and Merrett, Limited. Sixty pits are involved 
providing work for some 36,000 men. The directorate 
will include Sir D. R. Llewellyn, Bart., Sir John Field 
Beale, K.B.E. (Chairman, Messrs. Guest, Keen and 
Nettlefolds, Limited), Mr. W. M. Llewellyn, Mr. T. J. 
Callaghan, Mr. H. H. Merrett (Managing Director, Gueret, 
Llewellyn and Merrett, Limited), and Mr. J. H. Jolly 
(Secretary, Messrs. Guest, Keen and Nettlefolds, 
Limited). 

Iron and Steel.—Exports of iron ard steel goods last 
week totalled 15,170 tons compared with 10,018 tons 
in the preceding week. Clearances of tin-plates and terne- 
plates were raised from 5,934 tons to 9,781 tons, black- 
plates and sheets from 250 tons to 1,773 tons, and gal- 
vanised sheets from 357 tons to 1,411 tons, but those of 
other iron and steel goods were lowered from 3,448 tons 
to 2,206 tons. 

THE Junior INstTITUTION OF ENGINEERS.—The 48th 
annual general meeting of the Junior Institution of 
Engineers was held at 39, Victoria-street, London, 8.W.1, 
on November 8 last. The annual report and accounts 
were presented and adopted. Mr. S. Dunlop was elected 
chairman of Council and Messrs. E. D. Gill and J. F. 
Petree vice-chairmen. 

Contracts.—Among many contracts for cranes 
secured recently by Messrs. Royce, Limited, Trafford 
Park, Manchester, were orders for eight 10-ton overhead 
travelling cranes for a new motor works, 12 overhead 
travelling cranes ranging from 1} tons to 40 tons capacity, 
for use in paper mills, and other 10-ton and 5-ton cranes 
for engineering works, glass works, and other plants in 
this country, and for installations at Constantinople, 
and in India and South Africa. 
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PORTISHEAD GENERATING STATION OF THE BRISTOL CORPORATION. 


MR. H. FARADAY PROCTOR, M.INST.C.E., CHIEF ENGINEER. 
(For Description, see Page 654.) 
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Fie. 1. 25,000-Kv.-A. Main TurBo-ALTERNATOR AND AUXILIARY ALTERNATOR. 


| 
ENGINEERING TRAINING AND 
EDUCATION. 

University of London, University College. — The | 
Calendar for the session 1929-30 of University of 
London, University College, Gower-street, London, 
W.C.1, has just come to hand. As in previous issues, 
it contains a prospectus of each faculty, namely. 
arts and science, engineering, laws, medical sciences, 
and architecture, and, in addition, an outline history of 
the College, lists of protessors, College officers, professores 
emeriti, and former professors, students of the College, 
and honours and appointments gained by former 
students and members of the staff. A complete list 
and detailed information relating to the scholarships, 
exhibitions, prizes and medals open to students are 
included. The calendar contains over 700 pages and is | 
bound in the usual buff-cloth cover ; it is published by 
Messrs. Taylor and Francis, Red Lion Court, Fleet- | 
street, London, E.C.4. 

Institution of Chemical En, ineers.—Particulars regard- | 
ing the 1930 associate-membership examination of the 
Institution of Chemical Engineers and a memorandum 
entitled The Training of a Chemical Engineer, may 
now be obtained from the honorary registrar of the 
Institution, Abbey House, Victoria-street, London, 
S.W.1. Application forms for the examination, which 
must be returned not later than December 23, are also 


available. 


on road construction in Uruguay has been prepared by 
the Department of Overseas Trade, 35, Old Queen-street. 
London, §.W.1. United Kingdom firms desirous of | 
we a copy of the memorandum should communicate | 
wit Department, at the above address, quoting | © < 
Reference No A.X. 8715. Fie. 2. Crrcutatinc-Water Pomp Pit 
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THERE are indications that some engineering 
manufacturers are beginning to think that too 
many engineering exhibitions of one kind and 
another have been held in recent years, and it is 
difficult for us not to have considerable sympathy 
with this point of view. 


Although such exhibitions | How many manufacturers will consider this partic- 


special supplement in order to be able to give 
adequate attention to the Public Works, Roads and 
Transport Exhibition which opens at the Royal 
Agricultural Hall, Islington, on the 18th inst., with- 
out encroaching on our ordinary editorial columns. 
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Fig. 1. 


naturally throw considerable work on us editorially, 
it is not from that consideration that our sympathy 
is directed. Manufacturers whose products are of 
kind that fall into the classification of several 
different specialised exhibitions, find the expense and 
attention necessitated by their frequent occurrence, 
one after another, a considerable strain on their 
resources ; we, whose interests cover most branches 
of engineering, find this frequent occurrence a con- 
siderable strain on our space. It is for this reason 


a 


that we have this year dealt with two engineering 
exhibitions in special supplements, and by so doing 
have relieved our columns from the strain of the 
extra material the exhibitions would otherwise have 


DRILL*SHARPENING MacuInE; Messrs. THE Crimax Rock DRILL anp 
ENGINEERING Works, LIMITED. 





This week, we find occasion for a further 


caused. 


ular exhibition to be an inconvenience we cannot 
say, but probably not many. The class of material 
shown is, in general, of a type not shown at other 
exhibitions, except perhaps to some extent at the 
Building Trades Exhibition, and the sphere covered 
is certainly of sufficient importance to justify the 
special display which is made every two years. 
Public works and roads, particularly roads, are 
receiving, at the present time, in this country more 
attention, and more money is being spent on them 
than ever before. It is therefore both fitting and 
valuable that those who are responsible for their con- 
truction and maintenance should have an oppor- 
tunity of seeing the latest and best examples of the 


inspection and comparison. As will be clear from 
the pages that follow, the exhibition contains a 
large amount of machinery of very direct interest 
to contractors and municipal engineers, and should 
certainly be visited by all officials and others, 
falling within those groups, who are able to do so. 
Those who are not will, we trust, obtain information 
from this supplement which may be of direct 
professional service to them. Our account of the 
exhibition cannot be exhaustive—in some cases we 
have received little assistance from manufacturers— 
but it certainly covers a large proportion of the 
important exhibits, and should be both of interest 
to our general readers, and of value to those more 
immediately concerned with the type of plant 
described. It has not been possible to arrange our 
account of the various exhibits altogether in specific 
classes, but the whole of the material described is so 
closely inter-related in practice that little incongruity 
is likely to be found in any juxtaposition we may 
have made. 

We may begin our account by reference to a 
machine which is of great interest in connection 
with the use of pneumatic tools which have 
achieved such importance of recent years. We 
refer to the drill-sharpening machine exhibited by 
Messrs. The Climax Rock Drill and Engineering 
Works, Limited, of 4, Broad-street Place, E.C.2. 
This machine fulfils the demand for an all-round 
tool capable of sharpening and shanking the 
usualrun of chilled-steel bars in use in mines and 
quarries. Two sizes of machine are manufactured, 
capable of taking bits up to 2} in. and 3 in. 
respectively ; the larger machine is illustrated in 
Fig. 1 on this page. 

The machine consists essentially of a pneumatically- 
operated swaging ram, which also acts as a gripping 
vice, and is mounted upon a cast-iron base. The 
operating cylinder is mounted vertically above 
the ram and die blocks, the upper portion of the 
cylinder being detachable. The operating piston 
and ram are raised on the return stroke by a smaller 
piston keyed to the same piston rod and working 
in the small cylinder visible at the top of the 
machine. The dollying hammer and _ cylinder, 
which are not visible in the illustration, are mounted 
at right angles to the ram and level with the die 
centres. The dolly cylinder can be moved toward 
or away from the die blocks and is locked in position 
by clamps. 

Operation of the machine is controlled by the 
single hand lever visible on the right-hand side of 
the illustration, and is arranged so that slight 
movement closes the swaging ram down on to the 





steel stock and further movement operates the 
dolly hammer. When used for swaging, a succes- 
sion of blows is obtained by moving the handle a 
short distance backwards and forwards. A useful 
feature in the design of the dolly hammer is that the 
dolly is retained by means of a small air-operated 
piston which abuts against a flange formed at the 
inner end of the dolly; the latter is thus readily 
removable. 

On the extreme right-hand side of the illustra- 
tion can be seen the horizontal cylinder and piston 
of a knock-in and knock-out pin punch used for 
opening out the hole in the shank or bit on hollow 
drill steel. The punch comprises a large piston 
working in an air feed cylinder and bored at each 





type of plant they have to use, brought together for 





end to form cylinders for smal] hammer pistons 
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which act on anvil blocks at each end, one of which 
serves to drive in, and one to free, the punch. The 
steel is held during the punching operation by jaws 
formed at the sides of the top and bottom die 
blocks. A further advantageous feature consists in 
the provision of a pin puller controlled by a foot lever 
which is fitted at the side of the base casting. 

In addition to the blow-out device visible in the 
illustration, blow-pipes are fitted under the swaging 
ram and are controlled by the ram-operating lever. 
When the ram is raised, air is admitted to these 
pipes and is deflected on to the faces of the dies to 
clear away the scale. The machine is designed to 
operate with an air pressure of 80 lb. per square 
inch, but will work satisfactorily with a pressure 
as low as 60 lb. per square inch ; the air consump- 
tion is stated to be 100 cub. ft. per minute at the 
higher pressure given. The sharpener is stated to 
be capable, not only of producing all types of bits 
and shanks, but of making small forgings, and can 
also be used for the sharpening of the stone-dressers’ 
hammers used in many quarries. 

A considerable number of air compressors are 
naturally on view, and of these we may first refer 
to the new model portable petrol-engine driven 
unit is exhibited by Messrs. Broom and Wade, 
Limited, of High Wycombe. This set, which has 
a capacity of 150 cub. ft. of air per minute, is 
illustrated in Fig. 2 on this page. It is mounted on 
a built-up chassis, and having spring-borne axles 
and rubber-tyred wheels, is suitable for being towed 
at comparatively high speeds. The compressor is 
an entirely new design by the makers, with three 
cylinders, of 6 in. diameter and 6-in. stroke, of 
monobloc construction. It is of the single-stage, 
single-acting type, and is suitable for pressures up 
to 120 lb. per square inch. It is driven at a speed 
of 650 r.p.m. The suction and delivery valves are 
of the thin-plate automatic type, and considerable 
attention has been paid to the question of their 
accessibility, separate covers being fitted on the 
cylinder-head so that each valve can be removed 
independently. The cylinder-head is also detach- 
able. Accessibility has also received attention in 
connection with the crankshaft and its bearings, 
automobile-engine practice having been followed, 
and the main bearings housed in the top half of 
the crankcase, which is integral with the cylinder 
block. By dropping the bottom half of the crank- 
case, bearing adjustment can be effected and, if 
necessary, the pistons and connecting rods removed. 

The power unit consists of a 35-h.p. Dorman 
petrol engine coupled to the air compressor through 
totally-enclosed Garrard gears. An automatic cen- 
trifugal clutch is also fitted, enabling the engine 
to start up light and gradually pick up its load 
as it attains normal running speed. An auto- 
matic air governor on the compressor is coupled to 
the engine throttle and automatically slows down 
the set when air is not actually being delivered. 
The plant is provided with a water-cooling system, 
air receiver, &c. The set is capable of operating 
three or four heavy-duty road breakers or hammer- 
type rock drills. Messrs. Broom and Wade also 
show two of their standard portable air-compressor 
sets, of 100 cub. ft. and 55 cub. ft. per minute capac- 
ities, two stationary plants, and a large range of 
pneumatic tools. 

Although much of the air-compressing plant 
shown at the exhibition is of the portable type, 
there are none the less various stationary air- 
compressors on view. Among these is a new single- 
cylinder straight-line compressor shown by Messrs. 
Ingersoll-Rand Company, Limited, of 165, Queen 
Victoria-street, E.C.4, which has not been exhibited 
before. The machine, which is illustrated in Fig. 3, 
ov this page, is built in a range of sizes, and deliveries 
are at from 80 Ib. to 100 Ib. per square inch pressure. 
As will be seen, the compressor is of the horizontal 
type ; it is suitable for driving by belt from a motor 
or line shafting, or can be coupled direct to an 
electric motor or engine. The construction is such 
as to make the machine also entirely suitable for 
compressing any of the ordinary commercial gases. 
The cylinder is of the barrel type, and is water 
jacketed at the sides and head. The valves, 


which are of the makers’ plate type, are arranged 
radially around the cylinder, giving very short 
connecting passages and high economy. The 
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Ric. 2. 


150-Cus. Fr. PortaBLE Atk Compressor ; Messrs. Broom AND Wapbk, LIMITED. 














Fig. 3. SrnaGuE-CyLinDER Arr ComPREssoR ; Messrs. INGERSOLL-RAND Company, LIMITED. 


valves, of course, operate automatically, and there 
is no valve gear. The horizontal arrangement of 
the compressor makes all parts very easy of access. 
The firm is also showing an example of its well- 
known portable compressor mounted on rubber-tyred 
steel wheels, and a large selection of pneumatic 
rammers, picks, drills, &c. 

From among the large number of examples of 
their manufactures shown by Messrs. Reavell and 
Company, Limited, of Ranelagh Works, Ipswich, 
we have selected two for illustration and description. 
The first of these, shown in Fig. 4, on the opposite 


page, is a small portable electrically-driven air com- | 


pressor, intended particularly for use in connection 
with tramway-track repairs. A number of similar 
sets are in service for the maintenance of the track of 
the Metropolitan Electric Tramways. The machine 
consists of a two-cylinder, vertical-type compressor, 
driven through gearing from a_ totally-enclosed 
electric motor, the whole arrangement being 
mounted on a mild-steel receiver, which is carried 
on four road wheels, and is provided with a drawbar. 
The complete unit weighs 15 cwt., so that it can 
easily be pulled about, or hoisted on to a lorry for 
transport. Power for the machine is obtained 
from the trolley wire by means of a light bamboo 
mast clamped to the compressor frame, and carrying 
a bamboo pole hinged at its top end, and lying 


more or less horizontally. The outer end of this | 

° cS ° ° P % | 
pole carries a copper-plate stirrup, which is hooked | 
under the trolley wire, and is kept up in place | 





by a chain, with a spring inserted in its length, 
which is connected between the inner end of the 
hinged pole and a point on the lower part of the 
mast. The copper stirrup offers no impediment to 
the: passage of tramway trolleys on the wire, so 
that the apparatus may be used without interfering 
with traffic in any way. The machine is used for 
supplying air to one or more pneumatic concrete 
breakers for cutting away around defective rails 
which have to be renewed, or for dealing with a 
section of sunken track which has to be raised and 
| levelled. 

The compressor has two 6-in. diameter cylinders 
of 4-in. stroke, runs at 575 r.p.m., and delivers air 
at 80 lb. per square inch pressure. It is fitted 
with hose connections for two concrete breakers, 
and, when soft material is being dealt with, can 
keep two breakers in operation. Actually, it is 
intended to supply ample air for one breaker dealing 
with hard material. The compressor is air cooled, 
which simplifies its construction, while it is claimed 
that the cooling is entirely effective, even when the 
machine is running practically continuously for 
hours onend. It has plate valves, and is of Reavell 
standard type in its details, so further description 
is unnecessary. The gearing consists of a nickel- 
chrome steel pinion working on an internal cast-iron 








gear wheel. It is completely enclosed, and runs in 
oil. The motor is of the Emcol totally-enclosed type, 
the cooling arrangements of which allow it to be 
built both smaller and lighter than is usua] for 
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Fie. 4. 


PORTABLE ELECTRICALLY-DRIVEN AIR COMPRESSOR; Messrs. REAVELL 


AND Company. LIMITED. 

















Fie. 5. 


153-Cus. Fr. PorTaBLE AiR COMPRESSOR ; MEssRS. 


LEAVELL 


AND CoMPANY, LIMITED. 


totally-enclosed motors. It is of 13 h.p., and series 
wound, so that it can be switched on to the 
Tine through an ordinary tramway-type controller. 
The compressor is fitted with an unloading device, 
and the lubrication of the whole plant, compressor 
Year and motor bearings is from a common 
source, 

The second exhibit of Messrs. Reavell which 
we illustrate is a Quadruplex compressor, having 
a capacity of 153 cub. ft. piston displacement 
per minute, driven by a four-cylinder petrol engine 





and mounted on a four-wheeled trolley for transport. 


It is illustrated in Fig. 5. As will be clear, the 
arrangement is, in general, that which has become 
so familiar in recent years in connection with 
road repair and reconstruction. The set, however, 
differs from that built by the majority of makers 
in that it embodies the Quadruplex type of com- 
pressor with which Messrs. Reavell’s name is 
particularly associated. This machine, as is well 
known, consists of four cylinders arranged radially 
in a circular casing, the four connecting rods 
working on a common crankpin. A special feature 
of this compressor lies in the arrangements for 


admitting air to the cylinders. In place of the 
ordinary suction valves, the air is admitted by 
ports in the gudgeons and pistons, which open and 
close with the oscillation of the gudgeons. ® This 
feature of the machine is claimed to result in an 
increase in efficiency, the resistance due to spring- 
loaded suction valves being avoided. The delivery 
valves are by the low-lift plate type. The crank- 
shaft runs on Hyatt roller bearings, and the big 
ends are fitted with Hoffman roller bearings. The 
cylinders are 6-in. diameter by 4-in. stroke, and 
the machine runs at 600 r.p.m. It delivers air 
at 100 lb. per square inch pressure. 

The engine, which is directly coupled to the 

compressor, is of the four-cylinder, four-stroke 
type and was built by Messrs. The Atlantic Engine 
Company (1920) Limited, of Wishaw, Scotland. 
The cylinders are 5} in. bore by 7-in. stroke, and 
the output 30 brake horse-power. The engine 
normally runs on petrol, but a vaporiser can be 
fitted when it is desired to run on paraffin. Cooling 
water is circulated in a closed system by a centrifugal 
pump. It passes through the compressor jacket 
before entering the engine jacket, and finally 
travels through a tubular radiator mounted on 
the front of the machine. The frame of the trolley 
carrying the whole plant is of one-piece welded 
construction, and the front wheels are arranged to 
swivel. An air receiver, fuel tank, and a sheet-iron 
roof with protective side shutters complete the 
set. The machine can supply air for four concrete 
breakers, or six diggers or rammers. The petrol 
consumption is 1-75 gallons per hour. 
Messrs. F. C. Hibberd and Co., Ltd., of North- 
umberland-avenue, W.C.2, are showing three of 
their Planet internal-combustion engined loco- 
motives, having engines rated at 6 h.p., 10 h.p. and 
20 h.p., respectively. The specifications of these 
locomotives are very similar, but the actual model 
selected for description is the 10-h.p., which is 
illustrated in Figs. 6, 7 and 8, on page 628. This 
locomotive is of the four-wheeled coupled-axle type, 
and can be produced to suit any gauge between 
20 in. and 3 ft.; it can also be supplied having a 
wheelbase of either 3 ft. or 4 ft. The power unit 
is a standard automobile engine, the Meadows 
4 E.C. type, which is installed as a unit complete 
with clutch and clutch housing. The engine has a 
cylinder bore of 69 mm. and a piston stroke of 
100 mm., giving a swept volume of 1,495 c.c. It is 
rated at 10 h.p., developing 18} b.h.p. at its normal 
speed of 1,500 r.p.m., which corresponds to track 
speeds of 3} m.p.h. in low gear and 6} m.p.h. in 
high gear. A speed of 2,300 r.p.m. can, however, 
be maintained continuously, and of 3,000 r.p.m. 
for short periods ; the tractive effort at these speeds 
is naturally somewhat less than at 1,500 r.p.m. 

Sectional drawings of the Meadows 4 E.C. type 
engine are reproduced in Figs. 9, 10 and 11, on page 
629. As will be seen, it is of the four-cylinder water- 
cooled type, having overhead valves working in in- 
serted guides and operated by push rods and rockers 
from a side camshaft. The cylinder blocks and 
crankcase are cast in one, and the water spaces in the 
cylinder block are independent of those in the 
head. The pistons are fitted with three rings, and 
are bushed to receive the gudgeon pins, which are 
gripped in the small ends of the connecting rods. 
The latter have white-metal lined big-end bearings, 
and are of I-section. The crankshaft is carried in 
two long white-metalled bearings. The camshaft 
is driven by gearing from the crankshaft; the cams 
work directly on the hardened faces of the tappets. 

A plunger type oil pump, which is shown in 
section in Fig. 10, is driven from an eccentric at 
the rear end of the camshaft; the pump draws in 
oil from the sump through a filter, and forces it 
along a pipe running the length of the crankcase. 
Holes drilled in the pipe deliver oil to shallow 
troughs, into which dip scoops fitted into the big- 
end bearing caps. Lubrication of the main bearings 
is ensured by means of the gallery cast on the left- 
hand side of the crankcase top half; this gallery is 
visible in the transverse section shown in Fig. 9, and 
is shown dotted in the longitudinal section, Fig. 10. 
The gallery collects oil flung off from the big ends 
and draining down the crankcase wall, and delivers 
it at each end to oilways cut in the main-bearing 





housings. The timing gears are lubricated by a 
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jet formed at the end of a by-pass pipe connected 
to the main oil pipe. The remaining moving parts 
of the engine are splash lubricated, with the excep- 
tion of the valve rockers. These are mounted on 
a hollow shaft containing wick lubricators fed from 


an oiling nipple shown in the plan view of the | 


cylinder head given in Fig. 11. 

A Zenith carburettor is bolted directly to 
the cylinder head, in which the induction passages 
are cored. The magneto is driven from a trans- 
verse shaft geared to the camshaft driving gear- 
wheel. A generator and electric starter are also 
fitted. 

The flywheel and clutch form a unit with the 
engine, as already stated ; these components are 
illustrated in Fig. 13. The flywheel is machined 
all over and dynamically balanced; the starter 
gear teeth are machined on its periphery. The 





clutch is of the internal-cone type working on a 
clutch ring registered on, and bolted to, the flywheel. 
The clutch cone is a light-weight aluminium casting 
lined with die-shaped Ferodo, and is mounted on 
a hub which is bushed to run on a spigot extension 
of the crankshaft. A helical clutch spring is fitted, | 
viving progressive engagement. 

The gear-box is of extremely neat and compact | 
construction, as can be seen from the sectional 
drawings reproduced in Fig. 12. It provides two 
speeds forward and reverse. The gear-box driving | 
shaft is coupled to the driven shaft of the clutch by 
a flexible joint, and carries a bevel pinion which | 
meshes with two crown wheels, freely mounted on 
ball bearings on the upper of two transverse gear | 
shafts, to which either crown wheel may be locked | 
by dog-clutches according to whether forward or | 
reverse drive is required. The two transverse 
shafts have constantly-meshed gears, those on the 
lower shaft being bushed to run idly when not 
clutched to the shaft. The two dog clutches, that | 
for the reverse gear and that for the speed gear, 
are operated by separate levers. The lower gear | 
shaft extends through the gear-box wall on one side, | 
and carries the double chain sprockets by which | 
the drive is transmitted to the axles. Journal ball | 
bearings and double thrust bearings are fitted on 
all three gear-box shafts. The frame of the} 
locomotive is of structural steel, cleated and | 
gusseted to form a rectangular structure. 


The engine and gear-box units are mounted on | 
a channel sub-frame, which extends the length of | 
the main frame, as shown in Fig. 8. Brackets 
fitted on the sub-frame midway between the axles | 
carry a countershaft, on which are mounted | 
double and single sprockets, which serve to transmit | 
the drive from the gear-box to the axles. A Ferodo- | 
lined band brake works on a large cast-iron drum 
fitted to the countershaft, and is operated by a hand 
lever from the cab. The engine and gear-box are 
enclosed in a bonnet, as in normal automobile prac- 
tice ; the bonnet seats on a radiator mounted at 
the front end of the sub-frame. 

The axles are sprung on flat laminated springs, | 
and their movement is controlled by spring-loaded 
radius rods. The axle boxes are of cast-iron, with 
gunmetal bearings, designed for oil lubrication ; 
check plates are vrovided to permit removal of the 
bearings without removing the axle-box. Lubrica- 
tion is by a wick-type feeder, lightly pressed against 
the lower shaft of the journal by springs. Sand 
boxes are placed centrally on the frame, the sanding 
year being operated by a lever in the driver's cab. 

The capacity of the petrol tank, which is mounted | 
immediately behind the engine, is eight gallons. 
The fuel ccnsumption of the engine is stated to be | 
one gallon per 70 tons-miles, reckoning the weight of 
the locomotive to be 1} tons in running order. Under 
average conditions, the consumption in an eight- 
hour working day is three gallons of petrol and one 
pint of oil. The tractive efforts developed at the 
normal running speeds of 3} m.p.h. and 6} m.p.h., 
are 800 Ib. and 400 Ib., respectively. The locomo- 
tive is thus capable of hauling a load of 30 tons in 
bottom gear on straight level track. 

The most interesting exhibit on the stand of 
Messrs. William Jones, Limited, of Greenwich, 
who have specialised for a number of years in 
the production of locomotives and portable railway 
track for general contracting work, is their Mon- 
tania Diesel-engined locomotive. The locomotive 
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shown is the smallest of their range, weighing 24 tons 
empty ; an idea of its appearance can be gained from 
the photograph reproduced in Fig. 14. on page 630. 
The power unit is a 10 h.p._ single-cylinder 
engine of the solid-injection type, working on the 
four-stroke cycle and designed to run on Diesel oil. 
This engine is of particular interest as it incor- 
porates the patented combustion chamber and 
piston built under Acro license which we described 
on pages 699 and 779 of our 123rd volume 
(1927). Combustion obtained with this design is 
claimed to be so efficient that the engine can safely 
be run for short periods indoors. The fuel con- 
sumption, using gas oil having a calorific value of 
10,000 cals. per lb., is stated to be 0-45 pint per 
horse-power-hour. The oil consumption is also very 
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low. and is guaranteed never to exceed 3 per cent. 
of the fuel consumption. 

The fuel pump and injection nozzle used on 
this engine are of Bosch manufacture, also under 
Acro license. This firm who have for years 
specialised in the design of electrical accessories 
for petrol engines, are now likely to occupy a pro- 
minent position in respect of Diesel-engined vehicles. 
Various views of an Acro-Bosch fuel pump are 
given in Figs. 17 to 20. The pump illustrated is of the 
quadruple type for a four-cylinder engine, but is 
identical in its method of operation with that used 
on the Montania single-cylinder engine. 

The pump is of the plunger type, and the delivers 
of oil is controlled by piston valves. The valve 





cylinders and pump barrels take the form of sleeves 
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Referring to the plan and side elevational views 


of the pump and are located by dowel set-screws. | givenin Figs. 18and 19, it will beseen that the bores of 
lhe pump plungers and valve pistons are spring- | the pump barrels and valve cylinders are connected by 


loaded and work in long guides which are disposed 
at equal distances on either side of the vertical 
centre line of the pump, as shown in Fig. 17, to 
allow of actuation by a common camshaft. The 
camshaft, which has 12 cams working on roller 
tappets guided in bushes inserted into the base of 
the main casting, is driven by means of a splined 
coupling which is not shown in the illustration. A 
fine adjustment for the timing of the pump relative 
to the engine is made possible by cutting the 
splines on the camshaft at a small helical angle, 
thus enabling the setting of the camshaft with 
respect to its driving saft to be varied by sliding 
the cc upling a short distance backwards or forwards 
along the splines. 








a drilled passage, one end of which is closed on the 
up-stroke of the valve piston. A seating is formed 
at the top of the pump barrel for a spring-loaded 
discharge valve, the function of which is to prevent 
a flow of oil back through the pump barrel on the 
down stroke of the plunger. A careful examination 
of the drawing will show that this valve is formed 
with a narrow shank which extends for a sufficient 
distance beyond the lower end of the pump barrel 
to ensure positive lifting of the valve when the 
pump plunger nears the end of its delivery stroke. 
The supply line to the pump is connected to a 
horizontal passage which runs the length of the 
main casting, and communicates with the valve 


|cylinders through drilled branch passages, which | 
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are not visible in the drawings. The inlet valve 
has a long parallel stem to which is attached, at its 
upper end, a collar which forms the valve proper. 
This collar is formed with curved upper and lower 
sides, and is consequently a different depth at 
different points on its circumference ; the reasons 
for adopting this shape will be referred to later. The 
timing of the valve is‘such that the passage between 
the valve cylinder and pump barrel is open during 
the downward stroke, and is suddenly closed at a 
point occurring early in the upward stroke of the 
plunger, after which the plunger proceeds to force 
fuel into the engine cylinder through the injector 
valve. 

The quantity of fuel delivered to the engine during 
one stroke of the pump plunger can be varied by 
rotating the valve round its axis, thus bringing 
a portion of the valve collar of different depth into 
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Fie. 14. GENERAL VIEW OF LOCOMOTIVE. 


register with the transfer passage, and thereby | 
increasing or reducing the period during which the | 
transfer passage is closed, according to the direction | 
in which the valve is turned. Rotation of the valve | 
is effected by means of the square-ended spindle | 
shown in the end elevation given in Fig. 19. } 
This spindle, which is unaffected by the recipro- 

cation of the valve, is formed with a vertical slot | 
which acts as a key for an upwardly extending | 
tongue on the valve collar. A lever arm mounted | 
on the squared end of this spindle is connected to | 
the engine governor. In this particular case, the 

engine is regulated to run at 1,200 r.p.m. 

Two views of the Aero-Bosch injector valve are | 
given in Figs. 15 and 16. The valve itself is held down | 
on, to its seating by a coiled spring located in the | 
upper part of the valve body, and is raised during 
the up-stroke of the fuel pump by the pressure of the | 
incoming fuel on its coned face. It will be observed | 
that the valve is provided with a small tip which | 
projects through the outlet orifice, and is designed 
to improve the spraying action and cause more 
efficient atomisation of the fuel. Projecting through | 
the valve-spring housing is a small knurled-headed 
pin which is normally retained clear of the valve stem 
by means of a light coiled spring. This pin can be 
pressed down by the fingers against the valve stem 
whilst the engine is running, and thus enables the 


= 


Seesaw 


ENGINEERS, 







PIL 


(/71.C.) 





GREENWICH. 





Wi 


SSS 
VLA LLL 










































ss 
dda 


SG 
as 
KR 









VN 
NEN 
NZ _ EN 
Nes 





Y 
ZL 






SSSA 












erestten 


y 
lraviratitiiere. 









iS 


R 





WA 
3 
=] 
S 
i 
EN 


KO) 
Mibirssss 
5 Es. 


Si /. 


ALAA \\ 67779395 













N 


isl 






= PAY 
a= 
VikLikds 


Sox 








action of the valve to be felt, any irregularity being 
readily noticeable. The passage and union shown at 
the top of Fig. 16, serve to drain off any fuel that 





may leak past the valve stem. 





The remaining details of the engine follow 
standard practice. The valves are overhead and 
are operated by push rods. Pressure lubrication 
is employed, and an oil filter is provided to remove 
any impurities. The engine water-cooled, a 
large radiator being mounted at the front of the | 
locomotive. Cooling is by evaporation and no fan is | 
fitted. Special precautions are taken to prevent | 
damage to the engine when used in a dust-laden | 
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atmosphere ; the engine is completely enclosed, and | 

an air filter is fitted to the induction-pipe elbow. 

Access to the engine is obtained by means of doors,|end of the slow-speed shaft is a bevel pinion, 

one of which is visible in Fig. 14. The feed to the | which engages two crown wheels freely mounted 

fuel pump is by gravity, from a tank placed imme- | on a transverse shaft carrying the chain driving 

diately above the engine. | sprockets. Either of the crown wheels can be 
The engine flywheel is coupled directly to the| coupled to the shaft by means of dog clutches, 

high-speed shaft of a two-speed gear-box having | according to whether forward or reverse drive is 

constant-mesh gears selectively engaged by means | required ; a neutral position is provided. 

of Ferodo-lined cone clutches. The clutches are| The frame of the locomotive is of the box type, 

operated by a hand-wheel. Keyed to the rear! having channel side members, upon which the 
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engine and gear-box units are directly mounted. 
The two axles are chain coupled, and the front axle 
is driven by twin chains from the transverse shaft 
mentioned above. The rear axle only is sprune. 
and the front axle bearings are made adjustable 
lengthwise to allow for taking up slack in the driving 
chains. The wheels, which are of hardened steel 
having very wide treads, are mounted between t!i¢ 
frame members. This arrangement enables the 

















: Nov. 15, 1929.] 








EXHIBIT AT THE 





. 631 








PUBLIC WORKS EXHIBITION. 


Fig. 21. Stone CrusHer; Messrs. THE Patent LIGHTNING CRUSHER COMPANY, LIMITED. 


track employed to be varied within wide limits. 
The wheel base is 31} in., and the minimum radius 
of curve which can be negotiated is 20 ft. 

The driver’s-seat_ support is bolted to the side of 
the gear-box, and the driver sits athwart the loco- 
motive, thus obtaining an uninterrupted view in 
either direction. A hand-brake lever operating 
cast-iron shoes acting on the rear wheels is 
placed near the driver’s left hand, and a lever 
controlling the fuel supply projects through the 
casing at the rear of the fuel tank within reach of the 
driver’s right hand. 

The 10-h.p. locomotive described above is 
capable of producing a tractive effort, on a straight 
level track, of 1,100 Ib. in low gear, corresponding 
to a speed of 2? m.p.h., and of 550 lb. in top gear, 
at 5$ m.p.h. ; these figures indicate a draw-bar pull 
of 1,036 lb. and 518 lb., respectively. The maximum 
gradient up which the locomotive can haul a load 
is given as 1 in 15. 

Messrs. The Patent Lightning Crusher Company, 
Limited, of 14a, Rosebery-avenue, E.C.1, show 
examples of their crushers and granulators, and 
examples of material treated in them. We illus- 
trate the larger crusher, which is a powerful looking 
machine, in Fig. 21, on this page. This will crush 
up to 15 tons an hour of flint gravel, limestone or 
granite, when fed with material of 5-in. cube, reduc- 
mg it to ?-in. cube. It will reduce 10 tons of 
material to 3-in. cube, or 3 tons to #-in. per hour. 
The arrangement of the machine will be fairly clear 
from the figure. It consists of a casing divided 
horizontally, the upper part being hinged to the 
lower and carrying a feeding hopper. The rotating 
member consists of two turned cast-steel discs 
between which U-shaped alloy-steel hammers are 
pivoted, the hammers being carried on steel pins 





which pass through their flanges and through holes 
in the discs. The hammers move freely on the pins, 
and swing outward as the discs rotate, crushing and 
breaking the material against the lining of the 
casing. 

The lining, which is removable and renewable 
is made of alloy steel, and linings of various 
thicknesses are provided to allow of granulated, 
material of different sizes being produced. The 
discs are made with a series of sets of holes for the 
hammer pins, the holes of each set being at a 
different radial distance from the centre of the 
disc. In this way, by changing the position of the 
bearing pins, the hammers can be set further out 
from the centre when they are worn, and their useful 
life prolonged. Two hammers only are fitted as 
standard practice, but four may be used for special 
work if considered desirable. 

The crusher may be used with or without a grid, 
depending on the work it is engaged on. The grid 
is built up of a series of alloy steel bars placed across 
the crushing chamber, and provided with projections 
to form slots through which the material passes 
out of the crushing zone, when sufficiently reduced 
in size. The hammers take up a radial position as the 
machine rotates, striking the material in suspension 
as it falls from the hopper and breaking it against 
the lining plates. The normal working speed is 
950 to 1,000 r.p.m., and the breaking force exerted 
in the large machine with two hammers is some 
5 foot-tons per second. The horse power required 
depends to some extent on the material being dealt 
with; the large machine takes 18 h.p. to 20 h.p. 
when crushing 15 tons of flint grave! per hour, 
reducing the maximum feed size of 5-in. cube to 
2-in. cube. 

A stand that should prove of great interest to 


surveyors and contractors is that of Messrs. Hadfield 
Limited, of Sheffield, who are showing several 
|machines designed for the production of various 
grades of road metal. A combination machine 
which has proved itself very useful where it is neces- 
sary to take the machinery from quarry to quarry, 
or to separate heaps of unbroken stone, is illustrated 
in Figs. 22 to 25, on page 632. It comprises 
a jaw breaker, a rotary grading screen, and a feeding 
platform, all mounted on a portable bogie. The 
operation of this machine is of the most simple 
character, the stone passing directly from the breaker 
to the screen where it is sorted into the different 
sizes required. The bogie wheels have particularly 
wide treads, enabling the plant to be hauled over 
poor or practically unmade ground without any 
danger of their sinking in. 

The jaw breaker is of Messrs. Hadfields well- 
known double-toggle type, comprising a main 
frame of toughened cast steel, fixed and movable 
jaw plates of the firm’s well-known manganese steel, 
side cheeks of the same material, and powerful 
toggles operated by a transverse eccentric shaft. 
The jaw faces are made in a single length and may 
be removed and reversed when worn; a simple 
adjustment for varying the distance between them is 
provided. The breaker has a mouth opening of 
16 in. by 9} in., which is suitable for material of 
between 2 in. and 2}-in. ring. The output of the 
breaker is between 7 tons and 9 tons per hour at a 
shaft speed of 250 r.p.m., and the power required 
for driving it is of the order of 18 brake horse-power. 

The front portion of the frame, which carries the 
breaker and the front bearing for the rotary screen 
shaft, is built of heavy channel irons; the rear 
portion, upon which is mounted the loading plat- 
form, is composed of stout wood beams. The 
screen is 6 ft. in length and is driven by belting 
from the breaker shaft through a bevel and crown 
wheel, the second of which can be clearly distin- 
guished in Fig. 24. The rotary screen is perforated 
to give three grades of material. 

The bogie wheels are of cast iron, the front pair 
being mounted on a swivelling axle to which a 
draw-bar is attached; their diameters are 2 ft. 
and 3 ft. 1} in., respectively, and their treads 8} in. 
and 11 in. The height of the loading platform 
above the ground is approximately 4} ft., and the 
minimum ground clearance of the plant is 10 in. 

In Figs. 26 to 30 on page 633 we illustrate the 
granulator, the lever type stone breaker and the 
fine crushing rolls exhibited by Messrs Goodwin, 
Barsby & Co., Ltd., of St. Margaret’s Iron Works, 
Leicester. In addition to these machines the firm 
also show concrete mixers, examples of which class 
of their range of manufactures have been dealt 
with in our columns in connection with earlier 
Public Works Exhibitions. Dealing with the 
machines in the order in which the figures are 
arranged on page 633, we may first refer to the 30 in. 
granulator which is shown in Fig. 26. This is termed 
by the makers the Acme. The dimension of 30 in. 
refers to the width between the side plates. The 
machine is a simple one and consists of a cast-steel 
main frame, with a cast-steel oscillating jaw stock, 
which is mounted on an eccentric bearing at the top, 
and rocks about one end of a toggle plate at a point 
near its bottom end. The main shaft, on which the 
jaw stock is pivoted, is driven by belt and carries 
two heavy flywheels. Both the jaw stock and the 
main frame carry renewable manganese steel jaws 
which are fixed in place by wedges. These jaws 
are backed with mild steel plates. They are formed 
with teeth on their front sides, the teeth of the 
two jaws intermeshing and granulating the material 
being dealt with. The motion of the moving jaw is 
such that one half of the face is acting on the material 
at any time, the top half moving forward while the 
lower half is receding. This action prevents clogging, 
and produces the effect of a forced feed. The position 
of the toggle plate may be adjusted to vary the size 
of the crushed material, and a spring connection 
to the plate allows the jaw to pass pieces of tramp 
iron or other unbreakable material. The main 
bearings, both of the shaft and jaw stock, are of 
machined steel run in with white metal and bedded 
in bored seatings. The machine is run at about 
250 r.p.m., will granulate 10 tons of material an 
hour to }-in. cube taking from 30 h.p. to 35 h.p. 
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The lever stonebreaker, shown on Fig. 27 which | 
is a new type of machine, we can deal with in less | 
detail, since in many constructional points it follows 
the granulator. It has a cast-steel frame, jaw 
stock and pitman. The swinging jaw is operated on 
the well-known Blake system, but the machine 
has novel features. As will be clear from the relation 
of the parts in the figure, the pitman is actuated by 
an eccentric on the main shaft. The special feature | 
of the machine is, however, that this part is so 
balanced that very little weight comes on the main 
shaft. As a result of this arrangement, the machine | 
is;very free running and renewal charges are light. 

The third machine, Messrs. Goodwin, Barsby’s 
fine crushing rolls, shown in Figs. 28 to 30 is 
intended for reducing material to smaller size than 
is possible in a granulator. The working parts of 
the machine consist of two rollers on horizontal 
shafts which revolve in opposite directions. A _, 
special feature of the arrangement is that no gear- 
ing is used, an item which in this class of machine 
is subjected to considerable wear. Instead of the 
rolls being geared together they are driven inde- 
pendently by two belts, one being crossed. As shown 
in Fig. 28, each roller shaft has a flywheel pulley 
for this purpose. One roller is carried in movable | 
bearings, and is held up to its work by relief springs 
which yield as any large body gets between the | 
rolls. The bearings are of the white-metal lined 
steel type similar to those described in connection 
with the granulator, and in both machines can be 
removed and re-lined without the machine being 
dismantled. The rollers are built up in the manner 
illustrated in Figs. 29 and 30. A manganese-steel | 
shell is secured to the shaft by cone wedges drawn | in Figs. 31 to 34, on page 634, we illustrate the 
into position by through bolts. With this con-| washing plant and the firm’s 10-cub. ft. double- 
struction, a small amount of untruth in the roller | armed type concrete mixer. The sand and gravel- 
shells can be corrected and a rigid fit assured. The| washing plant shown in Figs. 31 and 32, consists 
machine is provided with a steel plate feed hopper | of a horizontal rotating cylinder, 3 ft. in diameter 
above the rolls. jand 8 ft. long, carried in a built-up framework. 

Messrs. Frederick Parker, Limited, of Catherine-|It is provided with two circumferential rings, 
street, Leicester, show concrete mixers, hoists, | which run on two sets of bearing rollers, and is 





Fic. 


Fics. 22 To 25. Stone BREAKER WITH GRADING SCREEN; Messrs. HADFIELDS, LIMITED. 








crushers, and a sand and gravel-washing plant, and, | constrained in a horizontal direction by two thrust 





on 


«0. 


rollers, carried on vertical pivots, the arrangement 
of which is clearly shown in the figures. The circum- 
ferential ring at the driving and feeding end, the 
left-hand end in Fig. 31, is formed with a crown- 
wheel face, which gears with a driving pinion 
carried on the belt-driven driving shaft. As will 
be clear from Fig. 31, the drum is divided into a 


washing section and a screen section, the washing: 


section occupying about two-thirds of the length. 








































Nov. 15, 1929.] 


ENGINEERING. 





633 








EXHIBITS 


AT 


THE PUBLIC WORKS 


EXHIBITION. 











Fie. 26. 
Company, LIMITED. 





30-In. GRANULATOR ; Messrs. Goopwin, BARSBY AND 
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This washing section is fitted with lifting and 
conveying blades, by means of which the material 
being treated is constantly agitated and lifted, so 
that it is thoroughly exposed to the stream of water 
which flows through the washer in the opposite 
direction. Short worm-conveying blades are fitted 
at the feeding end, so that the material is pre- 
vented from backing out, and the lifting blades 
are arranged to break-up the material and prevent 
balling. 

The direction of flow of the water contrary to the 
material is maintained by a series of baffles, which 
ensure a good depth of water inside the washer. The 
used water finally flows over a baffle ring at the feed 
end. The contra-flow arrangement, of course, 
ensures that the dirty material first meets partly- 
used water, while the fresh water comes in contact 
with partly-washed gravel, thus using the water to 
the best advantage. The water supply enters the 
machine at the outlet end of the washing section, 
as will be clear from Fig. 31, but, in addition, 
water sprays are fitted to each screen to give 
the material a final washing. The screens are also 
fitted with idler rollers to keep them clear. The 





machine will treat from 80 tons to 90 tons of 
material daily. 

The 10 cub. ft. double-armed type concrete mixer, 
shown by Messrs. Frederick Parker, is illustrated in 
Figs. 33 and 34. It consists of a built-up casing 
of cast semi-steel, strengthened by ribs, as shown 
in Fig. 33. The ends are provided with cheap and 
easily-renewable wearing plates. Two mixing pad- 
dles rotate in opposite directions inside the casing, 
the first being driven by a pinion and spur wheel 
drive from the pulley shaft, while the second is 
driven from the first by equal spur-wheels. Part 
of the full length of the bottom is formed by a 
discharge door operated by a lever gear, as shown 
in Fig. 33. The door has a protected socket-type 
hinge, easily kept clean. A charging and measuring 
tipping trough is situated at the top of the casing. 
The paddles are carried on square shafts of high- 
tensile steel, the shaft bearings being of anti-friction 
metal, lined, and provided with forced-feed lubrica- 
tion. Any sudden shocks on the paddle arms and 
shafts are taken up by helical buffer springs, 
arranged above the bearings, as shown in the 
figures. The paddle arms are of annealed cast 











LEvER STONE BREAKER; Messrs. GOODWIN, BARSBY AND 


Company, LIMITED. 
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steel, all bolted independently to the shafts. They 
are provided with renewable manganese steel tips. 
The arms are uniformly spaced throughout the 
casing; the tips are arranged at a slight angle, 
and tend to clear any obstacle and prevent jambing. 

From among the selection of road maintenance 
machinery exhibited by Messrs. Thomas Coleman 
and Sons, Limited, of Alfreton-road, Derby, we 
have selected three for illustration and description. 
Of these, we may first refer to the Lockwood 
highway maintenance machine, which we illustrate 
in Figs. 35 to 39, on page 635. This machine takes 
the form of a four-wheeled trolley and is adapted 
for reconditioning previously scarified surfaces for 
re-use. It will deal with tarred or bituminous 
macadams and slag. It is also suitable for con- 
verting local or other roadstone or slag into tarred 
or bituminous material, and can be used for the 
surface dressing or sealing of road surfaces. Its 
output for reconditioned material is 2 tons per day, 
and, when working on new stone or slag, 3 tons per 
day. The machine does away with the necessity for 
hauling tarred or bituminous patching materials over 
long distances, and obviates the trouble of surplus 
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Figs. 31 anv 32. 


quantities lying about on the roadside, as the exact | 


amount required can be prepared when and where it 
is to be used. It uses about half a hundredweight 
of coal per working day of eight hours. 

The arrangement of the machine will be clear from 
the figures. 


It contains a furnace, with an ashpan | 


slung below the main frame and _ between the road- | 


wheels, as shown in Figs. 35, 36 and 39. A stack | 


is provided on the back side of the machine, the 
height from ground level to the top of the stack 
being 5 ft. 6 in. Above the furnace a tar heater 
or boiler and a drying pan for the road metal are 


situated. These are shown in Figs. 35 and 36, | 


while the top of the tar boiler, with its cover open, 


can be seen to the left of the general view given in | 


Fig. 39. Dampers 
furnace and stack, so that more or less heat may be 
applied to either the tar boiler and dryer. These 
dampers are indicated in Fig. 35. At the back of 


are arranged between the | 
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10-Cus. Fr. Douste-ArmM TyPE CONCRETE MIXER ; 


Messrs. FREDERICK PARKER, LIMITED. 


the machine a mixing chamber is provided, and the | lorry continually shovelling material into it. It 
drying pan is arranged so that it can be tipped so as | should be attached near the offside of the lorry, so 


to transfer the dried material to this chamber. 
bridle handle is provided to facilitate this operation. 
The pan is shown in its tipped position in Fig. 39. 
Connection from the tar boiler to the mixing 
chamber is made by an internal pipe which can be 
seen in Fig. 35. The cock on this pipe is operated 
by a lever at the side of the drying pan. The pipe 
delivers into a tipping gauge over the mixer, so that 
the tar or bitumen and road metal may be correctly 
proportioned. This gauge is of such size that, when 
full, the rate is nine gallons of tar to one ton of stone. 
The drying pan holds one hundredweight of material. 


A batch of this weight, with the appropriate | 


amount of tar, forms one mix. The mixer contains 
rotating blades operated by the handle to be seen 
at the upper right-hand corner of the machine in 
Fig. 35. The lower lever in this figure operates the 
mixer discharge valve, the prepared material being 
discharged through a door at the back of the machine. 
A tool box is provided at the other end, and as shown 
in the figures, doors and lids are fitted to the 
various sections of the appliance. When the machine 
is used for surface dressing, tar is drawn off by the 
bib-cock situated on the smoke stack side of the 
boiler and best seen in Fig. 38, and the chippings, 
after treatment in the drying pan, are tipped down 
a chute on to the road surface. 

The other exhibits of Messrs. Coleman, which we 
illustrate, are the sectional roller and the road 


gritter shown in Fig. 40 and 41, on page 636. The | 


sectional roller is mainly intended for securing 
chippings on tar-sprayed roads without crushing 
them, and being flexible, follows the camber of the 
road. It can be turned in its own length without 
scoring the road surface. It consists of eleven rings, 
each of which can float vertically independently of 


the others. Each ring is 6 in. wide, making a total | 


width of 5 ft. 6 in., and the total weight is about | 


4} tons. For transport, the roller may be hauled 
at from 10 to 15 miles an hour. The gritter, which 
is termed by the makers the Wagtail, is intended 
for applying grit to a road surface. It is hauled 
behind and fed from a lorry, a man riding on the 





Aas to bring it near the centre of the road when the 


lorry is travelling on the correct side. Below the 
hopper, the gritter carries a mechanical distributor, 
which is given a rapid side-to-side movement by 
the forward travel of the machine, so that the grit 
is evenly spread over the road surface. An adjust- 
able damper or valve controls the amount of grit 
that is spread, while a loose plate in the bottom 
of the distributor may be removed so as to allow 
the grit to fall through a gap in the bottom when a 
narrow width has to be gritted. In normal work 
the width of spread is increased by hauling the 
machine more quickly. 

The rotary screen shown in Fig. 42 is one of a 
range of portable screens exhibited by Messrs. 
Parker, Winder and Achurch, Ltd., of Broad-street, 
Birmingham. The model illustrated is fitted with a 
bucket elevator designed to dredge from a loading 
boot, and to empty into a hopper at the front of 
the screening cylinder. In other models the bucket 
elevator dredges direct from a heap in front of it. 
The frame for the rotary screen is built up from steel 
angle strip and carries bearings for the screen shaft 
at either end, the bearings being set to give the 
shaft a downward inclination. The elevator frame 
can be detached from that of the screen. It carries 
two chain-wheel shafts; the bearings for the upper 
shaft are adjustable in order to vary the tension on 
the bucket chain. 

The screening cylinder is octagonal in cross-section 
and is divided into three sets of panels, each set of 
different mesh. The blades are of a type developed 
by the manufacturers to overcome the drawbacks 
arising from the square-mesh type of screen. Clogging 
and choking are prevented by forming the blades 
with tapered sides so that the effective gap between 
adjacent blades increases as the graded material 
passes through. Three steel aprons are pivoted on 
a rod set lengthwise beneath the cylinder, and 
can be set to discharge to either side, as shown in 
the illustration. 

The screening cylinder and bucket elevator are 
both driven from a cross-shaft at the rear end of the 





frame, the former by means of bevel gears and the 
latter by a single chain which passes over jockey 
sprockets carried by a bracket placed midway 
along the side-frame. The main shaft is driven 
by means of a short chain from a belt pulley 
controlled by adogclutch. The machine illustrated, 
which has an 8-ft. screen and eight 12-in. buckets, 
has a capacity of between 10 tons and 12 tons per 
hour, the power required for driving it being between 
3} and 4 brake horse-power; the driving pulley 
speed is about 130 r.p.m. The elevator can be fitted 
with a downward extension, enabling the screen 
frame to be mounted on a gantry, so that the 
screen aprons may discharge the graded material 
directly into trucks or similar conveyances. 

As is usual at exhibitions of this kind, Messrs. 
Winget, Limited, of Grosvenor-gardens, 8.W.1, have 
a very attractive display selected from their large 
range of manufactures. Many of these manu- 
factures have been dealt with on other occasions in 
our columns. From their display at the present 
exhibition we have selected the 4-cub. ft. trough 
type mixer for concrete or asphalt, and the firm's 
concrete kerb machine. The trough mixer, which 
is a development from the old chain-spade mixer, 
is illustrated in Fig. 43, on page 637, while arrange- 
ment drawings and details of the mixing pan and 
equipment are given in Figs. 45 to 46. The machine 
forms a self-contained unit, complete with engine 
and elevating hopper, and is carried on a four 
wheeled truck. The total weight of the machine 
is 33 cwt., and it has an output of 50 to 60 cubic 
yards of mixed material per day. 

The mixing pan is U-shaped, of steel construction, 
and is fitted with steel wearing plates. The shaft 
bearings are kept well away from the pan ends to 
keep them clean from grit and concrete. Ball 
thrust washers are fitted to take the end thrust. 
Alternative pan equipments are arranged for dealing 
respectively with semi-wet concrete or asphalt, 
either hot or cold. The mixer for asphalt, which is 
known by the makers as the wave-band equipment. 
is illustrated in Fig. 45. It consists of chrome-stee! 
curved blades built-up in sections and carried on 
a square shaft made from high tensile steel. The 
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Fie. 39. 


Fias. 35 to 39. HiagHway-MAINTENANCE MACHINE; Mxssrs. THoMas COLEMAN 
AND Sons, LIMITED. 


detail arrangement will be more clearly followed 
from the figure than it would from any further 
description. The concrete mixing equipment is 
shown in Fig. 46. It consists of a series of paddle- 


arms, each clamped independently to the shaft and 
each fitted with renewable steel tips. The arrange- 
ment will again best be followed from the figure. 
The mixing-pan is provided with a discharge door 
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operated by a hand lever, while a measuring hopper 
of the curved-gate type, may be fixed immediately 
above the pan. A water spray pipe is also fixed 
above the pan, and is arranged with the incoming 
supply connected to the centre of the spray pipe 
so as to ensure even distribution of the spray 
throughout the mix. The arrangement of the 
elevating hopper will be clear from Fig. 43. It is 
carried on four rollers which engage with the run- 
way built up of channel irons, and is controlled by 
a clutch and brake. Power is furnished by a 
5-h.p. Lister hopper-type petrol engine which drives 
the first reduction shaft through a Coventry roller 
chain. The final drive to the mixer shaft is through 
gears, and a disc-type overload clutch. Figs. 47 
and 48 relate to a fixed-type trough mixer. 

Messrs. Wingets’ concrete kerb and channel 
machine, is illustrated in Fig. 44. This will produce 
kerbs and channels up to 36 in. by 12 in. by 6 in., 
and has an output of from 160 to 200 kerbs in an 
eight-hour day. It consists of a steel undercarriage, 
built up of channels and plates, and carried on four 
small wheels. The mould box, to be seen at the 
front of the machine in Fig. 44, is made of cast-steel 
and the front and side doors are machined on their 
working faces. The doors are interconnected by 
means of lever gear, so that a single movement 
unlocks and opens all three at once, or conversely 
closes and locks them. The tamping head, which is 
operated by a handle bar projecting from the front 
is hinged on roller bearings, which are situated 
sufficiently far behind the mould box to give a good 
leverage for tamping. The head is fitted with a 
cast-steel former. In operation the tamping head 
is brought down on to the aggregate in the mould 
box with a heavy initial blow, thus compacting the 
material. This blow is followed immediately by 
a second blow which is due to the hammer action 
of a balance-weight carried by the head. This blow 
is timed to take place as the head rebounds from the 
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Fie. 41. “ Waerait”’? Roap-GRittinG MACHINE ; 


Messrs. THomas COLEMAN AND Sons, LIMITED. 
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Fie. 42. PortTaBLe Rotary ScrREEN; Messrs. PARKER, WINDER AND ACHURCH, LIMITED. 


mould box, so that a combined compacting and 
vibrating process results, giving good packing and a | 
hard pressed surface. 

Among examples of machinery which are too | 
large to be shown completely at the exhibition, and | 
which are consequently illustrated by means of | 
cinematograph films, we may mention the Well- 


Aldwych House, W.C.2, Messrs. Aveling and Porter 
of Rochester, are showing a new 10-ton compound 
steam roller and a 16-ton crude-oil roller. The latter 
machine is fitted with a single cylinder engine with 
Blackstone spring injection. The firm also show a 
complete range of their concrete mixers. Messrs. 
Barford and Perkins, of Peterborough, show a large 


man-Denholm }-cubic yard universal excavator of | selection of their motor road rollers, which have 


Messrs. The Wellman Smith Owen Engineering | 
Corporation, of Victoria Station House, Victoria- | 
street, S.W.1, and a }-cubic yard and }-cubic yard | 
excavators of Messrs. Priestman Brothers, Limited, | 
of Holderness Foundry, Hull. Messrs. Wellman | 
Smith Owen display various parts of their machine | 
on their stand, and Messrs. Priestman’s show | 
examples of their well-known grabs. Illustrations | 
and models of excavating plant are also shown by 
Messrs. R. H. Neal and Company, Limited, of 
Plant House, Ealing, W.5. 

Among the firms who are associated with Messrs. 
Agricultural and General Engineers, Limited, of | 


been dealt with on several occasions in our columns. 
Another associated firm, Messrs. Blackstone and 
Company, Limited, of Stamford, show one of their 
well-known spring-injection engines and a portable 
unchokable pump. : 

In addition to those we have already mentioned, 
portable air compressors are shown by Messrs. 
The Atlas Diesel Company, Limited, of New Oxford 


House, Hart-street, W.C.1. The firm show two| 


machines, respectively of 85 and 98 cub. ft. per 
minute, at 90 lb. per square inch pressure. They 
consist of twin-cylinder compressors directly coupled 
to four-cylinder petrol engines and running, respec- 


| tively, at 950 and 900 r.p.m. Automatic unloaders 
| are fitted, and in the 98-cub. ft. model this is inter- 
connected with the engine throttle. The machines 
are complete with petrol tank, radiator, &c., and 
are mounted on road trucks. The firm also show a 
stationary air compressor and a large range of 
pneumatic tools. Portable air-compressors are 
also shown by Messrs. Air Pumps, Limited, of Skin 
Market Place, Park-street, S.E.1. This firm show 
petrol-engine driven sets of 120-cub. ft. and 
58-cub. ft. capacity, and an interesting 140-cub. ft. 
capacity set driven by a McLaren-Benz Diesel 
|engine. Portable petrol engine driven compressor 
'sets are also shown by Messrs. Holman Bros., 
Limited, of Camborne. . These embody the Hele- 
Shaw-Beacham single-stage air compressor. The 
firm also show pneumatic roads tools fitted with 
| exhaust silencers. It is certain that developments 
in this direction will be cordially weleomed by the 
general public. 

A new tilting drum concrete mixer is shown for 
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THE CONOWINGO DEVELOPMENT ON THE SUSQUEHANNA RIVER. 





(For Description, see Page 613.) 
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Fig. 64. ONE OF THE MAIN TRANSFORMERS. Fic. 65. Typical TRANSMISSION-LINE TOWER. 
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Fia. 43. 4-Cus. Fr. Trova Concrete Mixer; Messrs. WINGET, 


LIMITED. 
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LIMITED. 

















Fig. 47. 
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Fies. 45 to 48. Dertaits or TrouaH-TyPE Mixer; Merssrs. WINGET, LIMITED. 


the first time by Messrs. Ransomes and Rapier, 
Limited, of Waterside Iron Works, Ipswich. In 
adding this machine to their range of manufactures, 
Messrs. Ransomes and Rapier have kept in view 
the demand for a fast working and easily-handled 
mixer, and by employing good material and work- 
manship, have produced a machine of low total 
weight, which is, at the same time, able to stand 
up to hard work and give long service. The 
mixing drum is balanced to reduce load on the 





centre post to the minimum, while the skip has a 
very high angle of tilt, and gives a quick and clean 
discharge. It is elevated through a clutch on the 
end of the barrel shaft, which is well out of the 
way of cement and aggregate. An automatic knock- 
out device is fitted to prevent over-winding of the 
skip. The skip and other drives throughout the 
mixer are by means of Hans Renold roller chains, 
which as shown in the illustration of the mixer given 
in Fig. 49, on page 638, are provided with guards. 











Fie. 46. PappLEs oF ConorETe MIXER. 


The controls are all placed within easy reach 
of the operator. They consist of a single lever for 
elevating and lowering the skip, and a large hand- 
wheel for tipping the drum. There is an automatic 
lock to secure the drum in its filling and mixing 
positions. A further lever controls the automatic 
water tank, which can be used as a regulating tank 
when desired. The mixer is carried on four road 
wheels mounted on stub-axles, which enable either 
a side or end discharge to be used. The steering 
is of Ackermann type, operated through a pivoted 
drawbar, which makes the machine very convenient 


| to move about. 


Messrs. Ransomes and Rapier are also showing 
examples of their rotary-drum mixers and their 
petrol-electric mobile crane. This machine, which 
has already been illustrated and described in our 
columns, is coming into very extensive use. An 
interesting application is to be seen at the present 
time in the use of the crane in the heightening of 
the tramway tunnel in Southampton Row. The 
example shown at the exhibition is of two tons’ 


| capacity. 


Examples of the Kwik-Mix tilting-drum concrete 
mixer are shown by Messrs. A. A. Byrd and Com- 
pany, of 11, Queen Victoria-street, E.C.4. One of 
these machines is illustrated in Fig. 50, on page 638. 
As will be seen, the machine is of the portable type ; 
it is carried on four disc wheels, with rubber tyres, 
and with roller bearings, making it easy to move or 
transport. The mixing drum, which is constructed 
of semi-steel with a reinforced steel cone, is 3 ft. 
in diameter and 3 ft. long. It has an opening 18 in. 
in diameter, and a capacity per batch of 5 cub. ft. 
of wet material. The drum bearing is of hardened 
steel and runs in two Hyatt roller bearings, the 
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thrust being taken by a }-in. ball dust-proof thrust 
bearing. There are four steel mixing blades. The 
tilting arrangement, operated by the large hand- 
wheel to be seen in the figure, has a locking arrange- 
ment enabling the operator to secure the mixing 
drum in any desired position. As will be clear from 
the figure, the mixer is fitted with a loading skip. 
This, it is stated, will raise and discharge the charge 
of aggregate within 10 sec. The lifting clutch has 
a ratchet fitting, and will hold the skip in any 
position. The movements of the skip are controlled 
by a single lever. A 12-gallon water tank is fitted 
to the machine, which is driven by a petrol engine 
carried at one side of the frame, and provided with 
a steel housing. The total weight of the mavhine is 
3,000 Ib. 

It is very far from being established that motor 
vehicles are the most economical for short hauls, 
and particularly for cases in which the actual travel- 
ling periods are brief and the stops frequent. One 
of the everyday services in which these conditions 
are particularly marked is in house-to-house refuse 
collection, and horse-drawn vehicles are still used to 
a very large extent in this work. It is surprising, 
however, that large numbers of the carts used for 
refuse collection are still of an unsuitable type, 
particularly in respect to the height to which the 
workmen have to lift the dust-bins or other re- 
ceptacles, in order to tip them into the cart. A 
dust cart eliminating this objection, and having 
interesting features, is shown by Messrs. Tuke and 


Bell, Limited, of Carlton Engineering Works, 
Lichfield. This vehicle is illustrated in Figs. 51 and 


52, on the opposite page. It is of 3? cubic yards 
capacity, and, as will be clear from the figures, is 
of the low-loading type. The wheels are 30 in. in 
diameter, and have ball-bearing hubs. There is a 
tail-door for tipping, and steel covers are provided to 
prevent dust and refuse from blowing about when the 
cart is loaded and travelling to the tip or destructor. 
Tipping and balancing gear is fitted, operated 
through the handwheel, which can be seen in Fig. 51. 
This is not only used for tipping the cart, but also 
enables the body to be adjusted and balanced, 
thus preventing excessive weight on the horse 
due to uneven loading. The cart is used by a num- 
ber of municipal authorities. 

The refuse-collecting vehicles of Messrs. Shelvoke 
and Drewry, Limited, of Letchworth, are well known 
and have been dealt with in our columns in the past. 
The special container system for refuse collection 
which the company show is, however, we believe, 
of later development. The vehicle and containers 
utilised in connection with this we illustrate in Figs. 
53 and 54, on the opposite page. As will be gathered 
from these figures, the system employs loose con- 
tainers which can take the place of a dust-bin at 
hotels and other places where the amount of refuse to 
be dealt with is likely to be large. At the collecting 
site, a container is placed on a metal stand, as illus- 
trated in Fig. 54, and used as a refuse receptacle 
in the ordinary way. In the case of a block of 
flats, it can be loaded from the individual dust-bins 
as shown in the figure. In the plant shown at the 
exhibition, the containers are each of 2} cubic yards 
capacity. When the container is to be emptied, 
the vehicle, which is arranged to carry two con- 
tainers, is brought to the site and exchanges one 
of its empty containers for the full one. To enable 
this operation to be carried out conveniently, it is 
necessary to have an extra stand at the site on to 
which the empty container can be placed in order 
to free the seating on the vehicle for the loaded 
container to be run into place. At sites where 
there is sufficient refuse to justify the installation 
of two containers, it will »e evident that only one 
spare stand is necessary. The containers are 
each mounted on four small wheels, so that they 
may easily be run off from the vehicle on to the 
stand or vice versa. The actual loading up takes 
only a few minutes, and when the vehicle has 
collected two loaded containers, it is run directly to 
the depot or destructor. 

This system has many advantages, particularly 
for large hotels and institutions where refuse can be 
placed directly in the containers without the use of 
dust-bins. The containers can be cleaned inside and 
out with a hose every time they are emptied, and 
the whole equipment kept in a more sanitary condi- 
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TittiInac-DruM ConcRETE MIXER; Messrs. RANSOMES AND RAPIER, LIMITED. 

















Fie. 50. 


tion than is usual with any dust-bin system. The 
containers are built of steel and have steel covers, as 
shown in the figures. When travelling on the vehicle, 
they are locked in place and rest on independent 
frames. Each container is provided with a tipping 
door at one end, hinged at the top, and the 
frames on which they travel are arranged to be 
lifted at one end by a hydraulic ram, so that the 
containers can be tipped. The two frames can each 
be operated independently. The hydraulic gear is 
operated from the petrol engine which propels the 
vehicle. As will be evident from the figures, the 
whole equipment is of the low type with which the 
maker’s name is particularly associated. The low 
height of the tops of the containers greatly facilitates 
both loading and cleaning. 

The group of machinery shown by Messrs. 








Tittrinc-Drum Concrete Mrxer; Messrs. A. A. ByRD AND COMPANY. 


Marshall, Sons and Company, Limited, of Gains- 
borough, comprises several classes of power plant 
and machines designed to meet present-day require- 
ments of road making. In addition to examples of 
their steam road rollers, they exhibit an oil-driven 
roller of 8 tons nominal weight, which forms one 
of a range covering nominal weights of 6 tons to 
14 tons in steps of 2 tons. The actual weight of 
this roller, in running order, is 9} tons, and it 1s 
designed to roll a width of 6 ft. 2in. A Marshall 
single-cylinder engine, working on heavy fuel oil, 
is used as the power unit. The engine operates 
on the two-stroke cycle, and develops between 
16 and 18 brake horse-power at its normal speed 
of 375 r.p.m. A general idea of the construction 
of the roller can be obtained from the photographs 
reproduced in Figs. 55 and 56, on page 640. 
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Fies. 51 anp 52. Low-Loapine Dust Cart; Messrs. TUKE AND BELL, LIMITED. 


|in a single casting. The cylinder casing is supported 

throughout its length, thus ensuring that the 
| side thrust of the connecting rod is taken by the 
| bed. The underside of the bed is planed to obtain 
| accurate mounting on the frame, to which it is 
| secured by fitted bolts; an oil channel is provided 
| all round the base. The cylinder liner is a separate 
casting, made of specially close-grained metal, 
|accurately bored and made readily removable. 
| The crankcase is arranged so that the scavenging 
| air for the cylinder is compressed to the required 
| pressure before the air port opens. The air-admis- 
| sion and exhaust ports in the cylinder are, of course, 
|controlled by the piston. The vaporiser is of the 
| bulb pattern, carefully proportioned to ensure 
| complete combustion, and enabling the engine to be 
worked continuously for long periods without being 
|cleaned. Special care has been taken to ensure 
|ready access to the water-jacketed spaces for 
cleaning purposes. 

The piston is made of close-grained cast-iron, and 
is fitted with five Ramsbottom rings. The con- 
necting-rod is a solid forging, having adjustable 
big and little ends ; the latter works on a hardened- 
steel gudgeon pin carried by the piston. The 
crankshaft is machined from a solid forging, is 
Fia. 53. accurately balanced, and carries two large cast-iron 
flywheels, to one of which is bolted a driving 
pulley. The main bearings are of the vertical 
type, provided with adjustable steps of bearing 
metal ; these are lubricated automatically by means 
of oiling rings. The crankpin is lubricated by a 
combination of forced and centrifugal feed, and oil 
is force-fed to the piston and gudgeon-pin. The 
crankshaft and all running parts are, of course, 
entirely enclosed. 

A very sensitive shaft governor, of the centrifugal 
spring-loaded type, is fitted, and operates by altering 
the length of the fuel-pump stroke ; by this means, a 
working stroke is ensured for every revolution. 
| A compressed-air receiver and combined starting 
| and charging valve are fitted, arranged so that the 
| receiver can be charged from the engine, and so that 
the engine can be started by the driver without 
leaving his footplate. Ignition is effected, when 
starting the engine from cold, by means of a battery 
and plug. The battery is kept charged by an engine- 
driven dynamo. A blowlamp is provided as a stand- 
by against failure of the ignition unit. 
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The cooling water for the engine is carried, with 

Fic. 54. that used for spraying the rolls, in a 90-gallon tank 

; _ : ; : built into the rear end of the main frame. The tank 

Fies. 53 anp 54. Container Dust-CoLLectine EquipMeNtT; Messrs, SHELVOKE | is fitted with a tundish-end strainer for filling, and 
AND Drewry LIMITED. /a large manhole and cover for cleaning purposes. 


The transmission is arranged on the five-shaft 


he main frame is built up from steel plates, | stretcher bracket between the side plates of the| principle. Three speeds are obtainable, giving 
‘nda provides an attachment for the fore-carriage,| main frame; it also forms part of the silencer|3, 1-6, and 1-1 m.p.h. The drive is transmitted 
a bed for the engine, a support for the fuel tank | which carries the exhaust chimney. The front| through powerful clutch drums with Ferodo con- 
Which has a capacity of 20 gallons, and, at the | wheel fork is of cast steel, of the type used on the | tacts, the drums being carried on the squared 
rear end, an attachment for the cooling tank. The | firm’s steam road rollers. | section of the first intershaft. The gear wheels are 
fore-carriage head is of cast steel, forming a rigid The engine bed and cylinder casing are combined! of cast-steel with machine-cut teeth, and such 
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gearing as is placed outside the main frame is pro- 
vided with casings to form oil baths. The driving 
axle is of oil-hardened steel, and runs in cast-iron 
boxes fitted with hard gunmetal bushes bolted and 
spigoted to tooled facings fitted on the rear axle. 

The rolls are disposed on the three-wheel arrange- 
ment; the front roll measures 3 ft. 3 in. by 2 ft., 
and the rear rolls 4 ft. 9 in. by 14 in.; they are 
built up from steel plate as shown in the figures. 
Automatic self-adjusting spring scrapers, having 
adjustable and renewable blades, are fitted on 
both sides of the rear rolls, and adjustable angle 
scrapers are used on both front and rear of the 
front rolls. 

The controls are grouped much on the lines of 
steam road-roller practice. Two brakes are fitted ; 
one, applied by a hand lever and screw, is a Ferodo- 
lined strap brake working on a large drum on the 
rear axle; the other, which is of similar pattern, is 
operated by a foot lever and acts on one of the 
clutch drums. The foot brake can be operated in 
either direction of motion, so long as any speed is 
in gear. The steering is effected by a worm and 
worm-wheel and outside chain barrels on each side. 
The worm and wheel are fitted in a dust-proof, 
grease-filled casing. 

In addition to their range of Victoria concrete 
mixers, Messrs. Stothert and Pitt, Limited, of 
Bath, have just introduced a new concrete mixer 
of the open-drum type, known as the No. 5 tilting 
mixer, which they are showing on their stand in 
two forms, one being mounted on a road truck 
having pivot wheels, and the other on a two-wheel 
truck. Drawings of the first of these are repro- 
duced in Figs. 57 and 58, on the opposite page; 
this model is fitted with a pivot-type side loader. 
The mixer is driven by a single-cylinder hopper- 
cooled Lister petrol engine of 4 brake horse-power, 
governed to run at 600 r.p.m., and has a mixed- 
batch capacity of 7/5 cub. ft., being capable of 
producing about 54 cub. yds. of mixed materials per 
hour, in 30 batches. On the same stand is shown a 
winch unit for fitting to the mixer; this is shown 
in position in the photograph reproduced in Fig. 59. 

The mixer frame comprises two triangular side 
frames, built up from steel sections, to form supports 
for the mixing-drum trunnions, and for the driving 
shaft of the side loader. The side frames are 
braced at the top by the water-tank supports, as 
shown in Fig. 57, and at one side by crossed diagonal 
strips, and by a cross member supporting the side- 
loader pivots. The truck frame is a rectangular 
structure, of steel channels, mounted upon a fixed 
axle at the rear end and a pivoted axle at the 
front, to which is attached a draw bar. Pressed- 
steel wheels are fitted, the rear wheels being mounted 
on independent stub axles, one of which is shown 
in Fig. 60. These stub axles are free to swivel 
through an arc of 90 deg., and can be locked in 
position, enabling the whole machine to be rotated 
in a restricted space when it is desired to change 
the direction of loading. The engine is mounted 
over the rear axle, and is enclosed in a sheet-metal 
housing. 

The mixing drum comprises two main parts, a 
conical end portion of rolled-steel plate reinforced at | 
the rim, and a cast-iron base ; four mixing blades 
are fitting on the inside of the drum. The cast-iron 
base carries the bevel driving ring and a central | 
sleeve bearing fitted with two gunmetal bushes. | 
The drum rotates on a steel shaft firmly secured to 
a cast-steel yoke, the ends of which form the trun- 
nions on which the drum is tilted. A totally- 
enclosed double thrust ball race is fitted at the 
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Fies. 55 anp 56. 8-Ton Om-Enerne Roap Roiuer; Messrs. MARSHALL, 
Sons anp Company, LIMITED. 


top of the shaft. Tilting of the drum is operated | loading skip has a capacity of 7 cub. ft., and is 


through a cast-iron spur ard pinion reduction gear 


hoisted on two falls of steel wire rope which pass 


controlled by a handwheel of large diameter. Stops | over equalising pulleys mounted on the skip frame, 


are fitted for the charge and discharge positions, and 


as shown in Fig. 58. The nose of the side loader is 


a catch locks the drum in the mixing position. The | shaped to enter well into the opening of the drum 


drum is evenly balanced to facilitate quick rotation. 

The mixing drum is driven by a short cast-steel 
shaft formed with an integral bevel at one end and 
carrying sprocket wheels at the other connected to 
the engine shaft and loader winding shaft by Coven- 
try chains. The mixer-drum driving shaft runs 
in a long sleeve bearing having gunmetal bushes 
mounted in the yoke carrying the drum. 

The side loader is pivoted approximately midway 
between its hoisting shaft and the ground. The 





and to give a steep angle of discharge ; overlifting 
is prevented by an automatic knock-out. The 
hoisting barrels are cast with grooves to prevent 
overlapping of the wire rope. The hoisting gear is 
operated through a large diameter cast-iron cone 
clutch by means of a single hand lever, movement 
of which in one direction causes engagement of the 
clutch, and in the reverse direction applies a 
Ferodo-lined band brake. 

A seven-gallon water tank, provided with a level 





indicator, is mounted above the loader hoisting 
shaft. The tank outlet pipe and the chain con- 
trolling the outlet valve are clearly shown in 
Fig. 59. The tank is filled by means of the long 
downwardly extending pipe and the hose connection 
shown in Fig. 57. : 
The winch with which the machine shown in 
Fig. 59, is fitted, is of the free-barrel friction type. 
It is mounted on a single spindle supported on cast- 
iron bearing brackets. The winch drum is 6 in. in 
diameter and 9} in. long between the flanges ; it 1s 
capable of coiling 150 ft. of 1 in. circumference wire 
rope in three layers. The barrel is of cast iron; one 
end forms the male clutch cone and band-brake 
drum. The female cone is of cast iron, the rim 
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7-5 CUBIC FOOT CONCRETE MIXER. 
CONSTRUCTED BY MESSRS. STOTHERT AND PITT, LIMITED, ENGINEERS, BATH. 
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Fre. 59. Concrete MIXER FitreD witH WiNcH; Messrs. STOTHERT AND Pitt, LIMITED. 


is operated through a helical washer which, when 
rotated, through a small angle, moves the band 
along the shaft until it engages with the driving 


being cut to form the driving sprocket; this cone 
is kevecl to the spindle. The drive to the winch is 
by chain from the mixer driving shaft, and control 
is effected in exactly the same manner as that for the 
loader winding shaft described above. The clutch 











Fic. 60. REAR WHEEL ON SWIVELLING AXLE. 


lis capable of hauling 8 cwt. at a speed of 80 ft. per 
minute. 

The advantages of the motor road roller, such as 
ease of starting, independence of water supply, &c., 
| have hitherto been largely discounted by the dis- 
| advantage of high fuel cost ; the application of the 
Diesel engine to this type of vehicle has, however, gone 
| far to remove this objection. Among the firms who 
| are exhibiting oil-engine driven rollers are Messrs. 
John Fowler, Limited, of Leeds, who are showing a 
| 10-ton Diesel-engined roller of the three-wheeled 
|type. A general idea of the appearance of this 
roller can be gained from Fig. 61, on page 642. 
In the main, the essential features of steam- 
roller practice have been retained, such as the 
provision of large-diameter rolls, wide overlap of 
rear wheels, low centre of gravity, and correct 
weight distribution. Outstanding features are 
the provision of an instantaneous reversing gear 
and of supplementary power steering. 

The engine, which is designed for heavy work and 
continuous full-load output, is of the vertical two- 
cylinder type, operating on the four stroke cycle and 
developing 30 brake horse-power at a speed of 950 
r.p.m. It works on the atomisation principle, in 





cone; the thrust and reaction are taken by a ball | which the fuel is injected{directly into the cylinder 
thrust bearing and a gunmetal washer. The winch | with sufficient pressure to produce immediate 
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atomisation, and is ignited at once without the aid | 
of any pre-heating. The high pressure of injection EXHIBIT AT THE 
causes complete combustion, and the amount of ri 
cylinder carbonisation is consequently very small. | 
The fuel pumps are designed to deliver an excess | 
of fuel at each stroke, the correct quantity of fuel 
delivered by the atomiser being controlled by ad- | 
justable valves. The injection valves employed on | 
this engine are of the simplest possible type, and can | 
readily be removed and replaced. An arrangement | 
is provided for cutting out one cylinder when | 
running on light load, so as to economise fuel. 
The manufacturers state that the fuel cost is only 
about one-third of that of a similar roller using 
petrol fuel, and is equal to, or even lower than, 
that of a steam roller. 

The frame of the roller is built up on two steel 
plates reaching from the fore-carriage head to the | 
rear axle, and amply reinforced by cross plates and 
castings. Careful provision is made for easy access 
to all working parts, and the arrangement of the 
components is such as to give a very neat appear- 
ance. The engine is insulated from road vibration 
by the provision of a spring fore-carriage head. The | 
cooling-water radiator is carried inside the frame 
behind the front roll, in which position it is protected 
from accidental damage. The transmission is 
effected by gears which are readily accessible for 
dismantling or adjustment; two speeds in both | 
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forward and reverse are provided and a differential 
gear is fitted. Reversing is effected by means of 
two simple toggle clutches, one of which takes the | 
forward and one the reverse drive; change over | 
can be effected without pause by a single movement 
of the reversing lever, thus ensuring safety when 
working on hills. Brakes are arranged for both 
hand and foot control. A water-spraying apparatus 
is provided, and the rolls are arranged to carry water | cation is effected by a wick-type feeder pressed 
ballast. against the lower side of the journal by springs. 
In addition to the contractors’ locomotives to|The wheels are of cast steel, pressed hydraulically 
which we have already referred, Messrs. The Motor | on to the steel axles. A standard screw brake 
Rail and Tram Car Company, Limited, of Simplex | operates cast-iron brake blocks on all wheels. A 
Works, Bedford, show three interesting machines. | |4-gallon fuel tank for Diesel oil is provided, and, in 
These are, respectively, of 10, 20 and 30 brake horse- | addition, an auxiliary 3-gallon tank for light oil 
power capacity. The two smaller machines are | or paraffin for use when starting up if a specially 
driven by petrol engines and the larger by a Diesel | heavy fuel oil is being used, or in cold weather. 
engine, and as the general arrangements do not With the engine running at 800 r.p.m., the gear 
greatly differ in the various models, it will be | gives speeds of 4°54 and 11-04 miles an hour in 
convenient if we confine our description to the | ejther direction, while with the engine running at 
30 brake horse-power model. This has a weight | 600 r.p.m. the top gear gives a speed of 8-28 miles 
of 44 tons, an overall length of 8 ft. 10? in., an| an hour. On low gear, at 4-54 miles an hour, the 
overall width of 5 ft. 3 in., and an overall height of | tractive effort is 2,000 Ib., and on the top gear, at 
4 ft. 10 in. The wheel base is 3 ft. 6 in., and the | the two speeds mentioned, the tractive efforts are, 
clearance between the body and the rail 2} in. ; | respectively, 1,019 Ib. and 849 lb. Witha frictional 
the wheels are 1 ft. 5} in. in diameter. The | resistance of 22 lb. a ton, the locomotive, on low 
locomotive may be built to suit any ordinary | gear, will haul a load of 86} tons on the level, and 
gauge. a load of 10} tons up a slope of 1 in 20. A frictional 
The power unit is a two-cylinder vertical McLaren- | resistance of 22 Ib. a ton is approximately that 
Benz Diesel engine, developing 300 brake horse- | given under average conditions. The consumption of 
power at 800 r.p.m. The cylinders are 135 mm. | Diesel oil is 0-42 pint (0°46 Ib.) per brake horse-power 
bore by 200 mm. stroke. The cylinder heads! per hour, the net weight of the locomotive is 4} tons. 
are detachable and carry the overhead valves! Fig. 62 on the opposite page, shows a contractor's 
and atomisers, the valves being operated by push | lift pump, one of the more recent productions of 
rods and rocker levers from the camshaft. The | Messrs. Ruston and Hornsby, Ltd., of Lincoln, which 
whole gear is enclosed in detachable dust- and oil-| is now being exhibited for the first time. As will 
proof covers. A _ centrifugal governor controls | be seen from the illustration, this unit comprises a 
the engine speed independently of the load, and} pump and engine compactly mounted on a wheeled 
the speed can be regulated from 250 to 800 r.p.m. | all-metal chassis. The overall dimensions are :— 
by the movement of a simple control lever. Solid | Length, 4 ft. 7} in. ; width, 2 ft. 8 in. ; and height, 
injection is employed, and a seperate fuel pump is | 2 ft. 10} in. The pump is of the bucket type, the 
fitted for each cylinder. Lubrication is by means} crank and connecting rod being driven through 
of a gear pump submerged in the sump. The! machine-cut gears by a Ruston-Hornsby petrol- 
engine may be started by hand if necessary, but | paraffin engine. The latter is a single-cylinder 
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bearings, which can be removed by means of a 
check plate without removing the axle boxes. Lubri- 











an electric starter is provided for normal use. 
The engine drives theough a simple plate clutch 
to a change-speed gear box, which gives two speeds 
in each direction. The gear box is enclosed and 
the gears run in oil, the gears being hardened and 
ground and the shafts carried on ball and roller 
bearings. From this gear box, the drive is taken 
to each axle by heavy roller chains, which are 
provided with an adjustment for wear. The 
radiator for the jacket water is of the Davies 
detachable-tube type, in which any tube can be 
removed for repair or replacement. Jacket-water 
circulation is assisted by a centrifugal pump, and 
a cooling fan is fitted for the radiator. The main 
frame of the locomotive is built up of rolled sections 
and plates, and is carried on flat laminated springs. 


The axle boxes are of cast steel with gunmetal 





| unit, developing 2 brake horse-power at 650 r.p.m. ; | 


it works on the four-stroke cycle, having an auto- 
matic inlet and push-rod operated exhaust valve. 


The main bearing and connecting-rod big-end 
bearings are lubricated by grease cups. Ignition 


is effected by a Wico weather-proof magneto, 
and steady running is ensured by the provision of 
two disc flywheels. The engine is well protected 
from damage by dust or grit, by being completely 
enclosed, as shown in Fig. 62. Access to the engine, 
| for purposes of lubrication.or adjustment, is obtained 
| by means of suitable doors arranged in the casing. 
The diameter of the suction pipe of the pump is 
3 in., and the output obtained from the plant is 
stated to be between 3,000 and 4,000 gallons per 


hour. 








10-Ton DrEsEL-ENGINED Roap RoLLeR; Messrs. JoHN FOWLER 
AND Company, LIMITED. 


An exhibit of particular interest to owners of 
sand and gravel pits is the Ruston 8-in. centrifugal 
gravel pump, of which we reproduce a photograph 
in Fig. 63. It will be apparent from the description 
which follows that considerable thought has been 
expended by those responsible for the design on 
the problem of obtaining economy during prolonged 
use, both as regards rate o1 wear and cost of re- 
placement, the latter including, of course, the 
feature of accessibility. As shown in the illustra- 
tion, the pump is combined as a unit with a friction 
clutch driving pulley, and is mounted on a cast-iron 
bedplate so that it can be placed on a pontoon. 
The bed plate is machined on its underside, and is 
provided with lugs drilled for foundation bolts, to 
facilitate erection. The provision of a pulley clutch 
not only enables the plant to be started up under 
load, but also enables the operator immediately 
to cease pumping by disengaging the clutch in 
the event of a blockage, thus relieving the driving 
belt of heavy strains, which tend greatly to reduce 
its life. 

The pump casing is of cast-iron formed in two 
halves, bolted together, and registered by dowel pins. 
The suction cover plate is also of cast-iron, accu- 
rately machined and faced, and drilled to receive 
the suction pipe. Set screws are fitted in each half 
of the pump casing for adjustment of the liner, 
which is made of cast manganese steel, and of extra 
thickness, to obtain the maximum length of life. 
The liner is accurately ground at the sides, and is 
provided with a door secured by set screws to the 
suction cover plate to permit removal or inspection 
of the impeller. The latter, which is also made of 
cast manganese steel, is of the single-suction, 
shrouded type. The boss of the impeller is screwed 
for attachment to its spindle in such a way that it 
tends to screw up more firmiy during operation, 
thus rendering the use of a nut unnecessary. 

The impeller spindle is provided with a steel 
wear sleeve at the point where it passes through 
the gland, so that the actua! spindle is neither 
subject to wear. nor in contact with sand or water. 
The stuffing box is of gunmetal, and is fitted with a 
special packing ring formed in halves for easy 
removal. The packing is lubricated by a grease 
lubricator ; means are also provided, as shown in 
Fig. 63, for a supply of clear water, under pressure. 
to prevent grit from entering the stuffing box and 
cutting the packing. ; 

The impeller spindle is carried by roller bearings 
housed in a cast-iron box, which is machined for 
attachment to the pump casing, and to the bed 
plate; this housing is split horizontally, as shown 


|in Fig. 63, and a ball thrust bearing is fitted to take 
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Fie. 62. PortaBLe Enatne-Driven Pump; Messrs. Ruston anp Hornssy, Limitep. 
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Fie. 63. 8-INcH CENTRIFUGAL GRAVEL Pump; Mgssrs. Ruston AND Hornssy, Limirep. 


any end loads that may be set up by the impeller 
or drive. The bearings are grease lubricated in the 
unit illustrated, but an alternative central oil supply 
may be fitted. 

The clutch pulley is mounted on a separate shaft, 


Diesel and fuel oil or paraffin, and is started 
by the external heating of a small vaporiser in- 
| corporated in the cylinder head. A heating lamp 
iis supplied for this purpose and it is possible 
to start up from cold in only a few minutes. 





carried by roller bearings, and is connected to the | Although the engine will run on a variety of fuel 


impeller shaft by a flanged coupling, the two halves 
of which are machined in position upon their 
respective shafts. The half coupling upon the 
impeller shaft is secured by a bolt which can readily 
he withdrawn when necessary, thus permitting 
egg of this shaft without disturbing that of the | 
pulley. 

The pump is capable of passing solids not exceed- 
ine 7 in. in diameter, and is stated to have an 
output capacity of 1,300 gallons per minute. At 
this output, and assuming a mixture wherein solids 
form 10 per cent. of the total, the volume of solids | 
passed would be, approximately, 45 cub. yds., per 
hour. The output increases in proportion to the 
percentage of solids, being 135 cub. yds. per hour 
when the percentage reaches 35. The pump is 
suitable for gross heads up to 100 ft. 

A new design of vertical two-stroke heavy oil 
engine is shown by Messrs. Tangyes, Limited, of 
Cornwall Works, Birmingham. This is built in 
sizes of 2}, 4 and 6 h.p., the speed of the smallest 
size being 650 r.p.m. and that of the largest 575 
p.m. Particular attention has been paid to the 
production of a simple and robust engine which 
can safely be entrusted to the attention of unskilled 
labour. The engine is adapted to run on gas, 


) 











oils, it is not suitable for oils which will not flow 
freely through the pipes and fuel pump without 
having to be heated. The governing of the engine 
is on the variable admission principle, operating 
through an automatic crankshaft governor which 
varies the stroke of the fuel pump in accordance 
with the load on the engine. With this method 
there is an impulse every revolution whether on 





power heavy oil cold starting engine and various 
centrifugal pumps, single ram pumps and a 6-in. 
| two-stage horizontal spindle turbine pump. 
| An interesting new motor-roller is shown by 
| Messrs. Wallis and Stevens, Limited, of Basingstoke. 
| This machine, which is known by the makers as 
| the Advance, incorporates a number of the special 
‘features of their Advance steam-roller. It is 
|a three-roller machine, and is fitted with the 
| firm’s automatic cambering rear axle. This feature 
it is claimed enables it to do work for which it is 
/sometimes supposed that two rollers of different 
| type are necessary. The cambering rear axle 
| allows the rear wheels to adjust themselves to the 
contour of the road so that, even on plastic carpets, 
| there is no marking of the surface by the edges of the 
| wheels cutting in such as is sometimes found with 
| a three-wheel roller with a rigid back axle. There is 
| also no tendency to side rocking sometimes experi- 
|enced with tandem rollers working over a cambered 
surface. There is no need to adjust the slope of 
the back roller, as they automatically take up a 
| position corresponding with the road camber. The 
|rear rollers are carried on independent axle arms 
| which are pivoted on steel pins carried in trunnion 
| brackets. These brackets are secured to the 
| boiler horn plates, and between these plates a 
strong hollow casting is carried, the trunnion 
| brackets being spigotted into this casting. The 
}axle arms project inwards, beyond their pivots, 
| to the inside of the hollow casting and meet in the 
'centre line of the vehicle. At this point they rest 
| on a pad carried by a powerful helical spring, the 
| effect of which is to tend to keep the rollers down 
|on the road. By means of this arrangement the 
jaxle arms are able to swing on their pivots and 
|the rollers can follow the road camber, but 
| the inner ends of the arms are spring controlled 
/and always bear against the pad. If the rollers 
| travel on to a flat surface the axle arms come into 
line, and the spring is compressed. This spring 
| suspension of the axle arms incidentally acts as a 
|shock absorber when the roller is travelling. As 
‘each roller is driven independently, the axle arms 
' are subjected to no driving stress, and have only to 
|carry the weight of the machine and the rolls. 
| The rolls can be locked in any position if desired. 
| Other special features of this machine which are 
also employed in the steam roller is the overhead 
steering and the locking fore-carriage. The arrange- 
ments allow the front rolls either to be left free to 
adjust themselves to variations of the road surface, 
or to be held rigidly parallel to the road surface, 
without interfering with the freedom of steering. 
The front fork is normally free to pivot on a cross-pin 
carried at the bottom of the main vertical pivot 
on which the fork is carried. Horizontal arms, 
however, formed solid with this pivot may be 
locked to the fork by inserting through pins, 
and when these are in place the fork is prevented 
from swinging in a vertical plane. It may, however, 
still swing with its pivot for steering, this operation 
being carried out through a steering quadrant 
secured to the vertical pivot. It is a convenience 
to be able to hold the front rolls rigid, as, for 





instance, in correcting unevenly laid material. 
The overhead steering is claimed to be a great 
improvement over chain steering, as it is more 
positive, easier to control and more sensitive. 
The steering worm, quadrant and reducing gear 
are all of steel and machine cut. The steering 





light, medium or full load. 

The bedplate forms the bottom half of the 
crankcase and the top half is part of the cylinder 
casting, a machined air-tight joint being formed 
between the two parts. The cylinder head and 
vaporiser are a separate casting easily removed for 
examination and cleaning. The piston is ground and 
is fitted with cast-iron rings. The connecting rod 
is a steel stamping, and has a white-metal lined 
bearing for the big end and a hard bronze bush for 
the gudgeon pin. The main bearings are also white- 
metal lined with ring oiling, and two turned flywheels 
are fitted. As the engine is suitable for use over- 
seas it is pointed out by the makers that when the 
temperature of the air supply is above 95 deg. F., 
the power of the engine is reduced by one per cent. 
for each 5 deg. F. rise in temperature above this 
figure. Messrs. Tangye also show a 39 brake horse- 





| head is carried on a ball bearing. 


The machine shown at the Exhibition is driven 
by a four-cylinder Dorman engine running on 
paraffin, but the roller is also built fitted with a 
four-cycle solid injection crude oil engine. The 
Dorman engine develops 24-5 brake horse-power 
when running at 1,000 r.p.m. It is regulated by 
a self-contained totally-enclosed governor running 
in oil. The Zenith carburettor is fitted with a 
special air cleaner, and the Sims high-tension 
magneto has an impulse starter to facilitate starting 
up in cold weather. Cooling is by thermo-syphon, 
there being a pressed steel radiator with a large 
diameter fan and suction cowl. Transmission 
from the engine is through a primary selecting 
clutch to a four-speed gear box, and thence through 
two ball-mounted dual plate reversing clutches 
to the differential shaft. The four-speed gear-box 
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is totally enclosed, and the nickel-chrome steel | 
gears run in oil. The gear shafts are carried in | 
ball bearings. The intermediate gears between the | 
gear-box and differential shaft are also machine- 
cut and run in oil. The gears give speeds of 4, 14. | 
2} and 4 miles an hour. The differential is of the 
four-pinion type and totally enclosed. An auto- | 
matic locking and unlocking device is fitted, and 
is controlled from the driver’s seat. The final 
drive to the rear rolls is by cast-steel spur gears. 

The rear rolls are 4 ft. 6 in. in diameter and | 
2 ft. wide on the face ; the front rolls are 3 ft. 9 in. | 
in diameter and | ft. 6 in. wide on the face. The 
naves are brass bushed and the dise centres of | 
wrought steel. The rims are also of wrought steel | 
and are readily renewable. Scrapers are fitted to 
the front and rear rolls and are adjustable for 
wear. Two brakes are provided, consisting of a 
foot-operated band brake acting on the differential | 
shaft and a screw-operated brake acting directly on 
the side of the rims ot the driving wheels. The 
main fuel tank is of 30-gallons capacity and an 
auxiliary 3-gallon petrol tank is provided for 
starting on petrol. Apart from the engine and 
gears, which are enclosed, grease gun lubrication 
is fitted throughout. The controls are all arranged 
conveniently for the driving position, the reverse 
clutches being operated by a handwheel. The 
machine is illustrated in Figs. 64 to 66, annexed. | 
The various aspects of the roller shown by the 
different figures will be clear without comment. 

The exhibit of Messrs. Johnston Brothers, 
79, Mark-lane, London, E.C.3, includes one of their | 
standard portable asphalt plants, an example of | 
which is illustrated in Fig. 67, on page 645. It is | 
there shown engaged in the production of a Gripfalt | 
non-skid bituminous road surface for the Bucking- | 
hamshire County Council, near Amersham. The | 
overall length of the machine is 26 ft., the height | 
18 ft. 6 in., and the width 8 ft. 8 in., while the | 
capacity is from 6 tons to 10 tons per hour. About | 
15 h.p. are required to drive the machine, and the 
main reduction gear consists of machine-cut wheels | 
enclosed in an oil bath. The main frame is built | 
up of steel members and supports a roof of gal- 
vanised corrugated steel; cast-steel road wheels, 
with Ackermann steering gear, are fitted. The 
feeding elevator is provided with a manganese-steel 
chain working over sprockets of the same material, 
and the revolving drum dryer is fitted with the 
firm’s special form of spiral feed. The drying 
chamber, which has twin furnaces, is lined with 
special light-weight insulating bricks. 

A dust-tight elevator is provided to raise the 
dried material to an enclosed screen and a two- 
compartment storage hopper, rejected material 
passing out through two chutes. An Avery dial- 
recording weighing-hopper is provided, and the | 
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material passes to the paddle mixer, which is | 
heated by hot gases from the dryer, and is provided 
with manganese-steel wearing plates and door. An 
adjustable automatic bitumen measure, with pump 
circulation for the bitumen, is provided, and auto- 
matic sight-feed pressure lubrication is fitted to all 
bearings. The mixed material is discharged directly 
into a cart or lorry, shown in position in Fig. 67. 

For distributing grit rapidly and uniformly on 
slippery roads, or on road surfaces which have just 
been treated with tar or bitumen, Messrs. Johnston 
Brothers make three sizes of gritting machines, one 
of which, the smallest, forms part of their exhibit. 
This machine is shown in service in Fig. 68, on 
page 645. It consists, as shown, of a hopper mounted 
on two wheels, and is intended to be towed at the 
rear of a lorry. The grit is distributed over a 
width of from 6 ft. to 7 ft. by a brush driven from 
the road wheels. A larger machine is mounted 
on four ordinary wheels for use as a trailer, and a 
model is mounted on three roller wheels 
and provided with a water reservoir and sprinklers 
for the wheels. The latter machine is frequently 
used in conjunction with the firm’s bitumen boiler 
fitted with a reservoir-squeegee attachment. In 
this case, immediately the hot bitumen has been 
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spread on the road, the grit is distributed over it, 
and, before any appreciable cooling has occurred, 
the roller wheels of the gritting machine press the 
grit down into the bitumen, forming an excellent 
non-skidding surface at a minimum cost. The illus- 
tration, Fig. 68, shows the small machine being 
re-loaded with chippings from a lorry, this being the 
normal method of re-charging the machines when 
in use. 

There is a considerable demand for a powet 
shovel of the mobile one-man-operated type, for 
the loading of loose materials such as tar-macadam 
sand, gravel, coal, &c., ready for transport. Two 
such shovels, which have proved very successful, are 
exhibited by the Chaseside Engineering Company, 
Enfield ; one of these, a high-lift type, is illustrated 
in Figs. 69 and 70. The scoop and shovel frame 
are mounted on a 25-h.p. Fordson tractor and are 
of simple and robust construction. The height ot 
the shovel frame in the type illustrated is 10 ft. 3in.. 
and the scoop can be tipped at any height up to 
9 ft., enabling the shovel to load railway wagons. 
Owing to its compactness of build and to the machines 
having a turning circle of 21 ft., the shovel is able to 
operate in very restricted space, enabling a good 
rate of loading to be obtained. The actual loading 
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PorTABLE ASPHALT PLANT; MEssrs. JOHNSTON BROTHERS. 














Fig. 68. Grit-DIsTRIBUTING MacHINE; MeEssrs. JOHNSTON BROTHERS. 


speed varies, naturally, according to the distance 
to be traversed between loading operations and also 
to some extent, with the nature of the materials 
handled, typical loading speeds are 20 to 25 tons per 
hour for tar-macadam and 25 to 30 tons per hour for 
loose earth. The manufacturers state that the shovel 
's capable of loading a 5-ton lorry in 12 min., at a 
cost of 83d. The operating costs including charges 
lor depreciation and interest on capital are given 
as 3s. 6d. an hour; these figures are based on an 
average fuel consumption of 3-gal. per hour, and 
i be reduced to 3s. when paraffin is used as the 
ruel, 

_ The low-lift power shovel shown on the same stand 
‘Ss similar in construction to that illustrated. Both 
the high- and low-lift types may be employed for 








traction and are capable of hauling loaded wagons 
up to 10 tons, and railway wagons up to 100 tons. 
Spraying machines, tar boilers, hand pumps, &c., 
are shown by Messrs. The Phoenix Engineering 
Company, Limited, of Chard, Somerset. Of these 
exhibits we give an illustration of the firm’s new 
portable, cold emulsion sprayer in Fig. 71, on page 
646. As will be seen, this is a self-contained plant 
arranged on a trolley, and consisting of an engine 
and air compressor, air-receiver, emulsion container, 
and sprayer. The container has a capacity of 40 
gallons, equivalent to one drum of material, and is 
tested to a pressure of 100 lb. per square inch; air 
pressure of 25 lb. to 30 lb. per square inch is, how- 
ever, sufficient to secure effective spraying. The 
plant is fitted with a safety valve and pressure 


gauge. The container is charged by employing the 
pressure air to force the emulsion into it. The air 
pressure is also used for scavenging the pipes and hose. 

On the stand of Messrs. W. and J. Glossop, 
Limited, of Hipperholme, Halifax, a steam, wagon 
fitted with tar-spraying equipment is being exhi- 
| bited. The steam wagon is manufactured by Messrs. 
Atkinson Walker Wagons, Limited, of Frenchwood 
Works, Preston. The engine of this vehicle is of the 
firm’s well-known uniflow type, steam being supplied 
at a pressure of 250 lb. per square inch from a ver- 
tical cross-tube boiler having a grate area of 3-3sq. ft. 
and a heating surface of 60 sq. ft. A superheater 
' coil is fitted in the uptake, and the steam tempera- 

ture is raised to 150 deg. F. of superheat. The boiler 
‘is suitable for burning coal or coke, and is stoked 
through a chute, the top of which is level with the 
footplate. A clinkering and lighting-up door is pro- 
vided, which is accessible from ground level. The 
engine has two double-acting horizontal cylinders of 
7-in. bore and 10-in. stroke, the valves being stainless- 
steel balls lifted from renewable mild-steel seats by 
| push rods operated by cams. The engine is totally 
enclosed and self-oiling. The transmission is from a 
steel sprocket keyed to one end of the crankshaft. 

The back axle carries a chain-wheel in which the 
| differential is incorporated, and the transmission 
consequently takes the form of a direct drive from 
| the engine to the axle, without any intermediate 
reducing or change-speed gears. The wheels are of 
cast-steel and are fitted with rubber tyres. The 
vehicle is shown in Fig. 72 on page 647. 

The spraying equipment is capable of dealing 
with 25,000 square yards of roadway in a working 
day. The tank has a capacity of 1,000 gallons, 
and the plant is arranged for charging the tank from 
railway wagons or bulk-storage tanks. For spray- 
ing the tar is heated by means of coils carrying 
superheated steam and situated inside the tank. 
The steam pump which handles the material has 
a three-way connection to enable it to be used for 
charging the tank, circulating the tar while it is being 
heated, and supplying the jets for spraying. The 


plant will heat tar or bituminous spraying prepara- 
tions from cold to spraying temperature in about 
half an hour. 

An exhibit of a somewhat different class from 
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Figs. 69 anp 70. MoToR-OPpERATED PORTABLE SHOVEL; MeEssrs. CHASESIDE ENGINEERING COMPANY. 


most of those with which we have hitherto been 
concerned is made by Messrs. The Paterson 
Engineering Company, Limited, of Windsor House, 
Kingsway, W.C.2. Owing to the scale of a large 
number of the plants which Messrs. Paterson 
manufacture, they can only be shown in an exhibi- 
tion of this kind in the form of models, and the 
firm accordingly show a model of a battery of | 
8-ft. diameter pressure filters as used in connection 
with the purification of public water supplies 
and swimming-bath water. A model showing a 
section of a Paterson gravity-type filtration plant 
is also shown. Among examples of actual plant 
exhibited we may mention Chloronome_ | quid 
chlorine dispensers. Various types of this plant 
are shown, including the automatic type for pro- 
portioning the addition of chlorine in proper ratio 
to the flow of water. The apparatus works in 
conjunction with a Venturi tube. An example of 
Paterson’s turbidity meter for determining the 
tubidity of water is also shown. We have on many 
previous occasions illustrated examples of Messrs. 
Paterson’s water-treatment installations so that we 
need not deal further with them here. — _ 

We may finally refer to the exhibit of another 
firm showing concrete and tar-macadam plant but 
whose products we have not been able to illus- 
trate on this occasion. This is Messrs. Millar’s 
Machinery Company, Limited, of Pinner’s Hall, 
E.C.2. This firm shows a 10-ton low-temperature 
dryer, which is arranged to prevent excessive 
heating when low temperatures are required for 
tar-macadam and bituminous mixtures. They | 
also show various examples and types of concrete 
mixers and a_ brick breaker, which is mounted 
on a chassis with its driving engine. The plant 
is intended for crushing old material obtained 
from demolished buildings, so that it can be used 
as a concrete aggregate. Examples are also shown 
of the firm’s diaphragm pumps and of their truck | 
tractor. This vehicle is mainly intended for use | 
in factories. It is, however, also constructed as 
a tractor for hauling trailers. It is suitable for 
hauling weights up to 10 tons. 

We have already referred briefly to an air-com- 
pressor exhibit of Messrs. Atlas Diesel Company, 




















Fic. 71. Powsrr-DriveEN SprayinG MacuInE; Messrs. PH@NIX ENGINEERING 
Company, LIMITED. 


Limited, of New Oxford House, Hart-street, W.C.1, | wire rope used, and the air consumption is 50 cub. ft. 
but did not deal in any way with the pneumatic | per minute. The hoist is designed to be mounted 
tools and other auxiliary plant which the firm are |on a column or column-arm with a diameter 0! 
also showing. Among this plant there is an/|3} in., or can be bolted to a beam or to the floor. 
interesting pneumatic hoist arranged for lifting or | Owing to its small overall dimensions and its facility 
hauling at any angle. It will lift a maximum | in operation, it is particularly suitable for use 1" 
load of 750 Ib. and has a rope speed of 50 ft. per | mines to lift or lower props or gear, or for use in 
minute. The drum will carry 500 ft. of the steel-' connection with foundation work. The compressed 
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Fig. 72. Roap-MAINTENANCE MACHINE ; Messrs. W. 
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Fig. 74. Brrumen-SprayiIna Macuine; Messrs. W. WEEKS AND Son, LiMIteb. 


air motor is of the four-cylinder, single-acting type, | 
the four pistons working on two crankshafts, thus | 
forming two pairs which balance each other. | 
The advantage of using two crankshafts is that | 
the strain on the gears and pinions is reduced and | 
very smooth running is obtained. The arrange- | 
ment allows of ball bearings being employed for 
the crankshafts; roller bearings are fitted to the | 
connecting-rod big ends. Air is distributed to 


breakers, pneumatic diggers, tampers and _ pile 
drivers. The heaviest pile driver shown has a 
piston weighing 55 lb., but the firm build these 
machines up to a size having a piston of 220 lb. 
weight. The lighter models are intended for timber 
or steel sheet piling, such as is used for trench 
work, and the larger machines for driving timber 
or concrete piles of average length in any ground 


} 
| 
| 


of pneumatic tools, including heavy-type concrete | 





the cylinders through a single rotary valve, which 
Is arranged so that the exhaust does not pass | 
through the valve but passes direct to the atmo- | 
sphere. The motor is fitted with a reversing | the air consumption 130 cub. ft. per minute. The 
mechanism, and is controlled by an operating | weight of the machine is 1,650 lb. The heavier 
handle which, when thrown over to its outer positions, | machines have guides suitable for mounting on 
causes the motor to run in one direction or the| timber frames. 

other. When it is released, it automatically returns | Three different sizes of their tamping machines, 
eg central, stop, position. The drum of the | an example of which is illustrated in Fig. 73, on this 
ae ‘an be freed from the motor, and is provided page, are shown by Messrs. B. Johnson and Son, 
wae a hand-brake. | of Skipton Road, Ilkley. Messrs. Johnson were 
The Atlas Company also show a large selection| among the first to construct tamping machines, | 


usually met with. The largest tool, with a 220-Ib. | 
piston, has a stroke of 83 in. and gives 250 blows a | 
minute. The energy of the blow is 1,050 ft.-Ib., and | 
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Fig. 73. TRENCH-TAMPING MACHINE ; MEssrs. 


B. JoHNSON AND Son. 


which, with the development of road and other 
| public works in recent years, have become important 
| items of contractors’ plant. This is largely due to 
the present high cost of labour and the importance 
|of securing good consolidation under modern traffic 
conditions. Of the two smaller machines shown, 
one is suitable for dealing with trenches up to 2 ft. 
‘wide and 6 ft. deep, and the other for trenches 
3 ft. wide and of the same depth. The ma- 
chines are mounted on springs and have rubber- 
tyred wheels, so that they are easily moved over 
rough ground. They can consolidate 120 to 130 
cubic yards of trench refilling a day, with the 
expenditure of 1} gallons of petrol for the engine 
and the labour of one man. The larger machine, 
which is shown in our figure, will deal with trenches 
up to 3 ft. wide and 10 ft. deep, and is suitable for 
breaking up the road surface prior to trenching. 


| The details of these machines have been described 


in our columns in the past. Briefly, they consist of 
a falling weight, lifted by a toothed segment on a 


| gear-driven shaft, which is automatically released 


as it reaches the top of its travel. 

Various types of tar or bitumen-spraying machines 
are shown by Messrs. W. Weeks and Son, Limited, of 
Perseverance Iron Works, Maidstone, and of these 
we illustrate one example in Fig. 74, on this page. 
This shows the firm’s continuous working power- 
driven bitumen or tar sprayer. The machine is of 
the hand-spraying type, the actual spraying being 
carried out by a gang of workmen operating the 
spraying nozzles. The boiler of the machine is 
divided into two compartments, situated side by 
side, and separated one from the other by a division 
plate, the upper part of which takes the form of a 
screen. Cold material is fed into one compartment 
in which a heated triangular tube is situated, and 
when it is heated sufficiently, passes through the 
screen into the other compartment, from which 
the supply is drawn. A 2}-h.p. hopper-cooled 
petrol engine is mounted above the boiler, and 
drives a two-throw pump, which is fitted inside the 
boiler and immersed in the hot material. The 
pump is of sufficient capacity to supply three nozzles 
at a time, and the pressure, when once adjusted, 
remains constant, The machine may be drawn by 
a horse or light tractor, and is continually moved 
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| 
forward at a regular pace, which is set by the men | 
operating the spraying nozzles. It is claimed that 
work can be carried out by this machine as quickly 
as by a mechanical sprayer, and it has the advantage | 
that the actual coating is applied by hand. | 

A vehicle which is almost in a class by itself, | 
but which may conveniently be referred to here, is | 
the sweeper and sprinkler auto-truck, shown by | 
Messrs. R. A. Lister and Company, Limited, of | 
Dursley. Since its introduction some few years 
ago by Messrs. Lister, this auto-truck has developed | 
in a remarkable way, and some 46 different models 
are now in use. We have illustrated one or other | 
of its applications on several occasions in our 
columns. The model shown at this exhibition is, 
as already indicated, fitted with a sprinkler and | 
rotating brush sweeper. Messrs. Lister also show a 
narrow-gauge locomotive and an elevating truck 
designed to pass through narrow doorways. The 
machine is illustrated in Fig. 75 annexed. 

A vertical drum-feed type elevator is shown by 
Messrs. H. R. Marsden, Limited, of Soho Foundry, 
Leeds. The design of -the elevator is such that 
the material handled is prevented from coming into 
contact with either the bucket lips or the chains 
and sprocket wheels, a feature which makes the 
elevator particularly suitable for the handling of 
rough and abrasive materials; they are, in fact, 
widely used in quarry plants, chemical works, and 
coal, coke and ore elevating plants. 


The method of mounting the buckets can be 
gathered from Fig. 76, which gives a general view 
of the elevator. The bucket chains are carried | 
round sprocket wheels fitted at the sides of the | 
cylindrical portions of the upper and lower drums. 
The drums are provided with segmental rectangular 
openings which are spaced to synchronise with the 
pitch of the elevator buckets; the openings in 
the feed drum are of less width than the bucket, 
to ensure clean entry of the material, the reverse 
being true in the case of the upper, or delivery, 
drum. In operation, the material is fed into the | 
lower drum, collected by the buckets, and on 
passing over the delivery drum is discharged into 
a chute. 

An asphalt plant which has not been shown before 
is being exhibited by Messrs. Braham, Patterson and 
Benham, Limited, of Grenade-street, Limehouse, 
K.14. This has a capacity of from 5 to 7 tons. It is 
self-contained on a chassis, and both axles are 
carried on semi-elliptical springs. The wheels are 
of the disc type with wide treads, and the question of 
transport has been kept in view throughout the 
design. From this point of view, considerable 
attention has been paid to arranging the details 
of the plant for quick dismantling and re-erection. 
The arrangement consists of a horizontal drying 
drum, with an elevator. at the feeding end for lifting 
the material to be treated from the stock piles on 
the road side. This wet elevator can be operated 
from either side of the machine. A furnace, slung 
from the chassis frame, is provided below the drying 
drum, and this also is arranged so that it can be 
operated and fired from either side. At the other 
end of the plant, an elevator, termed the hot elevator 
is provided. This lifts the hot material, leaving the 
drum, to the storage bin and screen, through which 
the material is delivered. The frame carrying the 
bin and screen is hinged so that it can lie horizontally 
on the top of the plant when travelling. The hot 
elevator is also hinged to lie above the drum casing 
for transport. The hot, or delivery, elevator is | 
arranged to carry more material than the wet 
elevator, so that there is no possibility of choking | 
the boot of the second elevator. An automatic | 
tensioning device is provided in the hot-elevator | 
chain to compensate for expansion and contraction. | 
The firm also show a power-operated bitumen | 
spraying machine and a 600-gallon bitumen supply 
boiler. 

Messrs. Robert Broadbent and Son, Limited, of 
Phoenix Iron Works, Stalybridge, are showing 
models of their well-known stone-breaking and 
screening plant. One of the models illustrates their 


stonebreaker fitted with a rotating screen driven | stone being dealt with. 


by a spur ring from its upper end. This automati- 
cally screens the broken stone to size. The chipping 
breaker is also shown, important features of which are 
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AvutTo-TRUCK SWEEPER AND SPRINKLER; Messrs. R. A. ListeR AND Company, LIMITED. 

















Fic. 76. Drum-Type Evevator; Messrs. H. R. MarspEN, Lowirep. 


or rubbing or rolling effect between the jaws and the | : 0 sinee! 
A third exhibit illustrates | Works, Godalming, exhibit a  tar-spraying an‘ 


Messrs. F. G. Barnes, of Ockford Engineeriny 


the firm’s crushing rolls. These rolls are of manga- | road-brushing machine previously described in 


nese steel and the second is driven from the first 
by shrouded spur wheels. The rolls are mounted on 


that there is no lifting action of the swinging jaws, | square shafts. 








these pages. This consists of a tank fitted with 
steam coils, which are supplied from the steam 
roller or tractor employed for hauling the machine 
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SOME FUEL PROBLEMS. 


Few countries have suffered more than Great 
Britain from the activities of those who, priding 
themselves on their altruistic or artistic aims, 
pursue the pleasing process of gratifying their 
fancies at the expense of other people. It was this 
philanthropic passion for protecting the community 
from the mythical danger of exploitation by enter- 
prising capitalists which led to the Chamberlain 
Electricity Acts, with, as estimated by the expert 
committee of investigation appointed during the 
war, a resultant cost to the country of many 
millions per annum. Similar motives were re- 
sponsible for wrecking the various projects brought 
forward some 20 or 25 years ago, for the construc- 
tion of suburban railways in the north-eastern 
and eastern Metropolitan area. Here again, 
the philanthropic efforts of Mr. John Burns and 
his associates have had to be paid for by the 
unfortunate residents of these districts, if not in 
cash, at least in time and temper. Still more 
recently altruists of the same unself-sacrificing 
type, set on doing good at no matter what incon- 
venience and cost to others, prevented the improve- 
ment of Waterloo Bridge. At the present moment 
their efforts are mainly devoted to protesting against 
the construction of super-power stations and electri- 
cal transmission lines. 

Air pollution is the principal crime charged against 
the super-station, and undoubtedly if the engineers 
of to-day were as incompetent as was assumed by 
those responsible for the Waterloo bridge agitation, 
this drawback might be serious. Nevertheless, 
paradoxical as it may at first glance appear, it is 
the advent of the super-power station which seems 
to promise the possibility of reducing to a minimum 
the defilement of the atmosphere by industrial 
processes, and in particular that associated with the 
production of power. 

This point is very clearly brought out in a 
valuable and elaborate paper recently read by Mr. 
David Brownlie, before the Glasgow and West of 
Scotland Branch of the Institution of Mechanical 
Engineers. In this paper, the author notes that 


ten years ago the largest power stations did not 
consume more than 100 to 300 tons of coal per day, 
and, in this country it may be noted, most public 
power stations fell far below the smaller of these 
figures. To-day, he states that a consumption of 
1,000 tons per day is not uncommon, whilst a 
few now under construction will. burn 1} million 
tons per annum. This extraordinary increase in 
size greatly improves the prospect of making a 
commercial success of low-temperature carbonisa- 
tion, since by-products can be probably recovered 
only in the case of large plants. 

The ideal system would seem to be a: complete 
gasification of the fuel, the gas being cleaned from 
sulphur and ash before being fed to the furnaces. 
Such an operation necessarily involves some waste 
of heat due to the incidental cooling of the gases 
in the act of purification, but it is at least conceivable 
that by the recovery and sale of the by-products, 
actual fuel costs may well be less than if the boilers 
were fired with raw coal. The waste of heat in 
question could, of course, be avoided were the flue 
gases washed instead of gas proceeding to the furnaces, 
but the bulk to be dealt with would be enormously 
greater. 

It may be noted that Mond gas has for many years 
past successfully competed with raw coal for the 
firing of furnaces in Staffordshire. This gas has a 
calorific value of about 140 B.Th.U. per cubic foot. 
Owing to its large content of CO,, it cannot be used 
for incandescent gas lighting, as the flame is too cool. 
Probably the elimination of the carbonic acid by 
commercially practicable processes is not beyond 
the powers of the chemist, but had the Power Gas 
Corporation proposed to supply such a gas, it is 
probable that their Bill would have been rejected 
when it was before Parliament, owing to the fact 
that many municipalities in the area specified had 
speculated in gas works. 

It may be noted, incidentally, that lighting by 
gas having a calorific value of but 200 B.Th.U. 
per cubic foot is now being used successfully at 
Nuneaton. It is generated, Mr. Brownlie states, by 
two Maclaurin producers, and is supplied at a 
pressure of 8 in. of water, which is maintained by 
motor-driven boosters suitably distributed. There 
are 36 miles of mains and 6,000 gas users. The cost 
to the consumer per thermal unit supplied is stated 
to be nearly the same as if raw coal were used. 

An interesting plant described in the paper under 
review is that installed at Dunstan in 1925, the 
design of which was based on the experimental 
work carried out by Messrs. Merz and McLellan 
at the Neptune Bank station of the Newcastle-on- 
Tyne Electric Supply Company. This corporation, 
it may be noted, has taken the lead in a number of 
improvements in power station practice. It installed 
steam turbines at a date when reciprocating 
engines were adopted for every other power station 
throughout the world, and, time and again, the 
company has, when installing new machinery. 
broken all previous records for efficiency. At the 
Dunstan station, moreover, year in and year out, 
boiler efficiencies of 84 to 86 were maintained, 
whilst the average for other large stations was little, 
if at all, over 65 per cent. or 70 per cent. This 
past record of successful enterprise will increase the 
interest with which engineers will await the ultimate 
result of the new departure at Dunstan. The coal 
used is Northumberland rough smalls, which is 
gasified in a vertical retort fixed in front of the 
boiler setting. The heating is effected by passing 
up through the fuel a mixture of gas and steam 
with, if necessary, a small proportion of air. 

As the result of this low-temperature carbonisation, 
some 14 cwt. of smokeless fuel are produced per ton 
of coal fed, and this fuel is passed directly to the 
boilers as it is withdrawn at the bottom of the retort. 
In addition, some 35,000 cub. ft. to 37,000 cub. ft. 
of gas per ton of raw coal fed are discharged from 
the top of the retort, and, after washing to extract 
the residuals, this too is fed into the furnaces. 
The by-products per ton of coal fired are stated to 
be 4-7 gallons of light oil and 14 gallons of dry tar. 
Mr. Brownlie states that some 27,300 tons of coal 
have been treated in this way. The total operating 
and maintenance charges have been 48. 8d. per ton, 
and there has been a net profit, as compared with 





raw coal firing, of 2s. 11-6d. per ton. The special 
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feature of the Maclaurin process which was installed 
in 1914 at the Port Dundas station of the Glasgow 
Corporation is the slow transit of the coal through 
the retort, the passage taking about 25 hours. 
As one consequence the smokeless fuel withdrawn 
at the bottom of the retort is dense and hard, 
with only 3 per cent. to 5 per cent. of volatile 
matter. About 25,000 cub. ft. to 30,000 cub. ft. of 
gas are produced per ton of coal fed, and this gas 
has the relatively high calorific value of 230 B.Th.U. 
to 250 B.Th.U. per cubic foot. No attempt is made 
to extract the light oils, but 14 gallons to 20 gallons 
of typical low-temperature tar are obtained from 
each ton of coal fired. 

Whilst it is economically impossible to combine 
by-product recovery with gas production in the case 
of small plants, yet the convenience of gas firing 
has, as Mr. Brownlie points out, led to a somewhat 
extensive use of producer gas for the firing of small 
vertical and other boilers. Low-grade fuel can be 
used, since ash and clinker cause much less trouble 
in a generator than in a boiler furnace. The gas 
is led directly from the top of the generator to the 
fire-box, and smokeless combustion is obtained 
with satisfactory efficiency. Since there is no mass 
of hot fuel in the boiler furnace, there is great 
flexibility in the rate of steam production. 

This valuable property is, of course, equally 
characteristic of firing by oil or by pulverised fuel. 
If a coal-fired destroyer running at full speed 
suddenly encountered a fog involving a stoppage or 
slow-down, there was always a large loss of steam 
from the safety valves, whilst with oil firing hardly 
a pound would be wasted. It is this quality which 
is, in part, responsible for the growing popularity of 
firing with pulverised fuel. 

As matters stand, Mr. Brownlie states that 26 
per cent. of all the coal burnt in American power 
stations is pulverised, the aggregate amount being 
10? million tons per annum. This, he notes, is 
20 per cent. more than the total consumption of 
British power stations. The method also lends itself 
to very large outputs from single boilers, and mention 
is made, in the paper under review, of a number now 
under construction which are to have a normal 
rating of 500,000 Ib. of steam per hour, whilst at 
overload, this rate will be raised to 800,000 Ib. 
High efficiencies of the order of 88 per cent. to 
94 per cent. are claimed, but it should be noted that 
many of these installations are operated with coals 
containing far less ash than many of the steam coals 
available in this country. The ash trouble is said 
to have been eliminated from the pulverised-fuel 
plant in the larger American stations. The ori- 
ginal Bettingten boiler was blamed for spreading 
ash over an extensive area surrounding the works 
in which it was installed, but Mr. Bettington’s 
work was undoubtedly hampered by the grades of 
fuel available. Curiously enough, Mr. Brownlie 
omits all mention in his paper of the pioneering 
work of this inventor, who had, in fact, a fuller 
grasp of the essentials of the problem than had 
his immediate successors. The roomy combustion 
chamber and water-lined walls were both first 
introduced by him. Had he profiteered at home, 
instead of volunteering for active service when 
Germany challenged the world, the lead in the matter 
of firing by pulverised fuel might not have passed 
to the United States. 

With good coal and suitable stokers, sufficient 
flexibility for power station requirements can be 
secured without resorting to gaseous or pulverised 
fuel. Thus we learn from Mr. George Orrok that 
there is no intention of extending the use of pul- 
verised fuel in New Ycrk, although the one plant 
in use there has proved perfectly satisfactory. With 
the cheap and excelient Pocohontas coal, fired by 
underfeed stokers, it has been found possible to 
take, without difficulty, all peaks due to the sudden 
onset of storms or fogs, and for the same reason, 
there is no intention of introducing, into New York 
stations, any kind of thermal storage. 

Whilst satisfactory output and efficiency can be 
obtained with pulverised fuel, the alternative of 
gasifvying the coal and firing with the cleaned gas, 
greatly simplifies the problem of prevailing atmos- 
pheric pollution. It is to be hoped, therefore, that 
the recent extensive and expensive researches on 
low-temperature carbonisation will show how this 








technically successful process can be made commer- 
cially remunerative. Much, of course, will depend 
upon the price of coal and the value of the by-pro- 
ducts. Fortunately, amongst these, is motor spirit, 
the demand for which may be expected to increase 
for many years to come. As indicating the possibi- 
lities, Mr. Brownlie estimates that were the 275,000 
tons of raw coal now yearly consumed in Glasgow 
municipal power stations replaced by fuels resulting 
from low-temperature carbonisation, the by-products 
would include 510,000 gallons of purified petrol, and 
76,500 barrels of Diesel oil. 








HIGHWAY ENGINEERING IN THE 
UNITED STATES, 


Str Jostau Stamp, during his inaugural address 
as President of the Institute of Transport, at the 
opening meeting of the present session, laid great 
stress on the necessity in questions of transport 
of examining the common function of quite 
separate services, and considering this common 
function more by what it represented as a single 
idea of economic service than by the varied ways 
in which it was discharged. At the fifteenth 
annual Conference on Highway Engineering, held 
at the University of Michigan in February, 
Professor H. E. Riggs also emphasised the necessity 
of regarding the problem of transport in this way. 
He showed by statistics that the chief beast of 
burden, in the United States, is still the railway, 
which receives less than 1-1 cents per ton-mile 
for the work it does, and pointed out that nothing 
should be permitted which would injure or weaken 
this essential agent of transportation. The highway 
as the ally of both railway and waterway has its 
function in dealing with short-haul freight and 
passenger business, and, we may safely assume, 
he said, that the American transportation system 
of the future must be a co-ordinated system in 
which railway, highway and waterway will each take 
its proper part. 

Although the development of motor lorry services 
will undoubtedly take much of the short-haul 
business of less than a truck load from the railways, 
the loss will be more than made up by the function 
of the lorry as a feeder and distributor for the 
railway. It is of interest to note the Professor’s 
opinion that, in the United States, the electric 
interurban railway is a form of transportation 
that bids iair to beoome nothing but a memory 
in but little time. The transportation question is 
naturally influenced by the fact that in America 
there are great and prosperous cities far from 
navigable waters. These have led to recognition 
of a need for great trunk-line highways in the 
future, of 100 ft. to 150 ft. wide for main roads, 
and not less than 80 ft. to 100 ft. for secondary 
roads. Such roads which have followed directly 
from the enormous expansion of the motor-car 
industry, are being laid down. In a paper on 
“Highway Development in the Chicago Metro- 
politan Area,” Mr. Robert Kingery defined the 
super-highway as a 120-ft. highway divided down 
the middle by an 84-ft. rapid transit right-of- 
way, making a total right-of-way width of 204 ft. 
An interesting development is the increasing use 
of a neutral strip separating directions of traffic 
and the separation of grades at street crossings 
which carry a dense traffic. A very fine example 
of grade separation is that of the street crossing 
at Grand Boulevard and East Jefferson Avenue, 
Detroit. 

In the papers on construction work read before 
the Conference, the importance of giving assistance 
to the material producers and contractors in 
order to secure satisfactory materials for use 
in their work, was recognised. The Bureau of 
Tests and Specifications of Allegheny, Pennsyl- 
vania, designs and constructs field-testing equip- 
ment, undertakes the drilling of cores from all 
pavements, and makes a joint report with the 
Bureau of Roads to accompany final estimates 
before payment is approved by the County Con- 
troller. The correlation of soil and pavement 
surveys is undertaken by the Michigan State 
Highway Department primarily for the purpose 
of correlating the pavement conditions with the 


| Soil characteristics, and incidentally for the purpose 





of determining whether or not a certain design of 
pavement and underdrainage on a certain soil, 
under definite traffic conditions, would prove satis- 
factory from the condition and maintenance 
point of view. About 100 types of soil have 
been mapped and identified, the character of the 
various soils ranging from well-drained open sands 
to dense, impervious clays. Many different methods 
of subgrade treatment of the porous sub-base 
type, and different designs of drainage and sub- 
drainage, are represented in the mileage being 
studied. 

The Michigan State Highway Department, during 
the construction season of 1928, changed from the 
volumetric method of proportioning aggregates for 
concrete paving mixtures to that of weighing the 
fine and coarse aggregates. It was found that the 
weight method of measuring aggregates produces 
more uniform concrete than the volumetric method 
of proportioning. This is shown by the data 
presented covering the over-run and under-run of 
cement on typical projects on which the fine and 
coarse aggregates were measured by these methods. 
The quantities of each aggregate can be more 
readily adjusted by weight than is possible by 
volume, since the matter of adjusting quantities 
when measuring by weight is simply a case of 
resetting the weights on the scale beams. In the 
case of volumetric proportioning, in order to correct 
the proportions accurately, it is necessary to calibrate 
the containers and make a considerable computation 
before making adjustment. The case for making 
adjustment by weight is further borne out by the 
records on various projects where reports show 
that the mix was adjusted day by day to correct 
for moisture and variation in the coarse aggregates. 

The past few years have seen the extensive 
development, in a number of States, of a form of 
bituminous surface known as ‘‘re-tread.” It is 
reported that this type of surface was first laid in 
Pennsylvania where it was devised to re-condition 
a considerable mileage of broken stone and shale 
roads, and make them suitable for modern traffic. 
Re-tread consists essentially of a course of stone 
mixed with bituminous material by blending on 
the road. Its purpose is to provide a cheap, 
dustless and smooth-riding top course for old 
macadam, gravel, or broken-stone roads. It may 
be classified in value as intermediate between 
bituminous surface treatment and penetration 
macadam. 

The conferences on highway engineering, which 
are held at the University of Michigan, bring 
together men of varied interests in road transporta- 
tion and construction ranging from the academic 
worker to the manufacturer of road materials. 
Different interests are brought into touch, and 
this allows of the comparative aspects, costs, Xc., 
being discussed with some progress at least towards 
Sir Josiah Stamp’s ideal of a common function. 





NOTES. 


Firry Years or ELectricaL SCIENCE AND 
INDUSTRY. 


THE inaugural address, which Mr. Llewelyn B. 
Atkinson, as Chairman of the Council, delivered to 
the Royal Society of Arts on Wednesday, Novem- 
ber 6, though containing little which will be new to 
specialists. in the various branches of electrical 
engineering with which he dealt, will be found 
interesting by those whose outlook is perforce 
limited to their daily occupations and by the 
larger and increasing lay audience, who wish to 
know something about things scientific and technical. 
That the Royal Society of Arts is not an unsuitable 
body to listen to such a survey is shown by a biblio- 
graphy of the papers and Cantor lectures on electri- 
cal subjects which were read at its meetings between 
1876 and 1901. These include more than one that 
has subsequently formed a basis for useful and 
important practical work. Mr. Atkinson naturally 
began with Faraday’s discovery of electromagnetic 
induction, and passing on to the middle ’sixties of 
last century, when the self-exciting dynamo was 
practically simultaneously discovered by Varley, 
Wheatstone and Werner von Siemens, came to the 
early experiments with the arc lamp for stree! 
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work of Swan, to whom we are glad to see he gave 
precedence over Edison. Mr. Atkinson next re- 
ferred to the well-known “ battle of the systems,” 
in which Crompton and Ferranti were the chief 
protagonists, and to the work of the Hopkinsons, 
Kapp, Silvanus Thompson and others, which re- 
sulted in a greater knowledge of the principles of 
dynamo design, the net result being that this was 
put on a firm footing, really very little of a funda- 
mental nature having since been added. Equally 
important was the work of Willans and Parsons 
on the steam side, and the progress that was made 
in the manufacture of cables, which enabled energy 
to be transmitted at relatively high pressures. 
Similarly, he surveyed the progress that had been 
made in the fields of electrical communication and 
theory, calling attention under the latter heading 
to the fundamental importance of Clerk Maxwell’s 
1864 paper on “ A Dynamical Theory of the Electro- 
Magnetic Field,” wherein he showed that if light 
was a propagation of energy by a medium, light itself 
might be an electro-magnetic disturbance. The 
lesson to be drawn from this address, though 
Mr. Atkinson did not himself do so, is that modern 
electrical development has depended ‘to a larger 
extent than almost any other form of progress on 
the painstaking classification and careful application 
of scientific knowledge. 


PRESENTATION OF PORTRAITS TO THE INSTITUTION 
oF ELECTRICAL ENGINEERS. 


The appearance of the lecture theatre of the 
Institution of Electrical Engineers at Savoy Place, 
London, has been much improved by the gradual 
acquirement, partly by purchase and partly through 
the generosity of certain members, of oil paintings 
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THE WORLD ENGINEERING CON- 
GRESS IN JAPAN. 


THe World Engineering Congress, which has just 
been held in Japan and to which reference has already 
been made on several occasions in these columns, 
consisted of meetings and functions held from 
Monday, October 28, to Thursday, November 7, 
inclusive, with many excursions before and afterwards. 
The latter actually commenced on October 25, and 
are planned to continue until the 28th inst., and include 
both non-technical visits to noted places in Japan, 
as well as inspections of works and undertakings. 
The Congress has been organised by the Kogakkai, 
and is being carried out with the assistance of the 
Government. It is under the patronage of His 
Imperial Highness Prince Yasuhito of Chichibu, 
supported by members of the Government. The 
president is Baron Koi Furuichi. The Congress is 
being attended by delegates of many nationalities. 

The technical sessions of the Congress have been 
conducted in 12 sections. Briefly, these may be 
summarised as (1) general problems, (2) engineering 
science and materials, (3) structural engineering, 
(4) public works, (5) transport, (6) communication, 
(7) power, (8) mechanical engineering, (9) shipbuilding 
and marine engineering, (10) chemical and _ fuel, 
(11) mining and metallurgy, (12) scientific manage- 
ment. A very large number of papers were contributed, 
and we propose to deal with a number of these by 
way of summary. It is not possible to deal with all, 
neither is it possible to classify them exactly according 
to programme. Further, owing to the different dates 
at which copies have become available, it will not be 
possible to dismiss sections either completely at once, 
or in any particular order. The arrangement must 
under the circumstances be to some extent fortuitous, 
while the grouping is our own and does not necessarily 
follow that adopted in the Congress proceedings, 


SHIPBUILDING. 


of outstanding pioneers in the profession. 
recently these portraits included Faraday, Kelvin, 
Wheatstone and Volta; to these, on Thursday, 
November 7, portraits of Clerk Maxwell and Hop- 
The latter was presented by 
Sir Tom Callender, who, in asking the Institution to 
accept it, said he was proud to have been associated 
with Hopkinson, both as a friend and in business. 
Hopkinson had a great career at Cambridge, and 
when he left the University he was already an 
outstanding figure in engineering. 
to be found fully recorded in the proceedings of the 
Royal Society and of their own Institution. 
W. M. Mordey recalled that it was almost exactly 
20 years ago since a bust of Hopkinson had been 
presented to the Institution by his widow. 
that occasion Bertram Hopkinson had given an 
admirable summary of his father’s work, to which 
he should like to refer all young electrical engineers. 
Mr. Llewelyn B. Atkinson, 
portrait of Clerk Maxwell, said that the selection 
of material for a posthumous portrait was very 
He had been helped in this work by 
Sir Ambrose Fleming and Sir Arthur Schuster, 
both of whom knew Maxwell. 
fortunate to find the revolving coil apparatus 
which Maxwell had used at King’s College, London, 
to determine the value of the ohm, and this had been 
incorporated in the picture. 


kinson were added. 





in presenting the 


They had also been 


Maxwell’s well-known 


treatise, which was published in 1873, was the | 25 ft. long, riveted back to back, and supported on 
knife edges 20 ft. apart. These were subjected to 
concentrated loads, increased by steps of 1 ton, the 
deflections being measured carefully, both under load 
pr te! ia dll aeadh inh teas th and after release. The values of Young’s modulus 
ectromagnetic field, and although ideas on the | .ajcylated from the deflections at different loads were 
subject had changed, his equations were still] much less at the lower loads than at the higher, 
accepted. It might be added that his work on| ultimately reaching a value of about 10,500 tons 
thermodynamics and on the viscosity and theory of | per square inch, which with the ordinary steel was 
fairly constant between calculated stresses of 5 tons 
ma ea : per square inch, and those at which failure began, 
ey SS and with the special steel at stresses of about 8 tons 

Tue Propuction oF HELIUM IN THE UNITED States.— | per square inch and upwards. Similar tests were 
During September, the plant at Amarillo, Texas, of | applied to two other beams, in which by appropriate 
the United States Bureau of Mines, produced 847,840 | arrangements, the 10 in. channels were held 10 in. apart 
cub. ft. of helium, the average purity of which was 97-7 | instead of being riveted back to back, and were kept 


result of 10 years’ work based on the fundamental 
paper, which he read before the Royal Society in 
1864. In this he laid down the properties of the 


gases was also of fundamental importance. 


per cent. On page 251 of the issue of ENGINEERING for f 
August 30 last, will be found a description of the Amarillo 

plant. The progress made during the past few months is t 
indicated by the fact that the output for July, which was t 


given on page 325 of our issue of September 13, was but | Beams released from stress when on the point of 
648,850 cub. ft., i.c., about 75 per cent. of the September | failure, after a permanent set seemed to have taken 
production, The gross cost was 17-63 dols. per 1,000| place, recovered straightness after a sufficient lapse 
cub. it. of pure gas, 100 per cent. helium being taken as| of time, Those of ordinary steel deflected less at 
u besis for calculation. If, however, the proceeds of the | iow Joads, took permanent set sooner, appeared to 


sale of the residual natural gas from the plant be taken 


In a paper on ‘“‘ Ship Experiments and Theories ” 
Mr. J. Foster King, C.B.E., pointed out that in the 
design of ships much further information is necessary 
by way of correlation between observed strains and 
calculated stresses, so as to enable mathematicians 
to devise trustworthy formule, by the use of which 
stresses may be calculated to correspond with certainty 
to the induced strains in material built into steel 
ships. 

As a contribution to information of this character, 
Messrs. Holt have allowed the author to publish in 
this paper particulars of some experiments carried 
out by them on their ships Eurymedon and Prometheus 
of the Blue Funnel Line when they were built some 
three years ago. Though sister ships, the vessels had 
certain characteristic differences. The Eurymedon 
was built with transverse framing throughout, while 
the bridge deck plating of the Prometheus was 
supported by longitudinal beams carried on transverse 
girders, so as to be able to use lighter deck plating 
for providing effective resistance to compression. 
The Eurymedon was built of ordinary 28/32-ton 
mild steel, while in the Prometheus for the first time 
a 31/35-ton mild steel was used, with an elastic limit 
(limit of proportionality) not less than 15 tons per 
square inch, the higher quality steel giving an 
estimated saving of weight of not less than 250 tons. 
The average extension of both steels, derived from 
a series of careful laboratory tests, was 0-006 in. 
on 8 in. at a stress of 10 tons per square inch, but 
with a range of values of at least + 7-5 per cent. 
Preliminary bending experiments were made on beams 
of each steel, composed of two 10-in. channels 


rom endwise movement. The results were similar 
o those obtained with the first pair of beams, except 
hat the value of Young’s modulus was 14,100. 





into account, the cost is reduced to 14-01 dols. per 1,000 
cub. ft. of pure (100 per cent.) helium. 


be distressed earlier, and failed sooner than those 
of special steel. A third experiment made on a water- 


tight box, one side of which was of ordinary and 
the other of special steel, and provided with stiffeners 
intended to give fixed-end support, seemed to indicate 
that it was impossible to provide fixed ends for a beam 
in a ship, and that at small loads the modulus of 
resistance for stiffeners increased in some proportion 
to the plating riveted to them. 

A fourth set of experiments, the most important 
of all, was made in order to obtain a direct comparison 
of the behaviour of the two vessels under load, and 
with the Prometheus a series of measurements of strain 
as well as of deflection was made under conditions 
which extended to the severest that could be applied 
with safety. In the experiments on each vessel the 
loading was applied by successively adjusting the 
water contents at each part of the vessel so as to 
produce in turn hogging and sagging and the resulting 
deflections were measured. In the observations on 
the Prometheus the strains on the plating were also 
measured directly by means of strain meters of a 
robust type, designed for the purpose by Mr. King. 
These consisted of two steel bars of 3 in. by } in. 
section, each about 5 ft. long, which were secured 
to the plating end to end by steel studs at a distance 
of 10 ft. from each other. The adjacent free ends 
had brass studs tapped into them, and the strain 
within that distance of 10 ft. was measured by gauging 
the gap between the studs. This arrangement appeared 
to be unaffected by any disturbance in the neighbour- 
hood, such as hammering or vibration, and to measure 
the strains accurately. Ten pairs of these meters 
were fixed in appropriate positions on the port and 
starboard sides of the vessel, and their readings, 
together with the deflections, were read in two con- 
ditions of hogging and two of sagging. At the same 
time each of the stresses so measured was compared 
with the several values of the stresses at the same 
points, calculated on four different usual hypotheses 
as to the effective moments of inertia. The results 
appear to show that extended data of the same kind 
would throw light on factors in ship construction 
which at present are ambiguous. 

A paper on “ Ship Vibration,” by Professor Frank M. 
Lewis, of the Webb Institute of Naval Architecture in 
New York, presented an analytical summary of existing 
knowledge on the subject, especially in regard to vibra- 
tion of hulls. Vibration can be classified according 
either to its exciting causes or to the normal modes 
of vibration of the hull, but for practical purposes, 
and in the present paper, it is considered most usefully 
from the former point of view. In some circumstances, 
indeed, vibration may be avoided by avoiding synchro- 
nism between the frequency of the periodic forces and 
that of the elastic hull, or by so placing the periodic 
force that it acts upon the elastic body at a node, or 
by damping and other special devices. The designer 
has, however, only a limited control over any of these 
methods, and the author insists more than once that 
a ship without vibration can be obtained only by 
eliminating the exciting periodic forces. The ways in 
which a hull can vibrate and the positions of the vibra- 
tions are indefinitely numerous, and even if an exciting 
force happens to avoid the principal forms of vibration, 
it can readily set up one of the numberless possible 
local vibrations. The effects of propellers and of the 
main and the auxiliary machinery are discussed with 
singular clearness, though for the most part the argu- 
ment covers familiar ground. Particular stress is laid 
on the difficulty of vibration problems with Diesel 
engines, arising from the highly irregular torque which 
results from the generation in the cylinder of a pressure 
of about 500 Ib. per square inch during firing, as against 
a mean pressure of about 100 lb. per square inch during 
the firing stroke. Directly, this irregular torque pro- 
duces torsional vibration in the shaft, but equal and 
opposite torque is transmitted through the engine 
framing, and produces either fundamental or local 
vibrations in the hull. In the geared Diesel ship 
torsional shaft vibration presents particular difficulties, 
arising mainly from the fact that to work satisfactorily 
a gear drive must be constantly positive if the teeth 
are not to separate and pound against each other. 
Successful drives have, however, been designed, both 
for Diesel and turbine use. Attention is called to the 
small extent to which the influence on a ship’s vibration 
of the surrounding water has been studied. The 
author is discussing the subject in a paper to be 
presented this month to the Society of Naval Architects 
and Marine Engineers, but here he points out that the 
most important effect of the surrounding water is that 
it must vibrate with any vibrations of the hull, and 
thus virtually increase_the hull mass. In his view, 
streamline flow is an unlikely source of vibration, 
and though eddies seem a more probable cause, the 
author has found no case of vibration which could not 
be traced to forces produced by the machinery or 
propellers. The paper concludes with a discussion 
of methods of computing the natural frequencies of a 
hull, and of the effect of the hull structure itself on 








vibration. 
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Professor Percy A. Hillhouse gave a succinct and 
comprehensive account of ‘Shipbuilding in Great 
Britain,” under which title he included the firms who 
build ships, the outputs and capacities of British yards, 
the growing use of model experiments and research in 
tanks, the facilities for professional education, and 
some notable ships of recent years as indications of 
the nature of the progress that has been made. In its 
few pages, the paper includes information that many 
British marine engineers could not give offhand. 

The account given in Mr. Seiichi Kato’s paper on 
“Three Special Kinds of Fishing Boats Recently 
Developed in Japan”’ illustrates both a Japanese 
industry, of which the extent is not known generally 
in Europe, and the prospects of its continued rapid 
increase. Japan is said to have an output of over 
2,000,000 tons of aquatic products, all but twice as 
great as that of Great Britain and Iteland, who are 
the next largest producers. On the other hand, Japan 
employs over 1,000,000 people and about 350,000 
boats in fishing, as against what is said to be the 
10,000 men and 20,000 boats employed by Great 
Britain in the trade. On these figures, Japan’s pro- 
duction per head or per boat is only a tenth of that 
of Great Britain, but evidently very active steps are 
being taken to improve this situation. In the last 
twelve years the yearly catch has increased by over 
40 per cent., while the total number of boats has 
decreased, but the number of steamers and motor boats 
of 20 tons and over is more than four times as large, 
and below 20 tons nearly seven times. The rapid 
development in design of Japanese fishing boats is 
seen particularly in those built for bonito fishing, for 
twin motor-boat seine fishing, and for crab canning, 
and the present paper contains detail drawings of the 
latest types of each, with a fairly minute specification of 
the first two. They are the more notable, because it 
is little more than 20 years since any motor fishing 
boat was known in Japan. The bonito fishing goes 
on between April and September, and has every 
prospect of continued growth. The specification of the 
latest type of boat shows a gross tonnage of about 100 
and Japanese Diesel engines of 200 brake horse-power, 
giving a speed of over 10 knots. _ It is fitted with wire- 
less, and ice-stores, but apparently not with refrigerat- 
ing plant, the catch being stored in wells fitted with 
iced sea water. The example given of the twin motor- 
boat seine fishers, in which the seine may be dragged 
by boats 600 yards apart, is of about 87 gross tonnage, 
is driven by a Japanese Diesel engine of 150 brake 
horse-power at about 94 knots. It has an ammonia 
refrigerating plant and a large refrigerated store 
and insulated fish hold. The seine vessels work 
throughout the year in rough seas, in spite of their 
small size. Seventeen of the floating canneries for 
crab fishing are steam driven, and run to from 700 to 
4,000 tons, and an elevation and deck arrangement 
is shown of one of 4,000 tons, which, in addition 
to its other equipment, carries crushing, pressing 
and drying machinery to make fish oil and fish meal 
from crab waste. These vessels work from April to 
the middle of August. A 3,000-ton steamer carries 
about 2,000 tons of coal, 20,000 cans, and 800 tons of 
fresh water. In addition to its crew, it has some 
450 fishermen and other workmen, and its equipment 
includes eight motor junks with 10-h.p. petroleum 
motors for hauling nets and transporting catches to 
the mother vessel, besides one or two motor boats of 
30 to 80 tons, which cast nets within a circle of 5 miles 
radius about her, and serve to communicate between 
her and the junks. When the mother ship changes 
her anchorage, the catches of the junks are accom- 
modated on her after upper deck. 


Sues’ MAIN AND AUXILIARY MACHINERY. 


Though unable to attend the Conference in person, 
Sir John H. Biles contributed a paper on ‘“ The 
Outlook for the Steam Engine Afloat,” in which he 
reviewed the papers he read before the Institution of 
Naval Architects in 1925, 1926, and 1928* on engines 
and fuel for driving passenger and cargo vessels, 
together with his remarks on Mr. J. Johnson’s paper 
before the same body in March last.t He found in 
the course of events, since the earliest of these papers 
was read, abundant ground for adhering to the opinion 
he had expressed, that the extent to which Diesel 
engines had been regarded «s likely to supersede steam 
was grossly exaggerated. The figures which now 
expressed the relative prices of fuels and the efficiency 
of steam pressures used in current practice had altered 
to the further disadvantage of the Diesel drive, and in 
addition—though the point had not hitherto been 
much emphasised—the increasing power developed in 
high-pressure steamships must be accompanied by a 
decreased weight per shaft horse-power, whereas the 
weight of a Diesel installation increased in proportion 
to the power, or even a little faster, having regard to 





° . ENGINEERING, vol. cxix, pages 414, 462, vol. cxxi, 
page 771, vol. oxxii, page 17, vol. cxxv. pages 378, 430. 
t Of. ENGINEERING, Vol. oxxvii, page 387. 





the extra shafting or electric cable required to combine 
several engines in a single duty. A further economy 
beyond what Mr. Johnson contemplated would be to 
abolish the Scotch boiler which Mr. Johnson’s ships 
carried for treating all water taken from the shore, or 
condensed from the sea, and replace it by low-pressure 
evaporators of sufficiently large capacity to make the 
ship independent of shore water. The prejudice in 
the merchant service against evaporators is amply 
rebutted by the experience of the Navy, which has 
long employed them to the exclusion of carrying large 
quantities of fresh water. It seems to have arisen 
through their being supplied in inadequate sizes and 
therefore forced, which, with the fact that they have 
seldom been used continuously, has led to priming. 
Figures are given in the paper to show that the intro- 
duction of suitable evaporators would effect savings in 
cost as well as space and weight. Among other 
circumstances leading to the expectation that coal 
will continue to be used at sea, is the development of 
pulverised-fuel practice, which appears to offer owners 
the choice of using it or oil under the same boilers, 
according to commercial considerations. 

Two papers by Mr. R. W. Allen, C.B.E., deal respec- 
tively with ‘‘ Pumping Machinery for Use in Graving 
and Floating Docks” and ‘‘ Steam-Driven Auxiliaries 
for Ship Work.’ Each of these is devoted mainly to 
a general description of good modern practice, and 
the former includes a summary account of a number of 
dock pumping plants with which the author was 
associated. The other paper deals more fully with 
the development of the turbine applications to which 
it refers. They include electric generating sets for 
ship lighting and power, centrifugal circulating pumps 
for circulating water for main condensers, bilge and 
boiler-feed pumps, and boiler-room fans for forced- 
draught air supply. Taking: turbine-driven electric 
sets as an example of the demands on designers of 
turbines for marine auxiliaries, reference is made to 
some of the main points which need special attention : 
the turbine rotor, blades, nozzles, governors, balance, 
and reduction gearing. It is observed that the search 
for materials for blading to cope with the conditions 
of modern practice does not yet seem to have reached 
a final result. Phosphor-bronze, which till lately had 
been substituted generally for copper or brass, has 
tended to be displaced by stainless steel, but this 
material, though satisfactory in its resistance to erosion, 
is now being discarded, chiefly because of difficulties in 
manufacture—e.g., riveting—caused by its hardness. 
It is being displaced by high-chrome stainless iron, 
which appears to combine a sufficient resistance to 
erosion with a ductility absent from stainless steel. 
The difficulty of governing may possibly be increased 
by the present tendency to use high pressures, with 
which a very little steam is sufficient to run an auxiliary 
set up to full speed at no load. These difficulties, 
like those of balancing, have been satisfactorily over- 
come, if the precautions learned by experience are 
adopted. 

The advantages of gearing. which have made it 
practically indispensable for main turbines, are now 
recognised as applying to auxiliaries with no less 
force, and the same precision of workmanship is 
requisite in the manufacture of their gears. In recent 
installations space and weight have been saved in the 
design of condensers by making the condenser form 
part of the turbine base-plate, the circulating pump 
being driven from the end of the electric generator, 
and the extraction pump through gearing from the 
end of the turbine shaft. A two-stage steam-jet air 
pump is also mounted on the base plate to remove the 
air and vapour. By making the condenser of the 
regenerative type, the water passing through the extrac- 
tion pump has the same temperature as the steam 
entering the condenser, and by suitable arrangement 
of steam lanes, &c., the pressure drop across the 
steam side of the condenser has been eliminated. The 
more efficient steam distribution has, incidentally, made 
a considerable increase in the heat transmission per 
degree Fahrenheit temperature difference, and the 
oxygen in the condensate from the condenser is now 
reduced to 0-02 c.c. per cubic metre. An advantage of 
turbine drive for fans is that it can be coupled through 
gearing to a fan working at any inclination, and thus 
enable the fan to be set at whatever angle is most 
suitable for its air conditions. The paper concludes 
with a short summary of the reasons which have given 
the turbine an established place as an auxiliary drive. 
It provides an unequalled range of speed, running up 
to 6,000 r.p.m. or 8,000 r.p.m., and can be geared 
down to 200 r.p.m. or 300 r.p.m. The ability to give 
vertical or inclined, direct or geared drive enables 
the layout of the ship’s machinery to be flexible. 
Its exhaust is free from oil, and of all prime movers 
it is the freest from noise or vibration. In the 
author’s view it will continue to grow in popularity 
as the most satisfactory drive for marine auxiliary 
machinery, so ong as steam is used for marine 
propulsion, 





RaILway OPERATION. 

Among the papers, which may be conveniently 
grouped under the heading of ‘“‘ Railway Operation,” 
was one by Major Mott Sawyer, in which it was stated 
that, owing to the fact that the settlement and growth 
of the interior regions had been accompanied and even 
preceded by the building of the railways, transporta- 
tion had been a larger factor in the development of 
the United States of America than in any other 
country. In 1927 the traffic amounted to 10-25 ton- 
miles of freight and to 0-83 passenger-miles per 
inhabitant per day. With 8 per cent. of the world’s 
area, and less than 6 per cent. of its population, the 
United States had 33 per cent. of the world’s railway 
mileage, there being 422,300 miles of track, 250,900 
of which were “first main.” Next in importance 
were the waterways, such as the Panama Canal, which 
in 1928 carried 9,672,524 tons of cargo, 3,467,038 
tons of which were petroleum and its products, and 
the Great Lakes, at whose ports 119,775,882 tons of 
freight, mainly wheat, coal and iron ore, were handled, 
largely by mechanical equipment. Some 75,674,305 
tons of produce were also borne on the Mississipi and 
its tributaries. There were many projects for river and 
canal improvement, but none of these forms of trans- 
port could compete economically with the railways. 
Passenger traffic, amounting to from 10 per cent. to 
15 per cent., and goods traffic, amounting to from 
2 per cent. to 4 per cent. of that dealt with by the 
railways, was handled by motor vehicles, of which at 
the beginning of 1928 there were 20,156,115 private 
cars, 85,636 buses, and 2,896,886 lorries in use, or 
78 per cent. of the world’s total. Most of this develop- 
ment had occurred during the past five years. During 
1928, 1,750 tons of mail were handled by air, but 
until the last few months little had been done to 
encourage passenger transport by this means. The 
development of such services in co-operation with the 
railways might, however, shortly be expected. 

The increase in traffic, in loads and in speed had 
necessitated the continual strengthening and improve- 
ment of the railway tracks. Between 1905 and 1927, the 
average tractive effort of the locomotives had increased 
from 22,666 lb. to 42,708, lb. and the average carrying 
capacity of the freight cars from 30-8 net tons to 45-8 net 
tons. At present, there was a tendency towards the 
use of heavier rails. Sections weighing up to 136 lb. 
per yard were being employed on the heavier traffic lines 
in lengths of 39 ft. As a result of investigations by 
various bodies, the number of breakages had been 
much reduced and much experimental work, though 
with little success, had been carried out with alloy 
steels of various compositions. Some 58,631 miles 
of track, including practically all that carrying heavy 
passenger traffic, was now protected by automatic 
block signals, while an important new development was 
the automatic protection of crossings. 

Trolleys operated by petrol engines were now almost 
universally used for taking the gangs to and from their 
work, while power was largely employed for ditching 
and re-laying, resulting in one case in a reduction of 
56-6 per cent. in the number of man-hours between 
1918 and 1927. As regards locomotive design in 
1927, fuel consumption had been reduced to 131 lb. per 
1,000 gross ton-miles, a decrease of 14.5 per cent. below 
the average of 1922-26. Most of this improvement was 
due to refinements in the boiler and fire box. There 
was a tendency towards higher steam temperatures 
and pressures, while feed-water heating was becoming 
general. Water-tube boilers were being tested, while 
an important development was the lateral motion 
driving box, which enabled an engine with a long rigid 
wheel base to traverse a relatively sharp curve. It was 
now possible to cast the entire frame and cylinders in 
one piece with a consequent saving in weight and the 
number of joints. Mechanical stoking was largely 
employed and careful attention was being paid to the 
quality of the feed water. Petrol-electric and Diesel- 
electric locomotives were being extensively used on 
branch lines, and in areas where smoke was objection- 
able. About 4,000 miles of track were electrically 
operated. On. the Chicago, Milwaukee, St. Paul and 
Pacific Railroad a conversion, amounting to 878 miles 
of track, was undertaken, owing to the greater economy 
over the mountain ranges, while the remainder was 
effected to improve suburban services. There was no 
discernible trend towards the adoption of a standard 
system, though 74-4 per cent. of the mileage was 
operated by direct-current at pressures varying from 
600 to 3,000 volts. ; ; 

In a paper on “ The Trend of Engineering Practice 
on British Railways,” Mr. E. F. C. Trench dealt with 
the design of the permanent way and engineering 
structures and pointed out that great efforts had been 
made to find ways of reducing the cost of manufacture. 
For instance, in permanent-way and signal work. 
standardisation had, to a great extent, been effected 
throughout the country. The use of the British 
Standard bull-headed rails, weighing 95 lb. per yard 
on main lines and 85 Ib. per yard on secondary lines, was 
now almost universal, while a rail length of 60 ft. was 


ee 


SEER 





onal <> pt! \— 0 oll — t,o 


zs 











Nov. 15, 1929.] 








very general. British standard rail steel of high-carbon 
quality, made by the open hearth basic process, was 
employed almost exclusively. This standardisation 
had not led to lethargy and good results were being 
obtained from researches with rail steel, which had been 
subjected to a special cooling process so as to produce a 
sorbitic structure. Various alloy steels had also been 
tried, while manganese steel had been used at crossings. 
Chrome steel gave a long life and was likely to be more 
extensively used. 

As regards sleepers, creosoted pine had proved satis- 
factory, but, in view of a possible shortage of timber 
supplies, trials were being made with reinforced con- 
crete and steel. No concrete sleeper had, however, 
yet been found that would last for many years under 
the severe conditions imposed by heavy and fast 
main-line traffic. Steel sleepers were at present more 
expensive than wooden sleepers, and they had the 
inherent defect that they could not be employed where 
track-circuiting was used. Some progress had also 
been made towards the standardisation of signalling. 
Distant signals were now painted yellow instead of 
red, and in new installations, where electric power was 
available, light signals were usually adopted instead of 
semaphores. Automatic signalling was largely em- 
ployed on underground and suburban services and would 
probably have been more extensively adopted but for 
its high cost. As electric power became more generally 
available, this position would probably alter. 

Improvements in ballasting and draining had lessened 
the cost of track maintenance, while the adoption of 
shovel packing made the work easier, so that in spite 
of the fact that the working hours had been reduced 
the number of men employed was less. Perhaps the 
most drastic operation hitherto undertaken in these 
islands for the reduction of the cost of the permanent 
way was the conversion of a considerable section of 
main line in the Irish Free State from double to single 
line. Some routes had already been dealt with, 
and experience showed that, provided sufficient passing 
places and sidings were available, modern signalling 
developments would allow the existing traffic to be 
satisfactorily worked. Special power-driven tools for 
tamping the ballast and boring the sleepers were 
not suitable for British conditions, though for relaying 
they had been found useful for such operations as 
unloading the rails and spreading the ballast. In 
Ireland, a wagon carrying a fixed jib crane and followed 
by a train of cars fitted with runways, upon which a 
travelling cradle could run, and by a wagon carrying 
electric generating plant supplied with steam from the 
engine, had been found useful for relaying purposes, 
It could lay 180 yards per hour, 26 men being employed, 

As it was not anticipated that locomotives having 
greater axle loads than 25 tons would be required in 
future, the life of steel bridges, provided they were not 
overstressed and they were protected from corrosion, 
preferably by being embedded in concrete, might be 
almost indefinitely prolonged. Reinforced concrete 
was not favoured by British engineers for railway 
bridges, though why this should be so was not clear. 
Old bridges, which were in good order, but of insufficient 
strength, could be modernised by electric welding 
extra plates to the flanges of the girders and to the 
top and bottom members of the floor troughing. The 
work of the Bridge Stress Committee would lead to 
economy in bridge design by causing locomotive 
engineers to improve balancing of the engines, and 
thus eliminate the hammer blows, by allowing much 
lower stresses to be used for purposes of calculation 
and by reducing maintenance. Finally, the recommen- 
dations of the Railway Electrification Committee 
would make for greater uniformity in future electrifi- 
cations, 

Rattway ELECTRIFICATION. 

_In a paper on “Economic and Operating Con- 
siderations in Railroad Electrification in the United 
States” Mr. D. C. Jackson gave five reasons why this 
system of traction had been adopted :—To secure relief 
from smoke and noise, to give safety and comfort in 
long tunnels and city terminals, to obtain efficient 
operation over heavy grades, to ensure more extensive 
use of the track where the traffic was heavy, and finally 

patronage ” demands, especially those of passengers. 
As regards the third and fourth reasons, the choice 

between steam and electric traction was mainly a 
matter of economics. Not only were electric locomo- 
tives effective in drawing heavy trains up a steep 
gradient, but on down journey the use of regenerative 
braking enabled energy amounting to from 10 per cent. 
to 20 per cent. of the total to be returned. In this 
way a material reduction in brake-shoe, rail and rolling- 
stock wear and tear was effected. Very dense traftic 
couditions were also fundamentally favourable to 
electrification, especially when the freight and pas- 
Senger traffic was operated at very different speeds, 
as it enabled the speed of the slower trains to be 
increased. Locomotive and track maintenance was 
also less with electric than with steam traction, and 
the same was true of fuel and labour charges. The 
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disadvantage of railway electrification was its first 
cost, which limited its use to special cases and empha- 
sised the need of utilising those methods which would 
produce good results at the least expense. 

Four types of electric locomotive equipment were in 
| use in America: Direct-current series motors supplied 
| direct, single-phase series motors, direct-current series 
| motors supplied through a motor-generator, and 
polyphase alternating-current motors supplied on the 
split-phase system. The last was only used on one 
railway, but the other three were widely employed both 
in large and small units. The alternating current 
used had a frequency of 25, which placed American 
designers at a disadvantage compared with their 
European colleagues. Though alternating-current 
supply was cheaper to supply than direct-current, 
this was more than offset by the higher first and 
maintenance costs of the rolling stock. The cost and 
efficiency of the 3,000-volt direct-current system had 
been greatly improved by the development of the large 
mercury-vapour rectifier. 


TraLtiAN Rarpway IMPROVEMENTS. 


In a paper on ‘‘ The Equipment and Maintenance 
of the Line”’ Ing.-Comm. F. Maltese gave an account 
of the standardisation work, which had recently been 
undertaken on the Italian State Railways. This 
included the reduction of the types of rail used on 
standard-gauge lines to three, weighing 111-5 lb., 
102 lb. and 79-5 lb. per metre (102-3 lb., 93-5 Ib., and 
73 lb. per yard) respectively, while rails weighing 
60-25 lb. per metre (55-3 lb. per yard) were employed 
on narrow-gauge lines. These rails were of the Vignoles 
pattern, and their length had recently been increased 
from 12 m. to 18 m. (39 ft. 4in. to 59 ft. 6in.). Large 
sums had also been spent on easing curves, and the 
method of fixing the rails to the sleepers had been 
improved by the use of a double tie-plate and indirect 
anchoring. Metal sleepers were used to a small extent, 
and experiments had also been made with concrete 
without much success. Greenheart and beech were 
now largely employed instead of oak. 

Three sizes of turntable were in use, the largest, 
21-5 m. (70 ft. 6 in. approximately) in diameter, being 
supported on four pairs of wheels mounted on roller 
bearings and running on two concentric rails, This turn- 
table only required a shallow pit. It was operated 
either by an electric motor or pneumatically, the 
power in the latter case being supplied by the loco- 
motive. Owing to the cost of maintenance, a large 
number of level crossings were opened between 1914 
and 1920, others were placed in charge of the land- 
owners, the number of remotely operated gates was 
increased, and in some cases bridges or subways were 
substituted. Alarms to give warning of the approach 
of a train were being experimented with. As regards 
maintenance, efforts were being made to reduce labour 
by the use of pneumatic tools, while the experiment was 
also being made of doing maintenance work by contract 
instead of directly. 

A second paper from Italy, by Ing.-Comm. C. Boido, 
described at some length the improvements which were 
being made in the neighbourhoods of Milan, Bologna 
and Genoa. At the former city these included the 
construction of a circular avoiding line, new main 
passenger and goods stations, a shunting yard to 
replace that at Porta Sempione and several small 
stations as well as the quadrupling of the track from 
Musocco to Rho, from Greco to Monza and from 
Lambrate to Pioltello. The passenger station at Milan 
would be 7:4 m. (25 ft.) above the existing street 
level and would have 22 platforms. At Bologna the 
reconstruction was necessitated by the approaching 
opening of the new line from Florence, over which 
the international expresses would run, and by an 
increase in the goods traffic. This would be met by 
remodelling the passenger station and by building 
a new shunting yard. At Genoa considerable exten- 
sions had been made to the docks, which required a 
re-organisation of the connecting lines. 


Snow REMOVAL. 

In a paper on “The Operation and Maintenance of 
Railway Tracks in Regions of Heavy Snow Fall,” Mr. 
F. W. Alexander described the methods adopted for this 
purpose on the western lines of the Canadian Pacific 
Railway, .e., from Fort William, at the head of Lake 
Superior, to Vancouver, a total mileage, with branches, 
of 9,340 miles. Between Winnipeg and Calgary, a 
distance of 800 miles, the country, which was mainly 
open prairie, gradually rose to an elevation of 3,450 ft. 
and, though the snowfall did not exceed 5 ft., the high 
wind piled it into drifts, which formed a serious handicap 
to railway operation. This was overcome by erecting 


snow fences not less than 75 ft. from the track. In 
cases where the adjoining land did not belong to the 
railways these fences were of a temporary character. 
In very exposed places three lines of fencing in series 
had to be used. Any snow, which collected on the 
track, was removed by all-steel snow ploughs, the plough 





on which was operated by compressed air. 
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Between Calgary and a point 80 miles east of Van- 
couver the line crossed both the Rocky Mountains and 
the Selkirk range. In these districts drifting was not a 
serious problem, the removal of the natural snowfall 
being the most expensive item, while snow slides also 
caused delay and interruption to the traffic. The 
equipment used for the removal of the snow consisted 
of wing push ploughs, spreaders, flangers and rotary 
ploughs, the latter only being used to remove snow 
slides or accumulations, which might have collected 
during the operation of the spreader. The wing plough 
was used entirely for clearing the main track and 
removing small slides and drifts. A regular snow service 
train, consisting of a wing plough, spreader, locomotive 
and flanger in that order was put into regular service 
in December. The wing plough had a movable nose 
plate, which cut the snow away from between the 
rails and to a distance of 3 in. below them, while the 
spreader had a similar nose plate and was also equipped 
with teeth, for removing ice between the rails, and two 
wings, which extended a distance of 16 ft. on each side 
of the track. The flanger was equipped with four air- 
operated scoops, which could be lowered, so that they 
cleared away the snow just inside the rail and threw it 
to the side of the track. It was used, in conjunction 
with the plough and spreader, to improve the flangeway 
on sharp curves, where the guard rails prevented the 
nose of the wing plough being lowered. Three recent 
rotary ploughs were equipped with marine type engines 
and their cutting knives were set at a flatter angle than 
formerly. Though this reduced progress in clear snow 
it avoided breakages when rocks or trees were encount- 
ered. The wheels of these ploughs ran at 400 r.p.m. 
and they were pushed into the snow at from 6 to 8 miles 
per hour. 


(To be continued.) 








THE SULZER-DIESEL Marine ENGINE.—Messrs. Sulzer 
Brothers, 31, Bedford-square, London, W.C.1, have sent 
us a copy of their latest list of motorships, with a supple- 
ment of vessels in commission and under construction 
equipped with Sulzer Diesel marine engines. These 
comprise 30 ships building in Great Britain having a 
total engine power of 132,000 brake horse-power, and 
40 ships under construction abroad having a total engine 
power of 250,000 b.h.p, a grand total of 382,000 b.h.p. 





Tue Marxina or ImporteD Motor VEHICLES AND 
Parts.—The Board of Trade has referred, to the Standing 
Committee, applications for Orders in Council to require 
the marking, with an indication of origin, of imported 
motor vehicles, chassis and parts and also batteries. The 
Committee will consider whether these articles should 
be marked on sale or exposure to sale, and they may 
also consider whether the articles should be marked on 
importation. The dates of the Committee’s public 
inquiries into these applications will be announced later, 
meanwhile communications should be addressed to the 
secretary, Mr. E. W. Reardon, New Public Offices, 
Great onenaient, London, S.W.1, not later than 
December 13. The references have been published in 
full in the Board of Trade Journal of November 14, 





Fioatina Dock For FALKLAND IstanDs.—Built to 
the order of The Falkland Islands Company, Limited, a 
floating dock has just been despatched from the Wallsend 
shipyard of Messrs. Swan, Hunter, and Wigham 
Richardson, Limited. The dock is of the sectional 
pontoon type; it was completely erected at Wallsend, 
but was not riveted. After being dismantled, the 
material was loaded on board a ship for export to Port 
Stanley in East Falkland Island, some 8,000 miles distant 
from England, where it will be erected and put into 
commission. The overall length of the dock is 180 ft., 
the inside width, 45 ft., and the lifting yom 600 tons, 
accommodating ships of a maximum draught of 9 ft. 
The main pumping machinery consists of two similar 
sets of centrifugal pumps, each driven by a semi-Diesel 
engine through bevel gear and shafting. The pumps are 
each connected with a common drain, and together they 
can lift a ship within an hour. In each wall of the dock is 
a pair of mechanical side shores, and, at each end of the 
walls are fitted roller fenders. 





Tue DetRoIr River SUSPENSION BRIDGE.—As stated 
in ENGINEERING at the time, the construction of the 
large suspension bridge for highway traffic across the 
Detroit River between Detroit in Michigan, U.S.A., 
and Windsor in Canada, was commenced in the spring of 
1928. We now learn that the structure, which has been 
named the Ambassador Bridge, was formally dedicated 
on November 11. We may remind our readers that the 
river is crossed in a single span of 1,850 ft. between the 
tower centres; the towers having a total height of 
383 ft. above the foundation plate level. A minimum 
headway of 152 ft. is provided at mid-span. The road- 
way has a clear width of 47 ft. and a pathway 8 ft. wide is 
also provided. It will be recalled that in April of this 
year we announced that an examination of the cables of 
the bridge had shown that some of the heat-treated wires 
in them had failed. Although the construction of the 
work was well advanced, it was immediately decided to 
replace the faulty cables by others of ordinary cold-drawn 
wire, the reliability of which has been proved by experi- 
ence. This, of course, entailed much extra work, but the 





completion of the bridge has not been much delayed. 











STATION OF THE BRISTOL COR- 
PORATION. 

A puBLIo supply of electricity was first given in 
Bristol in 1893 from a station at Temple Back, under 
the supervision of Mr. H. Faraday Proctor, who is 
still the chief engineer and manager of the municipal 
electricity department. This station initially con- 
tained two 52-kw. direct-current sets, together with 
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rent at 550 volts. The excitation for the latter set is 
obtained from an exciter mounted on an extension of 
its shaft, while that of the main alternators is supplied 
by two motor-generators, the motors of which are fed 
either from the auxiliary alternator or from the main 
*bus-bars through two 800-kv.-a. transformers. A 
further source of auxiliary supply is provided by a 
550-kw. non-condensing turbo-alternator. Both the 
main and auxiliary alternators are protected on the 
Merz-Price system, and are cooled on the closed- 





raised into the shaft by a hand-operated crane, so 
that the culvert is left clear. 

After passing the screen shaft, each culvert is 
connected by an independent branch, 5 ft. in diameter, 
to 4-ft. cast-iron branches on the lining of the circu- 
lating-water pump pit. This pump pit, the bottom of 
which is 99 ft. below the turbine room, is circular up 
to Ordnance datum, and is then rectangular, as shown 
in Fig. 2, on page 624. The circular portion is 30 ft. 
in diameter, and is lined with cast-iron segments, 














two 88-kw. and two 210-kw. alternating-current units, | circuit system. while the bottom is of reinforced concrete. The 
Though it was, therefore, one of the earliest electric Each main generating unit is solidly connected to a} branches from the culverts are connected to flanges 
power stations to be inaugurated in this country, it bank of three 8,333-kv.-a. transformers, whereby the] on the cast-iron lining, from which a system of 48-in. 
should be added that statutory powers to supply were | pressure is stepped up to 33,000 volts for transmission | *bus and interconnector mains is led. This arrangement 
obtained by the Corporation as long ago as 1882. In| to Bristol. All the switchgear is on the high-tension| allows any culvert to be used for either suction or 
the first year of working, 120 consumers were connhécted side of the transformer. discharge, the direction of flow being determined by { 
and 63,848 kw.-h. were sold. By March 2, 1929, r 
these figures had increased to 32,364 and 109,766,240, ; 
respectively. A second station at Feeder Road was P 
opened in 1901, while in 1924, the position was such : 
that a close investigation into future generating require- P 
ments had to be made. Asa result, a site at Portishead, C 
some 13 miles from the centre of the city, on the Severn | f 
estuary, where ample coal and water facilities are ; 
available, was selected for the new station. ( 
The actual site of this station, which has recently = 
been put into operation, covers 23 acres and is about _ 
500 yards from the Severn. It consists of four main = 
sections, viz., boiler house, turbine house and low-ten- | 
sion and high-tension switch houses, which are built in ; 
tiers on the hill side. Thus the boiler-house firing floor ‘ Pp 
is 61 ft., the turbine room floor 50 ft., and the switch i ¥ 
houses 31 ft. above Ordnance datum. The geology | H p 
of the locality is extremely complicated and, though | § 
initial bore holes gave indications of rock, the founda- | : 
tions, which had been designed on this assumption, | x 
had to be considerably modified as the work pro- ; 
ceeded. The coal requircd is brought in both by 
water and rail. In the former case, it is discharged . 
by two 60-ton travelling cranes on the quayside into a | i 
receiving hopper, whence it is carried by a series of | is te 
belt and drag-link conveyors to the boiler-house bunkers. | : in 
The rail-borne coal is discharged by two 20-ton tipplers | i . 
into a second hopper, whence it is drawn by two | ps 
bucket elevators. These elevators deliver their con- - 
tents into other hoppers, from which the conveyors ks 
arefed. The coaican also be delivered by the conveyors - 
to a storage ground on the side of the hill at the back it 
of the boiler house, where it is distributed and reclaimed ~ 
by a jib crane. This part of the plant was manufac- | . 
tured by M>ssrs. The Mitchell Conveyorand Transporter | T 
Company, Limited, of Holborn Viaduct, London, E.C.1. os 
The steam-raising equipment consists of four Vickers W 
header straight-tube boilers, which were supplied by Ei 
Messrs. Vickers Boiler Company, Limited, of 50, br 
Broadway, London, 8.W.1. They each have a normal < 
evaporative capacity of 80,000 lb. per hour, and supply pe 
steam at a pressure of 325 lb. per square inch and a th 
temperature of 725 deg. F. They comprise an integral | - 
superheater and a superimposed steel-tube economiser ie 
of the header type, and are fired by Illinois chain-grate Bi 
stokers. These stokers are 24 ft. wide, and, to secure Hi 
even distribution of the fuel, three traversing chutes in 
are provided for feeding them. The supply of air for | 
combustion is controlled over the whole length of the aa 
grate by tuyeres, 2-ft. wide, which extend across the | pon 
width of the stoker. Air is supplied to these tuyeres | th 
from common wind-boxes on each side of the stoker | fr 
through dampers. A view of the boiler house, in which | rT 
one of these stokers can be seen, is given in Fig. 3. et 
The boilers are equipped with both forced and ve 
induced draught, the fans for the former, which are of | ‘a 
Messrs. Davidson and Company’s double-inlet Sirocco 01 
type, being placed in the basement, while the induced- a 
draught plant is instal'ed over each boiler and incor- | Tic. 8, Invanton or Bouan Hovas. Z 
porates a grit arrester. Should the induced-draught | be 
fans fail, steam jets at the base of each chimney, which pe 
act as air ejectors, can be brought into action. The! The condensers are of the Metropolitan-Vickers| valves which are operated by submersible motors. a 
feed-water supply is maintained by one steam-driven | central-flow type, and are cooled by water drawn | These motors are controlled from the turbine room. pes 
and two electrically-driven feed pumps, which were | from the Severn through four 7-ft. 6-in. culverts,| Each condenser is normally supplied by two ie 
manufactured by Messrs. Mather and Platt, Limited, | the total length of which is 8,300 ft. These culverts | electrically-driven vertical-spindle pumps, with an 
of Manchester. The necessary piping for this purpose | are constructed of concrete lined with brindle brick, | output of 8,750 gallons per minute. These pumps, on 
is in duplicate, and is so arranged that any boiler can | except for a section about 22 ft. long at the foreshore | which were manufactured by Messrs. Drysdale and tri 
be served from either main. Any boiler and any pump|end, which consists of a three-ringed brick barrel | Company, Limited, of Glasgow, are situated at the tal 
can also be isolated for testing purposes. Two steam | inside a stiffened steel casing supported by longitudinal | bottom of the pump pit, the motors driving them it 
receivers enable similar arsangements to be made| girders. This part of the work was designed by | being installed in the turbine-room basement 80 ft. pea 
on the supply side of the boilers. The various instru- | Mr. Harley H. Dalrymple Hay, M.Inst.C.E., and was| above. Each motor of the double unit thus formed o- 
ments for controlling the steam raising are grouped on | carried out under his supervision by Messrs. Charles | is supplied from a separate source, the starters being ate 
boards near each boiler, while steam-flow recorders,| Brand and Sons, of Millbank House, Wood-street, | electrically interlocked with the corresponding inlet i 
integrating and summation wattmeters, CO, recorders | London, 8.W.1. It contains a number of interesting | valves, so that, in the event of the supply failing, the pe 
and electrical distance thermometers are centralised | features, of which we propose to give a full description | pump is shut down. Two further pumps, each with a 
in a control room at the turbine-room end of the firing | ina later article. It may, however, be mentioned that | an output of 1,000 gallons per minute, draw water per 
aisle. the culverts are intercepted at a point adjacent to/| from the discharge side of the circulating-water pumps on 
The two main turbines at present installed were | the turbine room by shafts, 17 ft. in diameter and/|for the alternator air coolers and the lubricating-oil ay 
manufactured by Messrs. Metropolitan-Vickers Elec- | 66 ft. deep, in which screening plant is installed. | and transformer-oil coolers. tic 
trical Company, Limited, of Manchester, and are of| This plant is capable of dealing with the requisite! The condensate is withdrawn from the condensers a 
the two-cylinder impulse type. As will be seen from | quantity of circulating water at all tide levels over | by one of two extraction pumps, and is then delivered gre 
Fig. 1, on page 624, they are coupled to 25,000-kv.-a.| a range of 52 ft. The screens themselves were manu- | through two main and two auxiliary heaters to the ale 
alternators, which supply three-phase current at 11,000 | factured by Messrs. Ledward and Beckett, Limited, feed pumps. The main heaters are supplied with oxi 
volts and a frequency of 50 cycles, and to a 600-kv.-a. | of New Cross, London, S.E.14, and are of the travelling- | steam from two of the low-pressure stages of the of 
band type with 73-ft. 4-in. centres. They can be/| turbine, while the auxiliary heaters utilise exhaust ss 





house-service alternator, which supplies three-phase cur- 
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steam from the steam-operated air ejectors and 
leakage steam from the high-pressure gland, respec- 
tively. The temperature of the condensate is thus 
raised from 80 deg. to 197 deg. Fahr. A constant head 
is maintained on the, system by a surge tank, and 
make-up water is obtained from evaporators using 
sea water, the evaporators being supplied with steam 
diverted from a low-pressure stage of the turbine. 
The vapour from the evaporator is discharged into the 
steam space of the low-pressure heater. 

The main switchgear was manufactured by Messrs. 
Metropolitan-Vickers Electrical Company, Limited, 
and is of the metal-clad draw-out type. Each circuit- 
breaker has a rupturing capacity of 750,000 kv.-a. 
At present, the main ’bus bar system is divided into 
two halves, to each of which an alternator is connected. 
These two sections can be interconnected by a 
synchronising *bus bar through suitable reactances, 
so as to form what is known as a star-reactance 
scheme. The switchgear is electrically operated from 
a central control room. The Portishead station is 
connected to Feeder-road, Bristol, by two underground 
feeders, each of which consists of three H-type cables 
manufactured by Messrs. Siemens Brothers and 
Company, Limited, of Woolwich. Temperature- 
recording devices have been installed in these cables 
about 1 mile from Portishead, so that the temperature 
under varying loads can be recorded at the generating 
station. 

The station has been designed by Mr. H. Faraday 
Proctor, chief engineer and general manager, to whom 
we are indebted for permission to publish the foregoing 
particulars. 








BRADFORD ENGINEERING 
EXHIBITION. 


As long as Bradford and its immediate neighbour- 
hood is generally accepted as being chiefly concerned 
with the worsted and woollen industry, there is a 
tendency to overlook the fact that it is engaged, to no 
inconsiderable extent, in that of engineering also, there 
being shops within the boundaries of the city which, 
when on full time, provide work for between 6,000 and 
7,000 people. The industry has, however, been ad- 
versely affected by the general trade depression, and 
means are accordingly being taken to try to stimulate 
it. One of the expedients adopted is that of holding 
an Engineering Exhibition, and this, being opened 
on November 6, will remain open until tomorrow. 
The exhibition has been promoted conjointly by three 
organisations, viz., The Yorkshire Observer, Messrs. 
Westminster Exhibitions, Limited, and the Bradford 
Engineering Society. This last, a society which em- 
braces civil, mechanical, and electrical engineers, has 
consistently endeavoured for the last 30 years to foster 
and maintain a high standard of engineering practice in 
the city and district, by means of lectures, discussions, 
visits to works, and the issue of an annual journal of 
proceedings, and, in 1921, it held an exhibition in the 
Bradford Technical College which proved sufficiently 
successful to encourage the bigger efiort now housed 
in the Olympia Hall, Bradford. 

Of the ninety or more stands which form the display, 
about two-thirds are those of Bradford firms. The 
remainder represent engineering industries of towns in 
the surrounding district with a considerable proportion 
from farther afield. The Lord Mayor of Bradford, 
Alderman H. Thornton Pullan, when opening the 
exhibition, expressed regret that the city firms were not 
even more widely represented, though not to the exclu- 
sion of the firms from different quarters of the country. 
Of the educative value of provincial exhibitions there 
can be little doubt, for it is not everyone who is able 
to leave his business to visit the larger shows in the 
metropolis. It is not possible in the space we have 
at our disposal to give an account of all the interesting 
material shown, but we propose to mention briefly 
some of the newer exhibits, and to deal with others 
in a more detailed manner on subsequent occasions. 

Our description may appropriately begin by a refer- 
ence to the exhibit of the Bradford Corporation Elec- 
tricity Department. This is primarily intended, we 
take it, to be educative and, from its comprehensive- 
ness, it should succeed in its object. The examples of 
electrical apparatus shown are too many to enumerate, 
Tanging as they do from transformers and other power- 
Station equipment to domestic electrical appliances 
and laboratory instruments. One of the most striking 
exhibits on the stand, however, is a large diagram- 
matic drawing showing, in a very clear manner the 
Steps taken in converting coal into electric power 
and distributing the latter to the many points in which 
it can be used in a house, to say nothing of its utilisa- 
tion in public services, such as tramway traction and 
Street lighting. The drawing is the most complete 
gtaphic demonstration, in a popular form, of civic 
electrical distribution we have seen so far. Another 
exhibit of an educative nature is an interesting display 
of apparatus for the demonstration of recent develop- 
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H.M. Fuel Research Station, East Greenwich. This 
consists of instruments, diagrams of instruments, plain 
and cross-ruled glass screens, various charts plotted on 


a basis of smoke-intensity numbers, showing weight of | 
impurity per ton of fuel, loss of heat in smoke, &c. | 


The study of the smoke problem needs special 


atten tion in the industrial area in which Bradford is | 


situated. 

A large proportion of the stands illustrates recent 
applications of electricity. One of these, on the stand 
of Messrs. Browns’ Dyers, Limited, 17, Victoria Build- 
ings, Deansgate, Manchester, illustrates a system of heat 
storage by electrically heating oil. This consists of a 
vertical cylindrical tank, containing oil at atmospheric 
pressure, in which are immersed several heating elements 
wound on porcelain. A pipe connecting the top and 
bottom of the tank passes through an external calorifier. 
The particular exhibit shown is an appliance for a hot- 
water heating installation. The current supply to the 
heating elements is regulated by a time switch so that 
it can be shut off during pre-determined hours, or by a 
pilot wire and relay controlled by the supply authority. 
An automatic thermostatic device is also fitted to 
maintain the temperature of the oil at about 550 deg. F. 
Other thermostatic devices controlled by the tempera- 
ture of the outgoing water regulate the circulation of 
oil through the calorifier from the top of the tank to the 
bottom. 

The apparatus functions as follows: The limits of 
the utilisation of heat when centra]-heating a building 
by hot water not under pressure, are 180 deg. and 
200 deg. F., that is, only 20 B.Th.U. are available per 
pound, as at the latter temperature the water begins to 
vaporise. Using oil as the storage medium, the range 
can be from 180 deg. to 580 deg. F. Oil, however, has a 
specific heat of little more than half that of water, so 
that 200 B.Th.U. per pound are available, or ten times 
as much as with water. An advantage arising from 
the use of oil as a heat-storage medium is that since 
the oil is at atmospheric pressure, leakage is less prob- 
able, while it may be kept in the tank almost indefi- 
nitely. As no flues are required, and there is neither 
solid nor liquid fuel to be transported, the electric- 
oil heating system would seem to offer definite advan- 
tages. 

Another electric heating device is to be seen on the 
stand of Messrs. Lang Bridge, Limited, Spring Hill 
Works, Accrington, in the form of a drying cylinder for 
textile fabrics and other similar products. This, it is 
claimed, eliminates the risks of wetting the cloth from 
the presence of condensed steam from small leaks, 
when that drying medium is used, and the risk of 
explosion, while requiring considerably less power to 
drive. The electrically-heated drying cylinder consists 
of a stationary inner cylinder mounted on a hollow 
shaft. A thin outer shell rotates on ball bearings round 
the inner cylinder. The heating elements are attached 
to the outer surface of the latter, leaving about } in. 
clearance between the two drums for the drying space. 
The inside of the inner cylinder is insulated, and the 
temperature in the drying space is controlled by suitable 
switches. The energy consumption is stated to be a 
maximum of 3 kw., with full heat, when using cylinders 
22 in. in diameter, and having a working length of 48 in.; 
itis considered unlikely that each cylinder would require 
to be run at maximum heat throughout the day. 

The ubiquity of electricity is again illustrated in the 
exhibition by three excellent examples of electrically- 
operated valves, a method of operation which is 
becoming necessary in modern practice, both with steam 
and water, from a variety of reasons. These examples 
are to be found on the stands of Messrs. James Tate 
and Company, Victory Works, Bradford; of Messrs. 
Victory Valves, Limited, Adswood, Stockport; and 
of Messrs. Hopkinsons, Limited, Britannia Works, 
Huddersfield. They all merit a closer examination 
than can be given here, and, accordingly, we give 
a detailed description of Messrs. Hopkinsons’ system 
of electrical operation for valves on page 620 of 
this issue. Messrs. Hopkinsons also show a wide 
range of the boiler and other accessories for which 
their name is so well known, many of them showing 
consistent improvement in detail. There are also 
some quite new fittings, and of these reference may be 
made to the critical pressure gauge. It is a common 
expcrience that a considerable change may take place 
in steam pressure without being indicated on the 
ordinary gauge owing to the small scale which must be 
adopted even with the large dials now so popular. 
This trouble is accentuated by the extent, and to some 
degree the height, of the modern boiler room. Messrs. 
Hopkinsons have, therefore, designed a special gauge 
with an illuminated opal-glass dial in the form of an 
arc having a scale over 18 in. long. The centre of the 
arc is the zero point, or working pressure, and gradua- 
tions are made to read to about 8 lb. per square inch 
on both sides. The scale is, in consequence, a very 
open one and shows immediately whether the load or 
the fires are gaining, while it is easily read from a 
considerable distance. Combustion-control adjust- 





ments in the sampling and filtering of smoke, lent by 


ments can thus be made very promptly, with the 
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result of straightening out the steam-pressure curve 
into an approximately straight line. ‘The principle 
adopted is that of using a weight-loaded diaphragm, 
the fluid pressure on which is balanced by a system of 
levers similar to that of a weighing machine. The 
movement of the diaphragm, which is only about 
0-008 in. for the full-scale reading, is transmitted to 
the pointer through the leverage system. The weight 
can be adjusted from the outside of the case by means 
of a key, this adjustment enabling the pointer to be 
brought to the central zero at any pressure, any sub- 
sequent movement being then more easily detected. 

Messrs. J. Blakeborough and Sons, Limited, Wood- 
house Works, Brighouse, show, along with a 9-in. 
parallel-slide valve for a working pressure of 600 lb. 
per sq. in. and a temperature of 800 deg. F., two new 
designs. One of these is a piston sleeve valve, in which 
the packing rings are completely protected from the 
erosive action of the steam, and the packing may be 
tightened while the valve is open. The other is a 
quick-closing valve for controlling the steam supply 
to pans, dyeing vessels, &c., which can be completely 
opened or closed by an eighth of a turn. 





The display of apparatus for use in the woollen 
industry seems, on the whole, rather meagre, but the 
stand of Messrs. The Roto Engineering Company 
(Bradford), Limited, Pit Lane and Garnett-street 
Works, Bradford, will interest wooleombers in an 
automatic dust arrester, for which it is claimed that 
about 90 per cent. of foreign matter, seeds, dust and 
so forth, can be removed from wool while being blown 
from one position to another. There is also a new 
design of three-way adjustable wool injector. This 
can be made to deliver long, heavy, or short light 
wools by simple regulation. A noticeable feature of 
this stand is a collection of parts used in the textile 
industry, such as steaming cans, dye-tank linings, &c., 
made from Messrs. Thos. Firth and Sons’ Staybrite 
steel. Some interesting facts regarding the effects 
of the chemicals used in the textile industry on 
Staybrite steel are obtainable on the stand. Out of 
46 reagents of all sorts, only eight affect the steel, 
and some of these only very slightly. Messrs. Monel- 
Weir, Limited, Cathcart, Glasgow, likewise show a 
number of parts of textile-manufacturing apparatus 
made of Monel metal and also of nickel-chromium 
iron. Messrs. Boldy and Son, Limited, East Parade, 
Bradford, also show some textile machinery, including 
a new type of shoddy willeying machine—that is, 
an apparatus for tearing up and blending scrap cloth, 
which it is claimed will not choke—and an example of 
Scott’s ball-bearing coiler which is adaptable to any 
machine for coiling slivers of wool, hair, silk, China 
grass, or other textile fibres. The adoption of roller 
bearings on the trumpet wheel in the coiler head and 
the cam-plate wheel at the bottom of the coiler conduce 
to a saving of power and steady running and decrease 
wear on the V-brass under the coiler-press rollers. 

Amongst the stands displaying power-transmission 
apparatus, we may mention that of Mr. Henry Lindsay, 
A.M.I.Mech.E., 47, Queen’s-road, Bradford. On this 
is exhibited a speed-varying device of the expanding 
and contracting pulley type, with a belt of V-shaped 
section. This, in the standard pattern, has a range of 
speed variation, in an infinite number of steps, of 4: 1, 
but can be made up to 8:1. The chief novelty of the 
design, however, lies in the application of an epicyclic 
device by which the speed may be reduced to zero. 
Briefly, this device consists of a pinion on the driving 
shaft of the varier geared with a spur wheel running 
freely on the driven shaft. The spur wheel and the 
driven shaft carry, respectively, elements of an epicyclic 
gear contained in a pulley from which the drive to the 
machine needing variable speeds is taken. There are 
a number of stands displaying electric heaters, stoves, 
ovens, furnaces and so forth, to some of which we hope 
to refer later. There is also a good display of engi- 
neering measuring and recording instruments, both 
mechanical and electrical. Of these, the stand of 
Messrs. George Kent, Limited, Biscot-road Works, 
Luton, may be mentioned as exhibiting, amongst 
improved designs of their well-known metering ap- 
pliances, a new and ingenious planimeter for the 
integration of curves on circular diagrams. Messrs. 
Edward Bennis and Company, Limited, Little Hulton, 
Bolton, are exhibiting their Simplex pulveriser unit 
and their new type of sprinkler stoker with forced- 
draught, self-cleaning furnaces. This latter exhibit is 
very similar to the plant described on page 627, 
ante. The above account does not exhaust all the 
features of interest to be seen at the exhibition, and, 
no doubt, some of the apparatus shown will be new to 
the Bradford public, though much of it has been 
described from time to time in these columns. In 
conclusion, it may be noted that there is a considerable 
collection of well-finished models in a competition 
display. Most of these appear to be true scale-copies 
of their originals, and are likely to have, in the future, 
a definite historical value as a record of engineering 





progress. 
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LABOUR NOTES. 


The adjourned national delegate conference of the 
Miners’ Federation of Great Britain resumed its 
consideration of the Government’s proposals on 
Thursday, last week, Mr. Herbert Smith, the president, 
in the chair. According to the official report issued 
at the close of the conference, the officials explained 
fully what had taken place at the meeting with the 
Government’s representatives on the previous day. 
The proposals were discussed by the delegates, and 
a resolution was passed instructing the Executive 
Committee to retire and frame a recommendation 
to the conference on the whole situation. The President 
and the Yorkshire delegation explained that they 
would have to consult their district before agreeing 
to such a recommendation and, accordingly, they 
retired from the conference. “This does not mean,” 
said Mr. Cook, who later made the official statement, 
“that Mr. Smith has retired from the presidency, 
or that Yorkshire has severed its connection with the 
Federation. They have only left to consult their 
district.” — 

Mr. Thomas Richards was selected to preside in 
Mr. Smith’s absence, and on the re-assembling of 
the conference the following recommendation was 
submitted by the Executive Committee :—“ The 
committee, having given full and careful consideration 
to the position arising from the decision at the annual 
conference, have urged upon the Government to repeal 
the Eight Hours Act and to return to the seven hours’ 
working day. This was conveyed to the Government 
and exhaustively examined and discussed with the 
Cabinet Committee, who have given assurances that 
the Government intend to implement their pledge 
to repeal the Eight Hours Act, and as a first instalment 
the Government propose introducing a Bill this 
session providing for the reorganisation of the produc- 
tion and sale of coal, to be applied to every colliery, 
in January, 1930. They also propose introducing 
a Bill to reduce the hours of working from eight to 
seven and a half, to be operative on April 6. In the 
opinion of the Government this could be accomplished 
without any reduction of wages. It is resolved that 
the committee, while adhering to our conference 
decisions relating to a reduction of hours and complete 
reorganisation of the industry, including a national 
wages agreement, recommend, in these circumstances, 
that the general principles of the plan proposed by 
the Government be accepted, and that the Executive 
Council, in conjunction with the miners’ members 
of Parliament, continue their efforts to improve the 
plan. The committee regret the Mining Association 
refusing the invitation of the Government to meet 
in joint conference with the representatives of the 
federation and the Government.” 


The recommendation was adopted. In accordance 
with it, the delegates will recommend the resolution 
to their districts and report the results to another 
national conference on November 20. The Executive 
Committee were empowered to deal with all the 
other questions involved, and also with any situation 
that may arise out of them. 


Last week, Miss Bondfield, the Minister of Labour, 
received a deputation from the Trades Union Congress 
and the Labour Party National Executive, which laid 
before her certain views regarding the administration of 
the Unemployment Insurance Acts. The points dis- 
cussed included the rates of benefit, the waiting period, 
the ‘ genuinely seeking work,” clause, administration 
by trade unions and, generally, the recommendations 
of the Morris Committee. An official communication 
issued after the interview stated that a “ helpful and 
friendly discussion took place, but as the Minister was 
compelled to leave the meeting for another engagement, 
it was agreed to finish the discussion at a later date” 
A section of the Labour Party make no secret of their 
desire not only for an increase in the amount of the 
“dole” but also for an appreciable easing of the con- 
ditions under which it may be obtained. According 
to the Parliamentary correspondent of a contem- 
porary, “if Mr. Snowden listened to the demands of 
his own party he would be faced with an additional State 
expenditure on unemployment insurance of about 
10,000,000/. a year.” 

The Post, the organ of the Union of Post Office 
Workers, states ‘‘ that the policy of dispensing with as 
much skilled labour as possible in the Post Office is 
being pursued to an alarming extent with the tele- 
graphs.’ ‘It should be of more than passing interest 
to the Postmaster General,” it is added, “‘to know 
that at a time when his colleague, the Lord Privy 
Seal, is goading local authorities to produce new schemes 
for providing work, the Post Office should be straining 
effort to displace human labour by apparatus. It 





illite 


would be well if the Postmaster General could find 
time to conduct a personal investigation into the 
administration of the telegraph service, which from 
top to bottom is about as bad as it can be. Frightened 
by the results of their own policy the chiefs of the 
telegraphs induced the late Postmaster General to 
send a panic commission to that home of hustle and 
machines, the United States. This inquiring body 
came home full of enthusiasm for the kill-quick methods 
of America, and have apparently succeeded in con- 
vincing the administration here that more concentra- 
tion, a more intensive output, and a greater sub-division 
of operations could produce for our own half-dead 
telegraph service an effective revival mixture.” 





Members of the Iron and Steel Trades Confederation 
appear to be distinguishing themselves in the Trades’ 
Union Congress General Council’s organising scheme. 
In a recent list, it is recorded that they secured more 
medals in proportion to the membership of their 
organisation than any other group. The writer of an 
editorial note in Man and Metal, the journal of the 
Confederation, expresses a hope that the members “ will 
continue their efforts until we have something like 
100 per cent. organisation in the trade.’ The develop- 
ments which have taken place or have been attempted 
on the commercial side recently, ought, he says, to com- 
pel every workman to realise the need for organisation. 
The trustification of the industry is going on at a rapid 
rate. The amalgamations that are taking place may 
be, he admits, good for shareholders—even for the 
employees of the undertakings. On the other hand, 
he points out, there are certain circumstances under 
which they may be very bad indeed for the worker. 
In these circumstances, a strong defensive organisation 
is necessary. 





On November 4, 1929, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,252,000. Of these, 915,600 were 
wholly unemployed, 262,400 were temporarily stopped, 
and 74,000 were persons normally in casual employ- 
ment ; 966,200 were men, 35,700 boys, 218,600 women, 
and 31,500 girls. Of 1,234,388 on the registers on 
October 28, 1929, 903,631 were wholly unemployed, 
258,137 were temporarily stopped, and 72,620 were 
persons normally in casual employment ; 953,431 were 
men, 34,270 boys, 215,814 women, and 30,873 girls. 
On November 5, 1928, the number of unemployed 
persons was 1,349,776, of whom 1,062,824 were men, 
39,419 boys, 213,334 women, and 34,199 girls. 





The Draughtsman, the official organ of the Association 
of Engineering and Shipbuilding Draughtsmen, states 
that both the Executive Committee and the Tracers’ 
National Sub-Committee have been considering, very 
seriously, ways and means of furthering the recruitment 
of tracers into the organisation and, possibly, the 
formulation of proposals leading to the setting up of 
a minimum starting rate, as in the case of draughts- 
men. In the latter case, it would be easy, it is claimed, 
to fix a figure, and to all intents that is done on the 
Vacancy List; but the important thing, it is declared, 
is to get tracers themselves to adhere to such figures. 
‘To spread the idea,’ the statement continues, “ of 
the value of combination amongst tracers, and to 
explain the virtue of consulting headquarters before 
going to new jobs, and to generate interest in struggling 
for better wages, an extensive propaganda campaign 
will be necessary. This campaign will be undertaken 
this winter, and speakers will go into branches, where 
required, to arouse interest in the tracer membership, 
and amongst those not in the membership as well. 
But the tracer membership will have to get active 
itself, for girls who are members are easily the best 
missionaries in the tracing offices.” 





A reduction of 50 in the number of unemployed 
members is recorded in the latest official publication of 
the United Pattern Makers’ Association. The total 
membership of the organisation is returned as 11,041, 
and the total number of members “‘ on books ”’ as 528. 





Since September 30, no overtime has been worked by 
members of the United Pattern Makers’ Association in 
the Clyde area. ‘‘ We have had several complaints 
from employers,”’ the Clyde district secretary writes, 
‘© and these have been replied to. Our members have 
acted nobly. During the whole month we have not 
had a single complaint, nor even the slightest objection 
from any member. Seldom does a committee who 
take such an important step receive such whole-hearted 
support as the C.D.C. has had. From all over the 
district, they have been complimented, and the 
solidarity shown augurs well for the success of the 
movement. Already the results of the embargo 
have been felt in the increasing employment of our 


members.” 
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On Tuesday, the following notice was posted in 
federated shipbuilding and ship-repairing establish. 
ments :—‘‘ As the members of the Amalgamated 
Society of Woodworkers have by vote rejected the 
proposals agreed between representatives of the Ship- 
building Employers’ Federation and of the Society 
in Central Conference on October 7, which were 
recommended to them by the Executive Council o/ 
the Society for acceptance in settlement of all questions 
outstanding between the Federation and the Society. 
notice is hereby given that after Saturday, November 
23, employment will not be available in federated 
shipbuilding and ship-repairing establishments for 
members of the Amalgamated Society of Woodworkers 
unless the questions outstanding between the Federa- 
tion and the Society and their respective members have 
been settled before that date and normal relations 
have been restored.”’ 





The proposals which the men rejected by 15,822 
votes to 12,409 were as follows :—(1) The removal by 
members of the Woodworkers’ Society of the national 
embargo which, some months ago, was placed on 
overtime working to force the Employers’ Federation 
to restore a 3s. preferential wage advance conceded to 
joiners over other trades in the industry several years 
ago, and withdrawn in 1928. (2) The re-adoption by 
the members of the Woodworkers’ Society of the 
National Overtime and Night-shift Agreement and 
the working of overtime in accordance therewith in 
the same manner as all other trades in the industry. 
(3) The acceptance by joiners in England and Scotland 
of the same national uniform wage rate as has recently 
been accepted by all other skilled time-working trades 
in the industry. (4) The termination of the Belfast 
joiners’ wages strike by the men returning to work, 
leaving the Belfast wage question to be settled by a 
local arbitration on terms of reference already agreed 
between the Employers’ Federation and the Executive 
Council of the trade union. 





In October the home branch membership of the 
Amalgamated Engineering Union increased from 193,533 
to 194,013, and the colonial branch membership from 
27,502 to 27,541. The number of members in receipt 
of donation benefit only increased from 9,265 to 9,269, 
and the number in receipt of sick benefit from 5,253 
to 5,407. The number in receipt of superannuation 
benefit showed little change, namely 10,401 to 10,396. 
The number of unemployed members was also practi- 
cally stationary, viz. 12,407 to 12,408. 





As this issue of ENGINEERING goes to press, the 
position of the negotiations, which have for their object 
the re-organisation of the British coal-mining industry, 
is not very clear. The Government has been in con- 
sultation, first with the Mining Association and subse- 
quently with the Executive Committee of the Miners’ 
Federation, but nothing very substantial has happened 
to bridge the gulf which divides the two chief parties 
to the controversy. After their meetings with the 
Government’s representatives, the members of the 
Miners’ Executive Committee left London for their 
districts, and will not return, it was stated, until after 
their constituents have reached decisions on the Cabinet 
proposals. The National Delegate Conference, to 
receive the views of the districts on the proposals, 
takes place on Tuesday. 





At their interview with the Prime Minister and his 
colleagues, the Mining Association, it is understood, 
again declined to discuss the proposals with the Miners’ 
Federation. A development which may have far- 
reaching consequences, took place, however, away 
from London on Wednesday. Amongst a number 
of resolutions passed at a meeting, in Bradford, of 
the West Yorkshire and South Yorkshire Coalowners 
Association was the following :—“‘ This meeting accepts 
the Government proposals, namely, hours below ground 
to be reduced from 8 to 7$ as from next April; out- 
put and sale to be regulated by co-ordinated district 
schemes, which may be made obligatory on all coal- 
owners.”’ The resolution has been forwarded to the 
Miners’ Association. 

The decision came to this, an official of the Coal- 
owners’ Association said, that ‘‘ the Yorkshire owners 
want the Government to get on with the marketing 
organisation. If we can get organised marketing in 
this country and abroad it will go a long way towards 
solving the problems of the mining industry.” Com- 
menting upon the decision, a Yorkshire member of the 
Miners’ Federation said that it must be obvious to 
everybody that the reason why the Yorkshire owners 
had no great objection to the proposals was the same 
as that which prevented the Yorkshire district of the 
Miners’ Federation from recommending them, viz. 
that they did not alter the present position of Yorkshire 
in respect of working hours. 
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A DRAWING-BOARD ATTACHMENT. 


THE advantages of the drawing-board slightly in- 
clined from the vertical and adjustable to any height 
and at any inclination, have long been recognised, and 
such boards are a familiar sight in many drawing- 
offices. There are a number of offices, however, where 
the old-fashioned horizontal drawing board is still in 
use, in some cases at all events because the vertical 
board with its somewhat elaborate stand is too ex- 
pensive an item for a department which is often very 
parsimoniously dealt with. We have lately inspected 
a simple apparatus which can be attached to existing 
drawing boards to give all the advantages of the vertical 
type, at a very low cost and without needing more 
floor space than that already occupied by the table or 
bench carrying a horizontal board. This apparatus, 
known as the Hanke patent tilting device for drawing 
boards, is illustrated in the annexed figure and is sold 
in this country by Mr. Charles G. Rothschild, 17, 
Fitzwarren-gardens, Highgate, N.19. 

















The general construction of the device will be clear 
from the figure. The attachment of the table consists 
of two malleable-iron clamps, with a tightening screw 
on the under side. Each clamp carries a short slide 
which can be rotated round a horizontal centre, and 
through it passes a steel bar attached to the board 
by end flanges and screws. A wing clamping screw 
locks the slide in any position with regard to the angle 
or the height of the board; that is, the board 
can be lowered so as to be used when the draughtsman 
is sitting or raised when he is standing. The bars 
are nickel-plated, as also are the joint bushes, and can 
be easily attached to any ordinary drawing board. 
The use of the tilting device makes some form of 
balanced tee-square desirable, and this is provided 
for by the attachment of a third nickel-plated strip 
near the edge of the board. An aluminium bracket, 
screwed to the head of the tee-square, carries a spring 
which,: by exerting the correct degree of pressure, 
maintains the square in the position in which it 
is left, while requiring an almost negligible effort 
to move it. The apparatus can be obtained in dimen- 
sions suitable for any size of drawing-board, and a 
board fitted with it is quite firm for all ordinary drawing 
operations as we have ourselves tested. 





BriTisH EMPIRE TRADE EXHIBITION, BUENOS AIRES, 
1931.—The general secretary of the British Empire 
Trade Exhibition, to be held in Buenos Aires in 1931, 
has informed us that official notice has now been given 
that H.M. Government has recognised the importance of 
the occasion and has decided to participate on a suitable 
scale. The British Government exhibits will be housed 
in one of the finest buildings in the Exhibition grounds, 
which, as stated in our recent article on the subject, 
have been generously lent by the Argentine Rural 
Society. The Government exhibits, besides illustrating 
the contributions of the British people to the world’s 
progress, will indicate much of the development of the 
British Colonies and Protectorates. The Dominion of 
Canada is taking great interest in the Exhibition, and 
has reserved a building. 





THE SoutH SHIELDS Coast Roap.—When opening the 
South Shields coast road on November 2 last, Mr. Herbert 
Morrison, M.P., Minister of Transport, stated that the 
new road was 2} miles long and had cost 150,000/. 
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TESTS OF THE PROPERTIES OF 
INSULATING MATERIALS.* 


By Pror. O. R. RANDALL. 


THE object of this paper is to discuss certain methods 
which may be used to investigate some of the properties 
of insulating materials, and the attempt is made to 
place the testing of such materials upon a more exact 
footing than has previously been the case. The 
properties which are chiefly involved are: (a) body 
resistance, (b) contact resistance, and (c) capacity 
effects. Other factors which are involved in the 
measurements, and are chiefly important from the 
point of view of correctness, are dealt with after 
the results of the main tests are discussed. Chief 
among these subsidiary characteristics are those 
associated with temperature and humidity. The first 
part of the paper deals with measurements of the 
quantities (a) and (6) above, and the second part 
deals with certain experiments and deductions in 
connection with capacity effects and the bearing of 
this phenomenon upon measurements such as those 
enumerated under (a) and (6). 

Measurement of Body Resistance and the Estimation 
of Contact and Surface Conditions.—The method will 
be referred to as the method of divided contacts. 
Let four contacts be placed on a strip of insulating 
material, and let them be connected up to a supply 
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in the four ways shown in Fig. 1. Let the symbols 
enumerated below have the meanings stated :— 
Rgco represents the resistance of the length of 
insulation from below the contact B to below the 
contact C. Similarly Rep, or any such expression. 
R, represents the resistance from some mean section 
across the material below the contact B to the material 
of the metal contact. It, therefore, includes the 
contact resistance together with the resistance of a 
short length of insulating material. Similarly for 
Ro, Rp, &e. 

With regard to these resistances, in certain cases 
the quantities R,, Re, &c., are difficult to define 
exactly, this being because the regions in the material 
from which they are measured are not exactly known. 
They become more definite when the contact resistance 
is high, since then the short length of body resistance 
involved may be neglected. 

With regard to such terms as Rye, Rep, &c., these 
may be made quite definite, because the length of 
the material between contacts may be made great 
compared with the other dimensions. 

If, then, the system is connected up in the four ways 
shown in Fig. 1 and successive readings are taken of 
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The roadway is 50 ft. wide between fences, and has 
a carriageway of 32 ft. and two footways of 9 ft. each. 


The South Shields Corporation and the South Shields 
Rural District Council, who undertook the work, 
received a grant-in-aid from the Ministry of Trans- 
port of 60 per cent. The new work involved the 
diversion of the Harton Coal Company’s railway into a 
cutting 32 ft. deep, and the construction of a new rail- 
Way bridge having a span of 110 ft. The new road, 
taken in conjunction with the reconstruction and 
widening of Mill-lane and Sea-lane, executed by the 
South Shields Rural District Council, gives the 


district a magnificent coast road 5 miles in length, con- 
necting the Sunderland suburb of Roker, through the 
Villages of Whitburn and Marsden, with the Borough of 
South Shields. 





the voltages and the current in the branches B and C, 
as indicated in the figure, the following equations can 
be written down :— 


(1) ai. Rec + a Ry = di, Ry for the first arrangement, 

(2) ili, Re = Rye tiig + iii, Ry for the second arrange- 
ment. 

(3) dil, (Ra Rw + Rg + Ry) = Ei for the third 
arrangement, 

(4) div. (Rep + R. + Ry) = Eiv for the fourth arrange- 
ment. 





* Paper read before Section G of the British Asso- 
ciation at Johannesburg, South Africa, on August Il, 





It will be seen that these four equations involve 
five unknowns, but Rep and Rp occur together in 
the last two equations, and may be treated as one 
quantity. Thus the four equations are sufficient to 
solve for the three quantities Ryo, Rg and Rz, and 
so the body resistance Ryo of a known length of the 
material can be determined, and the quantities 
Rg and Re can be found. As explained when dealing 
with the meanings of the symbols, these quantities 
Ry, Re, &c., cannot be defined with the same exactness 
as the terms such as Ryo which represent body resist- 
ance, but it will be clear when the test results are 
discussed that useful information may be obtained 
from a consideration of these magnitudes. 

The materials for which figures will be given include 
red vulcanised fibre board, press-spahn and black 
switchboard material of the asbestos type, in four 
varieties known, respectively, as A, B, C and D. 
The test materials were cut into strips 2-54 cm. wide, 
approximately. This dimension was not adhered to 
in the case of press-spahn owing to the smallness of 
the current which was obtained with the standard 
arrangement, due partly to bad contact conditions. 
The contacts used, except in the case of press-spahn, 
were brass rods of circular section, the diameters of 
which were 2-22 cm., the weight being approximately 
250 grammes. The specimens were wax-covered, 
except the press-spahn, and the contact areas were 
wiped with an oily sponge (see later remarks relating 
to humidity and also sensitiveness of contacts). The 
distance between adjacent contacts was generally 
10 em. or multiples of 10 cm. The first experiments 
which will be discussed are some of those which were 
intended to demonstrate the reliability of the method. 
They are chosen because in them the complete sets 
of readings were repeated or checked. In other cases, 
which are not mentioned, only certain readings were 
taken at the end of a complete set as a check. 

The body resistance in Tables I, II and III is given 
for 10 cm., and for the cross section of the specimen. 
When, in later tables, certain materials are compared. 
the body resistances will be expressed in terms of 
unit length and unit cross section. 


TaBLeE I.—Reliability Tests. 


Results of Two Tests on the Same Sample and Length 
of Asbestos Board Material. Variety B. 





— | First Test. 


| 
| |\— Se: 
| 





| 


9 
Rec megohms .. | 331-0 x 10, 327 x 10; 
Rs megohms .. aa oul 5-0 x 10, 3:27 xX 105 
Re megohms .. me | 36-8 x 10 32-7 x 10 
Air temperature aa ; ‘| 16-0 deg. C. 16-0 deg. C 








Dimensions of specimens: length, 49 cm.; width, 2-5 cm. ; 
thickness, 1-25 cm. Contact data: area, 3-9 sq. cm.; weight, 
250 gr. 

With reference to the difference between the values 
Ry, see the remarks after the next tables. 


TaBLeE II.—Reliability Tests. 


Results of Two Tests on the Same Sample and Length 
of Asbestos Board, Variety A. 





0-553 x 10 


Re megohms 
16-65 deg. C. 


Air temperature 


| 
— | First Test. | Second Test. 
| aol 1: dail 
Rec megohms a «| 8-46 x 10, 9°4 x 105 
Re megohms ..| 0°0367 x 105 0-0408 x 10, 


0-54 x 10 | 
16-5 deg. C. 





Dimensions of specimen: length, 61 em.; width, 2-5 cm. 
thickness, 1:91 cm. Contact particulars: area, 3-9 sq. cm. 
weight, 250 gr. 

TABLE III.—Reliability Tests. 


Results of Two Tests on the Same Sample and Length 
of Red Fibre. 





! 


—. } First Test. Second Test. 








Rec megohms ..  ..| 2660 x10, | 2590 x 105 
Rg megohms nat 56-4 x 10, 52-7 x 10, 
Re megohms es ool 105 x 10 1146 x10 
Air temperature .. .-| 15-5 deg. C. 16-0 deg. C. 


| 





Dimensions of specimen: length, 43 cm.; width, 2-63 cm. ; 
thickness, 1-02 cm. Contact particulars: area, 3-9 sq. cm. ; 
weight, 250 gr. 

Results of three tests on the same specimen, but 
on different lengths, of a sample of asbestos board 
material, variety B, average temperature 15-9 deg. C. 
are given below. Five contacts were arranged on this 
specimen. If they are lettered A, B, C, D and E, the 
following tests were carried out :— 


lst—with contacts A, B, C and D. 
2nd—with contacts B, C, D and E. 





1929. Abridged. 


3rd—with contacts A, B, D and E. 
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It will be found that these results made it possible 
to calculate the following magnitudes :— 


(1) The resistance B, C. 

(2) The resistance C, D. 

(3) The resistance B, D. 

(4) The contact resistance R, from two separate 
sets of readings. 

(5) The contact resistance Rg from two separate 
sets of readings. 

(6) The contact resistance Rp from two separate 
sets of readings. 


The results are shown in Tables IV, V and VI. 


TABLE IV.—Reliability Tests. 


Results of Three Tests on the Same Sample, but Different 
Lengths, of Asbestos Board. Variety B. 





Bopy RESISTANCES. 


Re 10 cm. 327 x 10? megohms. 
Rep ae 840 x 10? i 
Rep 2 , 1200 x 102 e 








TRANSVERSE AND CONTACT RESISTANCES. 

AtecontacttB.. 3:27 x 1% and 12 x 105, megohms. 
Cc 28-0 x10? ,, 32:7 x 10,» 

147, x 107 ,, 176 x 10 + 


” 


” D 





Dimensions of specimen: length, 49 cm.; width, 2-5 cm.; 
thickness, 1-25 cm. Contact particulars: area, 3-9 sq. cm.; 
weight, 250 gr. 

The quantities shown in Table IV expressed for 
unit length and unit cross section are given in Table V, 
and the resistance, including the contacts and a small 
length of material, are given in Table VI. 


TaBLe V.—Reliability Tests. 


Average resistance over length BC .. 102 x 10? megohms. 
ie af a CD .. 262 x 1¢ ss 
BD... as7xie .,, 


” ” 


TABLE VI.—Reliability Tests. 





| 
Contact. | 


Values Found. 
ta Nee ah En 
| 
B 3-27 x 10? megohms and 12-0 x 102 megohms. 
c 28-6 x 102 . 32-7 x 102 
D 147, x 102 - 176-0 x 10? - 





In the cases of the contacts C and D, Table VI, 
the values do not differ from the mean by more 
than 8-7 per cent., but in the case of the contact B 
the difference is so great that an explanation appears 
necessary. A reasonable explanation is that the 
contact B was placed on a region where the insulation 
was of very poor quality; this would account for 
the low value of R,, which, it must be remembered, 
includes some body resistance. If this were so, any 
changes which might occur in the resistance across 
the contact surfaces might have a marked effect, 
because such resistance would be a large proportion 
of the combined quantity represented by R,. As it 
was necessary to remove leads from one contact to 
another during the tests, it seems likely that changes 
did occur in the contact conditions. If the table 
showing the contact conditions is compared with that 
showing the body resistance, the two sets of magnitudes 
are seen to agree in the direction in which they increase. 
This agreement is clearly shown in Fig. 2. The 
inferences to be drawn from these tests are that the 
material of the specimen was not homogeneous, 
that its qualities improved from B to D, and that 
at B there was a very poor region. The material 
was cut through at B, and it was found to be soft 
under the position occupied by this contact. 

These reliability tests demonstrate that the qualities 
of the material may be tested with fair precision by 
this method, and that, in addition, qualities at definite 
points, including the surface, may be examined if 
care is taken to keep the conditions constant. Further, 
it appears that the surface conditions are not very 
important if the voltage drop across the interface is 
small compared with the drop over a short length of 
the material. This condition is satisfied in many 
insulating materials with metal contact, and it may 
be generally approximated to by using suitable 
contacts. 

It seems that, if reliability can be established, there 
are certain advantages possessed by this method over 
the mercury method. For instance, the material may 
be mapped out with some precision if similar contacts 
are placed at intervals and tests are carried out using 
chosen groups. The qualities of the material at definite 
points may be mapped out by obtaining the quantities 
Rg, Ro, &c., at these points. At the present stage in 
the work, this method seems to break down when the 
actual contact drop is large, owing to the sensitiveness 
of contact, but it is probable that this objection 
may be removed after further experimental work has 
evolved a more reliable contact, and, in any case, 





with most materials, this objection can be avoided 
by using contacts of large area. 

Comparison Tests.—The next experiments which 
will be discussed are tests showing the qualities of 
specimens of the six materials already mentioned. 
In all cases but one, these tests were carried out with 
strips approximately 2-5 cm. wide and with brass-rod 
contacts, the dimensions of which have been given. 
The one material which was treated differently was 
press-spahn. The current with this material, and 
with the usual contacts, was too small to measure 
with sufficient accuracy, partly owing to the irregular 
surface and bad contacts, and the strips were therefore 
made 5 in. wide. The contacts were changed to 
tinfoil strips ‘about $ in. wide and 5 in. in the other 
direction, so that they stretch right across the material. 
Each contact was loaded with about 2 lb. The body 
resistance is given first, in Table VII, expressed in 
terms of unit length and unit cross section. 

The differences between these numbers in Table VII 
show the variations in body resistance in ordinary 





commercial insulating materials sold for the same 
Fig.2. 3:27x10” 28x107 47x10? 
& 12-0x10"  327x10" 176x10? 


@)  f@) (c) pp) £| 
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Fig 4. 
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0 
(1685.0.) Temperature 
purpose. The same methods can be applied to examine 
the effects of moisture, oil, temperature changes, and 
other possible causes of changes in body resistance. 
The same materials will now be compared from the 
point of view of the qualities disclosed by the values 
found for Ry, Ro, &c. In this connection, it must 


TaBLe VII.—Body Resistances, Ry, &c., for 1 em. length 
and 1 sq. cm, cross section (temp. 16 deg. C. to 17 deg. C.). 














Material. Resistance, Megohms. 

| 

| 
Red fibre | 715 x 10? 

and 

| 695 x 102 (two tests). 
Press-spahn .. oe 134 x 102 
Black asbestos, variety 102, Over 30 cm. length. 

A 1-2 x 102: Over 20 cm. length. 


103 


110-9 
! jl 
Black asbestos board, | | 
J 


x 

x 

x 

x 102- | Different occasions over 
x 10. 

x 102 

x 

x 


| 


variety B, same length | noe - adjacent 10 cm. lengths 
26% 02, 
Black asbestos board, ; ) 6°53 10°. At 17-2 deg. C. 
variety C f7-7 x 10%, At 16-2 deg. C. 
Black asbestos board, | > 
variety D | 4680 x 10 


| Black asbestos board, | 


of material involved in the two resistances and their 
cross sections. This least value will occur when the 
actual contact resistance is negligible. If the contact 
resistance is not negligible, the values of Rg, Rg, Rp, &c. 
in a homogeneous material must exceed the known 
fraction of Ryo, Rep, &c., by this actual contact 
resistance. When the values are less than this, it can be 
assumed that the material is not very homogeneous. 
On the other hand, if the values of Rg, Ro, &c., are 
much larger than this, there are two explanations: 
one, that the material is not homogeneous, and the 
other that the contact drop (across the interface) is 
large. Generally, the correct cause can be found by 
repeating the tests on adjacent lengths, and seeing if 
the results are consistent. 

These remarks will help in the study of the figures 
given in Table VIII. These values do not give the 
resistances at the contact regions, but express this 
as the ratio of the body resistance for a 10-cm. strip 
of the material to the resistances represented by 




















Rz and Re. If it can be assumed that conductivity 
across a contact is proportional to the area, these 
Fig 5. 
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figures might be reduced to comparative values by 

finding the resistances Rg and Re, multiplying by the 

contact area, and dividing by the half thickness of 

the specimen. As all the specimens but one had the 

same contacts, we are only concerned with the 
thickness as a variable in the present discussion. 
TaBLe VIII.—Ratios = and Ree in Terme of the 
Resistance Ry. for a 10-em. length of Material, 

and 2-5 cm. wide (approx.). 








Ratios. 
Material. | = 

| Rec Ru 

| Ra R 
eae Sasa hier r _ ee ee en eee 
Red fibre ea 12°77 | 6-771, 

| 43-2 6-0 f Two tests. 
Press-spahn .. | 7-5 3: 


7. 
Different contacts. Intended to indi- 
cate fair uniformity only. 

These ratios varied from about 20 to 
about 230. A representative pair of 
values, when using 30 cm. between 
contacts, was :— 

| 59 | 185 


variety A 


35 

9) Same length, different 
10f occasion. 

5:7 


0-1) 
0-14 


Black asbestos board, 65 

variety B, 2 lengths 99 

of same specimen | J 30 
| 





Black asbestos board, | sodas Same length. 


variety C 213 


2nd specimen .. | 0-532 | 0-794. 
Black asbestos board, ee 
variety D |} 8-22 5-65. 





be remembered that the contact resistances Ry, Re, 
each include two components of resistance, that across 
the contact region and that from the surface of the 
insulation to some region in the middle of the material. 
In the next case it will be noticed that, in a homo- 
geneous material, the least resistance Ry, Ro, &c., 
will be a known fraction of Ryo, Rep, the fraction 
being determined by the ratio between the lengths 





For the present purpose I wish to confine myself 
to the information which may be gained from these 
figures without attempting to give the exact significance. 
I shall use the following standards of comparison :— 

(1) One material is more uniform than another if its 


‘BC BC 


ee? 

ratios R, R 
B “ P 

(2) The surface quality of one material is better 


‘and B® are more nearly equal. 
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than another of the same body resistance if the ratios 


Rc and Rue are less. 


Re Re 
Using the suggested methods of comparison and 
the given values of body resistance, we see that the 
material of variety A shows up badly. Its contact 
and transverse resistance ratios vary from a value 
represented by 17 to a value represented by 230. 
Variety B is not much better; but, in this case, the 
body resistance is higher. The materials red fibre, 
press-spahn, and varieties C and D of asbestos 
board show fairly homogeneous qualities, and 
variety D is particularly good in its body resistance. 
An outstanding characteristic of asbestos board of 
variety C is the high transverse and surface resistance 
shown by the uniform smallness of the ratios 
Ree and Reo, as compared with those ratios for varieties 
Aand B. (The thickness of B approximated to that of 
C; the thickness of A was less than twice that of C.) 
Material such as C would be suitable for arcing barriers, 
or for any purpose where transverse and surface quali- 
ties are of first importance. 
Temperature Changes.—If a sample of insulating 
material is tested for conductivity with changing 
air temperature, it may be found that, on plotting 
these variables, a loop is obtained, as in Fig. 4. It is 
assumed that the explanation of this loop is to be 
found in the lag of the temperature of the insulating 
material behind that of the surrounding air. In Fig. 3, 
let the curve a, 6 represent the variation of room 
temperature with time, and let the curve c, d represent 
the change of the mean temperature of the insulating 
material with time. Consider the air temperature 
ON in Fig. 4, and the corresponding line MK in 
Fig. 3. From this figure it is seen that, when the air 
temperature is OM or RK, the mean temperature 
of the material is RT. If PP’ in Fig. 4 is made 
equal to KT, and if this process is repeated for a 
series of points on the curve for increasing temperature, 
the points P’ P’, &c., will be obtained, and these will 
determine a truer curve, showing the relation between 
temperature and conductivity for the test material. 
If the same operations are carried out for decreasing 
temperature, it will be found that the corrected points 
Q’ Q’, &c., now lie to the right of the air temperature 
curve in Fig. 4. Thus the effect will be to close up 
the loop which gave the apparent relation when 
air temperature was used. An uncorrected curve 
showing the loop referred to is drawn in Fig. 5, in 
which it is marked ‘‘ wax-covered.” The lower line 
of the graph corresponds to increasing temperatures, 
and the upper line to decreasing temperatures. The 
variations in the gradients are probably due to the 
varying rates of change of temperature of the air. 
The curve of Fig. 5, when corrected as suggested, 
shows the marked temperature effect which is known 
to be possessed by insulating materials of the type 
tested. In view of this and the uncertainty introduced 
because of the loop, the tests to be described were 
carried out at approximately constant temperature. 

Humidity Changes.—If a sample of insulating 
material is tested for conductivity in an atmosphere 
of changing humidity, the following observations 
will be made :— 

(a) The conductivity of the system will be unstable 

with moderately humid atmospheres. 

(6) The material will become a progressively better 
conductor if the atmosphere is maintained 
humid until (after days or weeks) it attains a 
steady state. 

The immediate effect of humidifying the atmosphere 
is seen in the curves of Fig. 5, for which two similar 
samples of red fibre were tested—one was protected 
from the atmosphere in a way which will be described 
later, and the other was exposed to the atmosphere. 

Tn view of the unreliability of results due to variation 
of humidity a method of protecting the specimens 
was considered. It was not desired to enclose them 
in an airtight compartment of appreciable size, because 
such a box would allow changes in the moisture 
contained by the specimen due to evaporation. It 
was decided to cover the samples with paraffin wax 
by immersing them in a bath of molten wax just 
hot enough to keep liquid. Such immersion, being 
very rapid and immediately forming a complete 
covering, would not allow of any evaporation. Small 
circles were afterwards cut from the wax covering 
to allow of the insertion of the contacts. Tests were 
carried out to demonstrate that such treatment had no 
appreciable effect on the conductivity of the material. 
Fig. 6 shows the result of one such test. In this case, 
the sample was tested for conductivity before immersion 
and it was then dipped into a bath of wax without the 
contacts being removed. It was afterwards replaced 
in the original circuit, and its conductivity measured 
every few minutes till its temperature had regained 
its initial yalue. It will be seen from the curve that 
the final conductivity was practically the same as 





in this paper, the samples were covered with wax as 
described, and no humidity readings were used in 
working out the results. The justification for this 
was that wax-covered specimens were tested under 
various humidity conditions, but as long as the 
temperature cycles were repeated the conductivity 
cycles were also repeated. Thus referring to Fig. 5, 
it was found that the full-line curve could be repeated 
day after day, with varying humidity conditions, 
if the temperature cycle was repeated. 
Proportionality between Current and Voltage.—Experi- 
ments were conducted to find out if proportionality 
existed between the applied voltage and the current 
in a system made up of two or three contacts and an 
insulating material. It was found that such proportion- 
ality did exist with the materials tested, provided 
readings were not taken until the current had reached 
its constant value. This usually occurred. when the 
system had been switched in for about 15 minutes. 
The period depended partly on the previous history 
of the set of operations. Thus, if the voltages were 
continually increased, the time necessary might not 
be the same as when the voltages were being decreased. 
This will be understood when it is remembered that 
the system is supposed to consist of resistances in 
series with leaky condensers. 
Time Intervals between Readings.—As explained 
when dealing with the proportionality between current 
and voltage, the system behaves as though it consisted 
of resistance and capacity in series. It follows that 
the body resistance will be given by the quotient of 
voltage and current when the charging process is 
ended. For this reason, the currents used in the 
solution of the given system of equations are those 
obtained when the galvanometer reading was approxi- 
mately constant. 
The Direction of Current Across a Contact.—In 
previous experimental work, the present writer has 
found that, with certain materials, the drop at a 
contact is not the same at both contacts, but is 
greater at the one connected to the negative pole of 
the supply. Two methods of demonstrating this are 
the following :— 
(1) If a system consisting of an insulating material 
and two contacts of small size is carrying a current, 
and if one of the contacts is increased greatly in size, 
the current will increase. If now the voltage is imme- 
diately adjusted so that the current is brought back 
to its original value, the change in voltage will measure 
approximately the voltage originally across the contact 
which has been virtually eliminated. If the process is 
repeated for the other contact, the original voltage 
across it is also found. 
(2) If a system consisting of two metal contacts and 
in insulating material is carrying a current, and if 
slots are cut in the contacts so that tongues of metal 
may be inserted which may rest on the surface of the 
insulation and yet be nearly surrounded by the main 
contact, such tongues will attain the potential of the 
material immediately under the main contact, and 
this potential will differ from that of the main contact 
by the drop across the interface. If now a high- 
resistance electrostatic voltmeter is connected between 
the tongue and the main contact, the voltmeter will 
measure the voltage drop across the interface. In 
view of the differences known to exist at the two 
contacts of some such systems as those tested, it 
was decided to keep the current constant in direction. 
This is done with regard to the contacts B and C 
in the system shown in Fig. 1. 
Sensitiveness of Contacts.—The value of the resistance 
at a contact may vary considerably if it is moved and 
replaced. It may even change without being touched, 
due to small particles making intermittent contact 
between the metal and the surface of the insulation 
being tested. This is specially noticeable when high 
voltages are used, and it is then most likely due to 
filaments imprisoned in the interface and forming 
intermittent bridges across the small air gap. It was 
found that conditions were made more stable by 
wiping all contacts with an oil-covered piece of leather 
or sponge. The film of oil did not appear to alter 
the contact conditions and yet prevented trouble due 
to tiny particles. It was assumed, in the application 
of the method, that the contact resistances remained 
unaffected by such variable conditions while a set of 
readings was taken; this occupied about an hour. 


(To be continued.) 








Misuse or THE WorD “ Brrumastic.”—We have been 
asked to draw attention to the fact that the name 
‘* Bitumastic ’” has become so well known in shipping 
and engineering circles that there is a tendency, at the 
present time, to use the word as a general descriptive 
term in the same sense as the word bituminous is 
employed. Messrs. Wailes Dove Bitumastic, Limited, 
Collingwood-buildings, Newcastle-upon-Tyne, have re- 
quested us to point out that Bitumastic is a trade- 
mark registered throughout the world, and can only be 





that before immersion. In the related tests discussed 


VOLUME CHANGES DURING THE 
SOLIDIFICATION OF METALS AND 
ALLOYS. 


Owrne to experimental difficulties, the various 
methods in use for determining the changes in volume 
which take place in pure metals and their alloys, 
especially during their solidification, do not give very 
concordant results, even for materials of low melting 
points. Dilatometer determinations seem to be suit- 
able when the specimen is cooled from below upwards 
in its container; observation of the contraction of cast 
bars and the buoyancy-balance methods, like most of 
the others, become unreliable at high temperatures. 
An account of measurements conducted by Mr. W. E. 
Goodrich, M.Met., in Professor Desch’s laboratory at 
Sheffield, on behalf of the Die Castings Committee of 
the British Non-Ferrous Metals Research Association, 
on metals of low fusibility, viz., tin, lead, bismuth, 
antimony and their alloys, was given at the Faraday 
Society on October 31. The specimen, prepared by 
fusion and transference in vacuo, was kept in a glass 
bulb of 50 c.c. capacity, which was connected by a 
capillary filled with pure nitrogen with a pressure gauge 
containing oil and mercury, the latter being used to 
prevent contamination of the greased taps with oil. 
The bulb and a blank bulb of the same size, were 
heated by immersion in a bath, of oil up to 275 deg. C., 
and of a mixture of sodium and potassium nitrates (in 
proportions 45-5 to 54-5) up to higher temperatures. 

Pure tin was found to contract suddenly by 0-34 per 

cent. at 161 deg., but this contraction, due probably 
to a change from rhombic to tetrahedral tin, was 
not observed in rich tin alloys. Of the tin-lead alloys, 
that with 52 per cent. of tin showed the minimum 
contraction during solidification, of 2-28 per cent., 
pure tin and pure lead contracting by 2-97 per 
cent. and 3-85 per cent., respectively. The well- 
known expansion of bismuth during solidification, 
between 268-3 and 268-0 deg. C., was found to amount 
to 3-47 per cent., and to take place actually during the 
solidification, and not in the liquid (M. T. Murray). 
Whether bismuth alloys will expand or contract 
depends upon the proportion of the other metal, 
and in the cooling and heating curves, the behaviour of 
eutectics may balance the expansion and contraction 
effects. Pure antimony was not studied ; its melting 
point is given as 630 deg. C. The binary tin-antimony 
(up to 15 per cent. of Sb) and lead-antimony alloys did 
not show any sudden volume change on solidification, 
and the contraction coefficients of the solid alloys 
increased with increasing antimony percentage, but 
were very small compared with those of the lead-tin 
and bismuth-tin alloys. Of the important tin-antimony- 
copper alloys, Britannia metals contain from 5 to 
8 per cent. of Sb and up to 3 per cent. of Cu, 
and Babbit metals up to 15 per cent. of Sb and 
7 per cent. of Cu. Those with 92 per cent. of tin and 
8 per cent. of antimony were particularly studied ; the 
addition of copper, especially when above 1-5 per 
cent., increased the contraction during solidification. 
In the tin-lead-antimony alloys, the Sb percentage 
was kept at 10, and the Pb varied between 0 and 30 
per cent. As the lead was increased, the contraction, 
due to the solidification of the eutectic, rose to 1-1 per 
cent., whilst the total contraction reached a maximum 
of 8 per cent., decreasing again on further addition of 
lead. The supposed expansion of Babbit and type 
metals on solidification would seem to be only apparent, 
and due to a kind of sweating out of certain con- 
stituents. Pure zinc contracted by 4-48 per cent. 
on freezing, and expanded by 4-69 per cent. on 
melting. The addition of 3 per cent. of tin and 5 per 
cent. of copper increased these volume changes to 
5-8 and 6-16, and even to 7-83 per cent. in the 
presence of 10 per cent. of tin, but the further addition 
of aluminium lowered these values. 
The behaviour of these alloys cannot be predicted 
from their chemical compositions. The metals occur 
in several modifications, eutectics form and freeze 
out at different temperatures, and cracks between 
crystals and inter-granular fissures retain gases and 
liquids. Ageing takes place, moreover, and the cubical 
expansion coefficients depend greatly upon the heat 
treatments, which are difficult to control. 








DaniIsH ENGINEERING COLLEGE CENTENARY CELE- 
BRATIONS.—The centenary celebrations of the foundation 
of the Danish State Engineering College were held 
recently at Copenhagen. The proceedings were marked 
by the establishment of several scholarship funds, one 
of which was subscribed by Danish engineers in the 
United States. It was also decided to institute four 
gold medals, to be awarded annually for scientific and 
technical research work. The building of a number of 
new laboratories, which are to cost nearly 500,000/., has 
been commenced. In addition, a technological museum 
and library have been instituted, and the construction 
of an experimental tank for the shipbuilding laboratory 
has been put in hand. The tank will have a length of 





applied to their particular products, 





492 ft., a width of 29 ft. 6 in., and a depth of 13 ft. 
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ALL-GEARED PLAIN MILLING 
MACHINE. 

TuE all-geared plain milling machine, which we 
illustrate by Figs. 1 to 5 on this page and opposite, is 
a re-designed form of the well-known Parkson plain 
milling machine, and is made by Messrs. J. Parkinson 
& Son, Shipley, Yorkshire. It is not practicable to 
enumerate all the changes that have been made from 
the earlier type, but, in general, it may be said that 
these have been in the direction of ensuring the highest 
possible degree of accuracy in production, by providing 
a margin of strength and stifiness over that required 
by the greatest stresses likely to occur on this type of 
machine. Two of the more prominent changes may, 
however, be mentioned, viz., the duplication of the 
controls and their rearrangement in even more con- 
venient positions than formerly ; and the adoption of 
automatic lubrication for all the gears in the column, 
knee and table. The capacity of the machine may be 
gauged from the facts that the working surface of the 
table is 51 in. by 12} in., the traverse of the power 
longitudinal feed, and the cross feed, 30 in. and 10 in., 
respectively, while the greatest distance between the 
centre of the spindle and the top of the table is 18} in. 
About 5 h.p. are normally required for the drive. 

A good general idea of the machine may be gathered 
from Fig. 1, the rectangular column with its ample 
supporting area for the double overarms and the wide 
bearing surface for the knee slide being very noticeable, 
but the design is more clearly shown in Figs. 2 and 3. 
The drive is taken by a single pulley, running on ball 
bearings at 350 r.p.m., at the back of the machine, and 
seen at the right-hand of Fig. 3. It is transmitted to 
the spindle through gears, revolving, wherever practi- 
cable, on fixed shafts. There are twelve spindle speeds 
available, ranging from 15 r.p.m. to 360 r.p.m. The 
first motion shaft and the gear for reversing the direc- 
tion of the spindle are contained in the bracket carrying 
the driving pulley. Stopping and starting are effected 
by either of the two inclined levers seen at the top of the 
machine, these actuating a friction clutch engaging with 
the driving pulley. The table feed gear and the suds 
pump are controlled from below the bracket. The 
levers for selecting the spindle speeds are shown on 
the column side in Fig. 3. The fixed shafts and the 
smaller gears are made of heat-treated steel while the 
larger ones are of high tensile steel. The spindle is of 
nickel steel and has a No. 10 B. & 8S. taper socket, 
whiie its flange is provided with four drilled and tapped 
holes for attaching large face-milling cutters. When 
such cutters are used a positive drive is provided by 
hardened steel keys. 

The overarms are unusually stiff, and the cross 
braces provided are therefore not necessary for every 
operation. The knee is of the same sturdy construction 
as the other parts of the machine, and, as will be 
gathered from the figures, the table is of exceptional 
depth. It is fairly extensively cored to keep down the 
weight, but this is compensated for by an effective 
system of ribbing. The surface is chilled and finished 
by grinding. The lead-screw is stationary and the 
table is traversed by rotating a nut carried on the 
underside of the table. Teeth are cut on the periphery 
of the nut, which is rotated by a sliding gear on a 
splined shaft, which may be identified in Figs. 1 and 2, 
by the handwheel at each end. The splined shaft 
is normally driven by the feed gear, and may be 
used to drive a rotary table or other accessories by 
change gears attached to one end. In such a case the 
rotating nut is de-clutched. The hand adjustments 
are, as a rule, only used for small movements and the 
hand wheels are accordingly provided with large 
micrometer dials. The quick power traverse is generally 
used for large movements and is easily engaged. All 
the feeds and traverses are controlled by the double 
lever seen below the table in Fig. 1, and for the other 
side of the machine, on the feed gear-box in Fig. 5. 
There are thus four positions from which all table 
movements may be operated. Quick-power traverse is 
made at the rate of 75 in. per minute in the longitudinal 
direction, 56 in. per minute on the cross traverse, and 
38 in. per minute for the vertical movement. Automatic 
and safety trips are provided. 

A reference to Fig. £ will show that between the 
handwheels for the cross and vertical adjustments on 
the front of the machine, is a feed selector lever, which 
is used to select whichever traverse is desired, longi- 
tudinal, cross or vertical. It is impossible, therefore, 
to engage two traverses at the same time. The feed 
gear-box is mounted on the right side of the knee. 
An interior view of it is given in Fig. 4. It contains 
hardened sliding gears to give 12 rates of feed, to 
either the longitudinal, cross, or vertical movements of 
the table. These rates vary from } in. to 10-4 in. per 
minute, and are obtained by movement of a crank 
handle lever, which, with the index dial over which it 
moves is clearly seen in Fig. 5. All the gears and shafts 


are lubricated automatically by oil delivered by a single 
plunger pump standing in the oil well and operated 
from the first motion shaft. 


The bearings of the main 
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Lert SIDE OF MACHINE. 


spindle have independent capillary lubricators with oil Oil-Refining Plant.—A description of a_petroleum- 
level indicators. Centralised lubrication stations are | tefining plant for dealing with from 1,500 to 1,800 barrels 


provided for the cross slide and knee. The cutting 
medium is delivered in ample quantities from 

submerged wing type pump that does not require 
priming. It is returned, after circulation, to the 
hollow base of the machine. This serves as a tank, and 
provision is made to enable it to be readily cleaned out. 








CATALOGUES. 


Belt Shifter—A mechanical belt shifter for application 
to the belts of stepped pulleys is illustrated in a catalogue 
received from Mr. O. N. Beck, 11, Queen Victoria-street, 
London, E.C.4. 

Office Furniture-—Messrs. Kenrick and Jefferson, 
Limited, West Bromwich, have issued a further catalogue 
of office tables, desks, chairs, filing cabinets, bookcases, 
&e., for which prices are given. 

Boiler Accessory.—We have received a circular from 
Messrs. Eddystones Limited, Caxton House, Tothill-street, 
London, 8.W.1, describing a refractory body formed with 
screw-shaped blades for insertion in the furnace tubes of 
internally-fired boilers to impart a whirling motion to the 
hot gases, 

Electric Furnaces.—Messrs. Wild-Barfield Electric 
Furnaces, Limited, North-road, London, N.7, have sent 
us a catalogue describing several of their heat-treatment 
furnaces with automatic temperature control. We 
have also received another of the firm’s heat-treatment 
bulletins, dealing with the heat treatment of high-tensile 
aluminium alloys. 

Steel Forgings.—Messrs. Steel Peech and Tozer, 
Limited, Sheffield, have issued a catalogue describing the 
forging work they are able to undertake, which includes 
rotors, crankshafts, marine propeller and thrust shafts, 
connecting rods, axles, etc., from small sizes up to any- 
thing that can be forged from a 60-ton ingot. The 
forgings can be supplied in special steels, in the rough or 
finished states. 

Pneumatic Tools.—Messrs. The Consolidated Pneu- 
matic Tool Company, Limited, 170; Piccadilly, London, 
W.1, have issued two sets of illustrated brochures of 
various operations in which their tools are used. One 
deals specially with motor-car manufacture and the 
other with a general range of boiler, bridge, road-making, 
shipbuilding, and constructional work. The operations 
include drilling, riveting, chipping, grinding, &c., with 
many special applications. 





| Limited, Aldwych House, London, W.C.2. 





of crude oil a day, is given in the house journal “ Heat 
Engineering,’ published by Messrs. Foster Wheeler 
Corporation, U.S.A., and issued by Messrs. Foster Wheeler 
The plant 
produces continuous streams of petrol, naphtha, gas oil, 
lamp oil, wax distillate, &c., and is nearly automatic, 
the labour required being the full time of one man and the 
part time of two men. 


Tools.—Messrs. Brown and Sharpe Manufacturing 
Company, Providence, R.I., U.S.A., have issued a 
revised edition of their catalogue of small tools, a copy 
of which is to hand from Messrs. Buck and Hickman, 
Limited, 2, Whitechapel-road, London, E.1, who are 
importers and agents for these tools. Measuring tools 
shown are made in a great variety of forms, and to a 
high degree of accuracy, with many adaptations for 
measuring work and setting tools during machining 
operations. There are also lists of ground flat steel, 
vices, clamps, small geared pumps, and many useful 
notes and tables. 


Electricity Supply.—Particulars have reached us of 
small power plants, complete with building and all 
equipment, now being supplied by Messrs. Metropolitan - 
Vickers Electrical Company, Limited, Trafford-park, 
Manchester. ‘There are two standard sizes with capacities 
of 330 kw. and 625 kw., respectively, at 400 volts, and 
four others of which the capacities range from 1,250 kw. 
to 3,750 kw. at 3,300 volts. Lancashire or water-tube 
boilers are employed to supply steam to turbo-generators 
producing three-phase current at 50 cycles. The plant is 
supplied and erected complete for service, and it is 
claimed that very economical results have been obtained. 








Routine Stock For SoutH ArrRican RatLways. 
The Department of Overseas Trade informs us that 
large purchases of new rolling stock are contemplated 
by the South African Railways. The expenditure of 
674,000. has been authorised for the purchase of 122 
steam locomotives. A sum of 694,500/. is to be devoted 
to the purchase of goods wagons, and about 500,000V. 
is to be spent on the acquisition of passenger coaches. 
Omnibuses and other road veicles are also to be pur- 
chased. The general manager of the South African 
Railways has stated that the total open route mileage 
of the road motor services operated by the Administra- 
tion was 10,377 on August 21 last. The number of 
vehicles in service at the end of July was 378, and 7) 
more were then on order. 
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THE CORRELATION OF FATIGUE 
AND OVERSTRESS.* 


By Professor J. H. Smrru, D.Sc., M.I.Mech.E.; C. A. 
Connor, M.Sc., and F. H. Armstrone, M.Sc. 


(Concluded from page 606.) 


Investigation of the Effect of Symmetrical Overstress 
on the Yield Range.—By “‘ symmetrical overstress ” is 
meant the treatment of a material with a range of 


stress of which the mean stress is zero, and which | 


exceeds the greatest Wohler range of the material. 
Under such conditions the specimen suffers a sym- 
metrical yield, the position of the mid-point of the 
illuminated band remaining unaltered. The amount 
of this yield is not usually large, and the illuminated 
band quickly settles down to a length which remains 
constant so long as the range of stress is repeated. 
If permitted, this range of stress would eventually 
break the specimen. It becomes necessary, then, 
before commencing these experiments, to have a rough 
- of the life of the specimens under the test con- 
ations, 

Specimen C8. Diameter, 0-2505 in. Overstressing 
Ope ration.—From the yield-range curve, the full line 
in Fig. 5, on page 662, it will be seen that the Wohler 
Tange for zero mean stress is + 13 tons per square 
inch. In overstressing, it was arranged to use a range 
of stress not less than ++ 15 tons per square inch. 





* Paper read before the Iron and Steel Institute, at 


Fie. 5 
Conditions. 
Periodicity 1,070 r.p.m. 
WV wae 10-72 Ib. 
Range 31-4 tons per sq. in. 
Mean stress Zero. 
Endurance test results show that the life of a 


specimen at this range of stress would be about 80,000 
reversals. The specimen received 10,000 reversals, 
during which there was no appreciable variation of 
periodicity. The length of the illuminated line remained 
33-9 cm. throughout. After overstressing, a series 
of yield-range tests was carried out with as little delay 
as possible, in order to avoid any rest effects that might 
occur. The yield ranges of the specimen C8 are shown 
by the dotted line on the normal yield-range curve in 
Fig. 5; the curve indicates an increase in all the yield 
ranges. It should be noted that the yield range for 
zero mean stress after overstress was + 15-4 tons per 
square inch, while the range employed in overstressing 
was + 15-7 tons per square inch. 

In carrying out these yield-range tests it was found 
that the material was in an unstable condition, and in 
some cases difficulty was experienced in detecting the 
yield. Below the yield it was possible to obtain closed 


| stress-strain loops. These loops were considerably 


| 
| 


wider than similar loops for an unstrained material. 
After having been brought to the yield, every specimen 
was unloaded into the Bauschinger state. The 
Bauschinger elastic line in each case showed a decreased 
elastic modulus. 

Investigation of the Effect of Unsymmetrical Over- 
stress on the Yield Range.—The term “ unsymmetrical ”’ 


Newcastle-upon-Tyne, on Thursday, September 12, 1929. | overstress has been applied to the treatment of a 


Abridged. 


material with a range of stress, the mean stress of which 





Freep InpEx DriaL AnD ContTrRoL LEVER. 


is not zero, and which is greater than the yield range 
corresponding to the particular value of mean stress 
employed. The immediate result of this treatment is 
the yielding of the material, the rate of yielding 
depending to an extent on the excess of the applied 
range over the yield range. In these experiments the 
following was the procedure adopted. 

A specimen was brought into the cyclic state for a 
pre-arranged value of alternating stress, and was 
loaded with mean stress up to the yield limit. The 
range of stress was then increased to the required value 
by speeding up the motor; yielding then occurred. 
Throughout the process of yielding the illuminated 
band on the extensometer screen was kept under 
observation in case of premature breakage, which would 
have been preceded by an increase in length of the 
band. When the specimen had finished yielding, 
the periodicity of the rotating masses was checked and 
recorded. The mean stress was reduced to zero, and 
the range of alternating stress lowered to the original 
range. The yield was now investigated, in tension 
first if the overstress was tensile, or if compressive, in 
compression first. 

Specimen C7, Fig. 7.—This specimen had previously 
been brought to the yield, but was not injured from 
the authors’ point of view, as on re-investigation the 
yield range proved to be unaltered. It was initially 
in the Bauschinger state, as left from previous experi- 
ments. The + 10 loop was traced, and the specimen 
brought to the yield point in tension at 11 turns. The 
periodicity was 850 r.p.m., and the range of stress 
19-8 tons per square inch. With the specimen on the 
point of yielding, the periodicity was increased from 
850 r.p.m. to 990 r.p.m., raising the range of stress from 
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19-8 tons to 27 tons per square inch. The specimen 
yielded, and was allowed to complete its yield. The 
range of stress was decreased to the original normal 
yield range, 19-8 tons per square inch, by lowering the 
periodicity to 850 r.p.m., and the mean stress was 
reduced to zero. When reloaded with mean stress in 
tension under the action of the range of 19-8 tons per 
square inch, the specimen showed no tendency to yield 
at 11 turns, but yielded at 15 turns. 

Further tests were carried out in the same manner ; 
the results are tabulated in Table IV, below. 

Investigation of a ‘“‘ Fatigued”’ Steel.—For the investi- 
gation of the effect of fatigue on yield ranges, a fatigued 
steel wagon axle, about 6 in. in diameter, and having 
ends of slightly larger diameter to carry the wheels, 
was obtained from the Belfast and County Down 
Railway Company. It had been in service for 30 to 
35 years, and had finally failed by fracturing in 
two places, one close to each enlarged end. It must 
have been subjected to millions of applications of 
repeated combined bending and shearing stresses 
during its long service, and must therefore have been in 
a state of fatigue such that only some extra impact 
or blow was required to bring about complete failure. 

The axle was divided axially into a number of sections 
which were numbered as shown in Fig. 11. From these 
sections specimens were turned and numbered according 
to the positions from which they came out of the 
axle. From a consideration of the bending moment and 
shear stress diagrams of a shaft subjected to either 
or both bending and twisting, it follows that specimens 
taken from the outer portion of the axle would be 
stressed to a greater extent than those taken from the 
centre. 





Fig.7. SPECIMEN C7. 





The following are the chemical analysis and mechani- 
cal properties of the fatigued steel : 


Analysis. 
Per cent. 
Carbon 0-37 
Silicon 0-10 
Sulphur 0-064 
Phosphorus 0-041 
Manganese 0-98 


Mechanical Properties (Static Tests). 
Limit of proportionality .... 16-62 tons per sq. in. 


Yield stress 20-50 =, 
Maximum stress 39-15 —,, 
Breaking stress 35-40 ae 
Elongation soe 20-40 per cent. 
Contraction of ares 29-58 ne 
Hardness number 187. 


The static tests were carried out on a prepared 
specimen of uniform size, } in. in diameter ; the exten- 
sions in overstrain were measured for a length of 
8 in., and the extensometer measurements were taken 
on a length of 10 cm. (the load was carefully put on 
by hand). The machine used for the test was a 
Riehle, and the extensometer was manufactured by 


Messrs. The Cambridge Instrument Company, Limited. | on each specimen. 








a mean stress so as to yield, so care was taken to keep 
well within a possible yield range. Six tests in all were 
carried out, and in each case an attempt was made to 
obtain a stress-strain loop as soon as the specimen had 
been loaded beyond the initial elastic limit. Three of 


Fig.5. VIELD-RANGE TESTS ON SPECI- 
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| the specimens were taken from the outside of the shaft, 
jnamely, Zl, 2, and 3, and three from the inside, 
| Z 4, 5 and 9. From the test results it was evident that 
| Specimens from the outer portion of the shaft behaved 
| differently from specimens from the inner portion when 
| subjected to an alternating stress and superimposed 
|mean stress. In the former no difficulty was experi- 
| enced in obtaining the cyclic state, stress-strain loops 
| being obtained immediately after the elastic limit had 
| been passed. In the latter it was not possible to obtain 
| symmetrical loops until the specimens were allowed 
| to yield slightly in either tension or compression. 

It has been found that freshly rolled steel is not in a 
| cyclic state, and it is sometimes difficult to acquire this 
|state. This may be due to the effect of tne rolling 

strains on the molecular arrangement of the material. 
| The effect of the stress on the specimens from the outer 
| portion of the shaft may therefore have brought about 
| some kind of internal rearrangement of the molecules 
| of this fatigued steel to a more symmetrical state, and 
| so have annulled the effect of the rolling and other 
| strains arising from manufacture. 
| _ Yield-Range Tests of “ Fatigued” Steel—Complete 
yield-range tests were carried out in the usual manner 
After a yield was obtained the 


TABLE IV.—Testr ResvuLts witH SPECIMEN C7. 





| | Original Yield Range. 


Applied Range. Resultant Yield Range. 








| 7 
| | 














Test Yield. | Alternating Mean | Alternating | Mean Alternating | Mean 
Stress. | Stress. Stress. Stress. Stress. Stress. 
Tons per | Tons per Tons per | Tons per Tons per Tons per 
square inch.) square inch. | square inch. | square inch. | square inch. | square inch. 
1 Tension se 19-8 9-5 | 25-2 | 9-5 | 19-8 12-1 
2 Tension. 19:8 9-1 97-0 | 9-1 19-8 13-0 
3 | Compression 20-4 | -— 87 | 39 | — 8&7 20-4 =| — 12-1 
4 Compression 19-8 — 8&7 27°56 | — 8-7 19-8 — 13-25 
5 Tension .. 15-0 12-1 21-6 12-1 15-0 16-4 
6 Compression 15-8 — 12-5 22-3 — 13-0 15°8 — 17:3 
Before carrying out the actual yield-range tests for; specimens were brought back into the Bauschinger 


the different specimens of fatigued material, a series 
of experiments was necessary to determine whether 
the steel was in a primitive or in a cyclic state, or if 
it were possible at all to obtain stress-strain loops. 
Each specimen was inserted in the machine, and a 
test was carried out, using a small range of alternating 
It was not desirable to load the specimen with 


stress. 


state. In comparing the different yield-range curves 
obtained with this fatigued steel one important result 
stands out clearly, namely, that specimens from the 
outer portion of the shaft seem to have a greater value 
of yield range, for any value of mean stress, than 
specimens from the inner portion. By plotting all the 
yield-range curves on one diagram (Fig. 24), a clear 





picture is obtained of the relative positions of these 
curves to the normal steel yield-range curve, which is 
shown as a dotted line. The following is a summary of 
the values of the yield ranges for zero mean stress of 
the fatigued steel specimens; that of C steel is added 
for comparison :— 

Yield Range for 


Specimen. Zero Mean Stress. 
Tons per Square Ineh. 
Z1 eas + 16-0 
Z2 + 16-0 
Z3 + 16-2 
Z4 + 15-0 
Z5 + 15-0 
Z9 + 14-8 
C steel + 13-0 


From a study of these results one might infer that 
an unstressed specimen of the same composition as the 
fatigued steel would not have a value of yield range, 
for zero mean stress, greater than + 14-8 tons per 
square inch. It is quite possible that this value of 
yield-range would be even smaller than + 14-8 tons 
per square inch. 

Conclusions.—After a material has been overstressed 
by a symmetrical range of periodic stress, its stress- 
strain loops below the yield are closed and sym- 
metrical. After overstress by an unsymmetrical range 
of stress, the stress-strain loops of a material are closed 
and unsymmetrical. Symmetrical overstress increases 
the yield ranges of a material. Unsymmetrical over- 
stress increases the yield ranges of a material. It is 
possible to obtain closed stress-strain loops with 
fatigued material. Fatigued material which has been 
stressed with practically the maximum value of stress, 
and is nominally overstressed with respect to the corre- 


Fug.24. COMPARISON OF YIELD RANGES ON 
Z STEEL SPECIMENS. 
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sponding normal material, is in a cyclic state, and 
yields at equal values of mean stress both in tension 
and in compression. Fatigued material, overstressed. 
with respect to other fatigued material, has greater 
values of yield ranges, the yield-range curve in the 
former case falling well outside that in the latter case. 
Fatigue increases the yield ranges of a material. 
Fatigue and overstress have similar actions upon the 
yield ranges of a normal steel. 





Socrety or Guass TECHNOLOGY, LONDON SECTION : 
ErratuM,—We announced on page 575 of our issue of 
last week that a London Section of the Society of Glass 
Technology had been formed. We regret that the 
name of the secretary, Mr. Verney Stott, should errone- 
ously have been given as Scott. 


Reatism Iv Mopets.—A defect, happily now being 
overcome, in accessories for model engines and so forth, 
is that of making them working models at the expense 
of truth to the real thing. That itis quite possible to make 
an accessory which functions perfectly satisfactorily and is 
at the same time a faithful small-scale reproduction, 1s 
shown by a little model of the well-known ‘“‘ K”’ valve 
oil feeder, recently received from Messrs. Joseph Kaye 
and Sons, Limited, Lock Works, Leeds. This is made of 
polished copper, and is, in all its details, even to the 
serrated top joint, true to its original. It measures !" 
the body 1} in. by } in., and has a total depth of { in.. 
with an overall length from tip of spout to back \ 
handle of 4 in. 
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THE HAMS HALL GENERATING 
STATION OF THE BIRMINGHAM 
CORPORATION. 


(Continued from page 547.) 
SteaM-Ralsinc Pant. 


CONTINUING our description of the new Hams 
Hall Station of the Birmingham Corporation, a 
skeleton site plan of which will be found in Fig. 12, 
Plate LXIX, we may next deal with the steam- 
raising plant. An elevation, cross-sections and plans 
of the boiler house are given in Figs. 8 to 11, 
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Plate LXIX, from which it will be seen that the 
coal is delivered from the raw-coal bunkers through 
chutes to the pulverisers, five of which are 
provided for each of the five boilers. These pulver- 
isers, which were manufactured by Messrs. Alfred 
Herbert, Limited, of Coventry, are of the Atritor 
type, and as they have already been fully de- 
scribed in our co!umns,* it will not be necessary 
to deal with them again in detail. It may be stated, 
however, that each is capable of grinding 4 tons 
of coal per hour, and that, of the five associated 
with each boiler, one is driven by a 144-h.p. 
direct-current motor and four by 120-h.p. alternat- 
ing current motors, the speed in all cases being 
1,440 r.p.m. Normally, one of the latter units 
will be spare, any variations in load being dealt 
with by altering the speed of the former. Though 





* See ENGINEERING, vol. cxxvii, page 103, (1929). 
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there is not complete interchangeability between 
the pulverisers and boilers, the hot-air ducts are so 
arranged that air can be delivered to any pulveriser 
from any boiler, so as to facilitate starting. These 
pulverisers grind the coal so that 63 per cent. of 
the product will pass through a 200 standard mesh 
sieve. As stated by Mr. Chattock in the paper, 
to which reference has already been made, the deci- 
sion to use unit pulverisers was reached after expe- 
rience had been obtained with other methods. 

The main steam-raising equipment consists of 
five boiler units, each having a normal evaporative 
capacity of 190,000 Ib. per hour from water at 
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a temperature of 295 deg. F. and a maximum 
capacity of 228,000 Ib. per hour under the same 
conditions. Steam is generated at a pressure 
of 375 lb. per square inch by gauge, and a total 
temperature of 710 deg. F., the blow-off pressure 
for each boiler drum being 405 lb. per square inch. 
The temperature of the flue gases leaving the air 
heater, under normal conditions, will be 275 deg. F. 
with 16 per cent. CO,. 

The general arrangement of these units will also 
be clear from Figs. 8 to 11, Plate LXIX, while 
Figs. 13 and 14, on this page, will enable the 
design of the individual boilers and combustion 
chambers to be studied in more detail. As wiil 
be seen, the boilers themselves are of the Babcock 
and Wilcox cross-drum type, and are equipped with 
Usco air preheaters. No economisers are, how- 
ever, provided, since feed heating is effected by 
| three-stage extraction from the turbines. Each 





boiler is 44 sections wide and 5 + 14 sections high, 
and is fitted with sinuous stepped headers. The 
superheater is constructed in two portions, and is 
arranged above the first five sections of water tubes. 
The whole of the boiler tubes are 4 in. in external 
diameter, and expose a surface of 20,009 sq. ft. to 
the gases, while the diameter of the superheater 
tubes is 1} in., the surface exposed, in this case, being 
4,566 sq. ft. The steam drum is of 4 ft. 6 in. 
internal diameter and 38 ft. long. The outlets 
from the two portions of the superheater have an 
internal diameter of 10 in. and are taken to a 
Y-piece, whence connection is made to the steam 
*bus main in the boiler house. 

The combustion chamber is completely water 
cooled on three sides by Murray fin tubes, which 
are expanded into headers, and form part of the 
boiler circulatory system. The chamber has a volu- 
metric capacity of 14,000 cub. ft., and its floor con- 
sists of a Lopulco screen with a heating surface of 
360 sq. ft. This screen is made up of 4-in. tubes, 
the connecting headers being provided with flanged 
connections for the down-take and riser pipes. As 
will be seen from Figs. 13 and 14, these pipes convey 
the feed water via the boiler drum to the lower 
headers of the water screen and wall-cooling tubes, 
whence it rises to the upper headers, and thence to the 
short return headers behind thedrum, The return 
headers distribute both water and steam to the 
drum. The heating surface of this combustion 
chamber-cooling system is about 2,000 sq. ft., the 
air heater surface being 40,800 sq. ft. The front 
wall of the boiler is composed of high-grade refrac- 
tory bricks and building tiles, and, with the ash 
hopper, comprises the only refractory material 
which is exposed to the heat of the furnace. 

Figs. 16 and 17, on page 665, illustrate one of 
the R-type Lopulco burners used, each of which has 
a normal duty of 54,200,000 B.Th.U. per hour. These 
burners, of which there are five per boiler, are 
arranged in the front wall of the combustion chamber 
in such a way that the use of refractory arches is 
avoided. They are designed in the form of a 
volute chamber, into which the pulverised coal-air 
mixture is fed. The further quantity of air which 
is necessary for complete combustion is supplied 
from the forced-draught fan system, through 
adjustable vanes in the periphery of the burner. 
The air and fuel are thus intimately mixed, and 
are projected into the combustion chamber with a 
helical motion. 

Each boiler is provided with a draught equip- 
ment comprising one forced-draught and two in- 
duced-draught fans. The latter are driven by a 
132-h.p., 440-volt three-phase motor, and have an 
output of 117,000 cub. ft. of air per minute, while 
the former has an output of 70,000 cub. ft. of air 
per minute, and is driven by an 84-h.p. motor. 
These fans were supplied by Messrs. Davidson and 
Company, Limited, of Belfast. Dust arresters, 
which were also manufactured by Messrs. Davidson, 
are installed on each induced-draught fan discharge, 
each pair of arresters being connected to one chim- 
ney. The whole of this plant is arranged at the 
top of the boiler house, as shown in Fig. 15, on 
page 664. The forced-draught ducts are laid so as 
to deliver air to the combustion-chamber fronts, 
and also to the pulverisers, the air pipes to the 
latter being, as already explained, cross-connected 
so that hot air can be supplied from an adjacent 
boiler when starting up from cold. 

All the steam valves of which the diameter ex- 
ceeds 6 in. were supplied by Messrs. Hopkinsons, 
Limited, of Huddersfield, while those of less diameter 
were manufactured by Messrs. Hunt and Mitton, 
of Birmingham. The main valves for controlling 
the steam ranges are of the Hopkinson parallel- 
slide valve type, with a bore of 16 in., and are 
operated by a motor, which is controlled either 
from the control board or from the turbine room. 
They are fitted with Platnam seats and discs 
and double-ball thrust bearings, and incorporate 
a l}-in. by-pass for warming up the range. 
Each boiler is equipped with three 3}-in. double- 
spring and two 3-in. marine-type safety valves, as 
well as with a deadweight safety valve, which is 
fitted with a high- and low-water alarm. The 
steam is controlled by two 10-in. parallel-slide 








valves, two 10-in. isolating valves, and two 4-in. 
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check valves, while four 2-in. and the same number 


of 14-in. valves are provided for blow-down pur- 
poses. In addition, there is a 2}-in. valve for the 
soot blowers, two }-in. and one }-in, drain valves, 
and a }-in, salinometer cock. These valves were 
also supplied by Messrs. Hopkinsons, the blow-down 
and soot-blower valves being fitted with Platnam 
seats. The boilers are further equipped with two 
sets of }-in. water gauges and protectors, and with 
the following instruments: one 12-in. Dewrance 
steam-pressure gauge and one Kent steam-flow 


meter, a six-point draught gauge and Bailey meter for | 
measuring the steam and air flow only, which were | 


supplied by Messrs. Industrial Combustion Engineers, 


Limited, 31, Wybert-screet, London, N.W.1, and | 
one steam-temperature recorder, two-feed water | 


thermometers, one thermometer for indicating the 
flue-gas temperature, and another for recording 
the air temperature in the air heater. These thermo- 


meters were manufactured by Messrs. Negretti and | 


Zambra, 38, Holborn Viaduct, E.C.1. A remote 
water-level indicator, supplied by Messrs. Kelvin, 
Bottomley and Baird, Limited, of Glasgow, is also 
fitted. All these instruments are placed on a board 
near each boiler and adjacent to the switchgear for 
controlling the pulverisers, as shown in Fig. 18, on 


the opposite page. The superheater safety valves | 


are also of 10-in. bore, and are fitted with cooling 
chambers to prevent overheating of the springs. In 








Fie. 15. FAN EQUIPMENT OVER BOILERS. 


, addition, a pilot whistle alarm, which operates at a|the piping is arranged so that any two can be used 
| lower pressure than the safety valve, is fitted. This | independently of the third. A branch pipe is con- 
jean be isolated by a Stamstel stop valve. The | nected to each pump chamber, so that one of the 
| water gauges are also of the Hopkinson type, and | pumps can be employed for emptying the sump. 
| are controlled by parallel-slide rack valves, while the| The ashes are removed from the sump by a 
try cocks are of the sheltered-seat type, and con- | telpher, consisting of a car travelling on an overhead 
tain two valves operated by a cam. The lower of|runway. This car carries a grab, so that the 
| these valves is exposed to the cutting action of the| ashes can be removed from any part of the sump 
| water when blowing down the gauges, while the| and delivered into the wagons on an adjacent 
| second, or master, valve ensures that fluid tightness | siding. This siding is arranged over a concrete 
is maintained. | pit to catch the water dripping from the wagons, 
whence it is returned to the ash sump. The twin type 
ASH-HANDLING Pranr. | ash grab used has a capacity of 1 ton, and the plant. 
The ash-handling plant is of the well-known} as a whole, is capable of dealing with 35 tons of 
Usco hydraulic-sluice type, and comprises a concrete | ashes per hour. The hoisting gear of the telpher 
trough, shown in Fig. 9, Plate LXIX, down which} is driven by a 40 h.p., 440 volt direct-current series 
| the ashes are washed into a sump. The bottom of | motor running at 750 r.p.m., while the travelling 
this trough is lined with half-round cast-iron channels. | trolley is operated through spur gearing by a 
| The sump measures 35 ft. 6 in. square by 28 ft. deep, | 7 h.p., 440 volt direct-current motor running at the 
and has a capacity of 13,500 cub. ft. As shown in|same speed. This gearing engages with one set 
Fig. 3 on page 546 of our issue of November 1, it is | of running wheels only. The telpher bridge can be 
| placed between the boiler house and the coal sidings. | traversed over the width of the ash sump by a 7 h.p. 
| Three 6-in. slurry pumps, of the vertical-spindle type, | motor. All these motors are operated through 
| and driven by 33-h.p. motors, are used for delivering | contactor gear, that for the hoisting motion being 
| the water from a suction chamber into the ash trough | controlled by a potentiometer device, so that the 
| against a head of 40 ft. These pumps were supplied | lowering speed cannot exceed a pre-determined sate 
by Messrs. The Pulsometer Engineering Company, | limit. 
| Limited, of Reading; each pump is capable of The ash-disposal plant also includes a make-up 
| handling the ashes discharged from three boilers and! water tank with a capacity of 1,500 gallons, this 
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| driven centrifugal pump of the low-lift type, with 
jan output of 85 gallons per minute. This is 
| sufficient for the requirements of six boilers on full 

load. The motor of this pump is controlled by a 
| switch which is automatically operated by a ball 
| float in the make-uptank. The pumps and motors 
|can be raised for cleaning and inspection, a 1-ton 
| snatch block, which is carried on the walls of the 
| pump house, being provided for this purpose. 


WaATER-SOFTENING PLANT. 


It may here be mentioned that the water required 
| for boiler-feed purposes is drawn from the neighbour- 
| ing reservoir of the Birmingham Water Department, 
| at Whitacre, and is treated in a softening and con- 
| ditioning plant, with a capacity of 12,000 gallons 
|per hour. The position of this plant, which was 
| supplied by Messrs. United Water Softeners, Limited, 
| of Aldwych House, London, W.C.2, and its.reservoir, 
|is indicated in Fig. 1 on page 545 of our issue of 
| November 1. The raw water, which enters through 

a 6-in. main and passes through a Glenfield and 
| Kennedy positive water meter, has a total hardness 

of 15-4 grains per gal., of which 3-5 grains per 
| gal. is permanent. 
After careful consideration, it was decided to 
| instal a lime-soda softener to reduce this hardness, 
a sand-filter plant to remove the suspended matter, 
|and a battery of Permutit base-exchange units to 
| eliminate the residual hardness. The result is that 
the make-up water has zero hardness and is free 
from any trace of precipitate. 
The lime-soda plant consists of a Lassen-Hjort 
cylindrical water softener, 20 ft. in diameter and 
36 ft. high, embodying a double-chamber oscillating 
| receiver in which the water and softening reagent 
are mixed. This receiver is controlled by locking 
| gear, which enables the water to be accurately 
}measured and sub-divided into small quantities 
|for treatment. The reagent is delivered by a reci- 
| procating pump from a 575 gallon tank, in which an 
| emulsion, giving proportions of 0-7 lb. of lime and 
|0-5 lb. of soda per 1,000 gallons of water, is pre- 
| pared by a system of electrically-driven agitator 
| blades. A lead-lined reservoir with acid-resisting 
| fittings is also provided, so that alumina can be 
| added, if required. 

The water, after being thus treated with reagent, 
is continuously agitated and circulated with the 
| sludge in a reaction tank to hasten precipitation. 


supply. A second float-operated valve in the | These operations are effected by passing the mixture 
suction chamber of the system controls the supply | down a pipe, which is surrounded by a second pipe 
Sewage effluent will} with a conical hood at its base. The first pipe is 
mainly be used for sluicing purposes, and will be | slotted at the top so that the inrush of water and 
supplied to the make-up tank by an electrically- | reagent carries a certain amount of air down with 


being the amount of water required per hour for 
12 boilers of the output now installed. The tank 
is of ferro-concrete and is supported on piers, being 
supplied through a float-operated valve, either 
from a make-up pump or from the town water 





of water from this tank. 
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the mixture and causes an injector action to take 
place in the outer pipe. The result is that the water, 
reagent and sludge are set in violent circulation, 
which is automatically maintained as long as the 
plant is in operation. This agitation does not con- 
tinue beyond the base of the cone, so that the water 
rises in practically a clear condition. 

The piping at the softener outlet is arranged, 
so that the treated water can be delivered to a 
reinforced-concrete reservoir, with a capacity of 
5,850,000 gallons, either direct or through sand 
filters. For this purpose, an 8-in. main is used, 
which runs along the wall, between the two sections 
into which the reservoir is divided, for a distance of 
390 ft., where it bifurcates into two 6-in. mains, each 
of which is 100 ft. long. The water is withdrawn 
through 10-in. floating collecting arms, of which 
there is one in each reservoir, by pumps and forced 
through Permutit softeners to the make-up tanks in 
the boiler-house. Alternatively, the water from 
the reservoir can be pumped through the sand filters 
to the Permutit plant. Water can be by-passed 
from one reservoir to the other through a penstock 
in the dividing wall. 

The filters are 8 ft. in diameter, and are of the 
quartz-sand type. They are fitted with valves, so 
that each filter can be separately controlled, and 
also with strainers, so that an even draw-off 
is ensured. The three Permutit pressure softeners, 
which are housed in the same building as the filters, 
are 9 ft. in diameter and are capable of reducing 
216,000 gallons of pre-treated water to zero hardness 
per regeneration. Each regeneration requires 
864 Ib. of salt and is carried out on the two-stage 
system, a portion of the old brine being used in the 
first stage, and the new brine in second. In this 
way, considerable economy is effected. The brine 
is prepared in a reinforced-concrete tank. Each 
Permutit unit is fitted with a separate meter, the 
contro] and strainer arrangements being the same 
as those for the filters. 

The two vertical pumps, which force the water 
from the reservoir through the Permutit plant and 
duplicate 8-in. mains a distance of 1,500 ft. to 
the feed tanks, 75 ft. above the boiler-house floor, 
have a normal output of 12,000 gallons per hour 
against a pressure of 100 Ib. per square inch. They 
were manufactured by Messrs. Tangyes, Limited, of 
Birmingham, and are driven by General Electric 
motors. They are installed in a separate pump 
house, which also contains a motor-driven Bryan 
Donkin blower for supplying compressed air to 
agitate the sand filters. This blower has an output 
of 150 cub. ft. of free air per minute at a pressure 
of 3 Ib. to 5 Ib. per square inch. 


(To be continued.) 


CIVIL AVIATION. 


To induce a man to risk the hazards of air travel 
the governments of the world are prepared to pay 
181. ; to persuade him to send a ton of goods by the 
airway is much more expensive and calls for the 
expenditure of 570/. To encourage an air transport 
company to operate regularly over one mile costs 
57l. These formidale overhead costs are charges 
on civil aviation before a single aeroplane is built, 
or single aerodrome is laid out. 

Until the publication of the Air Ministry’s 
Report on the Progress of Civil Aviation for 
1928 (H.M. Stationery Office, 3s. 6d.), it was impos- 
sible for the student of air transport even to guess 
at the cost of subsidising the steadily expanding 
network of air routes. Even now it is necessary 
to hesitate before comin;; to any conclusions from 
the figures, so difficult of comparison are the factors 
entering into the compilation of the data. The 
Air Ministry official who began the collection of this 











begun the task. The traffic returns of each country 
are made in a manner peculiar to itself. Sometimes 
the passenger and freight figures, for example, will 
represent an aggregate of bookings, sometimes the 
number of bookings multiplied by the number of 
stages. Occasionally too, one becomes suspicious 
that pilots and mechanics figure in the passenger 
totals. The varying financial years, again, require 
laborious adjustment. These complications make 
us the more grateful to the diligence of the Ministry 
officials who have had to grapple with them, but 
they do not increase confidence in the usefulness of 
the result. Accurate as the figures themselves no 
doubt are, there are still factors which vitiate their 
utility as a means of comparison. 

In addition to the subsidies voted by govern- 
ments, various forms of state, municipal and volun- 
tary financial aid are tendered to the aircraft operat- 
ing companies, Germany providing the best example 
of the first form, the United States of the second, 
and Russia of the third. Further, the civil machines 
of most countries make extensive use of the aero- 
dromes and ground organisation of the military 
air authorities. The position is not dissimilar 
from that which would exist if railway companies 
were expected to provide the locomotives, rolling 
stock, personnel and time-tables, the government 
being responsible for the maintenance of the per- 
manent way and stations. 

The statement that during 1928 the govern- 
ments of the world expended some 4,000,000/. in 
subsidies to air transport companies for the main- 
tenance of some 70,000 miles of regularly operated 
air-routes, over which passed 220,000 passengers 
and 7,000 tons of freight and mail, considerably 
underestimates the actual cost and emphasises 
the fact that air transport is still grievously distant 
from the time when it can “ fly by itself.”” We are 
far from criticising the usefulness of the expendi- 
ture. The whole sum might quite easily have been 
spent by one government on one battleship, but 
it illustrates how far we still are from aviation 
taking an everyday place as a form of commercial 
transport. The report leaves the impression that 
civil flying is making steady progress towards self- 
sufficiency, though at a mounting cost, and at a 
somewhat slower rate than hitherto and with dis- 
appointing checks here and there. The British 
reader will perhaps ruefully conclude that retarded 
development and disappointments are in a peculiar 
way characteristic of civil aviation in the British 
Empire. 

Progress has been most rapid and vigorous in the 
year under review in the United States, which has 
the largest land area suitable for the development 
of civil aviation. Its total route mileage in 1928 was 
about 20,000, the largest in the world. By the 
early spring of 1929, 7,500 miles of route had been 
equipped with lighting apparatus for night flying, 
and 400 municipal airports and 300 Government 
landing grounds had been established. The years 
1928-1929 have seen an increase in the number of 
air-links created between the United States and 
foreign nations. The United States has now two 
regular services across the Canadian border, one to 
Victoria on the Pacific coast, and the other to 
Montreal near the Atlantic seaboard. On Febru- 
ary 14, 1929, Pan American Airways began opera- 
tion of a sea-route from Key West to Cristobal (in 
the Panama Canal zone) by way of Havana. This 
line is to be extended down the west coast of South 
America as far as Valparaiso, and thence across the 
continent to Buenos Aires. Two services link 
Mexico City with the United States air network, 
one under American and the other under Mexican 
control. From Tampico the line to Mexico City 
throws off a branch which traverses the whole 
eastern coast of the isthmus to Merida. Another 


data had, as we have reason to know, serious diffi- | service runs the length of Cuba and San Domingo, 
culty in reducing the figures to a common denomina- | connects with the Florida mainland at Miami, and 


tor. 


Even with the resources of the British Govern- | branches off at Havana to provide the Panama 


ment behind him there is no doubt he had many | service, passing over Honduras and Nicaragua. 
obstacles to overcome before his raw material | Another company is busy with a project to bring 


was gathered together. 


Most governments are at | New York and Buenos Aires into direct air communi- 


pains to tie up their civil aviation subsidy votes in | cation with a line traversing the Caribbean Islands, 
an inexplicable manner with other grants of public | the northern coast of South America and the east 
money to the fighting services, the post office | coasts of Brazil and the Argentine. 


department or some civil ministry. Having 
abstracted these votes, however, one has only 


| 





xermany, having already developed—perhaps 
over-developed—her internal airways, is finding the 





negotiation of the international lines, which are essen- 
tial to her economic air development, a difficult and 
rather slow process. While the number of services 
operated by the Deutsche Luft Hansa increased in 
1928 to 90 during the summer season, some steps 
have been taken to ‘rationalise’ the domestic air- 
routes by the elimination of some of the less profit- 
able, and the equipment of others with facilities 
for night flying. The Berlin-Konigsberg and Berlin- 
Hanover routes are now so equipped, and work is 
proceeding on other lines. Express services have 
been established from Berlin to Paris and Zurich 
and from Berlin to Rome, via Vienna and Venice, 
in conjunction with Austrian and Italian companies. 
Thanks to the Berlin to Madrid service, inaugurated 
in January, 1928, two days now suffice for the 
journey between the two capitals. 

A race seems probable between Germany and 
France for the honour of instituting the first all- 
air route from Europe to South America. Trial 
flights have been carried out by the Luft Hansa 
as a preliminary to an extension of the Berlin- 
Seville line across the Canary and Cape Verde 
Islands to Brazil, where a subsidiary company, 
the Kondor Syndicate, has long been in operation. 
The chief difficulty is the provision of a flying boat 
suitable for the long sea crossing, and the interesting 


‘developments taking place in this department of 


aircraft construction in the Dornier works have to 
be remembered in this connection. Since March, 
1928, the French Cie. Generale Aeropostale has 
provided a service from Toulouse to St. Louis, on 
the West African coast, and from Fernando Noronha, 
off the Brazilian coast, to Buenos Aires. But, for 
lack of a flying boat capable of providing the link 
between the continents, recourse is had to the steam- 
boat. 

The Report recalls the fact that France has this 
year remodelled its military and civil aviation 
systems on lines not unlike those of the British. 
A separate Air Ministry has been formed, having 
control over all branches of aviation except the 
naval air arm, and a consolidation of the aircraft 
operating companies into three main groups is now 
proceeding. A significant departure from practice 
is the likelihood that, as the result of these negotia- 
tions, there will be a relaxation of the prohibition 
against the employment of machines of foreign 
manufacture. This prohibition, dictated, of course. 
by military considerations, has been one of the chief 
drags on French air transport development. A 
corollary of this reorganisation will also be the 
amalgamation of several aircraft manufacturing 
firms, since, with the removal of the protection 
that had been afforded them by the ban on foreign 
machines, some of the weaker companies would 
probably not survive. 

Italy took a long stride forward in aerial develop- 
ment during 1928, largely as the result of the 
removal of the obstacles to its progress imposed 
by the absence of foreign co-operation in long- 
distance routes. The opening of the Anglo-Indian 
service was only possible with Italian co-operation 
on the Mediterranean section. An agreement with 
Spain resulted in the institution of a round trip: 
Rome-Majorca-Barcelona-Genoa-Rome. A_ similar 
convention with Germany was followed by the open- 
ing of a service from Milan to Munich, which was, 
later in the year, extended southward to Rome. 

News from Russia, at least as far as air develop- 
ments are concerned, is difficult to obtain, and, 
when obtained, should be treated with caution. 
The Air Ministry’s Report, however, gives official 
credence in the most matter-of-fact language to 
news of remarkable progress made by the U.S.S.R. 
in the field of aviation. A thrice-weekly exper'- 
mental service between Moscow and Irkutsk, 
distance of 2,790 miles, was started in the summer of 
1928, and was made a permanent service in May 0! 
this year, bringing these far-distant towns within 
36 hours’ travel from each other. This, alone, i 
an amazing feat, but the operating company. 
Dobroliot, has extended this service a further 
1,856 miles to Yakutsk, with a branch-line to 
Vitim-Bodaibo, for the transport of passengers. 
furs and gold across an almost uninhabited region. 
This great transcontinental airway, nearly 5,00) 
miles in length, and hence the longest in the world. 
follows much the same route as the Luft Hans« 
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engineers chose for the grandiose Berlin-Pekin 
service, and is likely to be incorporated in the 
service when the Chinese portion of the route 
is less troubled politically. Russia enjoys the 
collaboration of German technical experts in the 
organisation of this route. 

The activities of minor Continental countries 
would provide material for interesting comment if 
space permitted, but mention ought certainly to 
be made of progress in a most unlikely corner of 
Europe. An aviation company, says the Report, 
was formed in Iceland with local capital. With the 
aid of a small government grant and the use of 
personnel and material provided by the Deutsche 
Luft Hansa, mail and passenger services are 
operated from Reykjavik to Akureyri and Vest- 
mannoérne, and to other places on the island. 
Travellers between Reykjavik and Akureyri have 
leaped with one bound from the Middle Ages to 
modernity, for a journey, normally made on 
horseback, which used to take nine or ten days, is 
now made in a little more than two hours. 

Turning to Great Britain and Greater Britain 
overseas, with such vast Dominions, with the 
well-known enterprise of its people, and the need 
for political consolidation, one might surely look 
for great progress. By some criteria, Great Britain 
makes no bad showing. For an expenditure of a 
quarter of a million sterling of public money, a 
sum one-quarter of that expended by France, 
Germany and the United States severally, and one- 
half that which Sgr. Mussolini manages to extract 
from Italy’s meagre revenues, we have created a 
system of air communications which is probably 
based on sounder economic foundations than that 
of any country except the United States of America. 
But our achievements have to be measured against 
our task and our opportunities. We are not one 
country, but many. The political barriers which 
hamper our rivals are absent. We have drawn up 
a most ambitious scheme of inter-Imperial air 
communications. But dotted lines on the map are 
still dotted, even though they be red. At the time 
that great scheme was being drawn up for the 
information of the Imperial Conference, Germany, 
the United States and Italy were also announcing 
great projects ... and Germany, the United States 
and Italy have realised a substantial portion of 
their schemes. 

It is true that Imperial Airways, Limited, carried 
in 1928 more passengers and weight of goods and 
mail than many a country whose route-mileage 
makes our 2,215 miles (a slight reduction from those 
of 1927) look feeble. It is true that Canada, having 
brought air survey and photography to a high 
pitch of perfection, has now made a promising 
beginning in establishing air transport services. 
Australia, too, has now practically encircled the 
continent with its air-routes, having opened this 
year a service from Adelaide to Perth along the 
route of the Transcontinental Railway. The 
Finance Committee of the Indian Legislative As- 
sembly has approved the Government’s proposal 
for tenders to be invited for the operation of a weekly 
service from Karachi to Rangoon. But, for the 
lack of those great inter-Dominion air-links with 
the Mother Country, the systems created by the 
Dominions will fall short of their full usefulness. 
No doubt the plans for a service between Rangoon 
and Australia will mature as soon as those of the 
Indian Government for an extension of the Croydon- 
Karachi line across the sub-continent. But the 
ill-starred Egypt-East-Africa line, for the re- 
establishment of which Imperial Airways, Limited, 
the North Sea Aerial and General Transport, 
Limited, and Alan Cobham Airlines are now making 
negotiations, is slow in coming to fruition. 

To attempt to hustle a British Government is 
sheer waste of time. But there is real danger that, 
unless vigorous measures are taken to create a 
skeleton system of Imperial air communications, 
the story of the motor-car will be re-enacted by 
the aeroplane. Secured against the need for 
uncomfortable enterprise by the demands of military 
aviation, many of the British aircraft manufac- 
turers are not apparently making superhuman 
eftorts to cultivate the market for commercial 
machines in the British Empire. American manu- 
facturers, on the other hand, are within measurable 





distance of the time when, a vast home market 
having been adequately supplied with aircraft, 
they will look to the British Dominions and 
Colonies to provide a market for their mass-pro- 
duced machines. Lord Thomson is credited with 
bold plans for Empire air development. It is to 
be hoped that the Report on the Progress of Civil 
Aviation for 1930 will provide more pleasant and 
optimistic reading for this country, and that on the 
numerous and excellent maps with which the 
current issue is illustrated, many of the dotted red 
lines which signify Imperial air projects will have 
solidified into unbroken red ones which will record 
Imperial air achievement. 
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To those who like that sort of thing an international 
congress is an agreeable form of picnic, which has 
grown more popular as travel has become easier 
and more luxurious. In theory, however, these 
functions are something more than a source of 
innocent enjoyment to those who attend them. 
They are meant primarily to be the occasion for a 
stocktaking among civilised nations of the world’s 
progress in some field of thought or activity, and 
incidentally to give the opportunity for men who 
live at distances from each other to compare notes 
informally on subjects of common interest. Often 
the field chosen is so wide that the delegates to 
the congress get lost in it, and the most fruitful 
result of their attendance, at least professionally, 
lies in the informal associations formed outside 
the congress hall. To some extent, moreover, 
the professional success of a congress is affected 
not only by the choice of papers submitted to it, 
but also by the efficiency of the arrangements 
for enabling those present to become acquainted 
with their contents, and thus enter immediately 
upon their discussion. The Fuel Conference, 
which is described correctly as a Sectional Meeting 
of the World Power Conference, had the advantage 
over a Plenary Session of being confined to a 
more manageable scope, and a survey of its Trans- 
actions confirms the impression that it shows a 
distinct advance over previous gatherings in 
the arrangements for turning the energy spent on 
the congress to useful account. In many such 
functions it has been a common experience that 
the initial anxiety to obtain sufficient papers has 
led to considerable laxness both in scrutinising 
their quality and in procuring them to be delivered 
punctually. The Fuel Conference appears to 
have suffered from no such shortage of available 
material, and with few exceptions no papers were 
accepted from individual contributors except when 
presented through authoritative technical bodies. 
In this way the papers as a whole reached a higher 
standard than that which has been seen at some 
similar meetings, and by some means best known 
to themselves the organising committee managed to 
obtain the texts with such punctuality that all 
but a very few papers were at the disposal of 
members of the Conference before it opened. 
Almost all of them, indeed, had been received 
early enough to enable them to be included in 
reports prepared in advance for each Section, 
embodying the more important features of the 
papers to be presented, and outlining the main 
points for discussion. These reports, most of which 
were extremely well done, were read in each section 
instead of the papers themselves, and the time thus 
saved served in most sections to permit a far 
more ample discussion than is usually possible on 
such occasions. 

The Conference was attended by delegates 
from 48 countries, and considered some 170 papers, 
about two-thirds of which dealt with coal. Its 
proceedings were conducted in 21 sections, with 
attendances varying from 80 to 350 and averaging 
about 180 per session, attracted doubtless by the 
prospect of a unique opportunity for having a 
literally international discussion of the subjects under 
consideration. In addition to the text of the 





papers, and a translation or précis in some other 
language than that in which they were written, 
the present volumes include a full abstract of the 
discussions, as well as a final summary of their 
effect. For the most part these discussions were 
conducted by practical men, with something to 
say and content to say it once, and the inclusion 
of the abstracts adds considerably to the value of 
the present report of the Transactions. It seems, 
however, to show that the efficiency of such con- 
ferences, which has already been increased greatly 
by the arrangement for relieving the time of the 
sessions from the reading of papers, might be 
enhanced still further if it were found possible to 
organise the discussions a little more than has been 
attempted at present. _Those of last year’s 
Congress suffered less than iseusual from the defect 
of being conducted on parallel instead of on con- 
vergent lines, but in some sections they were by 
no means free from it. Instances also were not 
unknown of a speaker coming into a number of 
sections to repeat at considerable length what he 
had already said quite adequately elsewhere. 
These doubtless are delicate matters to control, 
but a perusal of the present transactions seems to 
show that with tact and discretion some improve- 
ment might be made. 

The present three volumes consist of some 4,000 
pages, and it is stated that the separate index 
volume, containing full cross-references, will include 
about 500 more. The organisation of the Conference 
laid special stress on the economic aspects of the 
subject, but in almost all papers this aspect was 
presented through its technical side, and there 
appears to be scarcely any paper which is not 
of interest to a technical reader. The first volume 
gives the proceedings of sections which dealt 
respectively with the economic and_ general 
aspects of the coal industry, sampling and testing 
of solid fuels, their cleaning, drying, and briquetting, 
and their storage and handling, with one section 
on some economic aspects of the oil industry, and 
another on the composition, classification, prepara- 
tion, storage, and handling of liquid fuels. The 
second volume includes the sections which dealt 
with the carbonisation industry, gaseous fuels, 
steam generation and the production of electricity, 
and furnace work. The third volume contains 
the eleven other sections, which dealt respectively 
with the use of fuel for domestic purposes, pul- 
‘verised fuel, internal-combustion engines, long- 
distance transmission of fuels and energy, waste- 
heat recovery, low temperature carbonisation, 
peat, power alcohol, and two sections dealing 
with organisations for promoting the efficient use of 
fuel in industry, and the economic possibilities 
of better co-ordination. It also includes a report of 
the closing meeting of the Conference, with a 
summary of the discussions in the various sections, 
and the text of the resolutions adopted. The 
most striking impression left from the perusal of 
the papers is the remarkable fullness with which 
contributors from various countries have set out 
the results which have been attained, and the 
variety of problems with which they have had 
to deal. Here and there they diverge from the 
consideration of the use of fuels as such, as for 
instance in the paper by Mr. A. D. Kissel, of Czecho- 
Slovakia, on the use of coal as a fertiliser, with its 
account of agricultural results obtained from this 
use of the lower grades of brown coal and similar 
substances. For the most part, however, the 
papers deal with problems more familiar to fuel 
engineers, and as a whole the collection of them 
derives considerable interest from the variety of 
material available in the different countries whose 
practice is explained, and the differences in the 
methods by which these problems are attacked. 
Taking, for instance, the 16 papers in the section 
dealing with the economic and general conditions 
affecting the coal industry, the Australian Common- 
wealth gives a full account of the progress which 
has been made in the development of combustion 
of Victorian brown coal. The Austrian situation 
turns broadly on the fact that at present most 
coal used in Austria has to be imported, and the 
zeal with which the efficient utilisation of fuel is 
sought in that country lends a special importance 
to its criticism of subjects such as the classification 
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of coal and the utilisation of fuel, on which it 
contributes a number of important papers. From 
Canada comes a short study of the post-carboni- 
ferous coals of Alberta, and from Czecho-Slovakia 
a description of the manner in which the lignite 
deposits of that country are being utilised by high 
and low temperature carbonisation, gasification, 
and otherwise. A paper from Java describes 
the uses that are made of the remarkable Dutch 
East Indian coal, most of which is very friable and 
gaseous, and some exceedingly low in ash, which 
moreover has a high melting point. From Korea, 
again, come other problems arising from the 
character of the anthracite and the brown coal 
which the Japanese have found there, and an 
account of the manner in which it is being sought 
to utilise them. Roumania, a large producer both 
of oil and of timber, is addressing itself to utilising 
economically its large deposits of lignite in face 
of the competition with these fuels. Two papers 
by Professor L. K. Ramzin describe the highly 
practical and scientific methods by which it is sought 
to use low-grade fuel in Russia, and the bases on 
which measures are being taken to classify tuel. 
An outline is given of the fuel situation of Italy. 
A paper by Professor R. V. Wheeler discusses the 
constitution of coal with a view to its useful classifica- 
tion, and Dr. A. C. ¥ieldner describes the measures 
being taken by the United States Bureau of Mines 
in order to define and simplify both scientific and 
practical classification. 

This list of the proceedings of one section may 
illustrate the variety of sources from which the 
transactions are derived, but it does not indicate 
either the ground covered by the papers or the 
importance of the information they contain. To 
take a paper or two at random, the Section dealing 
with the storage and handling of solid fuels includes 
one paper which describes how the Belgian State 
Railways which have to buy about 200 different 
varieties of coal from some 90 contractors, receiving 


daily deliveries and distributing them to about | 


100 points of consumption, manage so to sample 
and blend deliveries as to maintain a consumption 
of coal in rough inverse proportion to its calorific 
value. The organisation by which this remarkable 


result is obtained is described in detail, and is 
said to cost something between one and two parts 
per thousand of the value of the coal. 
sponding arrangements 
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Railways are described in another section. The 
United States and Germany give detailed particulars 
in regard to the transmission of gas over long 
distances, and Dr. E. W. Smith, one of the Technical = 
Secretaries of the Conference, prepared from official | " 
sources a short report which gives particulars of the - 
cost of transmitting energy in the form of coal, 
coke, oil, gas, and electricity over various distances. 
Elsewhere Dr. Banson describes the measures by 
which German iron and steel works, faced at the 
beginning of the war with the problem of supplying 
an indefinitely Jarge quantity of steel from an 
insufficient supply of fuel, carried on by improving 
the application of blast-furnace gas. Another 
German paper, by Dr. Rosin, presented, among 
other information, the results of a large-scale experi- 
ment on carbonising coal as a preliminary to its 
use in a power station. The cleaning of coal by 
wet and dry methods, its blending, and its use in 
the pulverised form are some of the other subjects 
on which informative papers led to vigorous dis- 
cussions. The resolutions passed at the closing 
meeting urged the importance of securing inter- 
national uniformity in subjects such as the definition 
of liquid motor fuels, the application of gross or 
net calorific values, the standards to be used in the 
preparation of pulverised fuel and the testing of 
pulverising plant, and the classification of coal 
as well as the determination of its fundamental 
properties. 
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is maintained for 3} miles. After this, a curve to 
the west changes the direction at the south end of 
the Section to west of south. On the first five miles 
the alignment of the present canal was sufficiently 
direct to be followed for the present reconstruction, 
,which is, therefore, being carried out mainly by 
the setting back of the west bank to the necessary 
width, and deepening to the new bottom level. 
The main features involved have been excavation 
in earth and rock, and bank protection, either in 
the form of stone or concrete slabs on the slope, or 
concrete facing on vertical rock cuts. There are no 
‘large concrete structures in this stretch, the only 
work of this category being a retaining wall across 
|the present canal at Sration No. 1285, and sub- 
'structures for bridges, of which, however, there 
|are an unusual number. There are, in fact. six 
|erossings of the canal between Welland and the 
outskirts of the village of Humberstone near the 
south end of the section. Mention should also be 
made of gravity section retaining walls at the north 
end of the section in the neighbourhood of one of 
the bridges, No. 13. These extend, with wing walls, 
‘for a distance of nearly 900 ft. on the west side. 
and about 580 ft. on the east side, being built ot 
30-ft. monoliths, on pile foundation. 
Of the six bridges on the Section four are highwa) 








THE WELLAND SHIP CANAL.—VII. 


Tue last feature of note at the south end of 
Section No. 6,* which we described in our last article, 
was the new crossing under the canal provided for 
the Chippawa Creek. Section No. 6 ends just south 
of this at Station No. 976, and Section No. 7, com- 
mencing at this point, extends to Station No. 1294, 
a distance of nearly 6 miles. It is shown in 
the plans Figs. 154a, 6 and c. The south end of 
Section No. 6 runs nearly southwest, but easy 
curves in the first 1} miles in Section No. 7 change 
the direction to slightly east of south. This bearing 





* In our article on Section No. 6 of the Welland Ship 
Canal, on page 462 ante, it was stated that the summit 
level of the first extension of the canal from Port Robin- 
son to Port Colborne, was 3 ft. higher than that of Lake 
Erie. The difference in level was actually 8 ft., as was 
correctly given in Article No. II of this series, page 416 | 





of our last volume. bridges and two railway bridges, provision also 
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EXCAVATION OF CHANNEL ON WEsT SIDE OF BripGE No. 15. 


being made on one of the former for street railway | an industrial section of Welland. This will have a 


traftic. With one exception all these bridges are 
of the vertical lift span type, giving a clear height, 
when open for shipping, of 120 ft. and over, the chan- 
nel width between piers being not less than 200 ft. 
The one exception is a swing-bridge, the pivot 
pier of which is in the centre of the prism, providing 
two passages, one 104 ft. in width, and the other 
92 ft. 8 in., both, therefore, being considerably 
greater than the width of the new locks, &c. 

At the north end of the section the first feature of 
note is Bridge No. 13, which is a lift bridge, giv- 
ing a roadway width of 30 ft., in which provision 
is being made for a street railway track. It is 
situated at Main Street, Welland, and has to 
accommodate practically all the traffic through the 
centre of the city. Some short distance south, the 
canal line is crossed by trenches, in which will be laid 


gas and water mains, electric cables, &c. Further, | 





20-ft. roadway, and footpath on each side. It is 
for highway traffic only. At Station No. 1030 is 
a further cable trench, and just beyond this, at 
Station No. 1032 is a large swing-bridge, carrying 
the Michigan Central Railroad, and the Toronto, 
Hamilton and Buffalo Railway (C.P.Ry.) across the 
canal. This bridge, No. 15, was built in 1910, 
over the present canal, with the pivot pier close to 
the then west bank. It was designed with the 
probable deepening of the canal in view, and has 
been worked into the present reconstruction by 
excavating on the west side of the centre pier, thus 
providing channels on both sides of it in lieu of 
only on one. The extension of wing walls and the 
provision of new fender work was also necessary. 
The excavation work is shown in progress in 
Fig. 155, above. 

We have previously described the second Welland 


at Station No. 1008, is another lift bridge, serving | canal as being supplied with water by a feeder 
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| extending from Welland to Dunville on the Grand 
| River. This feeder entered the old canal some little 
' distance south of the site of the present Bridge 
| No. 15, and may be traced in dotted lines in Fig. 154a. 
| The small lock connecting the old canal with the 
| feeder, which only allowed of the passage of boats 
| of 4 ft. draught, can also be distinguished, as well as 
| ponds for lockage water. All these old works will 
| disappear in the present reconstruction, as the new 
'west bank cuts across the pond and old feeder 
|and the ponds and low ground have been filled in, 
| as well as the feeder channel itself for some distance 
| back, a large area of Jand being thus reclaimed. 
| On account of the bend at this point the west bank 
‘of the new canal has been set back so that it is at 
|a maximum distance of 275 ft. from the centre 
|line at Station No. 1042. From this point almost 
| to the south end of the section the canal runs prac- 
tically in a straight line about south by east. 

| At the entrance to this stretch is Bridge No. 16, 
| a vertical lift bridge of a type similar to No. 14, and 
| providing for highway traffic on a road width of 
| 20 ft. No other feature presents itself until Station 
| No. 1136 at Dainville or, as it is sometimes known, 
| Dain City. At this point (see Fig. 1546), Bridge 
| No. 17, of the vertical lift type, carries the Wabash 
| Divison of the Canadian National Railways across 
ithe canal. The bridge accommodates a_ single 
track. When designs for this bridge were being 
completed, slides occurred in the canal banks near 
the site. Instead of changing the design of the 
superstructure at so late a date it was decided to 
flatten the slopes out to 3: 1 on each side, and to 
provide a 70-ft. deck girder approach span at each 
end. 

The next and last bridge on the Section, No. 18, 
is also a vertical lift highway bridge giving a 20-ft. 
roadway. This is situated only a short distance 
from the Wabash bridge, and serves local and 
through traffic. Here, the canal banks were 
likewise eased off to 3 : 1 slopes, but instead of 
adding approach spans the situation was met by 
lengthening the tower spans. 

South of this the channel continues without any 
other structure or special feature, as far as Station 
No. 1250. At this point the new channel leaves 
the route hitherto taken in order to cut across an 
“S$” bend in the present canal. The new line 
runs practically due south from the point named, 
to Station No. 1355 in Section No. 8, south of 
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Humberstone. In this distance the present channel | variation in width and depth of facing walls, to the 
first continues straight, carrying the alignment to the | end of Section No. 7. 

east ; it then swings far over to the west, and then| The decision to adopt the vertical lift type for 
curves in again so that the two routes merge at about | the bridges, with about 200 ft. openings, on this 
Station No. 1390. This curve, which has been | section, with the exception of No. 15, which was a 
known as Ramey’s Bend, is eliminated by the new | moderately modern swing bridge adaptable to the 
route. As shown in Fig. 154c, when the latter is| new requirements, and the fact that practically 
completed, the part of the present canal from Station | throughout its length the original west bank has 
No. 1259 on, will be dead-ended, by the east wall | been set back to provide the extra channel width, 
of the new channel at Station No. 1284, and filling | made it possible to build the abutments on this 
in rear of it. The continuation of the present | side for Bridges Nos. 14, 16, 17 and 18 in the dry, 
canal beyond the new channel (on the west side) | before all the material in their neighbourhood was 
will be retained, in order to act as a supply channel, | removed. On the other hand, the main piers and 
a regulating weir being placed across it at the village | east abutments had to be built in the wet. To 
of Humberstone. This, however, is situated on | accomplish this it was at first proposed to build the 
Section No. 8, Section No. 7 terminating at a point 
where the widened and deepened portion of the 
present canal ends, about opposite Station No. 1300. 
The cross-section of the present canal has been 
increased in the manner shown in Fig. 154c, in order 
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water level on this reach of the present canal is 
not regulated and varies considerably, it was 
necessary to arrange for cutting off the pile tops 
uniformly, without employing floating equipment. 
For this purpose a submarine saw was employed, 
mounted on a pile gantry erected over the pier 
site. 

This machine is illustrated in Figs. 161 to 163. 
page 671, and the views Figs. 164, page 671, and 165, 
page 672. The rows of main piles of the gantry 
were centred 39 ft. apart and were capped by 12 in. 
by 12 in. timbers, carrying 40-lb. rails. On 
the latter ran a carriage, having on its upper side a 
cross track of 40 lb. rails, spaced 14 ft. apart. On 
this upper track, at right angles to the first, ran a 
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to minimise current effects where the two waterways 
meet. On the west side the whole length of the sweep 
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between Station No. 1250 and this junction, is err 540-0 
finished with a vertical concrete facing wall 5 ft. in = i aaa 43°0"-> OHO 

thickness, the channel passing through a rock cut. ” 

On the east side similar facing walling runs from Fig.157. STATION /080+00 
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floated into position and sunk, m 
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being then filled with rock ; the 
whole will be completed with a 
concrete gravity wall and back 
filling. 

In the southern half of 
Section No.7 large areas of land 
on both the west and east sides 
of the canal were acquired as 
spoil grounds. One large block 
extending along the canal west 
bank for about 2,000 ft. and 
the same distance back from 
the canal, was largely marsh. 
Other large areas extending : 
along the canal west bank at Ramey’s Bend were | hig. 160. 
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Fig. 159 




















set aside for material excavated in the dry, while | Seen ee ~-Lrignned Serf, 
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as a disposal area for material from Section No. 8. 
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Figs. 156 to 160 give some typical cross-sections on 
this part of the canal and show the former channel 
in dotted lines. Fig. 156 shows a cross-section at 
the north end (Station No. 990), and indicates on 
the right the cut made in the dry for the purpose of | 
laying the concrete protection. Further south the | 
present canal west bank was used as a spoil dump | piers at the 


site, dredging and cleaning up the | 
for previous reconstructions, with the result re driving the foundation piles, and then 


the ground on this side rose to irregular heights, | assembling the reinforcing steel and forms attached 
as for instance, is shown in the cross-section, at|to a steel framework suspended from piles driven 
Station No. 1080, given in Fig. 157, and typical of |round the sites. The steel and timber caisson 
the stretch from this point right down to: the|was to be accurately sunk over the foundation 
beginning of Ramey’s Bend, where the concrete-pro- | piles. After sinking, concreting was to be carried 
tected rock cut begins. As typical of construction |on continuously with two tremies for a height 
beyond this point we give the three sections, Figs. | of about 18 ft. The caisson was then to be pumped 
158, 159 and 160. The first of these shows the shallow | out and concreting completed in the dry. This 
west facing wall on the right and the old channel on | plan was abandoned, however, in favour of the 
the left, embraced in the new waterway. The second | use of floating caissons, built, with false bottoms, 
at Station No. 1255 shows a deeper cut in rock and | on pontoons, which could be sunk away from under 
the facing wall on the west extending to the bottom | them. These pier caissons were floated to site, 
of the prism ; the old channel on the left is almost | carefully located and sunk, much after the manner 
clear of the new channel and leads off to the dead end | of the harbour cribs at Port Weiler. This scheme 
formed by the closing of this part of the “ present *’ | was first tried in connection with Bridge No. 14, and 
canal by the new one being run in a more direct | proved so successful that it was adopted for the piers 
line across it. Fig. 160 shows the normalchannel in| of the other bridges of similar type. Before the 
rock cut, faced with concrete, of which Station | caissons were placed, the sites were prepared as 
No. 1260 is typical. 





This is carried with some| stated by dredging, and piles were driven. As the 
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second carriage having a frame 16 ft. by 17 ft., and 
depending from this was a triangular structural steel 
framed leg nearly 48 ft.in length. This leg provided 
support for a vertical shaft carried in eight bearings, 
and fitted at the top with a belt pulley, and at the 
lower end with a 52-in. circular saw. The pulley shaft 
and saw were driven by belt from a 75 h.p. motor 
running at 750 r.p.m., the motor pulley being 
10 in. in diameter and the shaft pulley 23 in. in 
diameter. The main frame could be traversed 
along the gantry by crank handle gear, and cross- 
traverse could be given to the upper carriage by 
crank handle and chain drive. The lower end of the 
leg was fitted with an angle iron guide arm about 
8 ft. long and having splayed ends, as shown In 
Fig. 163. This served the dual purpose of 
acting as a guide in working over the site, and also 
preventing chattering. The photograph reproduced 
in Fig. 164 shows the leg which carried the saw, and 
Fig. 165 the whole rig at Bridge No. 17 West main 
pier. The maximum number of piles cut off in one 
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day was 179. A standard pier had 260 bearing piles, 


‘cut all off in two or three days. 








LeG oF SUBMARINE PILE Saw. 


On the work on all the main piers floating pile- 


and under favourable conditions it was possible to|driving gear with telescopic leads and a _ sub- 
mersible steam hammer was employed, enabling 
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the contractors to drive 55 ft. to 60 ft. piles until 
there was more than 35 ft. of water over them. 
The hammer was a McKiernan-Terry 9B2, weighing 
6,750 Ib. 

The type of caisson employed is illustrated in 
Figs. 166 to 172 on page 678. This provides a 
pier 60 ft. 10 in. long by 20 ft. wide, standing 
on a base 65 ft. long by 30 ft. 6 in. wide. In the 
case of one bridge, No. 13, caissons 9 ft. longer 
but in other respects, as shown in the illustrations, 
were employed, the extra length being made up by 
an additional panel. All were 37 ft. deep. The 
standard type of caisson was constructed of 14 
compartments, formed by a centre party wall 
and six cross walls. The normal thickness of the 
outside walls was 1 ft. 4 in., and of the division 
walls 10 in. All walls were reinforced with 3-in. 
rods. For the outer face of the outside walls the 
horizontal bars were at 12-in. centres at the bottom, 
increasing to 3 ft. near the top, while the inside 
bars were at 2 ft. centres below, increasing to 
4 ft. 6 in. higher up. In the party walls the spacing 
for the horizontal bars was mostly 2 ft. 6 in. 
Vertical rods were placed only at corners and inter- 
sections. The compartments were formed with- 
out bottoms, the walls being merely finished with 
ledges surrounding openings which were 11 ft. 4 in. 
by 7 ft. 2 in., those at the ends being somewhat 
smaller. To prevent leakage, light false wooden 
bottoms were fitted to these openings, designed to 
be easily broken up. These consisted of {-in. 
tongued and grooved planking embedded for a depth 
of 1 in. all round in the concrete of the walls. At 
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Fie. 165. Saw CarriaGr AND GAantTRY AT BRIDGE No. 17; West MaIrn Pier. 


a distance of 1 in. from the sides of the opening a 
saw cut $ in. deep was made in the planking as 
shown in Fig. 171. Removable wooden bottoms, 
of 6 in. by 6 in. timber, with caulked joints, were 
held down on the top of the false bottoms by two 
14-in. by 16-in. stretchers and inclined 8-in. by 12-in. 
struts. The heels of the latter were held in pockets 


in the walls, and they were tightened hard up to | 


the cross struts by double wedges as shown in 


Figs. 169 and 170. Tapered holes (see Fig. 172) | 
fitted with plugs were arranged between the com- | 


partments, sufficient plugs being removed to com- 
bine the compartments into groups of three or 
four, for flooding; the water in these groups was 
controlled independently by pumps so that it 
was possible in sinking to keep the cribs on an 
even keel. The floating pontoon on which these 
caissons were built had only a depth of 10 in. To 
this were bolted vertical sides 9 ft. high, against 
which were braced the forms for the flared base, 
above which movable panel forms were employed. 
Previous to laying the false bottom, flat concrete 
blocks were placed on the pontoon, and when the 
caisson had been carried up to a height of about 
14 ft. the sides were removed by a diver, and the 
pontoon allowed to sink, when the caisson was left 
floating. 


After towing to the site the caisson was con- | 


tinued to full height, gradually settling in the 
water. When completed to full height the caisson 
still floated, and in this condition was carefully 
located over the foundation piles. Water was then 


pumped into the compartments and the caisson | 
settled gradually on the piles, adjustments for | 


position being made as it went down. When finally 
sunk in position, the temporary timber bottoms 
were removed and the false bottoms broken out. 
This was accomplised in the following manner :— 
Four lines were attached to the wedges holding 


in place the struts supporting the timber bottoms, | 


these lines being attached and led to the top of 


was ready a diver attached derrick tackle to an 
|eye bolt provided in the timber bottom of a com- 
| partment, and when he had got out the wedges 
| were pulled and strain taken on the tackle to start 
| the bottom, the whole quickly floating to the surface. 
| On clearing the bottoms and after a bank of broken 
|stone had been placed round the foot to prevent 
concrete flowing out, the interior concrete was 
| placed by tremie to a height of 10 ft. or 15 ft. 
When this had hardened, the water was pumped out 
and concreting finished in the dry. 


(To be continued). 


| THE EXPORT OF AGRICULTURAL 
| MACHINERY. 


In commenting on the report of the Imperial Econo- 
|mic Committee on Agricultural Machinery, in the 
|early part of the year, we pointed out that the some- 
| what deplorable position of the agricultural-implement 
industry, as revealed by the figures given in the report, 
could only be remedied by a marked increase in our 
export trade. We suggested at the time that the 
whole issue really turned upon two points—whether, 
in the first instance, British agricultural machinery 
was manufactured at a low enough cost, and in the 
second, whether it was sufficiently well adapted to the 
markets for which it was intended. Finally, we ven- 
tured to put forward the view that our greatest hope 
for the future lay in co-operation amongst our manu- 
facturers, with a view to reducing unnecessary duplica- 
tion of types, and the more effective study of the condi- 
| tions which had to be met in the export markets in 
| which we might hope to compete. It is exceedingly 
satisfactory to note, from a report which we have just 
received from the Federation of British Industries, that 
| active steps to improve our position are being taken 
|along these lines. Before discussing what is being 
| done, however, the present position of the industry, 

as revealed by the most recent figures available, may 
| be summarised in order to place matters in their true 
perspective. 

In 1928, the total value of British agricultural machi- 
|nery exported was 1,743,000/., against estimated 











the caisson before water was pumped in. When all | values of 885,000I. for France, 1,856,000/. for Germany, 





and 24,470,000/. for the United States. The British 
figure represents an improvement of over 100,000I. 
on the figures for 1926, and 250,000/. on those for 1927. 
This improvement, although satisfactory in itself, 
should be viewed in conjunction with the fact that 
the value of our exports has fluctuated within fairly 
close limits since 1924, but has averaged 1,000,000/. 
less than in 1913. The United States, on the other 
hand, has steadily increased her exports since the war, 
the figures for 1925, 1926, and 1927 being, respectively, 
16,070,0001., 17,660,0001., and 18,550,000/. This coun- 
try has, in fact, been in a state of stagnation for the past 
few years, while as regards America, it is sufficient to 
state that she has secured practically the whole of the 
expansion which has taken place in world trade. 
Turning now to the information supplied by the 
Federation of British Industries, we learn that a com- 
prehensive scheme has been completed for the world 
marketing of agricultural engineering products. It is 
common knowledge that a number of leading British 
firms have been grouped for some little time under the 
title of Agricultural and General Engineers, Limited, 
and an agreement has now been reached with the 
Rushton Tractor Company, Limited, of W althamstow, 
and with Messrs. H. V. Mckay Proty, Limited, of 
Melbourne, Australia, for the joint handling of products. 
The scheme is the culmination of five years preliminary 
development, during which period branches have 
been established in the Argentine, Chile, South Africa. 
India and Australia, while a branch in New Zealand 
will be opened in January. In our previous article 
we questioned whether some of our agricultural 
machines were sufficiently adapted to the markets for 
which they were intended. As regards this point, 
we note that in each of the countries mentioned, an 
intensive study has been made to ascertain the special 
requirements, and field tests have been carried out 
with the special types of machine required. At the 
same time, the market conditions and sales require- 
ments have been carefully investigated. It is particu- 
larly satisfactory to note that the suitability of tractors 
has received special attention. The value of the tractors 
exported by the United States, in 1928, was well ove! 
10,000,000/., while the corresponding figure for the 
British Isles was below 200,000/. As we have previously 
stated, the enormous difference between the exports 
of the two countries is no doubt due in part to the 
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' ' 
difference in price of their typical products, but we | decided to wait, at any rate, until the end of Novem-'tatives of the Amalgamated Engineering Union, 
helieve that the discrepancy is due in even greater mea- | ber. At the time of writing, no official news of the 


sure to the relative unsuitability of our own designs for 
overseas conditions. It is only fair to state that this 
criticism does not appear to apply to the Rushton 
tractor, which was described on page 262 of our 
issue for March 1, last, and we understand that 
the makers have demonstrated by practical tests the 
suitability of this machine for a wide range of countries 
and conditions. 

It is suggested that the combination to which we have 
referred is sufficiently elastic to handle not only such 
products as are covered by existing agreements, but 
to deal with the products of other British firms in 
markets where such firms are not at present fully or 
adequately represented. Such a proposal is in the best 
traditions of British industry, and implies that the 
promoters of the new marketing scheme are taking 
no narrow view in their endeavours to stimulate 
overseas trade. 








LABOUR NOTES. 


TurouGH the instrumentality of the Ministry of 
Labour, representatives of the Shipbuilding Employers’ 
Federation and the Amalgamated Society of Wood- 
workers were brought together on Tuesday, for the 
purpose of discussing the critical position created by 
the recent refusal of the men to approve the provisional 
agreement arrived at by their executive and the 
employers’ negotiating committee. The meeting lasted 
practically all the afternoon and evening, and shortly 
before midnight the following terms of settlement 
were agreed to:—‘‘(1) Work will be resumed at 
Belfast as soon as arrangements can be made at the 
yards and the lock-out notices will be withdrawn. 
(2) The national uniform time rate of 60s. is accepted 
by the Amalgamated Society of Woodworkers, and in 
accordance with the federation’s offer will be applied 
to members of the society as from the beginning of 
1930. (3) As from the date of resumption of work 
at Belfast, the joiners’ plain time rate of wages of 
60s. 9d. per week will be increased to the rate of 62s. 3d. 
per week, including 10s. bonus, this rate to apply 
only to the Belfast members of the Amalgamated 
Society of Woodworkers. In so far as this rate is in 
excess of the national uniform time rate of 60s., which 
is to come into operation at the beginning of 1930, 
such excess is to be merged in any future national wages 
advances. (4) The Amalgamated Society of Wood- 
workers will withdraw the embargo on overtime, and 
the Federation will investigate with the Amalgamated 
Society of Woodworkers and the whole of the other 
shipyard trade unions who are parties to the national 
Overtime and Night-shift Agreement, any alleged 
grievances in regard to the operation of the agreement. 
Meanwhile (without prejudice to the validity of the 
notice in respect of overtime given by the Amalgamated 
Society of Woodworkers in August, 1928), members 
of the Amalgamated Society of Woodworkers will 
resume working on overtime and night-shift on the 
same basis as the other trade unions in the industry.” 


At a meeting in London, on Tuesday, of the Executive 
Committee of the Miners’ Federation of Great Britain, 
it was announced that Mr. Herbert Smith had resigned 
from both the Executive Committee and the presidency 
of the Federation. The resignation was accepted with 
regret, and appreciation was expressed of Mr. Smith’s 
long and valued services to the Federation and the 
miners’ movement in general. Mr. T. Richards was 
unanimously elected as president until the annual 
delegate conference in July. The national delegate 
conference, which met on the following day, accepted 
the Government’s proposals for the re-organisation of 
the mining industry, the only dissenting districts 
being Yorkshire and the Forest of Dean. The proposals, 
which are to be given legislative effect this session, 
include a reduction of working hours from eight to 
seven and a half per day, as from April 6, the setting 
up of a National Wages Board for the industry, the 
establishment of a compulsory marketing scheme for the 
regulation of output and prices, and the gradual 
acquisition by the State of mineral royalties. 


The application of the engineering trade unions for 
a wages advance of 8s. per week for time-workers, and 
an equivalent increase of piece-work prices was again 
discussed by the Engineering and Allied Employers’ 
National Federation and the executives of the men’s 
organisations at a conference in London yesterday. 
When ‘the parties previously met in July, Sir Allan 
Smith proposed that consideration of the matter 
should be adjourned until the end of the year in order 
to ascertain how industry was likely to be affected by 
the Government’s programme of legislation. The 
men’s representatives at first demurred to so long a 
postponement, but, at a conference in July, they 





decision of yesterday’s joint meeting was available. 


An annual holiday of not less than eight clear 
consecutive days, with full pay, for all persons who 
have been in the same employment for a period of 
twelve months, is the main object of a Bill to which 
the House of Commons gave a second reading on 
Friday last week. The measure was introduced by 
Mr. Winterton. All persons employed under any 
contract of service or apprenticeship are included, 
and provision is made for the calculation of wages 
where a person is employed on piecework. Any 


attempt to evade the provisions of the Bill by | 


dismissing or suspending an employed person is 
made a penal offence. The Bill includes Scotland, 
but not Northern Ireland. While not unsympathetic, 
the Government made it tolerably plain that it could 
not give facilities for the measure’s further progress. 





The November issue of the Monthly Report of the 
Boiler Makers and Iron and Steel Shipbuilders’ Society, 
states that the members have again rejected the 
Supplementary Procedure Agreement with the 
Shipbuilding Employers’ Federation. For the agree- 


ment, 1,483 votes were cast, and against it 3,604. 
Under the agreement, local disputes were to be settled | 


without interruption of work. All the other shipyard 
trade unions operate under similar agreements, but 
in that which has been rejected special clauses were 
included to suit the case of the boilermakers. 





An editorial note in the Electrical Trades Journal, 
the official organ of the Electrical Trades Union, 
states that a further effort has been made to come 
to such an agreement with the Miners’ Federation 
as would enable the E.T.U. to deal with the wages 
of electricians employed in and about pits. ‘‘ Unfortu- 
nately,’ the writer says, ‘“‘ very little progress has 
been made up to the present, and the somewhat 
brutal statement made on behalf of the Miners’ 
Federation at their last meeting to the effect that 
they, the Federation, were not prepared to drop 
their opposition to our meeting the mineowners, and 
neither were they prepared to go along with us, as 
suggested, indicates an opposition on their part which 
is wholly unjustifiable. The further statement that 
they were of opinion that small unions interfering in 
the coalfields were a hindrance to the Federation 
getting more wages for their people, and that more 
money to any one section means less money for the 
miner, is one that no one outside a lunatic asylum 
could justify. The use of electricity in coal mines 
has been of the greatest assistance to the miner. It 
has made his work easier, cleaner and better economic- 
ally; it has reduced the cost of getting coal to the 
surface. The increased responsibility alone required 
from the electricians employed in mines is such that 


a considerable increase on the present miserable | 


wages is not only justified, but too long delayed. The 
stand taken up by the miners is a ridiculous one, 
and shows a want of foresight. If this is 
any indication of the general intelligence shown by 
the Executive of the Miners’ Federation their 
want of success in negotiating, let alone reorganising 
the present antiquated methods in the coalfields is 
at once apparent.” 


In the Amalgamated Engineering Union’s Monthly 
Journal for November, it is reported that the Executive 
Council had discussed with Mr. Pethick Lawrence, at 
the Treasury, complaints which had been received to 
the effect that members of the Union were finding 
difficulty in obtaining employment in certain aircraft 
establishments, where preference was given to dis- 
charged soldiers and sailors. It was pointed out to 
Mr. Lawrence that, during the war, when there was 
a great scarcity of skilled engineers, Mr. G. N. Barnes 
had visited Canada on behalf of the Government, 
with a view to inducing mechanics to return to this 
country, and that Mr. Robert Young, M.P., who was 
at the time general secretary of the A.S.E., and Mr. C. 
Donkin, a member of the Executive Council, had been 
sent to France in order to examine skilled mechanics, 
pending their return to the workshops of this country. 
An embargo had, moreover, been placed on skilled 
workers joining the Forces. In these circumstances, 
it was claimed to be unfair to give preferential treat- 
ment to ex-Servicemen. The deputation made it 
perfectly clear, it is added, that they had no objection 
to the finding of situations for men who had completed 
their time in the Service, but there should be, they 
submitted, equality of treatment and opportunity. 


A Central Conference between representatives of 





the Shipbuilding Employers Fedération and represen- 


recently considered a claim from the North East Coast 
Ship-repairing District for time and a-half for men 
engaged on superheaters. The employers intimated 
that they could not recommend the local association to 
alter the existing arrangements. They were then 
asked to consider the following clause :—‘‘ Any man 
being asked to undertake a job which is exceptionally 
hazardous or abnormal, or outside the scope of his 
particularemployment, whereby he considers additional 
payment should be made for such work, the procedure 
to be adopted is as follows: He shall report to the 
representative of his union, who shall take the matter 
up with the employers and, after viewing the job, shall 
decide what payment, if any, is to be made for such 
work. Each case to be dealt with on its merits.” 
After considering the matter, the employers replied :— 
|‘ The Board are not in a position to accept the pro- 
posed procedure clause, but in respect that the sugges- 
tion put forward before our adjournment is limited in 
its application to any exceptional and abnormal 
|conditions on superheaters—that opens up a new 
phase of the question which we consider should be 
dealt with. locally, and we, therefore, propose to refer 
the question as it has now developed, back for local 
consideration.” 


On November 11, 1929, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain, was 1,259,100. Of these, 928,600 
were wholly unemployed, 255,500 were temporarily 
stopped, and 75,000 were persons normally in casual 
employment ; 970,900 were men, 34,200 boys, 222,800 
women, and 31,200 girls. Of 1,251,958 on the registers 
on November 4, 1929, 915,605 were wholly unemployed, 
| 262,418 were temporarily stopped, and 73,935 were per- 
sons normally in casual employment; 966,126 were 
men, 35,710 boys, 218,584 women, and 31,538 girls. 
|The number of unemployed persons on November 12, 
1928, was 1,348,158, of whom 1,059,368 were men, 
38,670 boys, 216,230 women, and 33,890 girls. 





Under the Unemployment Insurance Bill, which 
'came up for second reading in the House of Commons 
| yesterday, the weekly benefit for adult dependants 
|is raised from 7s. to 9s. a week, and there are certain 
|extensions in the classes of eligible dependants. 
| When the school-leaving age is raised to 15, the 
minimum age for unemployment insurance will be 
reduced to the same figure or to any higher figure 
to which the school-leaving age may be raised at 
‘any time. The weekly contributions for the workers 
of 15 are to be the same as for the juveniles at present, 
|and no change in any of the rates of contribution is 
made. Increases of benefit are proposed for persons 
of 18 and 19 years of age, who are to receive 14s. in 
the case of men and 12s. in the case of women, and 
in the rates for persons of 17 years, who are to receive 
9s. and 7s. 6d. a week, respectively. 





| The “transitional” period for payment of benefit 
to persons not possessing the 30 contributions’ qualifi- 
|cation is extended by a year, and the cost of this 
|extension is to be borne by the National Exchequer, 
‘and not by the Unemployment Insurance Fund. 
The present statutory condition that claimants for 
benefit must prove that they are genuinely seeking 
work and unable to obtain suitable employment is 
repealed. New provisions in the Bill consequent on 
| this repeal are designed to secure that before a claimant 
}can be disqualified for failing to take steps to obtain 
‘employment, the administrative authorities must 
| prove that employment suitable for him was available. 
The existing condition that claimants in certain cases 
must prove that they have obtained insurable employ- 
ment during the previous two years to such an extent 
as was reasonable is repealed. The effect of the Bill 
will be, it may be added, to increase the amount which 
/the Exchequer will have to find for Unemployment 
Insurance during the year 1930-31 from 12,000,000/. to 
| 24,500,0001. 


The 120th quarterly report of the General Federation 
of Trade Unions states that the gross membership is 
523,450, of whom 295,685 are on the higher scale, 
215,960 on the lower scale, and 11,805 on both scales. 
The number of societies affiliated to the organisation 
is 94, of which 62 are on the higher scale, 29 on the 
lower scale, and 3 on both scales. Commenting 
upon the quarter’s operations, Mr. W. A. Appleton, 
the General Secretary, says: ‘“‘ The expenditures on 
disputes, on organising, and on building have been 
heavy, but not depressingly so. Recovery has already 
‘commenced, and there is every confidence that the 
Federation, with its Trade, its National Health, and 
its Life Sections, will continue to be one of the most 
|important and educative factors in industrial life.” 
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Fic. 1. 250,000-Kv.-a. Unit. Fic. 2. TANK OPENED FOR INSPECTION. 





INTERNAL-ISOLATION SWITCHGEAR. : 


SPEAKING at the Centenary Celebrations of the 
Institution of Civil Engineers last year, Dr. S. Z. de 
Ferranti said that a vastly improved switching system 
was required to make the operation of our large elec- 
trical undertakings more satisfactory. This remark 
may be extended to cover not only the high-capacity 
equipment installed in modern power stations, but 
the smaller, though equally important, apparatus used 
in the substations, on commercial consumers’ premises, 
and even for domestic heating and lighting purposes. 
Fortunately, as shown by the work of the British Elec- 
trical and Allied Industries Research Association and 
the new designs which are produced from time to time 
by manufacturers, some progress is being made, and 
it is to be hoped that, as more information is collected 
and examined, still better economic and technical 
results may be obtained. 

As it is, this country has led the way in the develop- 
ment of ironclad equipment, thus saving space and 
reducing the risk of accident to unskilled operators, 
while a recent improvement under the first of these 
headings has been achieved by arranging that the 
movable component of the circuit-breaker shall be 
raised and lowered vertically, instead of being with- 
drawn horizontally. Whichever method is used, how- 
ever, it is generally necessary to move the whole circuit- 
breaker structure bodily, if it is required to examine it, 
and when the unit is large, this means that consider- 
able weights have to be handled. On the other hand, 
in the design devised by Mr. G. E. Whitehead, and 
now manufactured by Mes::rs. Switchgear and Cowans, 
Limited, of Old Trafford, Manchester, this disadvantage 
is overcome by kee ing she circuit-breaker proper 
fixed, and coupling it up to, or disconnecting it from, 
the *bus bars through a. moving isolating carriage of 
light weight and simple design. 

The six terminal stems of the breaker, which are 
usually fixed to the top plate, are mounted on this 
carriage and make and break contact with six fixed 
sockets. Three of these sockets are connected to the 
*bus bars, and the remainder, through a_ bridge 
connector and current transformer, to the incoming 
cable. The terminal stems are covered by insulating 
shrouds. The circuit-breaker tank rests on the 
floor, whether it is connected to or isolated from 
the line, with the result, it is claimed, that a good tank, is lowered by means of a hand wheel, the circuit- 
deal of the usual heavy gear and framework can be! breaker is isolated, while when it is raised, the stems 
eliminated. When the carriage, which is inside the project through the top plate and engage with the fixed | The arrangeme 
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Fic. 3. Crrcurt-BREAKER WITHDRAWN FOR EXAMINATION. 


socket contacts. In this position, the operation of thi 
breaker is the same as in those of ordinary design. 
nt has the further advantage that_the 
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interlocking is simple. The engagement of the fixed 
and moving contacts prevent the breaker from being 
pulled out, or the isolating carriage being lowered. 
Moreover, the circuit cannot be made or broken at 
the isolating contacts, and when the breaker is with- 
drawn, it cannot be pushed up, unless it is open, as the 
stems then project above the top plate. These natural 
interlocks are supplemented by two interlocking 
bolts. 

A general view of a unit of this kind, which has a 
rupturing capacity of 250,000 kv.-a. is given in Fig. 1, 
on the opposite page. It occupies a floor space of 3 ft. 
by 2 ft. 9 in., and is 7 ft. 6 in. high. Fig. 3 shows 
the circuit-breaker withdrawn for examination with 
the isolating carriage in its upper position, so that the 
stems project through the top plate. The latter is 
hinged, and lugs are provided, both on it and the tank, 
so that a screw-gear can be attached. After removing 
the bolts, a few turns of the screw causes the top 
place to swing back, so that the breaker contacts are 
fully exposed for examination, as illustrated in Fig. 2. 
It is stated that isolation, withdrawal and opening up 
can be performed in a few minutes. 

It may be added that when duplicate ‘bus bars are 
required, *bus-bar selection can be effected by using 
the circuit-breaker as a selector switch. To enable 
this to be done, an extra set of three fixed socket 
contacts is provided for the additional ‘bus bar, and 
the circuit-breaker is arranged to occupy one of two 
positions. It is, therefore, possible to change over from 





EAR AXLES. 


one set of *bus bars to the other by moving the 
circuit-breaker backwards or forwards a few inches, so 
that the plug contacts on the isoicting carriage engage 
with one or other set of sockets. 








14-WHEELED ARTICULATED LORRY. 


ALTHOUGH not on view at the Commercial Vehicle 
Exhibition, of which we completed our account in our 
last week’s issue, the vehicle illustrated in Figs. 1 and 2 
on this page was being demonstrated in the neighbour- 
hood of Olympia, and was seen by a large number of 
visitors. The vehicle has been designed by Messrs. 
Scammell Lorries, Limited, of Watford, for transport- 
ing machinery units weighing up to 100 tons, and, 
as will be clear from the illustrations, is in no sense 
a trailer. It thus marks a radical departure from 
customary practice in road transport of this character, 
and, apart from any question of improved manceuvra- 
bility, should be decidedly more economical than the 
two or three traction engines and trailer generally 
employed, if only on account of labour costs. 

A number of points have to be carefully considered 
in the design of such a vehicle, which are not obvious 
at first sight. The load must be distributed fairly 
uniformly between the various wheels, and there must 
be a sufficient number of the latter to ensure that the 
load per wheel is below that likely to cause damage to 
the road surface. Further, the distribution of weight 
on the wheels must not be seriously disturbed by road 








; camber or irregularities; in other words, there must 
| be no danger of the load being concentrated on a few 
| wheels only. While, on the one hand, it is desirable 
that the load line should be as low as possible, to give 
the maximum clearance under bridges, on the other 
hand, it is essential that the centre of the truck should 
clear the road when the vehicle is negotiating anything 
in the nature of a hump. Finally, a high tractive 
effort is required on occasions, and there must be no 
danger of overheating when the vehicle is driven for 
long periods at a speed of 3 to 4 m.p.h. We may 
now consider how these difficulties have been met in 
the vehicle illustrated. 

The forepart of the vehicle, forming the motor unit, 
has a two-wheel axle in front, and two two-wheel axles 
in line at the rear. The two wheels between the 
frames, however, are not visible in Fig. 1. The two- 
wheel axles are mounted so that they can oscillate about 
their centres on a horizontal longitudinal axis. These 
axles are the driving axles for the whole vehicle. As 
will be clear from Fig. 1, the front axle of the unit 
is fitted with single rubber-tyred wheels, and the two 
rear axles of the unit with twin rubber-tyred wheels. 

The load-carrying portion of the vehicle, which is 
shown in both figures, consists of box-girder side 
members, pin-jointed at the front to the foot of two 
swan-neck brackets, and carried on bogies at the rear. 
The horizontal arms of the two swan-neck brackets 
are bridged to form the platform of a turntable, of 
which the lower portion is mounted on the motor unit 
above the rear axles. The rear ends of the side mem- 
bers terminate in a massive forged-steel cross member. 
This member carries a swinging bracket at each end, 
and these brackets, in turn, terminate in trunnion bear- 
ings, on which the axles are mounted in a similar way 
to the driving axles on the motive unit. There are thus 
four axles at the rear end of the vehicle, arranged in 
two pairs in line, and having complete freedom to 
follow either longitudinal or transverse irregularities 
in the road surface. Each of the wheels on these axles 
is twin-rubber tyred, so that it will be clear that the 
load is distributed over fourteen wheels, or twenty-six 
tyres. 

In order to meet the conflicting conditions of pro- 
viding maximum bridge clearance and avoiding fouling 
of the underside of the side members on a road hump, 
provision is made for raising or lowering these side 
members with respect to the motor unit. The double 
swan-neck bracket is mounted on horizontal trans- 
verse bearings above the turntable, and is held in 
position by two inclined struts connecting the upper 
end of the vertical arm with points near the front end 
of the side members of the load carrier. One of these 
struts can be seen in each figure. They take the form 
of hydraulic rams, which can be lengthened or shortened 
by either pumping in or allowing oil to escape from the 
cylinders. The pump for charging the rams can be 
clearly seen in Fig. 1 above the turntable. The effect 
of increasing the length of these struts is to raise 
the fore end of the side members, and therefore to 
give increased ground clearance. The front end of 
the carrier can be raised about 15 in. above the normal 
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position, giving an increase in ground clearance of 
74 in. at the centre. Alternatively, a drop of about 
1 ft. at the end, or 6 in. at the centre, can be obtained. 
It will be appreciated that, in addition to this provision, 
special shallow side members can be introduced for 
dealing with bulky but relatively light loads, and it is | 
sometimes possible to employ very shallow frames, 
strengthened by overhead trusses passing over the load, 
or actually taking a bearing on the latter. The side | 
members are easily detachable for this purpose. 

The hydraulic rams already referred to are provided 
with threads on the ram, the nuts on these taking the 
load when the vehicle is running, so that any slight 
leakage of oil from the rams is of no consequence. 
These nuts are, further, arranged to be clipped to the 
ram cylinders when running on the road. By slacking 
off the clamps somewhat when the vehicle is stationary, 
the nuts can be rotated by large ratchet spanners 
to give a pulling action. If the driving wheels of 
the motor unit should sink into the road when crossing 
a recently re-filled trench, that has not been firmly 
rammed, or when traversing more or less unmade 
road to the final point of delivery, the front end of 
the carrier frame can be lowered by slacking back the 
nuts and releasing the oil pressure, until the frame 
rests on packing placed underneath. The clamps are 
then loosely fitted between the nuts and the cylinders, 
when, by rotating the nuts with a special ratchet 
spanner provided, the front end of the swan-neck 
can be raised, lifting with it the rear end of the motor 
unit. Packing and boiler plate can then be placed 
under the driving wheels, to enable the vehicle to 
extricate itself without outside assistance, and without 
the employment of any loose lifting tackle. 

The adjustable strut arrangement is also of great 
value when unloading on sites where there is no 
crane. The front end of the carrier frame can then 
be lowered right down on to the ground, when, by 
putting a couple of wheels on the ends of an adjustable 
axle, permanently attached to the rear of the swan- 
neck, the weight of the latter can be taken on 
these wheels, and the pins connecting it to the carrier 
side frames knocked out. The bolts securing the 
lower ends of the struts to the carrier side frames are 
also taken out. The whole swan-neck, complete with 
the struts, can then be drawn away by the motor unit, 
leaving the front of the carrier frame clear, when by 
adding suitable rails and packing, the load can be 
skidded off down a gentle slope to the ground level. 
Alternatively, it is possible to remove the whole of 
the rear-wheel assembly of the carrier, complete with 
steering gear, in a few hours, without using any loose 
jacks. This may be convenient when the conditions are 
such that the vehicle has to be backed into position 
and the load skidded off to the rear. 

The front axle of the motor unit is provided with 
Ackermann steering of the usual type, but it will be 
appreciated that, with the very long wheelbase of 
the carrier, the turning circle would be inconveniently 
large if the trailing action of the after part were relied 
upon entirely to steer the carrier. To overcome this 
difficulty, the two rear axles on the carrier are fitted 
with an independent steering gear, operated by the 
large handwheel shown in Fig. 2. The two front 
axles on the carrier are not steered, but that this is 
of no great importance was demonstrated when we 
had an opportunity of seeing the vehicle under test, 
the ready manwuvrability and relatively small turning 
circle proving striking features of the design. 

Space does not permit of our entering into the 
detail design of the lorry, but it may be mentioned 
that it is fitted with a standard Scammell engine, 
developing 80 brake horse-power, and with main and 
auxiliary gear boxes giving eight forward speeds. 
Although the normal running speed with a full Joad 
is from 3 to 4 miles per hour, the top gear ratio enables 
about 6 m.p.h. to be attained if required. There is 
sufficient power to climb gradients up to 1 in 10 with 
full load. It is evident that exceptionally powerful 
brakes are essential in the event of its being necessary 
to hold the load on a hill. The brakes provided on 
the motor unit consist of a hand-operated screw 
brake on the driving wheels, and a_ transmission 
brake that can be applied either by hand or foot. The 
latter brake is geared up considerably, and it is stated 
by the makers that it is sufticiently powerful to hold 
the vehicle on a | in 10 gradient with only moderate 
pressure on the hand lever, and to enable a re-start 
to be made without either excessive clutch slip or the 
use of scotches. In addition to the brakes mentioned, 
all the wheels on the carrier have internal-expanding 
brakes operated from the rear platform. The hand 
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pose. We think it will be agreed that both Messrs. 
Scammell and Messrs. M.R.S., Limited, of Liverpool, 
for whom the vehicle has been built, are to be con- 
gratulated upon their enterprise in undertaking its 
construction. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date of 
each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Road Building and Public Works.—In the near future 
the Argentine authorities are to invite tenders for the 
building of roads and various public works. (Ref. 
No. A.X. 8801.) 


Pumping Plant.—The supply and erection of pumping 
machinery, comprising centrifugal well pump and direct- 
coupled electric motor, together with piping and acces- 
sories. The Egyptian Ministry of the Interior, Cairo ; 
February 1, 1930. (Ref. No. A.X. 8811.) 

Water Mains.—The supply and installation of water 
mains for the town of Luxor, comprising 10,850 m. 
(35,588 ft.) of steel tubes ranging from 80 mm. (3-15 in.) 
to 300 mm. (11-81 in.) internal diameter, together with 
specials, 58 sluice valves, 15 hydrants, seven column 
hydrants, and six drinking fountains. The Egyptian 
Ministry of the Interior, Cairo; January 7, 1930. (Ref. 
No. A.X. 8812.) 








BOOKS RECEIVED. 


United States Bureau of Labour Statistics. Bulletin No. 
485. Proceedings of the Fifteenth Annual Meeting of 
the International Association of Industrial Accident 
Boards, and Commissions, Held at Paterson N.J., 
September 11-14, 1928. [Price 50 cents.] No. 488. 
Deaths from Lead Poisoning, 1925-27. By F. L. Horr- 
MAN. [Price 10 cents.]. No. 492. Wages and Hours 
of Labour in Cotton Goods Manufacturing, 1910-1928. 
[Price 10 cents.] Washington: Government Printing 
Office. 

University of Illinois Engineering Experiment Station. 
Bulletin No. 195. he Plaster-Model Method of 
Determining Stresses Applied to Curved Beams. By 
F. B. Seetey and R. V. JANNER. Urbana, II. : 
University of Illinois. [Price 20 cents. ] 

The Association of Engineering and Shipbuilding Draughts- 
men. Belt Conveyors. By H. Davies. London: The 
Draughtsman Publishing Company, Limited. [Price 
3s.] 

Transactions of the Institution of Chemical Engineers. 
Vol. 6. 1928. London: Offices of the Institution. 
The Ford Model “A” Car. Construction—Operation— 
Repair. By Victor W. Pace. London: Chapman 

and Hall, Limited. [Price 10s, 6d. net.] 

High-Voltage Cables. Theory and Practice of Their 
Design and Operation. By P. DuNsHEATH. London: 
Sir Isaac Pitman and Sons, Limited. [Price 10s. 6d. 


net. } 
Royal Society of Arts. Cantor Lectures on the Treatment 
of Coal. By C. H. Lanner, D.Se. London: Offices 


[Price 2s. 6d. 
Een Beknopt Hand en Leerbock voor 
By Ir. J. E. DE Vrtgs. 


of the Society. 
Hijschwerktuigen. 
Studeerenden en de Praktijk. 
Haarlem: Ruijgrok & Co. 
War Office. Professional Papers of the Air Survey 
Committee. No. 6. Extensions of the “Arundel” 
Method. By Cartaty M. Hotine. London: His 
Majesty’s Stationery Office. [Price 4s. net.] 
Aeronautical Research Committee. Reports and Memo- 
randa. No. 1244. The Influence of Oxygen on 
Corrosion Fatigue. By A. M. Brnntg. [Price 6d. net. ] 
No. 1245. Fuel Flowmeters Designed to Measure Mass 
Flow. By P. S. Kerr. [Price ls. net.] No. 1257. 
Comparison of Calculated and Measured Elasticity of the 
Wings of an Aircraft in Connection with the Investi- 
gation of Wing Flutter. By K SPENCER and 
D. SEED. [Price 9d. net.]. No. 1258. Notes on the 
Flutter of Airscrew Blades. By E. Lignam. [Price 
6d. net.| No. 1261. Experiments on the Spinning 
of a Bristol Fighter Aeroplane. By K. V. Wricur. 


| Price 6d. net.] No. 1262. The Application of the 
Servo Principle to Aileron Operation. By A. S&S. 


HARTSHORN. [Price 9d. net.] No. 1263. ull-scale 
Determination of the Motion of an Avro Aeroplane 
when Stalled. By K. W. CuarK and W. G. JENNINGS. 
[Price 9d. net.] London: His Majesty's Stationery 
Office. 

Mechanical Equipment of Buildings. Vol. I. Heating 
and Ventilation. By Louis ALLEN Harpine and 
ArTHUR Cutts WILLARD. Second edition, revised 
and enlarged. New York: John Wiley and Sons, 
Incorporated. London: Chapman and Hall, Limited. 
[Price 50s. net. ] 

Elementary Structural Problems in Steel and Timber. 
By C. R. Youne. New York: John Wiley and 

Sons, Incorporated. London: Chapman and Hall, 

Limited. [Price 17s. 6d. net.] 





wheel for this purpose can be seen in front of the 
steering wheel in Fig. 2. The man on this platform | 
is in constant communication with the driver by means | 
of the Admiralty-type loud-speaking telephone visible | 
in the same figure. It may be mentioned, in conclusion, 
that the lorry can be readily converted into a 10- 
wheeler, for loads up to 65 tons, by removing 
the two teeward axes on the carrier, the leuhe gear 





Applied Aerial Photography. By AsHLEY C. McKINLEY. 
With chapter on Oblique Aerial Surveys (Canada). 


By A. M. Narraway. New York: John Wiley 
and Sons, Incorporated. London: Chapman and 


Hall, Limited. [Price 25s. net.] 
Elements of Radio Communication. 
crort. New York: John Wile 


By Joun H. More- 
and Sons, Incorpo- 
all, Limited. [Price 


and other fittings having been designed for this pur- 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Fixed minimum prices for 
Cleveland pig are well maintained. Stocks are small, 
and the output is absorbed as it becomes available for 
delivery. The bulk of the make is going into local 
consumption, a very large proportion being used at 
producers’ own consuming departments. Surplus quan- 
tities available for the market are sold readily. Mer- 
chants have now very little iron to dispose of. Quantities 
of Midland iron used by firms here are smaller than of 
late, and there is no purchasing of foreign pig for con- 
sumption at Tees-side works. Ironmasters report further 
moderate sales over the rest of the year to home con- 
sumers, but export business is hardly heard of. A little 
Midland iron is still being used at foundries in this 
district. No. 1 Cleveland pig is 75s.; No. 3 g.m.b., 
72s, 6d.; No. 4 foundry, 71s. 6d.; and No. 4 forge 71». 

Hematite.—East Coast hematite prices are slowly but 
steadily moving upward, and economic level promises 
to be reached in the near future. Producers are sufti- 
ciently well sold to take a very firm stand, and some of 
them are holding off the market until profitable terms are 
obtainable. Stocks are stated to be disposed of, and 
the output is absorbed. Continental as well as home 
consumers are in the market, but they hesitate to follow 
the rise in prices. Merchants are no longer keen sellers. 
For delivery to the end of next month, ordinary qualities 
are now 78s. 6d., which is stated to be barely ls. 6d. 
below cost of production. The quotation for supply 
beyond the end of the year is 81s. 

Foreign Ore.—Business in foreign ore is light, condi- 
tions prohibiting extensive transactions. Sellers have 
little to offer and consumers are heavily bought. Nomi- 
nally, market rates remain on the basis of best rubio at 
24s. 6d. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke, of 
good average quality, is in the neighbourhood of 23s. 6d. 
delivered here, and the supply is far from plentiful. 

Manufactured Iron and Steel.—Prices of manufactured 
iron are steady, and producers of all commodities have a 
lot of work to execute. Semi-finished steel is slow of 
sale in face of comparatively cheap products of other 
home districts and of Continental material. Finished 
steel values are firm. Shipbuilding requisites find a 
ready market, and constructional steel is in fairly good 
request. The demand for sheets is easier and prices have 
weakened. Common iron bars are 101. 15s. ; best bars, 
lll. 5s.; double best bars, 11/7. 15s.; treble best bars, 
127. 5s.; iron rivets, 111. 10s.; packing (parallel), 8/. ; 
packing (tapered), 10/.; steel billets (soft), 67. 17s. 6d. ; 
steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 28s. 6d.; steel rivets, 11l, 5s.; steel ship plates 
81. 12s. 6d. ; steel angles, 81. 2s. 6d. ; steel joists, 8/. 2s. 6d; 
heavy sections of steel rails, 87. 10s. ; black sheets, 10/. : 
and galvanised corrugated sheets, 127. 15s. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade——-A somewhat quieter tone 
prevails in the Scottish steel trade at present and 
fresh business is not very plentiful. Orders on hand 
are just fair, but are generally sufficient to keep the 
mills running. The shipbuilding industry continues 
to consume quite a good tonnage, and there are 
indications that this state is likely to last for some 
time yet. Export business is just moderate. In the 
black-sheet trade the conditions remain fairly satis- 
factory, and a good output is general in the lighter 
gauges. The demand for galvanised sheets is not quite 
so good at the moment, but this may only be of a 
temporary nature. Prices all round show practically 
no change, and are as follow :—Boiler plates, 10/. 10s. 
per ton; ship plates, 8/. 12s. 6d. per ton; sections, 
8l. 2s. 6d. per ton; black sheets, } in., 9/. per ton ; 
galvanised, corrugated sheets (No. 24 gauge), 13/. 2s. 6d. 
per ton, all delivered at Glasgow stations. 
Malleable-Iron Trade.—No change of any importance 
has taken place in the malleable-iron trade of the 
West of Scotland during the past week. Inquiries 
are better and producers are hopeful that some improve- 
ment in buying will follow. The re-rollers of steel bars 
are no better off for work, and the severity of the 
competition is as great as ever. Prices are as under :— 
“Crown” bars, 107. 5s. per ton for home delivery, 
and 9/. 15s. per ton for export; re-rolled steel bars, 
71. 15s. per ton, either for home delivery or for export. 
Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade the demand continues along even lines, ani 
makers are quite able to overtake all calls. Deliverie= 
of hematite to the steel works are fair, but there is 
evidence of a slight falling away in demand. Foundry 
iron is rather quiet. Current prices are as follow :— 
Hematite, 80s. per ton delivered at the steel works ; 
foundry iron, No. 1, 78s. 6d. r ton, and No. 3, 76s. 
per ton, both on trucks at makers’ yards. 
Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, November 16, amounted to 1,413 tons. 
Of that total 886 tons went overseas, and 527 tons 
coastwise. During the corresponding week of last 
year the figures were 672 tons overseas and 96 tons 
coastwise, making a total shipment of 768 tons. 








PersonaL.—The Chicago office of the American Cable 
Company has been transferred from 160, North La Salle- 
street, to Room 1765, 400 West Madison-street, Chicago, 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel_—Though the gross amount of work 
coming to hand continues substantial, many depart- 
ments are experiencing difficulty in attracting sufficient 
work to keep plants operating at present capacity. 
Conditions, however, show considerable improvement 
compared with a year ago. Activity in the raw and semi- 
finished steel trades is not so marked. The demand for 
basic steel shows a slight falling-off, while a few open- 
hearth furnaces have been put out of commission. The 
set-back is expected to be of temporary duration only. 
Acid steel is still in poor demand, despite the con- 
sistent booking of contracts for railway rolling-stock. 
The tendency of the pig-iron market is towards improve- 
ment. Price advances are considered probable in the 
near future in iron and steel materials. The latest 
quotations are as follow: Derbyshire foundry. pig, 
73s. 6d.; Derbyshire forge iron, 69s. 6d.; Lincolnshire 
foundry pig, 76s.; crown iron bars 11/.; iron hoops, 
12/.; steel hoops, 91. 15s. to 101. 5s.; Siemens’ acid 
billets, 92. 10s.; hard basic billets, 77. 12s. 6d.; soft 
basic billets, 7/.; and basic steel scrap, 69s. The 
heavy engineering trades report improvement. Though 
railway rolling-stock departments are accounting for a 
larger output, plant is far from being fully taxed. Months 
of work has been booked in hollow-forged drums, while 
there is an extensive call for electrical apparatus. The 
open-hearth furnace at Sheffield University, which has 
been enlarged to take 24 tons of material, turned out, 
during an experimental period, castings weighing 36 cwt. 
So far as we know the experiment could not have been tried 
in any other teaching institution. In order to encourage 
the further use of the furnace, the Steel Ingots Committee 
of the Iron and Steel Institute has generously offered 
a grant of 200/. towards the expense of running the 
furnace for another fortnight, on condition that the 
University supplies six similar ingots for further investiga- 
tion. The production of special steels is being put on 
an extended basis. In order to cope with the ever- 
increasing call for stainless steel, manufacturers have 
been compelled to extend melting plant. Automobile 
steel, tool steel, and drill steel are progressive lines. 
Good business is being done in high-speed tools, twist 
drills and cutters. Engineers’ small tools are in slightly 
better request. Saws, files and agricultural and garden 
tools continue depressed. 

South Yorkshire Coal Trade.—The market generally 
shows improvement. Overseas business in most classes 
of fuel has been more than maintained at recent quota- 
tions. Home consumption of industrial fuel is steady, 
but improvement has not matured at the rate desired. 
Though the demand for house coal is well below the 
average for this time of the year, a movement towards 
increased purchases is expected to develop before 
Christmas. Stocks at collieries and depots are fairly 
substantial. There is a brisk call for foundry and 
furnace coke, both on home and export account, while 
blast-furnace sorts remain steady at 16s. to 17s. per ton 
at ovens. Gas-coke continues firm. Quotations are 
as follow: Best branch hand-picked, 26s. 6d. to 28s. ; 
Derbyshire best brights, 21s. to 23s. ; best house, 20s. 6d. 
to 21s. 6d.; screened house, 18s. 6d. to 20s.; screened 
nuts, 16s. 6d. to 18s.; Yorkshire hards, 15s. to 17s. ; 
Derbyshire hards, 15s. to 17s. ; rough slacks, 9s. to 10s. ; 
nutty slacks, 7s. 6d. to 8s. 6d.; smalls, 3s. to 5s. 








Contracts.—Messrs. Guest and Chrimes, Limited, 
Rotherham, have recently secured a contract from the 
Metropolitan Water Board for the supply of their Planet 
positive water meters.—Among the contracts for Mirr- 
lees-Diesel engines of various types recently secured by 
Messrs. Mirrlees, Bickerton and Day, Limited, Hazel 
Grove, near Stockport, are orders from the Madras and 
Southern Mahratta Railway Company; the Port 
Commissioners, Calcutta ; the India General Navigation 
and Railway Company; and the Dabhoi Electricity 
Supply Company, Limited, India; Messrs. Callender’s 
Cable and Construction Company, Limited, for the 
electricity supply station at Shiraz, Persia; Messrs. The 
Panama Corporation, Limited ; Messrs. The Montevideo 
Waterworks Company, Uruguay; and various water- 
works and municipalities in Canada.—The associated 
company of Messrs. International Combustion Limited, 
London, Messrs. International Combustion Engineering 
Corporation, of the United States, have secured, from the 
Ford Company, an order for two double Ladd boilers, 
each having a maximum evaporative capacity of 700,000 
lb., a pressure of 1,400 lb. per square inch, and superheated 
to 750 deg. F. Two similar boilers, but having the lower 
evaporative capacity of 300,000 Ib., have been ordered 
by a firm in Milwaukee.—Messrs. Sulzer Brothers have 
received an order from Messrs. Stoomvaart Maatschappij 
Nederland, Amsterdam, for a Sulzer double-acting, two- 
cycle, Diesel marine engine for a new vessel which is to 
be built. The engine will have eight cylinders of 700 mm. 
(27-56 in.), and a normal service rating of 7,000 b.h.p. 
at 106 r.p.m.—Of 21 recent orders for Permutit, Lassen- 
Hjort, and Zerolit plants, and pressure sand filters, 
received by Messrs. United Water Softeners, Limited. 
Aldwych House, London, W.C.2, five are for installations 
of over 500,000 gallons daily capacity. The firms 
involved are, Messrs. Courtaulds Limited, Braintree 
(960,000 gallons); Messrs. John Crossley and Sons, 
falifax (666,000 gallons); Messrs. Tintoria Pio Lomazzi 
and Company, Italy (633,600 gallons); Messrs. Joshua 
Vardle and Sons, Leekbrook (528,000 gallons); and 
Messrs. Lanificio Rossi, Italy (528,000 gallons).—An 
order for the supply of 16 Bristol Jupiter, Series F, aero 
engines has been placed by the Danish military air force 
with the Bristol Aeroplane Company, Limited. These 
engines are in addition to a number of Bristol Jupiter 
engines supplied to Denmark earlier in the year. 





NOTICES OF MEETINGS, 





INSTITUTION OF ENGINEERING INSPECTION.—To-night, 
5.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. ‘Saws: Their Manufacture and Some Hints 
on their Use,” by Mr. T. W. Willis. 


INsTITUTION OF MECHANICAL ENGINEERS.—To-night, 
7 p.m., Storey’s-gate, S.W.1. Informal Meeting. ‘ The 
Utilisation of Low-Grade and Refuse Fuels, including 
Town’s Refuse,’’ introduced by Mr. J. S. Atkinson. 
North-Western Branch: Thursday, November 28. 
Engineers’ Club, Albert-square, Manchester. ‘‘ Journal 
Bearing Practice,” by Mr. F. Hodgkinson. ‘‘ Bearings,” 
by Mr. R. O. Boswall. South Wales Branch : Thursday, 
November 28, 6.30 p.m., South Wales Institute of Engi- 
neers, Cardiff. Thomas Hawksley Lecture: ‘‘ Critical 
Relations between Water and Steam,” by Professor 
H. L. Callendar. London: Friday, November 29, 
6 p.m., Storey’s-gate, S.W.1. Open Debate on ‘‘ The 
Registration of Reliable Tests of Power Plant Machinery,” 
introduced by Mr. R. H. Parsons. 


JUNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘“‘ The Quick- Running 
Oil Engine as Applied and Used in Railway Service,” 
by Mr. H. D. Bush. Friday, November 29, 7.30 p.m. 
‘Modern Welding Systems and Applications,” by Mr. 
W. C. Freeman. 


INSTITUTE OF BRITISH FOUNDRYMEN.—LEast Midland 
Branch : Saturday, November 23, 6 p.m., Loughborough 
College, Loughborough. ‘‘ Work in a Jobbing Foundry— 
Pipes, Rope Pulleys, and Hydraulic Cylinders,’ by 
Mr. A. Suteliffe. Newcastle-on-Tyne and District Branch : 
Saturday, November 23, 6.15 p.m., Neville Hall, New- 
eastle-on-Tyne. ‘‘ Hidden Facts in Oil Sand Practice,” 
by Mr. F. Hudson. Lancashire Branch, Junior Section : 
Saturday, November 23, 7 p.m., College of Technology, 
Sackville-street, Manchester. ‘‘ Some Foundry Experi- 
ences,” by Mr. A. Phillips. Wales and Monmouth 
Branch ; Saturday, November 30, 6.30 p.m., Technical 
College, Bristol. ‘‘ Continuous Casting Methods,” by 
Mr. A. 8S. Beech. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
November 25, 7 p.m., Victoria-embankment, W.C.2. 
Informal Meeting. Discussion on ‘‘ Wooden Poles for 
Overhead Transmission Lines and Their Preservation,” 
by Mr. C. Wade. North-Eastern Centre: Monday, 
November 25, 7 p.m., Sopwith’s Lounge, Northumberland- 
street, Newcastle-on-Tyne. Discussion on ‘‘To Earth 
or Not to Earth,” by Mr. L. E. Mold and C. Turnbull. 
Tuesday, November 26, 7 p.m., City Hall, Northumber- 
land-street, Newcastle-on-Tyne. Faraday Lecture. 
‘* Broadcasting by Electric Waves,” by Capt. P. P. 
Eckersley. North Midland Centre : Tuesday, November 
26, 7 p.m., Hotel Metropole, Leeds. ‘‘ Surges and Over 
Voltage Phenomena on Transmission Lines due to Light- 
ning and Switching Disturbances,” by Dr. H. Norinder. 
London: Thursday, November 28, 6 p.m., Victoria- 
embankment, W.C.2. ‘‘ Voltage Control of Large 
Alternators,”” by Mr. H. W. Taylor. 


INSTITUTION OF AUTOMOBILE ENGINEERS.—Glasgow 
Centre: Monday, November 25, 7.30 p.m., Royal 
Technical College, Glasgow. ‘‘The Mercedes-Benz 
Diesel Engine,’”’ by Mr. W. H. Goddard. Manchester 
Centre : Wednesday, November 27, 7 p.m., Engineers’ 
Club, Albert-square, Manchester. ‘‘The High-Speed, 
Compression Ignition Heavy-Oil Engine,”’ by Mr. F. R. 
Banks. Newcastle-on-Tyne Centre: Thursday, Novem- 
ber 28, 8 p.m., Y.M.C.A. Hall, Newcastle-on-Tyne. 
‘*The Pneumatic Tyre in Heavy Transport,” by Mr. A. 
Healy. 

Royat Society or Arts.—Monday,’ November 25, 
8 p.m., John-street, Adelphi, W.C.2. Cantor Lecture. 
‘* Musical and Scientific Aspects of Wind Instruments ” 
(Lecture II), by Dr. E. G. Richardson. Wednesday, 
November 27, 8 p.m., Dr. Mann Lecture. ‘‘ The Examina- 
tion of Coal and Coke by X-Rays,’ by Mr. C. N. Kemp. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, Novem- 
ber 26, 6.30 p.m., 85-88, The Minories, E.C.3. ‘“‘ The 
Origin and Development of Heavy-Oil Engines,” by 
Mr. A. F. Evans. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Tuesday, 
November 26, 7 p.m., Engineers’ Club, Albert-square, 
Manchester. ‘‘ The Heating of Buildings Electrically 
by Means of Thermal Storage,’’ by Mr. 8S. E. Monkhouse 
and Mr. L. C. Grant. 

InstiTuTE oF MeEtats.—Birmingham Local Section : 
Tuesday, November 26, 7 p.m., Chamber of Commerce, 
New-street, Birmingham. Joint meeting with the 
Birmingham Metallurgical Society and Staffordshire 
Iron and Steel Institute. “‘ The Modern Development 
of the Steam Locomotive,” by Mr. G. W. Woolliscroft. 


INsTITUTE OF PHysics.—Wednesday, November 27, 
5.30 p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. Lecture on Physics in Industry. 
‘Physics in Relation to the Utilisation of Fuel,’’ by 
Dr. C. H. Lander. 

INSTITUTION oF CIviL ENGINEERS.—Manchester and 
District Association: Wednesday, November 27, 6.45 
p-m., Manchester Literary and Philosophical Society, 
36, George-street, Manchester. ‘“‘ The Design and Con- 
struction of Surveying Instruments,” by Mr. W. H. 
Connell. Birmingham and District Association: Thurs- 
day, November 28, 6 p.m., Chamber of Commerce, New- 
street, Birmingham. ‘‘ Renewal and Strengthening of 
Railway Bridges,’ by Mr. J. W. F. Gardner. 

INSTITUTION OF CHEMICAL ENGINEERS.—Wednesday, 
November 27, 8 p.m., Chemical Society, Burlington 
House, Piccadilly, W.1. ‘‘ Product and Treatment of 








Cellulose in the Paper Industry,”’ by Mr. J. Strachan. 
I 7 : 





NortH-East Coast INsTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Thursday, November 28, 6 p.m., 
Mining Institute, Newcastle-upon-Tyne. ‘‘ Wake,” by 
Mr. G. S. Baker. 

INSTITUTION oF LocoMoTIVE ENGINEERS.—Thursday, 
November 28, 6 p.m., Denison House, Vauxhall Bridge- 
road, 8.W.1. ‘‘ Water-Tube Boilers Suitable for Loco- 
motives,’ by Mr. K. W. Williams. 

RoyaL AERONAUTICAL Soctety.—Thursday, Novem- 
ber 28, 6.30 p.m., Royal Society of Arts, John-Street, 
Adelphi, W.C.2. “Flying and Maintenance from the 
Owner’s Point of View,’’ by Squadron-Leader H. M. 
Probyn. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
November 28, 6.30 p.m., 10, Upper Belgrave-street, 
8.W.1. ‘Notes on the Foundation of New Thames-side 
Warehouse,”’ by Mr. T. F. Burns. 





NOTES FROM THE SOUTH-WEST. 


CaRpIFF, Wednesday. 

The Coal Trade.—The South Wales Miners’ Federation 
have accepted, by an overwhelming majority, the 
Government scheme for the coal trade. ‘The Cardiff 
Chamber of Commerce has, however, passed a strong 
resolution condemning Government interference with 
the industry. The resolution says, “‘ the action of the 
Government is already jeopardising the placing of coal 
orders which should normally come to this country. 
Fear of an increase in the cost of production is likewise 
rendering it difficult for exporters and shipowners to 
formulate quotations for contracts which are actually 
impending. Any trade which may consequently be 
lost would mean that unemployment would be increased, 
foreign competitors would be fortified, and the social 
misfortunes which supervened after the coal stoppage 
of 1926 would again become general.” Meanwhile, 
abnormally heavy rain and consequent floods have 
disorganised the coal trade. In many cases pits have 
had to cease work, owing to damage, but in the majority 
of cases on account of the impossibility of men getting to 
work, and the impracticability of moving loaded trucks 
or returning empty wagons to the pits by rail. So far, 
shipment arrangements have not been seriously affected, 
owing to the big stocks which were at the docks, but, 
unless the weather improves immediately, substitute 
coals will have to be loaded, or else vessels will be 
delayed. Some of the collieries will doubtless be idle for 
some days, as electrical equipment has been damaged, 
while in many cases the floods have rendered the railway 
lines unsafe. In some districts families have been 
compelled to take to their bedrooms, ground floors 
being flooded, while at Porth the water was up to the 
level of the station platform. So far as demand and 
prices are concerned, there has been little change in 
conditions, but with the Christmas holidays nearing, and 
the possibility of a stoppage in the coalfield at the end 
of the year, there are prospects of loading pressure in the 
near future, as shippers will doubtless be anxious to 
clear their commitments, which, in many cases are 
already in arrears. Dry, large and sized coals are scarce, 
and command relatively high figures, the former ranging 
from 19s. 6d. to 2ls., and the latter from 29s. 6d. to 30s., 
but other classes of large remain plentiful at the schedule 
price, based on 20s. per ton for best Admiralty large. 
Smalls, too, are in rather short supply at anything from 
12s, 6d. to 14s. 

The New Coal Combine.—Official details have been 
announced regarding the new Welsh coal combine, referred 
to last week. It is proposed to form a new company to 
be known as Associated Welsh Collieries, Limited, with a 
capital of 8,500,000/, the board consisting of Sir D. R. 
Llewellyn, Bart., Sir John Field Beale, K.B.E., Mr. W. M. 
Llewellyn, Mr. T. J. Callaghan, Mr. H. H. Merrett, and 
Mr. J. H. Jolly. The colliery undertakings to be taken 
over, with the exception of the Abercynon collieries and 
the Cambrian group, are to be acquired on the basis of 
12s. 6d. per ton on the potential outputs. 











THE CONVERSION OF CoMBINED METRIC UNITs INTO 
British Units: Erratum.—We much regret that 
the table of conversions of metric units into British 
units, prepared by Dipl.-Ing. Emil Klapper, which 
appeared in our issue of October 18, has been found to 
contain a number of serious errors. We propose, in due 
course, to publish a revised version of the whole table, 
and in the meantime suggest that it should not be utilised 
in connection with calculations. 





IncomE-Tax Hanpsook.—The tenth annual edition 
of a small handbook entitled Income Tax Simplified has 
just been received by us. It constitutes a guide to the 
preparation of the return for assessment, and instruc- 
tions for obtaining repayment of tax. The book is 
compiled by Messrs. A. and E, E, Fieldhouse, and is 
published by them at 66, Trinity -street, Huddersfield, 
and also by Messrs. Simpkin, Marshall, Limited, 4, 
Stationers’ Hall Court, London, E.C.4. The price of 
the book is 1s. 6d. net. 





BriTIsH PRopvucTION oF Pic-IRON AND STEEL.—The 
monthly memorandum of the National Federation of 
Iron and Steel Manufacturers, Caxton House (East), 
Tothill-street, London, S.W.1, shows that the number 
of blast furnaces in operation at the end of October 
was 166, a net decrease of 2 since the beginning of the 
month. The output of pig-iron during October amounted 
to 688,700 tons, compared with 664,600 tons in Septem- 
ber, and 543,600 tons in October, 1928. The October 
production of steel ingots and castings totalled 889,800 
tons, as against 847,900 tons during September, and 
756,000 tons in October, 1928. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 





TrixacrapPuic ) “ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NumMBER—TEMPLE BAR 3663 


(2 lines). 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it oan be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 


advance :— 
For the United Kingdom.............0....0.... £3 5 0 
For Canada— 
Thin paper copies ....................00. £218 6 
Thick paper copieS...................000 £3 3 0 
For all other places abroad— 
Thin paper copies ..............c ee £3 3 0 
Thick paper copies....................00. 3. 7 6G 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
eommunioate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Poston Thursday. In consequence 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of publication. 


All accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
N.S.W. T. Willmett and Company, Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Limited, 91-93, Queen-street, East. 

DENMARK, Copenhagen: Kaat-Jensen and Company, Vester 
Farimagsgade 22. 

EDINBURGH: John Menzies and Company, Limited, Rose-street. 

FRANCE, Paris: Ricour, Chevillet et Cic. 22, Rue de la Banque. 

GERMANY: Hermann Fromm, Liitzowstrasse, 84, Berlin, W.35. 

GLAsGow : William Love, 221, Argyle-street. John Menzies and 
Company, Limited, West Nile-street. 

HOLLAND, Rotterdam: H. A. Kramer and Son, Limited. 

Inp1A, Calcutta : Thacker, Spink and Company. 

Bombay: Thacker and Company, Limited. 

ItaLy: U. Hoepli, Milan. Anonima Libraria Italiana, Torino 
and any post office. 

JAPAN, Tokio: Maruzen Company, Limited, and all branches. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER : John Heywood, Limited, 143, Deansgate. 

New ZEALAND: Gordon and Gotch, Limited, Wellington, | 

: Auckland and Christchurch. 

Norway, Oslo: Cammermeyer’s Boghandel, Carl Johans Gade, 
41 and 43. | 

SouTH AFRICA: Central News Agency, Limited. Head Office— | 
Johannesburg; and Pretoria, Cape Town, Port Elizabeth, | 
Bloemfontein, Durban and various branches and book- | 
stalls throughout South Africa. Wm. Dawson and Sons | 

oe (South Africa), Limited, 29, Long-street, Capetown. | 

TASMANTA : Gordon and Gotch, Limited, Launceston, Hobart. 

UnitEp Stags, New York : For subscriptions, The International 
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| mainly for general guidance, whilst relying on the 
| tank for the values of the coefficients involved. 
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LUBRICATION. 


THE discussion ensuent on the reading of Mr. 
Francis Hodgkinson’s paper last Friday well illus- 
trated the fact that a good paper at the headquarters 
of the Institution of Mechanical Engineers is still able 
to attract engineers from the great manufacturing 
firms in the Provinces, although it must be ad- 
mitted that several of these speakers undoubtedly 
came to London on Council business. The debate 
was excellent, valuable contributions being made by 
nearly every speaker, and about one-half of those 
participating hailed from the Provinces. The hydro- 
dynamic theory of lubrication is now practically com- 
plete, but, unfortunately, in its finished state is too 
complicated for general use in the drawing office. The 
conditions, indeed, approximate to those which have 
compelled the naval architect to look to theory 


That this policy is being adopted by a number of 
our leading firms was demonstrated in the discussion. 
Mr. 8S. A. Couling, for example, described some 
interesting and instructive experiments made at the 
British Thomson-Houston’s Company’s works at 
Rugby. Theory indicates that with a given viscosity 
of lubricant and a given surface speed the same 
load per inch run of axial width can be carried by 
geometrically similar bearings. Whilst this rule 
facilitates the design of a line of bearings, it has 
its practical limitations. Geometric similarity 
implies that in corresponding conditions the small 
bearing will have a smaller minimum film thickness, 
and will heat more. This consideration supports 
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arises, however, in this connection, since experience 
seems to show that these frictional losses increase at 
a very much higher rate when the speed is raised 
than when the viscosity is similarly varied. Never- 
theless, the viscosity and the speed enter in exactly 
the same way into the theoretical formule and 
each should, therefore, have an identical influence 
on the friction. The difference observed is no 
doubt largely accounted for by the fact that the 
higher the speed the less is the proportion of the 
total oil supply, which goes to form the supporting 
film. The remainder has the function of cooling the 
bearing rather than of lubricating it. 

Mr. Guy also made an instructive comparison 
between theory and observation in the case of a 
10-in. journal running at 3,000 r.p.m., and concluded 
that the oil thickness was only about one-half of 
the theoretical value. This comparison is perhaps 
fair to the theory, since in the computations side 
leakage was neglected. Mr. R. O. Boswell* has, how- 
ever, shown how to take this into account, and that 
in the case of a 60-deg. brass one diameter wide, the 
load supported with a given minimum film thickness 
is just about one-half of that calculated as above. 
Again, it seems unjust to suggest that it is to the 
practical man and the experimentalist that we owe 
recognition of the importance of brass distortion. 
This was insisted on by Osborne Reynolds himself, 
over forty years ago, and has been repeatedly empha- 
sised since, by writers who have discussed the theory 
of lubrication. Mr. Guy’s method of correcting this 
distortion by hollowing out the unloaded brass to a 
smaller curvature than the journal is, however, 
of very great interest. 

There seems to be some misunderstanding about 
the nature of the objections taken to experiments 
on a 180-deg. brass. In principle these are exactly 
the same as might legitimately be raised against 
any proposal to test the theory of virtual velocities 
by experiments on a screwjack. It is, in fact, 
physically impossible, with a brass subtending such 
an angle, to comply with the assumptions on 
which the theory is based and, moreover, brasses 
of this type are never used in practical work. 
With a brass subtending smaller angles the diffi- 
culties are much less serious and, in fact, when, 
in the National Physical Laboratory experiments, 
the effective arc subtended by the brass was 
reduced to 14 deg. the distribution of pressure along 
the centre line proved to be in remarkably good 





accord with that computed. 

The slow progress made by the Michell type of 
journal bearing was noted by Dr. Stoney and pro- 
vides yet another instance of the difficulty of 
breaking loose from tradition. It took years, it 
will be remembered, to introduce the Michell thrust 
block at sea, and in the first case in which an ocean- 
going vessel was thus fitted during the war, a block 
of the multi-collar type had to be provided as a 
standby in order to quiet the apprehensions of the 
engine-room staff, whose doubts were, however, 
vanquished by the experiences of their first voyage. 
Again the Thames ironworks in spite of the results of 
careful experiments extending over many months, 
found it impossible in 1901 to persuade the Admiralty 
that the middle of a brass was the very worst 
possible place in which to supply oil to a main 
bearing. Indeed, we are not sure, but that even 
leading steam turbine engineers may not be open 
to the charge of an irrational adherence to tradition. 
The stems or bushings of steam valve spindles are 
often elaborately grooved, though both theory and 
experiment indicate that the leakage is thereby 
increased if the clearances are such as to ensure 
that the flow is of the viscous type. If the flow be 
turbulent, it is conceivable that the grooving may 
reduce the leakage, but this is a matter for experi- 
ment rather than speculation. 





Dr. Stoney’s practice of giving the small journal 
proportionately larger clearances. 

We have learnt to expect from Mr. H. L. Guy 
contributions which are at once instructive and 
suggestive. His demonstration of the cost of 
adjusting the temperature of high-speed bearings to 
the traditions of the old-time millwright was very 
striking, and his conclusions are, no doubt, sub- 
stantially correct. In this calculation the loss due 
to friction was taken as proportional to the square 


One speaker in the discussion suggested that the 
oil film might be only some 10 or 12 molecules 
thick. Molecular diameters are, however, of the 
order of 10-8 in., so that an interspace of as little 
a8 yo0000 Of an inch would require hundreds of 
molecules to bridge it. 

Some very practical observations were made by 
Mr. Charles Day, who reminded his hearers that 
the problems involved in the successful lubrication 





root of the viscosity of the lubricant in accordance 
with the hydro-dynamic theory. A curious paradox 


* The Theory of Film Lubrication, by R. O. Boswell. 
London: Longmans, Green & Co., page 257. 
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of reciprocating engines, presented much more | paper read last week before the Institute of Transport 
difficulty than those confronting the steam turbine | by Sir Henry Fowler on “Locomotive Repairs.” 
designer. The latter is never troubled with wear, | Sir Henry pointed out that the locomotive from the 
or scratched surfaces, and, as Mr. Hodgkinson | engineering point of view occupied a midway 
observed in his concluding remarks, the successful | position, between, on the one hand the individual 
lubrication of the gudgeon pins of engines with trunk | plant such as a power station, and the small unit 
pistons is a really notable feat. The total motion is | organisation such as a fleet of "buses or lorries. The 
very small, making it difficult to get the oil | size of the locomotive makes individual items of 
between the opposing surfaces. Some wear appears | repairs matters of considerable moment in which it 
to be inevitable, and it is important that this should | follows the former, while numbers make possible a 
be on the brass, rather than on the pin. which, | considerable degree of systemisation, something 
therefore, as Mr. Day pointed out, is given an | on the lines of the latter. ae 

extremely hard surface. Of course, the fact that in| Naturally standardisation controls systemisation 
many cases the load carried alternates in direction, | to a large extent. This has long been clear, and the 
helps matters by facilitating the introduction of | endeavour on each individual system has been, not 
the lubricant between the surfaces. A striking | only to restrict building to as few standard classes 
example of the importance of this characteristic was | as possible, but to adopt common standard parts 
supplied some years since, when a new type of | suitable for working into a number of different 
flexible coupling was set to work. With the |classes. At the date of the amalgamations the 
ordinary Parsons type, it is mechanically impossible | companies were faced with a readjustment of the 
to ensure an even distribution of the load between | whole situation. With the exception possibly of 
the claws. Hence in each revolution, the contact the Great Western, the systems found themselves 
between any given pair is relieved, thus ensuring | with a number of classes more or less equally well 
access of oil to the opposing surfaces. This feature | suited to particular traffic, and the question had to 
was lacking in the proposed alternative, which | be decided which to retain as standard, or what new 
proved a hopeless failure accordingly. standards to adopt instead. This has carried with 


The model of an air lubricated thrust bearing 
shown at the meeting by Mr. Hamilton Gibson 
excited much interest. A larger and _ heavier 
model was exhibited some years since by the late 
H. T. Newbiggin. One incident in the history 
of this particular model seems worth recording. As 
originally made, the surfaces were finished to the 
ordinary machine shop standard ; but when it was 
decided to show the model at one of the machinery 
exhibitions, it was thought of interest to have these 
surfaces trued up. The task was entrusted to 





it the re-equipment of works, &c., and the re- 
stocking of stores to meet the new conditions. 

An illustration of the task is given by Sir Henry, 
by means of figures for the London, Midland and 
Scottish Railway. The eight constituent and 
27 subsidiary railways now amalgamated in that 
organisation, possessed in 1922, some 10,316 loco- 
motives of no less than 300 types. At the end of 
1928, the stock had been reduced to 9,871, but, Sir 
Henry states, ‘‘ the number of classes or types still 
was 129.” As a matter of fact, that number, 


Messrs. Adam Hilger, who gave them an optical | though apparently large, appears to us to be highly 
finish. This had an unexpected, and, to some | creditable. It stands to reason that the process 
extent, an unfortunate result. The finish was so | of replacement can only take place as other units are 
good that the surfaces adhered. and it was thus| built. Naturally in the amalgamation some surplus 
necessary to raise the collar from the pads before it |of the old and lighter types would be expected. 
could be set in rotation. If this were done, however, | In the rebuilding, advantage might be taken to 
the collar, once started, would continue to spin freely | replace several of these by fewer but more powerful 
for a considerable time. In this connection, refer- | units ; but when the more obvious cases have been 
ence may perhaps be made to Mr. Southcombe’s | attacked and dealt with, there must always remain 
suggestion that molecular forces may extend across ; Many on the border line, where soundness of con- 
the interspace between opposing bearing surfaces. | dition may in actual fact offset any present 
This hypothesis is difficult to reconcile with experi- | advantage to be gained from scrapping. The value 
ments made at the Zurich Polytechnicum some | of the useful work possible, has to be set against 
yearssince. These led to the conclusion that if the | the extra trouble and cost of unstandardised repairs. 
surfaces of Johanssen gauges were absolutely clean, | These matters cure themselves in time. Through 
they could not be wrung together, there being then | heavy and costly repairs, a diminishing class at 
no appreciable adhesion between the surfaces. On | sometime or another will cease to be an economic 
referring this conclusion to Dr. Sears, of the N.P.L., | proposition and will have to be withdrawn. The 
an opinion to the same effect was obtained. The | idea, however, that all stock can be reduced ulti- 
interspace between two such gauges, when in| mately to a few standards, is, we believe, as 
contact, must however, be very much smaller than | regards a large organisation, partly fictitious. The 
‘ | London, Midland and Scottish have, since 1922, 
| built 1,494 new locomotives of only nine standard 
| types, but it will always happen that by the time 
LOCOMOTIVE REPAIRS. such types preponderate, rn i or other develop- 
In the engineering world the locomotive occupies | ments will have rendered departure from these 
an unique position. There are admittedly those | standards essential, and new will be evolved, unless 
who affect to treat questions of locomotive design as | progress in engineering is to be ignored. Such 
beneath consideration, but there are many others | changes are proceeding at the present time, and 
to whom this class of engineering proves extremely | doubtlesstheuseof higher pressure and temperatures, 
fascinating. It is as well that tastes should differ | and new alloys will have had such marked effect, say, 
so that the railways may be assured of a supply of | in ten or fifteen years’ time that new standard classes 
recruits, since they bid fair to continue for some | will then be in existence. 
time at least as an important component of our) Kept, however, within limits, standardisation 


: | : : 
national organisation. An engineer particularly | naturally tends to economy in operation and 
concerned with, say, power plant, may feel that repairs. 





any interspace between a brass and its journal. 








For a multitude of small mechanisms, 
scope is too limited in the locomotive field to make | as is well known, repairs are often most easily 
it worth cultivating, but locomotive engineering | effected by replacement. Numbers are sufficient 
is not by any means restricted to design, and for | jn locomotive work to make this possible, and it is 
those interested in operation, maintenance and | common practice to stock spares and to manufac- 
repairs, a very large field of opportunity for ture such spares to stores orders, the parts being 
ingenuity is opened up. That this is so must have | drawn as required. This system has been extended 
been evident in years gone by, when in the railway | to cover even such large items as boilers, and if an 
shops was frequently to be found machine tool | engine is stopped requiring extensive boiler work, 
equipment in advance of that of most manufacturing | this part is simply taken out and replaced by another 
works. The fact is still more emphasised to-day, | of the same type standing ready. With such pro- 
when routing, output programmes and costing | cedure it follows that either standardisation must 
systems are worked to. have been carried to a considerable length, or the 

That the field may be attractive from many points | stock of spare boilers will necessarily tie up a large 
of view is clear from such papers as that by Captain | capital sum. If standardisation has not extended 
H. P. M. Beames, read sometime ago before the | far, and it is recognised that capital must not be 


Institution of Mechanical Engineers, on the) locked up in this way, the time under repairs 
* progressing 


system in use at Crewe, or from the | must become extended. 





It is the nice balancing | 





of these factors which add much interest to loco- 
motive work, and with the large amount of data 
available regarding repairs to be expected, life and 
relative costs, such matters can be worked out in 
railway service in great detail, as Sir Henry Fowler 
clearly shows. 

Sir Henry’s paper should go some way to dispel! 
the common fallacy that costing is not carried out 
in railway shops. Necessarily the methods differ 
from those of manufacturing establishments, since 
the main work is maintenance, and this with every 
engine passing through the shops must involve 
almost every degree of variation. Not only, how- 
ever, are costs made available to the shops, but 
costs are recorded for individual locomotives 
throughout their life, classified under sections of 
the machinery or groups of parts, with essential 
history, and it is possible, although parts such as 
boilers may be replaced by repaired instead of new 
items, to ascertain the repair costs for which any 
machine has at any time been responsible. 

Another aspect of the question of repairs was 
brought out in Sir Henry’s paper. It will be remem- 
bered that at Crewe the erecting shop system con- 
sists in working to definite schedules, the locomo- 
tives being moved on from one station to another at 
pre-arranged intervals. At Derby on the other 
hand, the frames or locomotives are moved only 
two or three times. Both systems involve very 
definite programmes, but the latter admits of 
rather more flexibility. The great object in view 
in all repair work is to keep engines out of service 
as short a time as possible, and the progress made 
in this direction by working out modern methods 
in the shops, may be gauged by the fact that whereas 
on the London, Midland & Scottish Railway, the 
locomotives under or awaiting repairs averaged 
19-02 per cent., in 1923, to-day the average is only 
6:13 per cent. The statutory returns for the 
country show a general improvement in the same 
sense, but the figure for 1928 is there given as 
9-1 per cent. Sir Henry points out that this repre- 
sents capital to the extent of 8,000,000/., so that the 
subject is still one deserving the most careful atten- 
tion, though obviously even with the most rapid 
and effective of systems the percentage cannot be 
reduced to zero. 








ENGINEERING AND NATIONAL 
FINANCE. 


Durina the past few months, those reponsible 
for the conduct of railway, water, electricity, gas. 
communication and other similar undertakings 
have been approached by the Government with the 
request that they should carry out work in accelera- 
tion of normal development, and thus, both directly 
and indirectly, assist in dispersing that cloud of 
unemployment which has hovered for so long over 
the country. The policy inhefent in this request 
is one that is not unworthy of support and it is 
to be hoped that it will achieve the success which 
it deserves. To ensure that success, however, the 
taxpayer is being asked to guarantee large sums, 
and as guarantors are sometimes called upon to 
meet their obligations, he will be wise, at this junc- 
ture, to consider his existing liabilities. This is 
specially desirable when it is remembered that he 
is likely to have to face an addition to his burdens 
of 8,250,000/. in the current financial year, and of 
19,000,000/. next year, in order to meet the increased 
contributions it is proposed should be paid by way 
of unemployment benefit. 

What these liabilities are was clearly set out in an 
address delivered by Sir Gilbert Vyle to the British 
Engineers Association, on Thursday, November 14. 
In 1914, he said, our national debt was 706,000,000. ; 
to-day it stood at 7,621,000,000/., or 10-6 times as 
much. In France, on the other hand, the compar- 
able figures were 1,134,000,000/. and 3,635,000,0001. 
an increase of not quite three times, while in Ger- 
many they were 253,000,000/. and 6,438,000,000/., 
respectively, including the reparations liability. 
and in the United States, at the present time, 
3,590,000,0007. Again, our present national income 
was about 4,164,000,000/., some 820,000,000/. being 
spent on government, 383,000,000/. of which was for 
social services, including pensions, while in the 
United States the income was 18,520,000,000/. and the 
expenditure under the same headings, 749,000.0001. 
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With an income four and a half times as large 
as ours they therefore spent about 70,000,000/. per 
annum less on these items. Of the 383,000,000/. 
which went on our social services, unemploy- 
ment insurance cost 56,230,000/., health insurance 
40,900,000/., and pensions of all kinds 98,500,000/. 
Education accounted for 93,270,000/., housing 
schemes absorbed 22,700,000/., having risen to that 
sum from 880,000/. since 1913, while the relief of 
the poor was responsible for 55,000,000/. 

This is, concisely, the burden which industry, 
especially the engineering industry, has to bear, 
and we therefore support Sir Gilbert Vyle’s conten- 
tion that the moment has come when the engineer 
should lift his eyes from his drawing board and 
examine these figures, which clearly indicate the 
extent of the forces that are nullifying, and even 
destroying, the efforts he is making to conduct 
his business efficiently. This advice is the more 
necessary, since engineers have been over reluctant, 
in the past, to make their voices heard upon these 
matters, or to try and direct public opinion upon 
the right lines. This attitude must be changed in 
future, unless they are willing, both as taxpayers 
and as industrialists, to make strenuous efforts to 
relieve unemployment and simultaneously to de- 
prive themselves of those monies which alone 
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Lewis, Hon. Treasurer of the Association, proposed 
the ‘“‘ High Court of Parliament,” responded to by 
the Rt. Hon. Lord Darling and Sir Thomas 
Robinson. The entertaining speech of the former 
dealt with matters largely outside our purview, and 
that of the latter with the work of the House of 
Commons on Private Bills, an appeal being also 
made in favour of a wider recognition that politics 
must, in the end, be governed by economics, whereas 
the tendency of politicians was to try to insist upon 
the reverse. Mr. Godfrey Taylor, M.C., proposed 
the toast of ‘‘ The Guests,’’ and sketched the ideal 
conditions under which consulting engineers would 
like to work, unhampered by such obstructionists 
as the Bench, the Bar, Parliament, Government 
Departments, local authorities, and contractors— 
in fact, their guests. The toast of ‘‘ The Association ” 
was proposed by Mr. Loughnan St. L. Pendred, 
and replied to by the Chairman of the Committee 
of the Association. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

AN ordinary general meeting of the Institution of 
Mechanical Engineers was held on Friday last, the 
15th instant, at Storey’s gate, Westminster, the 








will render further development possible. The 
latter, of course, is the only method by which 
unemployment can be relieved. 


may not be starved, or, if social services are con- 


sidered more important, their maintenance must be 


effected without the direct assistance of industry. 
These are simple facts. 

The curious ignorance of the Government about 
trade is also exemplified, as Sir Gilbert pointed out, 
by its dealings with Russia. Industrialists are told 
that, because they will not give that country credit 
facilities more attractive than they would grant 
to their best customer, they are inefficient. The 
fact is, however, that Russia does not need credit 
from this country, there being already, as the result 
of last year’s trading, a balance of 16,000,000/. 
in her favour in our banks. That amount could 
well be used in buying British goods. On the other 
hand, if further credit facilities are granted, the 
risk is that that sum will be released for transfer to 
other countries or utilised for subversive propaganda. 

To bring these facts to the nation as a whole, 
and to ensure that the opinion of engineers on these 
matters shall be generally known, requires close 
organisation and sustained effort. Fortunately, 
both are available in the British Engineers’ Associa- 
tion, which is already doing most useful work. 
We wish this body every success in representing 
engineering opinion in those quarters were it can 
be most fruitful of results. 








NOTE. 


Tue AssocraTION OF CoNSULTING ENGINEERS. 


_ ALTHOUGH the Association of Consulting Engineers | which should govern the design of a high-speed 
is a relatively small body, its principal annual | bearing was that PV = 2,500, the latter being 
function is invariably successful and well attended. |a constant, and P and V the pressure in pounds 
[he last feature is probably directly due to the| per square inch and the velocity in feet per second, 
generous hospitality of the body in question, guests | respectively. 
always constituting a large part of the assembly. | with which he was associated, at Messrs. Metropo- 
That the association must perforce be small was | litan-Vickers Electrical Company, involved a con- 


Stressed, during the dinner, held on the 13th inst., 
at St. Stephen’s Club, by the Chairman of the Com- 
mittee, Mr. N. G. Gedye, O.B.E., for though it 
draws its membership from the three main institu- 
tions, viz., the Institutions of Civil Engineers, 
Mechanical Engineers and Electrical Engineers, it is 
obvious that only a very small percentage of the 
members of those bodies would conform with the 
rigid requirements of the Association. It must, in 
fact, be difficult at times to draw the line, and, as 
Dr. S. Z. de Ferranti remarked, in his response to the 
toast of “ The Guests,” a man may start out as one 
thing and by force of circumstances change to 
quite another. He instanced his own career as a 
case in point. Having commenced in consulting 
practice, he found manufacturers were not able to 
fulfil specified requirements, with the result that he 
had first to devise his own inventions, and then turn 
manufacturer. After the Loyal Toast, Mr. S. C. 


No government 
can have it both ways; either expenditure on social 
services must be reduced, in order that industry 


President, Dr. Daniel Adamson, occupying the chair. 


Tue Late Proressor CHARNOCK. 


Prior to the formal business, the President 
announced the death of Professor G. F. Charnock, 
Member of Council. After a brief résumé of Pro- 
fessor Charnock’s career, the President stated that 
a letter of condolence had been sent by the Council 
to the deceased member’s family. A memoir of 
Professor Charnock will be found elsewhere in this 
issue. 





THE PRESIDENT-ELECT. 


At the conclusion of the ordinary business, the 
President announced that the Council had that 
day nominated as President-Elect for the next year, 
Mr. L. St. L. Pendred, Vice President, for election 
at the next annual business meeting. 


JOURNAL BEARING PRACTICE. 


A paper entitled “Journal Bearing Practice ” 
was then read in abstract by Mr. Francis Hodgkinson, 
of Philadelphia, U.S.A. In introducing Mr. Hodg- 
kinson, Dr. Adamson stated that though practising 
in the United States, Mr. Hodgkinson was British 
and still retained his nationality. He had that day 
been elected a member of the Institution. On the 
conclusion of the paper, which is reprinted on page 
690 of this issue, Mr. Hodgkinson was accorded a 
cordial vote of thanks. 

The discussion was opened by Mr. H. L. Guy, who 
stated that Mr. Hodgkinson had been responsible 
for the design and construction of steam turbines of 
over 40 millions kw. capacity. He, Mr. Guy, felt 
that public discussion of the problems of high-speed 
bearings was overdue. Some 15 years ago, in common 
with many others, he had held that the relation 








That was now archaic. The practice 


stant of nearly ten times as much, 7.e., 22,000. 
Typical combinations were :—With fairly large 
turbines running at 3,000 r.p.m., P = 113, and V = 
131 ; with turbines running at 1,500 r.p.m., P = 136, 
and V = 105. Machines for 3,000 r.p.m. were now 
being built in which P = 138, and V = 157. These 
figures were, he believed, outside the range of all 
experimental work so far done. 

The behaviour of bearings had become increas- 
ingly satisfactory with the increase of pressure and 
velocity, and there was now little concern as to 
results. Another change in bearing design lay 
in the ratio of length to diameter. Bearings were 
now made of a length equal to their diameter or 
even less, instead of 14 to 3 times the diameter as 
formerly. Again, whereas brasses were formerly 
either bedded to their journals or to mandrels 
slightly larger in diameter than their journals, they 





fact that if the arc over which the journal was 
bedded sensibly exceeded 60 deg., disturbances 
could be set up which were indistinguishable from 
those resulting from an out-of-balance condition of 
the rotor. 

Again, there had been a change with regard to 
journal clearances. These were formerly about 
half a thousandth of an inch per inch diameter of the 
shaft, and were now from 1} to 3 thousandths. He 
held that these larger clearances were not actually 
needed, being mainly convenient channels for the 
escape of a very large proportion of the total oil 
supplied to the bearing, which played no part 
in keeping up the oil film, but was flushed through 
the bearing to carry away the heat. In the 
early days, oil-grooves, frequently of complicated 
pattern, were provided ; nowadays there were none. 
The spherically-supported brasses of the past 
had now given place to rigidly, elastically, or 
semi-elastically supported bearings. Shells used to 
be of brass or bronze ; now these were of cast-iron 
or steel. The white-metal now used was generally 
of the tin-base variety instead of lead-base, as was 
the former custom. The pressure on the bearing 
was formerly accounted of great importance ; at 
the present day the quantity of oil supplied and its 
temperature on leaving the bearing were the prime 
considerations. Previously, also, the oils used had, 
at a temperature of 100 deg. F., a viscosity of about 
250 secs. Redwood ; the oils now used had about 
half that viscosity. 

Continuing, Mr. Guy said that many experiments 
on bearings in which the ratio of length to dia- 
meter was about 24:1, led to the conclusion that 
normally the friction work in such a bearing was 
about twice as great as would be deduced from 
the analysis developed by Sommerfeld, which was 
a modification of Reynold’s analysis. This con- 
clusion was largely associated with the fact that 
the minimum oil film thickness was _consider- 
ably smaller than generally supposed, and that 
this arose from concentrations of pressure towards 
the centre of the bearing as a result of the elastic 
deflections of the bearing shell under the pressures 
in the oil film. These deflections might be contri- 
buted to by a temperature gradient along the 
length of the bearing, and in variations in its thick- 
ness, and possibly also by a tendency to camber 
as the result of the differential expansion of the 
white-metal of the bearing and the cast-iron or 
steel of the shell. Professor Goodman’s much- 
criticised experiments had led to much the same 
view, and having arrived at the conclusions just 
stated it was decided to ascertain the effect of 
scraping the bearing out of its cylindrical form at 
the places where distortion occurred. By this means 
it was found that the friction work could be always 
reduced to the amount that theoretical analysis 
would suggest, or even a little less. This method of 
treating bearings was too complex for normal manu- 
facturing processes. It had led, however, to changes 
in design in the direction of shortening bearings and 
making the shells a good deal stiffer, and this had 
proved satisfactory. Nevertheless, in the normal 
bearing, as it came from the shop, the friction work 
generated was from two to three times the amount 
deduced by analysis, and this must be taken into 
account when designing oil-cooling systems. 

The suggestion in the paper that bearing tem- 
peratures should be below 140 deg. F. was admis- 
sible as a limit in temperate countries, but he him- 
self felt there was no real importance attaching 
to this precise figure. In tropical countries it was 
necessary to go to 150 deg. F. or 160 deg. F., and 
no evils appeared to result. The traditional belief 
that it was desirable to keep the bearing cool to 
the touch was, he considered, responsible for con- 
siderable monetary losses due to the unnecessary 
consumption of coal. Ifa case of an actual turbine 
were taken, in which the bearing losses were pre- 
cisely known, the saving by running the bearings at 
140 deg. F. instead of 120 deg. F. were very great. 
If a particular machine were considered having a 
maximum continuous turbine rating of 41,000 kw., 
if this were run at 140 deg. F. instead of at 120 deg. 
F., the coal saved would amount to 190 tons a year, 
which, at 15s. per ton came to 142]. per annum. 
This was for the turbine bearings alone. By adding 





were now commonly not bedded at all or, at least 





the savings made by operating the main generator, 
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house generator, and oil pump at 140 deg. F. the 
saving became 154/. per annum. It should be 
noted that the losses and savings depended on 
the running time only, and were practically inde- 
pendent of the load on the generators. In a station 
containing five such generating sets, of which four 
were always running, the total saving would be 
1,184/. per annum, which, capitalised over seven 
years, was equivalent to 8,288/. 

Mr. H. M. Martin observed that some valuable 
data had been given in the paper. In the case of 
the Brown-Boveri turbine at Hell Gate, the low- 
pressure bearings had a surface speed of 124 ft. per 
second, with a load of 174 Ib. per square inch of the 
projected area of the journal, figures which agreed 
closely with those given by the Author in the paper. 
On the other hand, the surface speed of the high- 
pressure bearings was 140 ft. per second, and a 
turbine was now under construction in this country 
in which the surface speed would be 170 ft. per 
second. Fifteen years ago a surface speed of 33 ft. 
per second was considered high by practising engi- 
neers, though no doubt those conversant with the 
theory of lubrication felt that much higher speeds 
were practicable. In the earlier attempts to increase 
them the temperature rose to an alarming degree. 
The secret of success, as pointed out in the paper, 
lay in the fact that more oil was needed for cooling 
purposes than was actually required for lubrication. 

The history of the Michell bearing as given by 
the late Mr. H. T. Newbigin was instructive in 
this connection. It was to the courage, persistence, 
and sound mechanical judgment of this engineer 
that the introduction of the Michell bearing into 
this country was due. So long as surface speeds 
were below 30 ft. per second, lubrication by simple 
oil jets was sufficient, and the trouble experienced 
when they were raised to round about 40 ft. 
per second was overcome by the use of oil baths. 
But when speeds of over 80 ft. per second were 
required it became imperative to separate the 
functions of oil cooling and lubrication. Mr. New- 
bigin came to the conclusion that the limit to 
loads and speeds was fixed solely by the temperature 
of the collar, which should not exceed 150 deg. F. 
The collar temperature was not necessarily the 
same as that of the oil leaving the housing, much 
of which might not have passed between the 
bearing surfaces. Loads of 200 tons were now 
being carried on Michell bearings, provision being 
made for equalising the load on the pads. 

With imperfect lubrication, the process of bedding 
the journal on the brasses was no doubt advan- 
tageous, but usually gave both journal and brass 
the same radius. With full lubrication, theory 
showed that the brass should be of greater diameter 
than the journal. The process described in the 
paper of scraping the brass to fit a mandrel a 
little larger in diameter than the journal seemed 
to be a good one, and it could be admitted that 
in normal conditions scraping was unnecessary. 
The allowance of 2 mils. per inch had been given 
in the paper as the difference in the diameters 
of journals and brasses, but some turbine builders 
allowed double this. In such cases, however, there 
had occasionally been vibration on starting up the 
turbine, due to the fact that the journals had to 
climb from their positions of rest to their running 
positions. This they did in a succession of starts 
to climb, followed by a slipping back until a certain 
limit of speed was reached. Mr. Hodgkinson’s 
experiments on the lower limit of running speed 
were of interest in this connection. While with 
over-liberal clearances there might be cases of 
vibration, too small c earances caused a pressure 
to be developed between the journal and the 
top brass, resulting in friction and heating, as had 
been proved experimentally by Dr. Lasche. 

Continuing, and again referring to a_ point 
mentioned by Mr. Hodgkinson, Mr. Martin said 
that he had gone into the theory of the phenomenon 
of the tendency of a vacuum to form near the trailing 
end of a brass fairly fully some fourteen or fifteen 
vears ago, and had showed that the tendency 
increased the greater the are subtended by the 
brass and the thinner the oil film. The tendency 
was thus greater with heavy than with light loads, 
and heavy loads should be carried on_ brasses 
subtending but a small angle, a fact which was 
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discovered by the makers of calender rolls, many 
years before there was any theory of lubrication. 
From the quantitative standpoint, the theory of 
the journal bearing was much less satisfactory 
than that of the Michell pad. Not only was a 
brass more liable to alter its shape when the load 
came on, but the shape of the cross-section of the 
oil film changed with every variation in the load, 
speed, or viscosity of the oil. Side leakage was 
also very important. It was these considerations 
which led him, said Mr. Martin, when a member of 
the Sub-Committee on Lubricants and Lubrication, 
to oppose the programme for testing the theory 
of lubrication by experiments at the National 
Physical Laboratory on a journal and bush. As 
anticipated, it proved impossible to get any quanti- 
tative accord between theory and observation until 
every attempt to reproduce practical conditions 
was entirely abandoned. 

There was a fundamental difference between 
oil and air as lubricants. The viscosity of oil 
diminished as the temperature rose, while that of 
air increased. Hence a centrally-pivoted Michell 
pad would work reasonably well with oil, but 
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inch and a maximum velocity of 170 ft. per second. 
He thought that the limits had not yet been reached. 
A clearance of 2 mils. seemed correct for large 
bearings but too little for small bearings. For a 
bearing 4 in. in diameter, for example, something 
like 12 mils. would be necessary. His rule for 
clearance was 1,000 « = 7 Jd, as compared with 
the rule 1,000« 2d. These came together at 
a diameter of 10 in.. A bedding arc of 60 deg. was 
the limit; his own preference was for 45 deg., as 
in locomotive practice. When at Manchester he 
had made an apparatus which illustrated this very 
well. It had been described in ENGINEERING.* 
Mr. Guy’s remarks about temperature stresses 
causing hogging and his device of scraping away 
the middle of the bearing were interesting. An 
ample oil supply was, of course, imperative in all 
bearings, but it must be got right to the surfaces. 
He did not know why Michell journal bearings had 
not been more widely adopted; manufacturers 
seemed to be afraid uf them. With a satisfactory 
Michell bearing the pad would carry up to 7,000 Ib. 
per square inch ; 500 Ib. or 600 lb. was quite a light 
load. He had worked up to 4,000 lb. per square 
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would fail if lubricated with air, as was proved 
experimentally by Mr. W. Stone at Melbourne. 
With the pivot a proper distance behind the pad 
centre, air was quite a good lubricant. As pointed 
out in the paper, oil used for thrust blocks required 
more careful filtration than that for turbine 
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inch himself, but at that point the white metal 
began to yield. 

Mr. Charles Day commented on the statement in 
the paper on the use of white metal for preventing 
injury in the absence of an oil film. That had 


special interest in connection with internal-combus- 


TABLE OF RESULTS OF TEsTS OF BEARINGS A, B AND C, SHOWN IN Fic. I. 


Bearing Form. 6in. x 9 in. A | B ( 
| 
Bottom bore | ; 
Journal diameter oa ec “i ie + 0-001 x d - 0-001 x d 0-0025 total 
Top bore 7 
Journal diameter +4 sa a a os + 0-00385 x d + 0-001 x d | + 0-0025 total 
Actual are of contact és sas oe ae 110 deg. 110 deg. | 50 deg. : 
Top oil clearance passage “e" sie eal Parallel Eccentric | Diagonal passage 1 in. 
| wide x 0-020 in. deep 
| + eccentric. | 
Cooling oil .. - se = 4% ..| In contact with shaft. | Contact with the back of | In_ contact with shaft. 
Separate lubricating | the bearing metal | Common inlet. 
| oil. | Separate lubricating | 


Temperature at bottom above oil inlet 100 deg. | 
F. constant oe oh me ae 

Temperature at top “ ; 

Oil outlet temperature... “e Ste eal 

Kilowatt input as registered at motor terminals | 10-9 

Oil kilowatts, derived from measurements of 
temperaturerise x weight e A oa 

Oil frothing és we ate 


bearings. The latter had a larger minimum film 
thickness, and grit which would pass through a 
bearing without a sign of its presence would cause 
a “ greying ’ of the metal near the trailing edges of 
a thrust-block pad. 

Dr. G. G. Stoney said the practice quoted by 
Mr. Guy and Mr. Martin agreed generally with his 
own, i.e., a maximum pressure of 130 Ib. per square 


52 deg. F. 
19 deg. F. 
18-5 deg. 


6-7 
A little 





oil. 
| 33-5 deg. F. 


78 deg. F. : 
31 deg. F. 


| 10-5 deg. F. 


F. 18-75 deg. F. 28-25 deg. F. 
9-7 13-0 
6-8 10-1 
None Excessive 


tion engines started up by compressed air. In sucli 
engines in land installations, the oil might run out 
of the bearings over the week-end stoppage, and 
the starting load might therefore be taken up by 
metal-to-metal surfaces with resultant roughening. 
Oil should be pumped into the bearings on th: 


* See ENGINEERING, Vol. exiii, pages 249 and 390. 
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Monday morning, and then the engine barred round 
into the starting position to ensure its proper 
distribution over the bearing surfaces before the 
load came on. In internal-combustion engines 
it was important to pay particular attention to 
the material of the gudgeon-pins, from which the 
oil drained away very rapidly. If case-hardening 
was employed on the pins there must be no 
soft spots. The new nitration process of harden- 
ing steel seemed promising, as pins treated thus 
appeared to retain their hardness at much higher 
temperatures than with case-hardening. He 
confirmed the statement * already made with 
regard to the importance of stiffness in the shell of 
a bearing by a reference to a case in which he had 
found the surface of a bearing of a wavy contour 
while the journal was perfectly cylindrical. The 
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waves in the surface corresponded to places in the | 
shell where the metal had been made thinner with | 
a view to economy of material. 

Mr. 8. A. Couling described some results of 
experiments, recently carried out by Messrs. British | 
Thomson-Houston Company, Limited, with the aid | 
of diagrams reproduced in Figs. 1 to 6, annexed. | 
Three methods adopted of lubricating and cooling | 
the test bearings were shown in Fig. 1. 


The | 
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action took place which resulted in frothing. ¥ Bear- 
ing C showed this markedly, but bearing B was free 
from frothing as no cooling oil came into contact 
with the shaft, and only sufficient cooled lubricating 
oil as was required to maintain the oil film. The 
temperatures of the bottom half, however, became ex- 
cessive, and at speeds above 3,000 r.p.m. prohibitive. 

Bearing B had the lowest losses as measured by 
the input to the motor, probably due to the fact 
that the shaft did no work of shearing on the 
cooling oil, and that the viscosity of the oil was 
reduced by the higher temperature of the bottom 
half. With bearing A the losses measured by the 
oil agreed practically with the motor input, after 
subtracting from the latter the electrical and 
mechanical losses, other than those of the test 
bearing. The oil losses were higher for bearings 
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2 
B and C than might have been 
expected from the kilowatt in- 
put to the motor, allowing for 
electrical losses, &c. This might 
be owing to the fact that higher pressures were 
necessary to force the oil through the oil pas- 
sages. Great care was exercised in recording the oil 
quantities and temperature differences, since a com- 
paratively small error of 1 deg. corresponded to 0-47 
brake horse-power at the rate of 40 Ib. of oil per 
minute. When the temperature of the bottom half 
rose above 200 deg. F., there was a danger of the 
white-metal wiping. Bearing A had been tested 
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metal temperatures above the oil-inlet tempera- | very exhaustively. Fig. 5 showed some test results 
tures for both halves of the bearings were shown in | and the relationship between losses and speeds. From 
Fig. 2. The oil-inlet temperature was kept constant | these curves the formula, given in the figure, for 
at 100 deg. F. The bearing B had the greatest | obtaining bearing losses was derived. It could be 
temperature extremes, i.e., 68 deg. F., the bottom | shown that the order of the formula was rational 
half being the hottest. The bearing C had differ- | since: 
ences between the top and bottom halves of only | 5 
2} deg. F. From Fig. 3 it was evident that the | 12 x 33,000 x 2 

practical coincidence of the two temperatures in| where p = specific load on the bearing in lb. persquare 
the bearing C had been secured at the sacrifice of | inch (diameter and length of bearing in inches), N=r.p.m. 
power, the losses being 34 per cent. more for C| After establishing the coefficient of friction p 
than for B, as shown in the Table given. By) by experiment, the value of K in the curve was 
allowing the shaft to come into contact with the oil, | derived. K was constant for any particular 
together with an excessive clearance, a churning | design of bearing with constant oil quantity, and 





Xx (p X diam. x length) x dia. x 27 N. 
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this factor must be established before it was possible 
to design a series of bearings, and to estimate their 
losses. Other experiments showed that the method 
of introducing the oil and the direction of shaft 
rotation relative to the oil flow were very important. 
If frothing was to be kept reasonably low and 
losses not excessive, a clearance of 0-0035 x shaft 
diameter was reasonable. Fig. 4 showed the 
rise in temperature for oil supplied at various rates. 
The viscosity at 100 deg. F. was 200 Redwood. 
The tests showed that the amount of oil circulated 
had an economic limit, since a quantity of oil in 
excess of this did not lower the bearing temperature 
correspondingly, and, where the shaft came in 
contact with the oil, abnormal oil pressure could 
be set up in the top half, considerably increasing 
the losses. 


Fig4. 
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The losses as recorded on"Fig. 5 and as measured 
by the input to the motor were shown in Fig. 6, 
also the losses estimated from the temperature 
difference of the oil and quantity circulated. This 
figure also showed the loss estimated in accordance 
with Dr. G. G. Stoney’s recommendations as 
given in the Institution of Civil Engineers’ report 
on Heat Engine Trials, and the losses as calculated 
by the Ljungstrém formula. 

I J. Hamilton Gibson submitted that all 
theory and practice amounted to the fact that 
any bearing, whether journal or thrust, that 
showed great wear in service was wrong, either in 
construction or design, or both, provided that there 
was an uninterrupted supply of clean and suitable 
oil. Evidence of this was obtained from the number 
of bearings, of the forced-lubrication type, and of 
the Michell type, which had run for years without 
renewal of the bearing surface. He had made use 
of large Michell journal bearings some ten years ago, 
and when he last heard of them, they were 
running with the original surface untouched. 
They carried the shaft of the low-pressure turbine 
of a British destroyer of 40,000 h.p., and were 
exposed to all the exigencies of stopping, starting, 
and going astern. He believed these were the first 
Michell journal bearings in this country, and were 
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fitted immediately after experiments at Birkenhead. 
in which Dr. Stoney had participated. A description 
had been published in 1919.* He did not agree 
with the author that the analogy of oil particles to 
little rollers was fallacious. There were probably ten 
or a dozen molecules in an oil film, and while those in 
immediate contact with the surfaces might adhere, 
the intermediate ones might have some sort of 
roller action. Mr. Gibson exhibited models of the 
pads two of the bearings referred to, and one of an 
air-lubricated thrust bearing. 

Mr. A. B. Smith thought that engineers often lost 
sight of the fact that a suitable oil was one which 
would maintain its characteristics after prolonged 
use, especially after contact with impurities and the 
oxidising effect of aeration. With regard to the 
experiment mentioned in the paper of an experiment 
with a Kingsbury bearing normally fitted with ten 
pads, but successfully carrying a load of 7,000 lb. per 
square inch, when all but two, oppositely disposed, 
were removed, the cooling effect obtained was 
probably good owing to the opportunity afforded 
to the hot oil on escaping from the trailing edge of 
one pad to be thrown out of line with the following 
pad, thus permitting relatively cool oil to enter the 
leading edges of the pad. Further, the large area 
of contact between the revolving collar and the 
turbulent oil would promote a greater cooling 
effect on the bearing. 

Mr. J. E. Southcombe agreed with the view that 
there should be no wear in a properly-designed 
bearing so long as it was running, but he was con- 
vinced that the conditions of stopping and starting 
would result in a certain amount of wear. The 
friction between moving surfaces of a bearing changed 
slowly as smoothness was obtained, but after a 
certain limit had been reached it rose sharply. 
This was, presumably, due to molecular attraction 
across the interspace. There was a wide variation 
in the types of oils, and their ability to adhere to the 
surface which was due to the presence of active 
hydro-carbon molecules which orientated on the 
metallic surface. The losses in a bearing were at 
their lowest when the oil was very thin and in the 
neighbourhood of a breakdown. A hydrocarbon oil, 
treated with small traces of the fatty acids, for exam- 
ple, had its breakdown point very much reduced. 
His own researches had shown that it was possible to 
run a bearing with a load of 500 Ib. per square inch 
with no tendency to breakdown of the film when 
the speed had been reduced to so small an amount 
as 4 ft. per minute, by the use of oil of powerful 
adsorptive qualities. 

Mr. E. R. Dolby asked whether, assuming that 
a journal rotated constantly in the same direction, 
it was correct to suppose that the angle of arc, 
referred to by several speakers, was bisected by the 
vertical diameter of the bearing. 

Mr. Hodgkinson said he was only able to reply 
to the discussion in very general terms, but he would 
deal adequately with the points raised in his written 
reply. Most of the speakers had rather seemed to 
supplement the paper rather than criticise it. 

The meeting closed with announcements from the 
Secretary that an informal discussion would take 
place to-night, at 7 p.m., on the ‘“ Utilisation of Low- 
Grade Fuels and Refuse Fuels, including Towns’ 
Refuse,” to be introduced by Mr. J. 8S. Atkinson. On 
Friday, November 29, there would be an extra general 
meeting consisting of an open debate on “ The 
Registration of Reliable Tests of Power-Plant 
Machinery,” to be introduced by Mr. R. H. Parsons. 
The President finally announced that on November 
18, there would be a joi:t meeting of the Graduates’ 
Sections of the Institutions of Civil, Mechanical and 
Electrical Engineers, when a paper on the “ Arti- 
ficial Lighting of Factories and Public Buildings ” 
would be given by Mr. A. G. Brown. 


THE IRON AND STEEL INstiITUTeE.—The Williams 
Prize of the Iron and Steel Institute, of the value of 
100 guineas, has this year been awarded by the Council 
to Mr. W. E. Simons, assistant blast-furnace manager 
of the Cardiff Works of Messrs. Guest, Keen and Nettle- 
folds, Limited, in consideration of his paper, ‘‘ The 
A.I.B. Sinter Plant at the Works of Messrs. Guest, 
Keen and Nettlefolds, Limited.’’ The paper was pre- 
sented at the last annual spring meeting of the Institute 
in London. 





* The Engineer, vol. cxxviii, page 202 (1919). 
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THE LATE PROFESSOR 
G. F. CHARNOCK. 


WE much regret to record the death of Professor 
George Frederick Charnock, which occurred at 
Bradford on November 7, at the age of 69. He is 
likely to be greatly missed, not only in Yorkshire, 
where so large a part of his working life was spent, 
but in engineering circles generally. 

Professor Charnock was born at Leeds, and after 
attending schools both there and in London, became 
a pupil of Mr. H. P. Holt, who then had an exten- 
sive practice as a consulting engineer in the former 
city. In 1881 he joined Mr. P. Thursby as an 
assistant, and two years later was appointed to a 
post on the staff of the resident engineer of the 
Preston and Southport Railway, for which Sir 
Charles Fox and Sons were the consulting engineers. 
His long connection with Bradford and its technical 
college began in 1883, when he became assistant to 
Mr. J. H. Dales, being specially employed in the 
design and equipment of the new engineering 
laboratories. Seven years later he was appointed 
Head of the Engineering Department, a position he 
held until 1926, while he was given the distinction of 
‘“Honorary Head” in 1925. During the many 
years he occupied this important post the work of 
the college greatly increased, with the result that 
more than one extension of the building was neces- 
sary. In fact, at the date of his retirement it was 
capable of accommodating about 120 day and 600 
evening students, who attended courses of a univer- 
sity college standard. The instruction given was 
of an intensely practical nature, Professor Charnock 
making it his business to keep in close touch with 
the local industries, and to arrange the curriculum 
to meet the needs of the engineering firms in the 
neighbourhood. 

His belief in the necessity of bringing and keeping 
science and technology in close contact is also 
shown by the fact that he made time to engage in 
consulting work, especially the design of structural 
steel-work, and also arranged for engineering tests 
for local firms to be carried out in the college. It is 
further indicated by saying that he was one of the 
founders and the first president of the Bradford 
Engineering Society and was acting as the honorary 
secretary of that body at the time of his death. For 
many years he was a member of the council of the 
Institution of Mechanical Engineers, and was chair- 
man of the Yorkshire branch in 1924-25, He was also 
the first chairman of the Yorkshire Association of the 
Institution of Civil Engineers in 1922, and president 
of the Yorkshire Association of Students in 1913-15. 
Moreover, he often lectured outside purely technical 
circles to bodies of workmen, for whom he estab- 
lished special courses in such subjects as mill engi- 
neering and smoke abatement. It may therefore 
truthfully be said that he played a great part not 
only in collecting and disseminating information 
himself, but in encouraging others to work on 
similar lines. 

Finally, it remains for us to pay a tribute to the 
work he did for ENGINEERING along the same lines. 
If progress is to be made in the right direction, and 
if engineers are to be able to meet the increasing 
demands that are likely to be made upon them, it is 
essential that they should be continuously adding 
to their knowledge, and that they should maintain 
ready for use the information they already possess. 
To some extent this task can be performed by calling 
on the practical experience either of themselves or 
others, though it must also be effected by constant 
reference to the literature of the subject. But the 
output of printed words at the present time is so 
large that the student, however conscientious he 
may be, is appalled when he contemplates it. 
The result is that he anxiously looks round for 
some means of sorting the metal from the dross, 
and soon finds out that there is no better method 
than that of reading a critical review written by an 
expert. A wise anonymity generally shrouds those 
who notice the books which are sent us for criticism, 
but it may now be revealed that for many years 
Professor Charnock acted as a reviewer of mecha- 
nical subjects in ENGINEERING, and in so doing 
enabled us to publish a fund of information useful 
both to the reader and to the author of the volume 
that was being dealt with, the value of which was 





largely increased by the clear and concise way in 
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which it was presented. As we have said, his out- 
look was essentially practical, while his memory 
enabled him to draw on his experience for apt 
illustration ; the result in a large majority of cases 
had both technical and literary value. His death 
is to us a very personal loss. 





WORLD ENGINEERING CON- 
GRESS IN JAPAN. 
(Continued from page 653.) 


Ix continuation of our account of the World 
Engineering Congress, recently very successfully held 
in Japan, we now follow the summaries of selected 
papers given in our last issue by others dealing 
with various subjects in other sections. The selection 
we give below is chiefly taken from the Sections 
dealing with Metallurgy. We shall follow in subse- 
quent issues with other subjects, and also propose 
to deal in like manner with the World Power 
Conference Sectional Meeting held concurrently. 





THE 


GENERAL METALLURGY. 


A paper entitled “ Power in Metallurgy,” by Mr. 
R. M. Keeney, of Hartford, Connecticut, U.S.A., dealt 
with recent developments in the application of power 
to metallurgy in the United States. Mr. Keeney stated 
that, with its ready adaptability to large-scale operation 
under modern factory conditions, the use of the 
metallic resistor furnace for the heat treatment of 
metals had increased far beyond expectations. The 
installed capacity of these furnaces in the United 
States had risen from 12,000 kw. in 1920, to over 
300,000 kw. at the end of 1928. The reduction in 
costs, which followed the introduction of the electric 
heat-treating furnace, were often considerable. For 
instance, one plant hardening 100 tons of steel a day 
saved 5dols. per toninlabour. Again, a mill producing 
copper tubing, reduced its annealing costs by 7 dols. 
per ton, because there were practically no maintenance 
charges in connection with the electric water-sealed 
furnace. Electric melting now bres ages A dominated 
the brass rolling-mill industry of the United States, 
and it was probable tbat it would replace fuel melting 
in the foundry within a few years, except in the case 
of concerns of limited means and small output. In 
the steel foundry, the electric furnace had practically 
displaced the converter and small open-hearth furnace, 
and was making rapid inroads in the open-hearth 
production of large castings. To sum up, power in 
metallurgy had become an important factor in the 
industrial development of the United States. The 
existing applications had been made on a sound 
economic basis, and the present expansion would 
probably continue. 

Another paper dealing with furnaces was that 
entitled ‘‘ Heat Economy in Metallurgical Furnaces,” 
by Sir Robert Hadfield and Mr. R. J. Sarjant. The 
authors stated that, in the loading of intermittent and 
‘“‘in and out’? furnaces, the exigencies of the general 
shop management must always remain the paramount 
consideration, and, indeed, the preference for such types 
of furnaces over the more economical continuous types 
was frequently governed by this sole circumstance. 
The full realisation of the maximum economy possible 
in the combustion of the gases in a furnace could only 
be obtained by automatic control of both fuel and air. 
In the case of furnaces fired by hot producer gas, the 
chief obstacles to be overcome were due to tar and 
dust in the gas, which choked any of the usual means 
of measuring the flow of gas. The only course 
permissible was to employ the air-flow indicator 
to govern the opening of the gas-control valve. In 
the matter of recuperation, the heat-resisting steels 
resulting from recent metallurgical advances rendered 
a degree of preheat of as much as 950 deg. C. possible, 
compared with from 300 deg. to 400 deg. C. with the 
older cast-iron and mild-steel recuperators. Further- 
more, these high-temperature heat-resisting alloys 
might be applied to regenerators. In comparison 
with, say, firebricks, heat-resisting alloys had a heat 
diffusivity which exceeded ten times that of the fire- 
brick. The heat capacity per unit volume was nearly 
three times that of firebrick. ; 

Two of the papers presented in this section dealt 
mainly with the Swedish metallurgical industry. The 
first was on the subject of ‘‘ The Electro-Chemical 
Industries of Sweden,” by Professor W. Palmaer, and 
the second, by Messrs. H. Lundberg and K. Sundberg, 
referred to ore prospecting in Sweden and also in 
Newfoundland. Professor Palmaer stated that, in 
1928, there were 37 electro-chemical and electro- 
thermal plants of all types in Sweden, the aggregate 
capacity of which was 144,000 kw., compared with 
22 plants and 60,000 kw. in 1913, and 8 plants and 
9,000 kw. in 1904. At the present time, the quantity 
of energy used for the production of ferro-alloys totalled 
about 40,000 kw. In 1927, the outputs comprised 
24,000 tons of ferro-silicon, 2,000 tons of ferro- 
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manganese, 7,000 tons of ferro-chromium, and about 
4,000 tons of other alloys, of which 3,400 tons con- 
tained both silicon and manganese. Many steel firms 
in Sweden employed electric furnaces, mostly of the 
arc type, for steel refining; there were also several 
electric blast-furnaces. Among other chemical pro- 
ducts manufactured in quantity might be cited calcium 
carbide and cyanamide, cyanides, alkalies, chlorine, 
bleaching salts, chlorates, synthetic ammonia, and 
nitric acid. 

The second paper, on “ Ore Prospecting by Swedish 
Geo-Electrical Methods,” by Messrs. H. Lundberg and 
K. Sundberg, contained a description of an electrical 


prospecting method utilised in various parts of the | 
world, and principally in Sweden and Newfoundland. | 


The authors stated that, if an electric current flowed 
through a mass of earth in which a body of ore were 
enclosed, a certain portion of the current took the 
path, through the ore body, as this offered less 
resistance, owing to the higher electrical conductivity 
of the ore body. The normal distribution of the current 
in the ground was thus strongly disturbed. The ore 
body seemed to attract the current and deflect the 
normal flow far outside the conducting body itself. 
The density of current in the conducting body would 
be relatively high, while that in the surrounding 
ground would be rather small. Disturbances or 
anomalies of the current could be located by mapping 
on the surface the course of the current flow, or by 
observing, directly or indirectly, the current density at 
a sufficient number of points. The presence in the 
ground of a body of superior conductivity could thus 
be revealed. To send a current into the ground, two 
parallel copper or bronze wires were stretched along 
the surface as electrodes, and carefully put in contact 
with the ground at a sufficient number of points 
throughout their length. These wires might be as 
much as | mile long, and placed 1 mile apart. One 
end of each wire was connected to one or other pole of 
a source of alternating current, and the current 
switched on. If the ground were homogeneous, the 
current flowed from the grounding pins of one wire, 
across the intervening ground, to the grounding pins 
of the other wire in uniformly straight lines. 

As a rule, the electrical field was studied by locating, 
on the surface, points of the same electrical potential. 
These points were plotted on a map and con- 
nected by curves similar to contours. These equi- 
potential lines were at right angles to the lines repre- 
senting the current flow, and thus the shape of 
the equipotential lines showed the distribution of 
the current in the underlying ground. If no portion 
of the ground were more highly conducting than the 
remainder, the equipotential lines were approximately 
straight and parallel to the electrodes. Where, 
however, an ore body contracted the current lines, 
the equipotential lines were thrust apart. Positive 
results had been obtained with this method in Sweden 
and Newfoundland. In northern Sweden, about 30 
different deposits of single bodies or groups of ore 
bodies had been discovered in the Skellefte ore field. 
Good results had also been obtained at Buchans, 
Newfoundland. 


Iron AND STEEL METALLURGY. 


“The World’s Iron Ore Supply ” was the title of a 
paper by Mr. C. K. Leith. The author stated that 
the great centres of the iron and steel industry appeared 
to be definitely established, for many years to come, 
in the North Atlantic basin. Great Britain, the 
group of countries in western Europe comprising 
Germany, France, Belgium and Luxemburg, and the 
United States, constituted the three main centres or 
units of production. Secondary units in Australia, 
South Africa, India, Russia, and elsewhere, would 
grow, but probably none of them could expand much 
beyond the extent of meeting local demands. It was 
very questionable whether any of these secondary 
units would grow faster than the great units already 
established. There was nowhere any outstanding 
undeveloped combination of coal and iron ore, together 
with a population promising a large increase in con- 
sumption, which combination could be pointed out 
as the probable site of a radical change in the geography 
of the industry. 

Iron-ore production supplying the great iron and 
steel centres would also maintain much of its present 
Seographical setting, though some changes would occur 
48 a result of increasing demands and the exhaustion 
of such outstanding supplies as those of Spain, and, 
at a considerably later date, those of the Lake Superior 
Tegion. Larger production might be expected from 
the great reserves of the south-eastern United States, 
Newfoundland, and, possibly also, England. There 
Would be greater importations by Europe and the 
United States from South America, Cuba, and North 
Africa. The Far East would show little increase, 
‘xcept possibly in the case of the Philippines and the 
Jutch East Indies. There were possibilities of further 
discoveries of large ore deposits, principally in the ' 
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remote regions of the world. Probably, even such 
deposits would become tributary to the centres already 
established, but if they should eventually prove to be 
adequate for large development, it was practically 
certain that many years must elapse before their 
influence upon the geography of the iron and steel 
industry began to be largely felt. 

A review of the present position and an outline of 
the historical development of “The Iron and Steel 
Industry in Japan” was given by Mr. S. Hattori, 
President of the Japanese Iron and Steel Institute. 
The author stated that the smelting of iron sands 
found chiefly in the provinces of San-in and San-yo, 
using charcoal as fuel, had been carried on from very 
remote times. A landmark in the history of the 
industry was the erection, in 1849, at Kamaishi, of a 
blast furnace to smelt the hard magnetite discovered 
in the vicinity in 1823. The subsequent development 
of the industry had led to the establishment of the 
Imperial Steel Works at Yawata in 1897, and, later, 
to the installation of modern works in various parts 
of the country. The early years of the Yawata works 
had been periods of great difficulty; nevertheless 
growth had been relatively rapid. The original manu- 
facturing capacity was 60,000 tons of steel products 
per annum. This had afterwards been increased 
to 90,000 tons, then to 180,000 tons, and subsequently 
to 350,000 tons. By an extension programme, which 
was about to be completed, the output would be further 
increased to 750,000 tons, and later to 1,000,000 tons. 
The Kamaishi steelworks, begun in 1849, were now 
a thriving concern; the 1927 production totalled 
21,000 tons of cast-iron pipes, 67,680 tons of pig iron, 
and 50,000 tons of steel products. Turning to raw 
materials, the iron deposits of Japan, so far as they 
had been prospected, were estimated to contain some 
80 million tons of usable ore. Japanese coal was of 
more recent formation than European, and required 
to be mixed with a caking coal from China in order 
to obtain blast-furnace coke. In 1928, Japan supplied 
61 per cent. of her needs in pig iron, and 71 per cent. 
of her requirements in steel. 

In the course of his paper, “‘ How Swedish Iron is 
Made,” Professor J. A. Leffler stated that Swedish 
open-hearth furnaces were acid lined and varied 
in size from 8 to 12 tons. The mean carbon content 
of the charges was high, only high-carbon steel being 
made. The charges were prepared so that only 
small quantities of ore need be used. The process 
was therefore, in a certain degree, to be regarded more 
as a crucible process on a large scale than as a refining 
process. The charges were inserted in the furnace 
cold, every effort being made to melt them down in 
the shortest possible time, in order to obtain the 


of the carbon tocommence. The partial combustion of 
the high contents of silicon and manganese contributed 
powerfully to this effect ; at the same time, these sub- 
stances effectively protected the iron from too strong 
oxidation. As soon as the requisite carbon percentage 
was reached and the steel had attained the correct 
temperature, it was tapped; no _ recarburisation 
took place. The control of the temperature in the 
furnace, and of the steel at tapping, was carried out 
with the aid of optical pyrometers. The slag had a 
high content of silica, namely about 50 per cent.; the 
manganous oxide (MnO) content was also high, usually 
about 17 percent. The FeO content varied from about 
21 to 27 per cent. 

As its title, “The Structure and Nature of Troostite,”’ 
implied, a paper by Mr. F. F. Lucas, of New York, dealt 
with the subject of high-power magnification in metal- 
lography. The contribution contained a number of 
photomicrographs, most of which were at'a magnification 
of 3,500 diameters. The author stated that it was 
certain that the structures found in hardened steel were 
largely mixtures of martensite and troostite, martensite 
meaning, in this case, a needle-like structure. Troostite 
had heen generally regarded as a lower order of decom- 
position than martensite. This, however, was not be- 
lieved to be substantiated by the evidence. It had been 
shown that martensite was the result of the decompo- 
sition of the austenite along the octahedral crystallo- 
graphic planes. Two changes were involved, namely, 
an allotropic change of the iron from 7 to «, and a preci- 
pitation of the Fe,C. On the other hand, troostite did 
not assume the old austenitic crystalline symmetry ; 
it developed along grain boundaries and within the 
grains. Troostitic nodules grew about a nucleus 
which might be an inclusion, a void, a sharp corner 
in the grain boundary, or some other detail of structure. 
The nodules contained fan-shaped radial grains which 
were found to radiate from the nucleus of growth. 
Thus the tendency was for re-orientation of the iron 
to occur when nodular troostite developed. It was 
well known that a slow rate of cooling gave rise to more 
troostite, whereas rapid cooling resulted in the produc- 
tion of more martensitic needles. Evidently when the 
tate of cooling was favourable, the freshly transformed 





a-iron was given time to re-orient itself, and did so by 


desired temperature quickly and allow the oxidation | 


growing about some convenient inclusion, or other body. 

The question naturally arose as to whether the steel, 
in its transition from austenite to pearlite, first developed 
a needle or martensitic structure, and then, in turn, a 
nodular or troostitic structure. Some light had been 
thrown on this question by the examination, under 
high-power magnification, of an iron-carbon alloy. 
The carbon content of the alloy was 2-65 per cent., 
and, by quenching small specimens of it from a very high 
temperature, polyhedral grains of austenite containing 
martensitic needles and troostitic nodules were distin- 
guished under the microscope. Both constituents 
were found to occur in the same grain, and both seemed 
to be entirely surrounded by austenite. Had the 
needles formed first and the nodules developed from 
the needles, it might have been expected to find some 
troostite with untransformed needles projecting around 
the boundaries of the nodules. This, however, had 
not been found to be the case. The boundaries of the 
troostitic nodules were always sharply defined. Again, 
if a specimen of commercial tool steel, heat treated in 
such a way as to produce some troostite in a martensitic 
matrix, were tempered, it might be expected that the 
troostitic nodules would grow in size if the nodular 
form of structure replaced the needle structure. As a 
matter of fact, the size of the nodules remained unaltered, 
and the carbide which they contained tended to coalesce 
into small globular particles, marking not only the 
border outline of the nodule but also the outlines of the 
fan-shaped grains. 

In his paper entitled, ‘“‘ Recent Progress in the 
Industrial Application of Alloy Steels,” Sir Robert 
Hadfield stated that, at the present time, engineering 
|and metallurgical progress was so rapid that in a 
| period of only five years remarkable advances occurred. 
| Alloy steels possessing breaking strengths up to 100 
tons per square inch had now been used by the engineer 
for some time. While the past five years had not 
brought forth anything really novel in this direction, 
a steady improvement in quality had taken place. 
Perhaps the most marked advances in the application 
of alloy steels in the past five years had resulted through 
the recognition of the merits of the comparatively 
new heat-resisting steels. For want of a better term, 
these alloys were usually described as steels, although, 
in some cases, the iron content barely exceeded 50 per 
cent. of the total. They were, in general, ferrous 
alloys with high nickel and high chromium contents, 
variable in amounts according to the uses and pro- 
perties demanded. The addition of other elements, 
such as silicon and tungsten, in comparatively small 
proportions, had also been found beneficial in special 
cases. Large castings, 3 tons in weight, were now being 
made from these heat-resisting steels. The introduc- 
tion and use of improved types of non-corrodible 
| steel were taking place very rapidly. The most gene- 
| rally used types of nickel-chromium corrosion-resisting 
| steels were low in carbon, and contained from 12 to 20 
per cent. of chromium and from 7 to 12 per cent. of 
nickel. Such alloys had a much wider range of resis- 
tance to corrosion than ordinary stainless steel, and 
satisfied many of the problems encountered in the 
chemical industries. While considerable quantities 
of stainless steels were used for turbine blading, they 
did not provide the complete solution desired in many 
instances. A nickel-chromium alloy of iron, having a 
fairly high percentage of nickel, had proved completely 
non-corrodible under all conditions experienced by 
steam-turbine blading, and was also highly resistant to 
erosion. 

A paper bearing the title, ‘On the Lowering of 
Critical Points in Molybdenum Steels,” by Professors 
T. Murakami and T. Takei, contained a description 
of experiments carried out, by means of magnetic 
analysis and dilatometric methods, on molybdenum 
steels containing from 0 per cent. to 70 per cent. of 
molybdenum and from 0 per cent. to 6 per cent. of 
carbon. The authors stated that the lowering of the 
critical points depended on the maximum heating 
temperature, the rate of cooling, and the composition 
of the alloys. As the maximum heating temperature 
increased to a certain point, the transformation took 
place in steps, i.e., at the normal critical point and at 
the lowered point. On further increasing the tem- 
perature, the amount of change at the lowered point 
increased, and that at the normal critical point 
decreased until the change was completely lowered. 
The effect of the rate of cooling on the lowering of 
the critical points was similar. The lowering, however, 
was markedly affected by the rate of cooling through 
the normal critical point. On the other hand, the 
effect of the cooling rate above the normal critical 
point was practically nil. A point of interest in regard 
to the effect of composition was that, in the case of 
alloys near the steel eutectoid composition, the 
lowering was particularly marked. 

A contribution by Professor O. Bauer, of Berlin, 
as the title ‘“‘ Arsen im Flusstahl,”’ implied, dealt with 
arsenic in steel. The author stated that numerous iron 

















} 





ores contained small quantities of arsenic. Moreover 








686 


THE 


ENGINEERING. 


DORNIER “ Do.X.” 


[Nov. 22, 1929. 


SEAPLANE. 




















arsenic was ‘often found in materials yielded by 
various processes and subsequently smelted owing to 
their high contents of iron. The greater part of this 
arsenic was taken up by the iron in the blast-furnace ; 
it persisted through all the subsequent stages, and was 
found in the finished iron or steel. Analyses made 
at the Materialpriifungsamt, Berlin, of a number of 
steel plates showed the arsenic content to vary between 
0-02 per cent. and about 0-1 per cent. The critical 
points of steel were not affected by an arsenic content up 
to 0-11 per cent., hence, when this percentage was 
not exceeded, no account need be taken of the arsenic 
in the working of the metal in the hot state. In tensile 
tests, the influence of a rising arsenic content (up to 
0-11 per cent.) was not noticeable, even when high 
percentages of phosphorus or sulphur were also present. 
In the case of notched-bar tests at ordinary tem- 
peratures, however, there was an unmistakable slight 
lowering of the test figures; it became really con- 
spicuous with arsenic percentages of from 0-02 to 
0-05. Phosphorus, however, and, in a lesser degree, 
sulphur had a much greater influence in lowering the 
notched-bar test figures. Moreover, their unfavour- 
able influence was further increased by a rise in the 
arsenic content. At higher temperatures the lowering 
effect of a high arsenic content on the notched-bar 
test results was greater than at room temperatures. 
It seemed to increase the detrimental effect of sulphur, 
and, should the phosphorus and sulphur be both 
high, the influence of the arsenic became still more 
evident. Low arsenic percentages, however, within 
the limits which generally obtained, say, from 0-02 
to 0-05 per cent., did not have a pronounced influence. 
To sum up, the effect on the notched-bar test figures 
of phosphorus and sulphur was greater than that of 
a similar percentage of arsenic. 

A paper entitled ‘Ueber die Bedeutung der 
Erhitzung des Hochofengebliisewindes und ueber ihre 
Auswirkung auf die Ofenleistung,”’ by Mr, F. Wiist, 
of Diisseldorf, dealt with the effect which hot blast 
had upon the working and efficiency of the blast 
furnace. The author paid a tribute to James Beaumont 
Neilson, who first experimented with hot blast at 
the Clyde Tronworks, Glasgow, in the early months of 
1829. Mr. Wiist stated that the world output of 
pig iron, in 1823, amounted to 1,200,000 tons; in 
1926, the corresponding figure was 79,180,000 tons. 
This great increase would not have been possible 
without the use of hot blast. In 1829, the quantity 
of coke used per ton of pig iron ranged from 2-5 tons 
to4 tons ; the quantity, at the present time, was from 
0-8 ton to 1-2 tons. Reckoning the saving in coke due 
to the use of hot blast, at 2 tons per ton of pig iron, 
the saving in coke for the 80,000,000 tons of pig 
produced in 1926 was 160,060,000 tons, corresponding 
to 230,000,000 tons of coal. An advantage of heating 
the blast, not always recognised, was that a portion 
of the fuel was saved, owing to the use of hot blast, 
and the space it would have occupied in the furnace was 
taken up by the ore. The ratio of ore to fuel in the 
furnace was therefore a more favourable one, and the 
furnace could be driven faster. Whereas, in 1829, from 
2 to 10 tons of pig iron were produced per 24 hours, 
the present yield was from 200 tons to 1,000 tons. 
Further, whereas, in 1829, the yield per 24 hours was 
from 0-01 ton to 0-1 ton per cubic metre of the 
blast-furnace capacity, the corresponding 1929 yield 
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was from 0-5 ton to 1 ton. In 1829, the amount of 
blast at 20 deg. C. used per ton of pig varied between 
10,000 cub. m. and 12,000 cub. m.; at the present 
time the amount of blast only averaged from 2,400 
cub. m. to 3,000 cub. m. per ton of pig iron, but the 
temperature ranged from 700 deg. to 800 deg. C. 
A century ago the blast pressure ranged from 
0-05 atmosphere to 0-1 atmosphere; it now varied 
between 0-3 atmosphere and 1-0 atmosphere. 


(Z'o be continued.) 


THE DORNIER ‘ Do.X.’’ SEAPLANE. 

In view of the fact that some inaccurate data have 
been published in the daily Press with regard to the 
Dornier Do.X. seaplane, the brief general particulars 
of this noteworthy machine which we are able to 
publish below, by the courtesy of Messrs. Siemens- 
Schuckert (Great Britain), Limited, New Bridge-street 
House, 30-34, New Bridge-street, London, E.C.4., 
may be of interest. 

The machine has a wing span of exactly 48 m. 
(157 ft. 6 in.), a length of 40-05 m. (131 ft. 5 in.), and 
a height of 10-05 m. (33 ft.), while the maximum beam 
of the hull is 6 m. (19 ft. 8 in.) and the draught 1-5 m. 
(4 ft. 11 in.). The weight of the machine empty, 
including the engines, is about 28,000 kg. (61,730 Ib.), 
and the load carried, including fuel, is 23,000 kg. 
(50,710 lb.), so that the total flying weight is 51,000 kg. 
(112,440 Ib.). The wing area amounts to 490 sq. m. 
(5,275 sq. ft.), so that the wing loading is 104 kg. per 
sq. m. (21-3 1b. per sq. ft.). The maximum speed of 
the machine is 240 km. per hour (149 miles per hour), 
and the cruising speed 200 km. per hour (134 miles per 
hour). <A crew of 12 men is usually carried, and the 
normal number of passengers is 100. 

The power plant consists of 12 Siemens-Jupiter air- 
cooled engines rated at 500 h.p. each and mounted 
in six nacelles above the wing, as shown in Figs. 1] 
and 2. The nacelles, it will be seen, are connected by 
a horizontal structure of aerofoil section, which serves 
to stiffen them and also contributes to the total lift. 
It should also be noted that short wing sections extend 
from each side of the hull just above the water-line. 
Each nacelle has two engines arranged in tandem, 
each engine driving a pair of two-bladed propellers, 
as clearly shown in Fig. 2: a 2 to 1 reduction gear 
is fitted in each case, so that the propellers run at 
half the engine speed. The engines were constructed 
by Messrs. Siemens and Halske under licence from the 
Gnome and Rhone Company. In comparison with 
water-cooled engines, it is estimated that the saving in 
weight obtained by using air-cooled engines amounts 
to about 3,000 kg. (6,614 Ib.) in the case of the Dornier 
Do.X. machine, in which the total horse-power is 
6,000. 

The weight saving enables 40 more passengers 
to be carried a given distance than would otherwise 
be the case, or the fuel capacity to be correspond- 
ingly increased. 


Lonpon IRoN AND STEEL ExcHAaNnGe.—The annual 
dinner of the London Iron and Steel Exchange, Imrie 
House, King William-street, E.C.4, will take place at the 
Hotel Metropole, Northumberland Avenue, W.C.2, 
on November 26 next. 
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LAUNCHES AND TRIAL TRIPS. 


“Discovery II.’-—Royal research _ single-screw 
steamer. Trial trip, November 13. A full description 
of the vessel will be found on page 598 ante. pa bs 
uimited, 


Messrs. Ferguson Brothers (Port Glasgow), 
for the Crown Agents for the Colonies. 

* Er Hax.’’—Single-serew cargo motorship ; Atlas 
Polar Diesel engine. Trial trip, November 15. Main 
dimensions, 241 ft. 6 in. by 35 ft. by 20 ft. 9 in. Built 


by Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, for Messrs. The Halal Shipping Company, 
Limited, London. 

‘* FRIESLAND,.’’—Single-screw steamer ; propelling 
machinery supplied by Messrs. The North Eastern 
Marine Engineering Company, Limited, Wallsend-on- 
Tyne. Launch, November 16. Main dimensions, 307 it. 
by 44 ft. by 21 ft. Built by Messrs. Cowpen Dry Docks 
and Shipbuilding Company, Limited, Biyth, for Messrs. 
Scheepvaart en Steenkolen Maatschappy, N.V., Rotter- 
dam, Holland. 


* ALICE.”—Twin-screw motor yacht ; . 
stroke - cycle, six-cylinder Diesel engines. Laune’, 
November 16. Main dimensions, 178 ft. 6 in. by 2¢ !t- 
by 14 ft. 9 in. Built by Messrs. Swan, Hunter and 
Wigham Richardson, Limited, Wallsend-on-Tyne. 
Sir Richard A. Cooper, Bt., of Boxmoor, Herts. 


Sulzer two- 
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ELECTRIC WELDING AS APPLIED TO 
RAILWAY BRIDGES AND OTHER 
STRUCTURES. 

By H. Brurr. 

THE now accepted term “electric welding’’ is 
perhaps not a happy one, inasmuch as the definition 
of the term “to weld” is to unite two pieces of a 
metal by hammering or pressure at a temperature 
when the metals are not melted or need not even be 
semi-fluid, since some metals, such as gold, will weld 
at ordinary temperatures. In the case of electric 
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too small, and the attempt was made to deposit metial 
on them by means of electricity. This proved a 
complete failure, the motors being burnt out and 
the operator nearly electrocuted. 

The earliest successful method of electric welding 
was invented by a Swedish engineer, Kjelberg, who 
used pure Swedish charcoal iron for his electrodes. 
Great improvements have since been made, mainly 
by preventing excessive oxidisation of the iron, due to 
the access of air to the molten steel or iron electrode. 
This oxide, if allowed to form, will be partly absorbed 
by and combine with the iron, thus very seriously 
affecting the strength of the deposited metal, which 


other had its tension flange cut through and otherwise 
completely ruined. In this state it was handed over 
to the Quasi-Are Company, to repair. Both halves 
were then tested, the untouched one first, which failed 
at 53 tons, while the repaired half stood just over 
54 tons, and thus proved to be stronger than the 
original beam. As the result of this test, the author 
was instructed to select a bridge for a further trial 
of the process. 

A three-girder type of bridge, No. 108 on the Hull 
and Stairfoot branch, with trough floor, was chosen. 
Plates were ordered, and plant hired from the Quasi- 
Are Company, and two men who had had some 
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welding, a metal rod, called the “ electrode,” forms also 
one pole, while the piece of work to be welded, called| the iron by forming an iron nitride which is very 


it renders brittle. The nitrogen of the air also affects 


the work,” forms the other pole of an electrical | hard and also brittle. 


circuit. An arc being established between the electrode | 


Shortly after the war, the author secured some 


and the work, fused metal flows from the electrode on | samples of electric welding and arranged to have them 


to the work, and adheres to it. 


to do with the direction of the current, since the poles 
May be changed or an alternating current used and 
still the metal will flow from the electrode to the work 
and not vice versa. Electric welding is, therefore, a 
fusing together of steel or iron sections. 

The author's first experience with electric welding 
was at the Thames Iron Works, more than thirty 
years ago. Some armour plates had been ordered 
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Why it should do| tested, but the results were so poor that he came to 
this seems to be uncertain, but in any case it has nothing | the conclusion that electric welding could not safely 


sper read before the Junior Institution of Engineers, | c 
| halves. One half was left untouched whilst the 


be adopted for bridge work. Some two years ago, 
however, the author learnt from the Quasi-Arc Com- 
pany that their methods had been extensively used 
for bridge strengthening in Australia. He was accord- 
ingly instructed, by his chief, Mr. John Miller, Engi- 
neer, North-Eastern Area, L.N.E.R., to go further 
into the matter, and to make a series of experiments, 
which were intended to provide definite data as to 
the strength of the welds and the cost of the work. 

In the first experiment, a steel beam was cut into 
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experience with the oxy-acetylene process were selected 
as welders. 

Previous to starting work, the bridge was carefully 
tested with a Foster strain meter, an instrument used 
for a number of years on the old North Eastern Railway 
to ascertain the actual stresses in bridges, which it was 
proposed to renew. A general view of bridge No. 108, 
in its primitive condition, is reproduced in Fig. 1, 
whilst typical cross sections of the centre and side 
girders, and of the floor troughing, are illustrated in 
Figs. 4, 5 and 6, the welds being shown black and the 
new material cross hatched. 

Two strakes of plating were added to the upper 
flange. The first of these strakes had to fit over the 
existing rivet heads, and, for this reason, holes 1} in. 
in diameter were drilled through the plating, being 
located by means of a wooden template which had 
been fitted to the existing work. One of the plates 
for this first strake can be seen in Fig. 2, where the 
welders are just getting it into position. These 
plates were then welded through the riyet-housing 
holes, and along their sides to the old flange plates by 


fillet welds the full depth of the new plates. As will 


be seen from Figs. 4 and 5, the first plate of the top 


flange is 1 in. less in width than the original plates, 
and the second strake was made 1 in. narrower than 
the first, to which it was welded along its edges and 
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ELECTRIC WELDING APPLIED TO RAILWAY BRIDGES. 
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also along a series of holes drilled along the centre line | shows no strengthening on the 
of the second strake plating. The holes were subse- | left-hand side and a large in- 
quently covered with small discs welded into place, | crease of stress on the right- 
which served to exclude wet. In the case of the bottom | hand side. 
flanges of the side girders, no second strake plate; A very close investigation 
was needed, as sufficient section was obtained with|of the troughs revealed no 
the housing plate only, which was made | in. wider| apparent reason for these 
than the plate it covered, so as to secure “down / anomalies. In the case of 
welding.” |the first three troughs, the 
A housing plate, so called because of the holes in| plates had been welded unsys- 
which the rivet heads are housed, is shown in Fig. 2, | tematically, inasmuch as the 
ready to be lifted into position. The top flange of the | welders were allowed to weld 
girder on the completion of the strengthening opera- | such points as were most con- 
tion is shown in Fig. 3. After the welding had been | venient to them at the time, 
completed, the bridge was again tested with the same | and which did not compel them 
load and at the same points as in the first test, and the to move their tackle more than 
results were plotted. The points at which the obser- | necessary, and also to weld at 
vations were made on the main girders, are clearly | such points where they would 
shown in the diagram, Fig. 7, together with the stresses | be least disturbed by the 
before and after the strengthening operation, as | traffic. 
determined by the strain meter. Observations on; To prevent concenirated 
the upper flange are indicated by circles. The stresses | heating of the parts to be 
indicated are in tons per square inch, and represent | welded, which it was surmised 
the maximum readings obtained during the passage | was the cause of the irregular 
of a six-coupled goods engine, Class C, old N.E.R. | results described, it was de- 
notation. The same engine was used throughout all! cided to weld only 6 in. at a 
subsequent tests. | time in dealing with the next 
It will be noted that the stresses due to this live | set of troughs on the opposite 
load have been reduced, except for five of the test} road, and to allow each 6-in. 
points, four on the top flange and one on the bottom | of weld to cool down as much as possible before a 
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12 in. apart on opposite sides of the plate, using No. 10 


flange of the centre girder. It will also be noted that | further 6 in. of this seam or weld was deposited. The} gauge electrodes. Following this, the plate receives 


all these points lie immediately outside the strengthened | welding was, therefore, commenced at one end of 
portion of the girder, and the reason is to be sought | the plate, the next 6 in. followed diagonally opposite 
in the fact that, due to the strengthening plates, there | at the other end of the plate, the next opposite the 
is an abrupt change of section here, and evidently it | first weld, and the last 6 in. of this series was opposite 
would be better to graduate the strengthening. As,| the second weld made. In this way, the welding 
however, the flanges at these points are not highly | was carried on until the whole plate had been welded. 
stressed to begin with, no overstressing is likely to| When the second half of the floor had thus been 
take place, but the point should be borne in mind by | completed, it was again tested by the strain meter, 
designers in similar work. /and the results are shown on the right-hand side of 
The results obtained were considered sufficiently | Fig. 8. It will be noted that the observations con- 
promising to warrant further work on the same lines, tinue to show considerable irregularity, but it is 
and the floor was accordingly tackled. The streng- | obvious that the floor has been materially strengthened. 
thening of the troughs appeared to be quite a simple| It seemed clear from these results that unequal 
matter, as it was possible to add plates to the trough overheating at any one spot must be avoided. Obviously, 
flanges by welding plates on the tops and bottoms of! if one side of the plate is heated through the welding 
the troughs between the rivet lines, as indicated in| this side will expand. This will cause the plate to 
Fig. 6, page 687, but the results afforded matter for| become convex on the side being welded, and concave 
thought. Work was confined to the troughs near|on the other side. If the plate is fastened down by 
mid span, plates being welded to the top of three| the weld metal in this curved state, it is likewise 
troughs and to the bottom of four. clear that, on cooling, the effect will be a tendency for 
Before undertaking this work, strain-meter obser- | the plate to straighten itself out, but, being restrained, 
vations were made on the floor, and these were repeated | this will create a tensional stress on the welded side 
on the completion of the job. These observations are | and a compressive stress on the opposite side. When 
plotted in Fig. 8, where the graphs on the left-hand | this strained plate is subjected to stress from its usual 
side refer to the troughs under the down line, and those | loading, one side will become more highly stressed 
on the right to the troughing under the up line. The | than before, and the opposite side will show a decreased 
full lines refer to the original observations, and the! stress. The diagrams show very clearly that this 
dotted lines to those taken after welding the additional | has been the case. That, with careless welding, 
plates to the troughs. Referring to the left-hand | overstressed metal may occur is not denied, but it is, 
graphs, it would be seen that the results were most | on the other hand, equally clear that, so long as the 
bewildering. The only trough where a decided | weld metal is not brittle but has a comparatively 
decrease in stress was obtained was the bottom of| low elastic limit with high ultimate strength, the 
trough 9, 10, 11, 12. The tops of the troughs | danger is not serious. If the worst should happen, and 
showed practically no strengthening effect. The two} the weld metal were to fracture on cooling, the next 
end trough bottoms gave altogether abnormal results. | run of the welder will fuse up the fracture. For this 
In one case, viz., trough 25, 26, 27, 28, there | reason, it is advisable to have at least two runs 
was a very large reduction of stress on the left-hand | along the edges of the plates. The present practice 


side and a decided increase of stress on the right-/|is to clamp the plates in position, and then to run 


a full run in short sections, also made with No. 10 
gauge electrodes, and, after this run has been cleared 
of slag. The plate is welded, also in short sections. 
with the final 3-in, fillet weld, using No. 87’ gauge 
electrodes. 


(To be continued.) 








INTERNATIONAL MINING, METALLURGICAL AND APPLIED 
Gro.tocy ConGRrEss.—The sixth International Congress 
of Mining, Metallurgy and Applied Geology will be held 
at Liége, on the occasion of the International Exhibition 
in that City, from June 22 to 28, 1930. The Congress 
is being organised by ]’Association des Ingénieurs sortis 
de l’Ecole de Liége and by la Société Géologigue de 
Belgique, and is under the patronage of H.M. the King o! 
Belgium and the Belgian Government. The fifth 
congress of the series, which also embodied applied 
mechanics, was held at Diisseldorf in 1910, and, on this 
occasion, an invitation, given by the British technical 
institution, to hold the sixth congress in London in the 
summer of 1915 had been accepted. On account of 
subsequent events, the holding of the London Congress 
was impossible, and the forthcoming meeting at Liége 1s 
taking place with the authorisation of the British 
institutions. It is interesting to recall that the first 
congress was held in Paris on the occasion of the exhibition 
of 1879; the second and third were also held in Paris at 
the same time as the exhibitions of 1889 and 1900. ‘The 
fourth congress took place on the occasion of the Liége 
Exhibition of 1905. The subjects to be dealt with at 
next year’s Congress at Liége are divided into three 
main sections, namely, mining metallurgy, and applied 
geology. Each of these is again subdivided into a large 
number of subsections; the metallurgical division has 
the greatest number of these subsections, covering, iron 
and steel, non-ferrous alloys, and fuel. The Congress 
will comprise plenary sessions, sectional meetings, and 
visits to works. The official language is French. Full 
particulars regarding the function may be obtained from 
the General Secretary of the Congress, 16, Quai des 





hand side. The other end trough bottom 1, 2, 3, 4| short quickly-produced tack welds, at distances about 


Etats-Unis, Liége, Belgium. 
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THE STEEL-SHAW FLEXIBLE COUPLING. 
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THE STEEL-SHAW FLEXIBLE 
COUPLING. 


Wit the increasing employment of the electric 
motor drive, there has arisen a more pronounced 
demand for a flexible coupling for transmitting the 
power without imposing any strain on the rotor shaft, 
other than that of torque, misalignment of the driving 
and driven shafts, whether parallel, angular, or a 
combination of both, being a more serious factor the 
higher the speed. Inthe motor drive, too, it is often 
necessary to permit a certain amount of displace- 
ment of the shaft in an axial direction, to allow for 
irregularities in gear teeth, and so forth. The Steel- 
Shaw flexible coupling, which is illustrated in the 
accompanying Figs. 1 and 2, and is manufactured by 
Messrs. Steele and Cowlishaw, Cooper-street, Hanley, 
Stoke-on-Trent, would seem to meet all the required 
conditions for an efficient drive. It has been designed 
to allow for the amount of misalignment which appears 
to be inevitable in even the most accurate of erection 
operations, but it must be remembered that no form 
of flexible coupling should be accepted as a corrective | 
of gross errors of alignment, neither should such errors | 
be allowed to grow by small increments, due to absence | 
of checking at periodic overhauls, in the belief that a | 
flexible coupling automatically cuts them out. 

A reference to Fig. 1, will show that the flexible | 
elements of the coupling are enclosed in a split 
casing, which contains oil, and rotates with them. | 
The oil level indicated in Fig. 2, then, only represents | 
the condition inside the casing when the coupling is at | 
test. When it is in motion, the oil, under centrifugal | 
force, forms a layer on the inside periphery of the casing, | 
in which layer the flexible elements are immersed. | 
These flexible elements consist of a number of floating | 
keys having tapered sides and inserted in dove-tail | 
slots cut in the periphery of hubs keyed to the driving | 
and driven shafts. 

The number of keys employed varies with the | 
size of the coupling, three being used for small | 
couplings, and five or six for large ones. As will be 
clear from Fig. 2, the keys do not bear on the bottoms 
of the slots, the space allowed at this point being a/ 
measure of the amount of misalignment allowed for. 
Holes are drilled lengthways through the keys, and 
from these, smaller holes lead to the tapered surfaces. 
The function of the holes in the hubs between the slots, 
shown in Fig. 2, is merely that of increasing the oil 
capacity. The casing is bolted to the driven hub with 
an oil-tight joint, and the two halves are bolted together. 
Misalignment movement is compensated for, on the 
driving shaft, by a felt washer which prevents escape 
of ol. ‘This washer retains its effectiveness due to any 
oil it may have absorbed being returned into the casing, 
by centrifugal action, through small holes leading from 
the bottom of the groove to the casing. 

When the coupling is in operation between two 
misaligned shafts, there is a slight rocking action 
of the keys during each revolution. This distributes 
the wear evenly across the side surfaces of the keys, 
which are case-hardened, as are also the slots. A 
film of oil between the keys and slots is maintained by 
centrifugal action, the keys themselves being, under a 
light load, maintained by the same force near the top 
of the slots. When the torsional load increases, the 
keys move inwards towards the bottom of the slots 
and remain in contact with them. It is stated that 
there is no tendency to a wedging action of the keys | 
due to the presence of the oil film between the opposing | 
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| surfaces, and that there is a constant automatic 
|adjustment between the centrifugal and_ torsional 
forces which keeps the keys properly seated, so that 
the operation of the coupling is quiet even on intermit- 
tent, unsteady and jerky drives. The oil used is a 
heavy engine oil, and may remain in use for about a 
year. At the end of this period, the coupling should be 
opened up and cleaned. The standard coupling is 
made in 12 sizes, the smallest size taking shafts 
between 4%-in. and 1 in. in diameter, and the largest 
size, shafts between 114, and 12 in. in diameter. 








TESTS OF THE PROPERTIES OF 
INSULATING MATERIALS.* 


By Pror. O. R. RANDALL. 


(Concluded from page 659.) 

Surface Conductivity.—The advantage of the use 
of a guard wire as a precaution against surface leakage 
seems doubtful, in view of the high contact resistance 
which may exist at the points of contact. If it is 





| desired to protect a specimen against the possibility 
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of such leakage, it seems better to take the dry material 
and cover it with a thin layer of wax, or some other 
substance which will protect its surface and is an 
insulator on a scale of comparison which treats the 
test material as a conductor. It has already been 
pointed out, in connection with humidity, that in all 
but one of the tests described in this paper, this precau- 
tion was adopted. 

The remainder of the paper relates to certain experi- 
ments and deductions in connection with the view of 
an insulator and its contacts that it may be regarded 
as a resistance in series with leaky condensers. When 
metal contacts are placed on an insulating material 
and the system carries a current, experiment shows 
that there is a comparatively large drop of voltage 
across the region of the contacts. Two methods 
by which this may be demonstrated have been 
indicated in the first section of this paper, when 
dealing with the time intervals before taking readings 
and between readings. If there is a large resistance 
between the surface of the metal and the surface of 
the test material, charges must accumulate on these 
surfaces, because a potential difference must be 
maintained between them, and the geometry of the 
arrangement constitutes a flat-plate condenser at 
each plate contact, Thus the system will be equivalent 
to a high resistance (the body resistance of the 





* Paper read before Section G of the British Asso- 
ciation at Johannesburg, South Africa, on August 1, 
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insulating material) in series with two condensers, 
each of which is shunted by a high resistance. If 
this view of the circuit is correct, it should be possible 
to determine the resistances or quantities involving 
them at definite instants. 

Let Rs be the body resistance measured between 
the contact surfaces, and let Rg be the sum of the 
two contact resistances. Then, at the instant of 
switching-in, we have E = Rg%, since there is no 
voltage across the condensers, and therefore no 
current through their leakage paths. At the end of 
the charging process, when the current has become 
constant, E =i (Rs + Ro), and the value of this 
sum can be found. Also, at any instant, if the voltage 
across the condensers is e and the current is reversed, 
we have, for the instants béfore reversal and after 
reversal, 


and 
E = R,#” — e. 
Hence, on adding : 
2E = R, (s+ #*). 

Methods such as these have been employed with 
fair success in connection with earlier experiments 
carried out at Birmingham by the writer. In the pre- 
sent paper, it is proposed to discuss two tests intended 
to find the value of Rs. It would appear that, if Rs 
is constant, its value can be found in two independent 
ways, one of which uses the system of equations 
already described as the divided-contact method, 
while the other uses the readings obtained on 
switching-in the set. It was originally anticipated 
that the values of Rs found for a given length of 
a specimen would be approximately the same by the 
two methods, except that as the length involved 
would be rather greater by the switching-in method 
(in which case the resistance goes right up to the 
contact surface) it was expected that the value found 
by this would be rather greater than the value found 
by the divided-contact method. 

To test this anticipated approximate equality, an 
apparatus was constructed to give the initial current. 
It consisted of a timing and switching arrangement 
which would pass the initial current through a galvano- 
meter used ballistically, the contact being made for a 
suitable time. The circuit was then closed with the 
galvanometer cut out, and later it was again inserted 
to function as a current meter. The time during 
which the galvanometer was switched-in as a ballistic 
instrument varied from about ,', second to about 
} second. A rough analysis indicated that the error 
made in using the reading of the ballistic galvanometer 
to estimate the average current over the initial interval 
of time while the galvanometer was in circuit would 
not exceed 3 per cent. or 4 per cent. if the charging 
time did not exceed 4 second. Unfortunately, the 
timing apparatus has not proved very satisfactory, 
and it is not proposed to give the numerical results 
of these tests. They show, however, that, after 
allowing for all likely errors, the resistance of the 
material found by the switching-in method is much 
less than the resistance found by the divided-contact 
method. 

Apart from the difference in the method of measure- 
ment, the only difference in the condition of the 
system in the two cases is in the time interval after 
switching-in and before taking readings. In one case 
this is a fraction of a second, and in the other case it 
may be about 15 minutes. Bearing this in mind, 
and assuming that both methods are sound, the increase 
in the body resistance when found at the end of 
15 minutes may be explained by the existence of 
capacity in the body of the material as well as at 
the contacts. 

In Fig. 7, let C! represent the grouped contact 
capacity, C™ the material capacities, and R, and R, 
the body resistances which are supposed to function 
as pure resistances. On switching-in, the current will 
be given by 

E = (R, + Re) ty. 
Suppose that, at the end of 15 minutes, the voltage 
across the body capacity has risen to the value e, 
the total voltage distributed over the material will 
then be 
E’ = (R, + R,)i +e, 
where i is the value of the current at the instant 
considered. If the capacity is neglected, this will be 
treated as though all due to resistance, and the 
equation would be written 
KE’ = Raf. 
Thus the value found for Rg would be given by 

Psi = (Ry + Rai +e, 
se 

or Ry, =R,+R,+7- 


Now, initially, e = 0, and the equation is correct, 
since it states that the body resistance, as measured 
under these (initial) conditions, is the sum of the 
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series resistances. Finally, when the current is 
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constant, the equation is also correct, since it states 
that the body resistance is then the sum of the series 
resistances and the leak resistances across the con- | 
densers. At an intermediate time, the equation is 
not correct, since the current through the leakage 
paths is not then equal to the main current. It, 
therefore, appears that the two values obtained for 
the body resistance of a sample of insulating material 
may be explained if it can be proved that the structure 
of the material necessitates the presence of internal 
charges when such a material separates contacts 
maintained at different potentials. It is not difficult 
to imagine that such is the case with common 
commercial insulating materials. 
If this view of the circuit were correct, it would be | 
interesting, because it would mean that insulators | 
possessing internal capacity would have two body 
resistances: One would be the value which would 
limit the current at the instant when such a material 
became part of a circuit—that is to say, when the 
conductors in contact with it assumed different 
potentials, and the other would be the constant 
value attained when the currents carried by the 
leakage paths associated with the condensers had 
reached their greatest magnitude. It would also 
appear that measurements of resistance made with 
alternating current would give smaller values than 
measurements made with direct current on the same 
specimen. This was found to be the case by the 
writer when comparing the resistances of semi-con- 
ductors by the two methods in Birmingham some 
years ago. Another result of such a distribution of 
voltage and current would be that the initial potential 
gradients in the material would be different from 
those at a later instant. In the initial condition, 
the gradients would be a maximum over the regions 
where there were no condenser effects, while after 
the charging period the voltage distribution would 
depend on the resistances of the sections. 
Determination of the Other Constants of the Circuit.— 
It seems unlikely that there is any method of finding 
all the constants in a circuit containing an insulating 
material with non-uniform body capacities. It would 
appear that such a material must consist of a large 
number of elementary leaky condensers in series 
and parallel. On the other hand, it is quite probable 
that there are certain insulating materials which do 
not possess body capacities. A method of recognising 
such materials has already been discussed, since it 
would appear that these materials must satisfy the 
condition that the voltage divided by the initial 
current must be approximately equal to the body 
resistance formed by the divided-contact method. 
Another way of recognising such substances would 
be to eliminate capacity at one contact, and then to 








test for a straight-line relation between a and 7 


dt ai 

since, in such a system, the equation of current is | 
di R+R. 1) 

dt ' CRR, | 


CR, R.’ | 
where C is the single-contact capacity, Rg the total 
resistance between contacts, and R, the leak resistance | 
across the capacity. If there are two surface capacities 
but no body capacities, the mathematics is more 
complicated. The differential equation of current is | 
of the second order and the general solution is 
: E 
iene 
Rs + RY. + R” 
where A, B, J and m can be expressed in terms of | 
the various constants. With three leaky condensers | 
in series, the general solution would contain another | 
exponential term. With all these expressions we | 
have the common feature that, when ¢ is made large, | 
the relation reduces to 
E 
= (R)’ 
since such terms as J and m are negative. 
This shows the justification for the divided-contact 
method, and it suggests that the present usual method | 
of allowing one minute's electrification is not a good | 
procedure. One minute is not long enough to enable 
the material condensers to become charged, and it does | 
not indicate the initial value of the current, and so | 
cannot be related to the series resistance of the system. 
If all materials had che same qualities as regards 
capacity, and if they could be treated in identical | 
ways, so that they would indicate the same multiple | 
of the final current at the end of one minute, the test | 
would give reliable quantitative results, but in practice | 
this condition cannot be satisfied. 
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| 
Panama CANAL TRAFFIC.—A recent issue of The Panama | 
Canal Record shows that, during the fiscal year ending | 
June 30, 1929, vessels to the number of 6,413 passed 
through the Canal. The total Panama Canal net tonnage 
of these ships was 29,837,794, and the cargo carried 
was 30,663,006 tons. The corresponding figures for the 
previous fiscal year were, 6,456 ships, making, together, 
29,458,634 tons, and carrying 29,630,709 tons of cargo. 
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JOURNAL BEARING PRACTICE.* 


By Francis HopcKtinson, M.I.Mech.E. 

It is proposed to consider principally the problems 
of bearings for such machines as dynamos, motors, 
steam-turbines, and the like, where flooded lubrication 
is applied and the machinery must be placed in opera- 
tion with the full unit load on the bearing. The 
subject matter should be regarded as a general dis- 
cussion on bearing practice. It may be surmised 
that a journal revolving in a bearing was the earliest 
piece of mechanism devised by mankind. Certainly 
itis to-day the most common component of machinery of 
all kinds. 

It would seem, however, that this mechanism, 
simple though it is, is not generally understood, 
although many engineers, such as Beauchamp Tower, 
Osborne Reynolds, Sir John Dewrance, A. Summerfeld, 
A. G. M. Michell, and Albert Kingsbury, have done 
much to advance our knowledge of bearing design. 
One still hears of that archaic expression, PV, as a 
measure of the duty of a bearing. It has had various 
modifications, some engineers believing that the 
form P/V is nearer the truth. It would seem that 
there is no practical use for any such formula, but 
if there must be one, it should, for any one type of 
design of bearing and one kind of lubricant, take the 
form P(V-“) for surely, with the ordinary bearing 
supplied with lubricant at the point of least pressure 


| the higher the velocity the greater the unit pressure 


which may be borne. The author makes no attempt 
to assign any numerical value for the negative exponent 
of V. Even with this formula, we should be presented 
with an anomaly if a high-speed bearing with zero load 
were to be considered ; that is, a shaft passing through 
a shell with clearance all around it and containing 
lubricant. At a high velocity, the energy expended 
would not be much less than with reasonable unit 
pressure on the bearing. 

An important factor of modern bearing design is 
knowledge of the centrifugal action of the lubricant 
when it is squeezed between the surfaces ; that is to 
say, the fan-like path of the oil particles when subjected 
to pressure and the relative motion of the surfaces. 
Here, there would seem to be room for research, but 
even without it, the author has no hesitation in 
affirming that the bearing loads which are common 
practice to-day may be much increased, with a slight 
gain in overall efficiency of the machinery and, in 
many cases, a substantial shortening of turbo-generator 
sets, motor-generator sets, &c. The limit of velocity 
of a journal is not known. Inasmuch, however, as 
the losses vary theoretically as V*, perhaps as Vz for 
the higher velocities, they will increase at such a rate 
that a practical limit will be set by permissible loss 
rather than by failure of the lubricant because of 
velocity. At this point, the action of a lubricant 
might be referred to, since some old books would have 
us believe that particles of lubricant form themselves 
into little rollers and revolve like those of a roller- 
bearing. This is, of course, fallacious. A_ particle 
of oil will adhere to both stationary and moving 
surfaces, and the motion of the parts will shear this 
particle. It is the area of shear, the viscosity of 
the lubricant, and the rate of shear (which varies 
with the thickness of the film) which make up the 
bearing loss. An apt definition of a good lubricant 
is: ‘the best lubricant is that fluid which possesses 
the greatest degree of adhesion and the least degree of 
cohesion.” 

The amount of tubricant supplied for purely lubrica- 
tion purposes is much less than that supplied in regular 
practice. For high-speed bearings, many times the 


| needed quantity of lubricant is supplied for the purpose 


of carrying away heat, and it is everyday practice 


to provide apertures for the outlet of oil at the ends of 
| bearings, or to provide clearances to increase the flow 
|in order to adjust temperatures to a desired degree. 


Since the loss in a flooded bearing is purely the result 
of fluid shear, it would seem that coefficients of friction, 
as ordinarily understood, have no place in the con- 
sideration of bearings. Whilst this may be true, 


| for comparative purposes it is convenient to express a 


bearing loss in the term of an equivalent. coefficient 
of friction. It would, further, seem that, inasmuch as 
the journal is entirely borne on an oi! film and there 
is no metallic contact, the character of the metals 
of the respective rubbing surfaces is not important, 
provided they have the requisite truth, rigidity, 
strength, &c. This is true, but provision is usually 
made that there shall be the least destructive effect 
in the event of an interruption of the oil film ; hence, 


| the introduction of white-metal linings of various 


kinds. 

The lining of a bearing, however, with a metal of 
suitable character, has yet another purpose than 
that of merely protecting the journal from injury in 
case of accident, for, with well-designed lubricating 

* Paper read before the Institution of Mechanical 
Engineers, on Friday, November 15, 1929. 
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systems, there is little excuse for an interruption of 
the oil film. Compressive elasticity seems to call 
for a definite minimum thickness of the bearing lining 
in accordance with the conditions. In cases of heavy 
bending moments, the axis of the journal assumes a 
readily calculable curve. Journals are seldom true 
cylinders. Sometimes, due to a bent shaft, the ends 
of the journal assume an oppositely-disposed eccentri: 
path (wobble). In addition, the bearing surface itself 
is imperfect. For these reasons, a bearing surface 
that is inelastic would be inappropriate, because of 
local concentration of pressure. In calculations of this 
kind in the U.S.A., it has been customary to assume 
the following moduli of compressive elasticity :— 
Tin-Base Metal. 
Moulded in chilled form 2,000,000 Ib. per sq. in. 
Slow-cooling ; --- 1,000,000 ,, re 
Lead-Base Metal. 
Moulded in chilled form 900,000 to 1,000,000 Ib. per 


sq. in. 
.-.400,000 to 700,000 Ib. per 
sq. in. 

An instance may be cited of successful bearings for 
a large ship stabiliser, the rotor of which weighed 
230,000 lb., running at 800 r.p.m., with the design of 
which Mr. Alexander Schein, of the Sperry Company, 
was closely identified. The journals were 18} in. in 
diameter by 28 in. long, and the limits of truth and 
roundness, collectively, were required to be within 
0-0002 in. The calculated deflection of the journal was 
also about 0-0002in. The maximum bearing pressures 
approximated to 900 lb. per square inch of projected 
area at the usual rate of precession, with an average 
pressure of 720 lb. per square inch, and it is true that 
the shaft pressures were reversed to the opposite wall 
of the bearing at each precession, and the stabiliser 
could reach full speed without material load on the 
journal bearings. In this case, a tin-base Babbitt- 
metal bearing liner, having a thickness of j-in. was 
selected. In addition, the greatest care was exercised 
in the preparation of the two respective surfaces. 


Slow-cooling 


-The journals were subjected to a lapping process to 


bring them within the above exacting degree of 
accuracy. Tests were carried out with an overspeed 
rate of precession, giving bearing pressures as high 
as 1,200 lb. per square inch of projected area, following 
which the bearing surfaces showed only burnishing 
of the high spots left by the fitting process. Sometimes 
for high surface speeds and heavy duties, particularly 
in thrust-bearing shoes for axially unbalanced steam- 
turbines, a hard copper is employed, because of its 
high heat conductivity. An extreme example of 
this is a Kingsbury type of thrust-bearing which 
has been in successful operation for two-and-a-half 
years. With full load on the turbine, it sustains a 
load of 181,0001b. It has the following characteristics : 
—Net area of shoes, 347 sq. in.; unit pressure 
referred to net area, 522 Ib. per square inch; speed. 
1,800 r.p.m.; surface speed at outer radius of shoes. 
198 ft. per second; surface speed at inner radius of 
shoes, 80-4 ft. per second ; viscosity of oil at 100 deg. 
F. (approx.), 250 seconds Saybolt; temperature of 
oil ingoing (approx.), 100 deg. F.; and temperature of 
oil outgoing (approx.), 120 deg. F. In this instance, 
there was some elaboration of design in the pivotal 
supports of the shoes to reduce deflection in the shoes 
themselves and the effect of temperature distortion of 
the surfaces. 

In 1911, during the earliest adaptation of the 
Kingsbury thrust-bearing to steam-turbines, unit 
pressures as high as 7,000 lb. per square inch were 
successfully carried experimentally. Unit pressures 
slightly in excess of this resulted in failure ; not because 
of the breaking-down of the oil film, but because the 
resistance to compression of the Babbitt metal was 
reached, and it became ‘“‘ mushroomed ” more or less 
equally with and against the direction of motion. 
It should be stated that this thrust-bearing was fitted 
with ten segments, but, in the particular experiment 
referred to, all were removed except two oppositely- 
disposed. There was, therefore, ample space 1! 
which the lubricant could adhere to the moving surface 
and carry away heat. One would not expect this 
bearing with a full complement of shoes to be capable 
of carrying any such unit load. Perhaps with the 
conventional design of segmental thrust bearings, 
more total load might be sustained with reduced area 
by increasing the space between segments. In normal 
practice, the author's firm prefers to limit thrust-bearing 
pressures to about 300 Ib. per square inch of net area 
and peripheral speeds to about 125 ft. per second. 
For ordinary journal bearings with pressures up t? 
150 Ib. per square inch of projected area, a clearance 
of 0-002 in. per inch of diameter is common practice ; 
no scraping is done, the bearing merely being bored, and 
the relief at the sides is secured by moving the boring 
bar sideways, leaving 90 deg. to 100 deg. of bearing sur- 
face, as shown in Fig. 1, page 691. The bores forming 
the relief at the side are not generally carried through. 
but, with higher journal velocities, openings are provided 
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at these points for the purpose of increasing flow in 


order to carry away heat. . 

Bearings prepared and machined with no more 
precautions than described are capable of carrying 
loads up to at least 175 lb. per square inch projected 
area, with velocities not less than 20 ft. per second, 
and, except for failure of lubrication, will run indefi- 
nitely without wear. In the author’s practice, journals 
for such bearings are required to be within 0-0005 in. 
of roundness and truth. Accuracy in this respect is 
conducive to easy balancing and smooth running. 
Much higher loads, once the bearing is in operation, 
may be carried by giving consideration to the actual 
bearing surface, that is, by scraping it accurately 
to a mandrel a specific amount larger than the journal 
with which it will operate, still maintaining the 0-002-in. 
overall clearance per inch of diameter mentioned. 
In other words, this is done by providing an original 
bore, with side relief, which, when the lower bearing 
surface is scraped to a mandrel, say 0-00025 in. per 
inch of diameter greater than the journal, will give an 
approximate clearance between the journal and the 
top of the bearing of 0-002 in. per inch of diameter. 
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Pressures with ordinary journal bearings supporting 
rotor weights in excess of 175 lb. per square inch pro- 
jected area, have not often been exceeded. The author 
has known of difficulty even with this pressure because, 
during a period of rest, lubricant is squeezed from 
between the bearing surfaces, so that the journal 
must make a fraction of a revolution without lubri- 
cation and in metallic contact, thus wiping the bearing 
surface. To eliminate this difficulty, means are 
required to establish an oil film before motion occurs. 
Two means are available. The first was employed in 
connection with the heavily-loaded thrust-bearing 
of the stabiliser mentioned above. The axis was 
vertical and a Kingsbury thrust-bearing was provided 
at the lower end. At the upper end, a roller-bearing 
was fitted, which, by means of a hand-operated 
hydraulic jack, could lift the rotor away from the 
lower thrust-bearing a small amount. The rotor 
was then run up to a small fraction of normal speed 
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This is the construction used in the gyroscope bearings 
mentioned when pressures at least in excess of 400 Ib. 
or 500 1b. per square inch of projected area may be 
carried, provided the bearing is once in successful 
operation. Loads even in excess of this may be 
carried by increasing the actual area by the use of 
pivoted bearing pads after the manner which, in 
Great Britain, is known as the Michell bearing, and 
in the United States as the Kingsbury bearing, illus- 
trated in Fig. 2. This is a means of increasing the 
effective bearing area without sacrifice of unit pressure 
on the area. The limit of pressure for such a bearing, 
per square inch of projected area, may well be of 
the order, of thousands of pounds, and it is capable 
of operation at lower velocities than bearings of the 
more common type discussed previously. 

_This type of bearing with pads capable of being 
tilted, is doubtless able to sustain higher loads than 
any other known construction, and should be entirely | 
satisfactory in operation, provided the combination 
of weight and forces on the revolving part is always 
in one direction. Should there be reversal of load, 
and if the journal requires bearing surface around its 
whole circumference, a difficulty arises which might 
be crudely described by saying that expansion, the 
result of rise of temperature, takes place more from 
the outside inwards, as compared with ordinary 
bearing constructions, and this effect may, in some 
cases, result in loss of clearance, if not foreseen. With | 
such high bearing duties, the oil film, while complete 
and sufficient, may be so thin that small particles 
of grit in the lubricant may cause wear. Greater 
care must therefore be exercised in keeping the lubri- 
cant clean. The large quantities of dirt and grit 
that may be circulated without injury through the | 
ordinary steam-turbine oiling system, could not, of | 
course, be tolerated. The importance of tight Babbitt | 
metal is emphasised. If there are any air-pockets | 
between the Babbitt metal and the shell, those | 
regions will be depressed by the film pressure, | 











. the bearing pressures will be concentrated else-| the angular position of the journal in the bearing. 
Phere, 
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and lowered to the Kingsbury bearing, in which an oil 
film had become established. With the stabiliser 
continuing in operation, the roller-bearing remained 
idle. The prime object of doing this, however, was 
not so much to avoid injury to the bearing when 
starting, but because the spinning motor had insufficient 
torque to start the rotor under the condition of un- 
lubricated friction at rest. This method would seem 
inconvenient for horizontal shafts. 

The second method applies to both horizontal 
and vertical shafts. It provides properly disposed 
grooves at the corners of the bearing surfaces, into 
which high-pressure oil may be pumped to separate 
the surfaces and establish the film. As soon as a 
small speed is attained, the supply of high-pressure 
oil may be discontinued. This method was employed 
in the case of some pivoted journal bearing pads for a 
balancing machine. Any such grooves in bearing 
surfaces for the purpose of separating the surfaces 
by means of oil pressure are quite indeterminate in 
their effective area, because of the character of the 
adjacent surfaces, so the mere admission of oil of 
sufficient pressure may have the effect of separating 
one corner only and concentrating the pressure on an 
opposite corner. The plan adopted was to provide a 
bearing pad, Fig. 3, with a groove A at each corner, 
oil being admitted to the corners through an orifice 
B of definite size. A source of oil C was selected, at a 
pressure considerably in excess of that required to 
separate the surfaces, so that the orifices became 
metering devices to supply nearly an equal flow from 
each groove between the surfaces, thus definitely 
separating all corners of the surface by some small 
amount. With this construction, bearing pressures 
of more than 600 Ib. per square inch are regularly 
carried at speeds of the order of one-tenth of the 
normal running speed of the turbine rotor. 

Many experimenters have determined oil-film pres- 
sures and thicknesses in different zones of the bearing, 
and, with different loads, speeds, and viscosities, 


by Professor Goodman.* To secure consistent re- 
sults from film-pressure measurements would require 
considerable accuracy of the surfaces, because un- 
evenness in the bearing surface would give extreme 
differences of pressure in adjacent zones where it would 
be expected that the pressures would be alike. Oil 
from a bearing has often been supplied under pressure 
for the operation of some mechanism, and with high- 
speed bearings, a considerable amount of oil may 
be removed from a point of high film pressure without 
danger of starving the bearing. One well known 
example of this is the floating of the pinion-bearing 
frames for high-power tooth gearing, such as is used 
for the propulsion of ships, for the purpose of securing 
automatic alignment of the tooth surfaces. Such a 
construction was employed by the author’s firm at 
one time to accomplish the purpose of the Melville- 
McAlpine flexible pinion frame. The pinion frame 
was supported on pistons, with oil pressure beneath 
the pistons taken from a pressure zone of the bearings. 
The pressure below the pistons was controlled by a 
valve, permitting escape of oil when the pistons 
supporting the frame rose above a predetermined 
elevation. The pressure, therefore, varied with the 
tooth reactions. With this construction, it was cus- 
tomary to calibrate a pressure-gauge with readings 
of power developed, which served thereafter as an 
accurate power-transmission dynamometer. With the 
pressures once calibrated, reliable power readings 
could be obtained as long as the bearing was in good 
condition. It was not uncommon, however, that 
with newly-installed bearings, in which the oil was 
taken from the bottom of the bearing at a point where 
the pressure was expected to be nearly greatest, to 
find a very low pressure, and sometimes even a sub- 
atmospheric pressure. The cause was, no doubt, due 
to a hollow in the bearing surface adjacent to the 
orifice and was easily remedied by a little scraping. 
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A sub-atmospheric pressure will invariably be 
found on the trailing edge of a bearing surface, where 
the clearance increases after the lubricant has passed 
the point of least film thickness. This fact has been 
taken advantage of in providing a lubricating system 
as a substitute for oil-ring bearings ; a tube from this 
point merely reaches down into the reservoir below 
the bearing, from which it draws a supply of new 
lubricant. This system has been employed on ship- 
board, where, because of rolling, it was feared the 
operation of oil rings might not be satisfactory. It 
is customary, with the ordinary journal bearing, to 
admit oil to an axial groove at the point of least 
pressure or to the clearance spaces at the sides. This 
is entirely satisfactory with a sufficiently large ratio 
of length to diameter and where velocities are high 
enough. Engineers in the past have considered 
that good practice with such bearings demanded 
some minimum ratio of length to diameter. This 
was not without good reason, particularly with slow- 
speed bearings. It was again the question of the 
direction of flow of the oil particles between the 
surfaces. With more complete knowledge of the subject, 
it would seem that there is no limit to the shortness of 
the bearing consistent with safe loading, pressures, &c. 

In such cases, if the rate of thinning of the film with 
a given surface velocity, the load, the viscosity, and 
the result of the axial component of the direction of 
flow of the particles, be known, one may, in extreme 
cases of low speed, introduce additional oil supply 
grooves at points where the lubricant has reached its 
desired degree of thinness. The passage of the journal 
is then over a series of bearing pads, and if these are 
arranged to be flexible or pivoted, so much the better, 
and we have the Michell or Kingsbury bearing. Oil 
grooves of any kind, however, connected to the source 
of oil supply in the pressure zone of a cylindrical 
bearing, as distinct from a bearing comprising tiltable 
pads, are to be avoided if possible. Since they merely 





* Proc. Inst. C.E., 1928, vol. 226, page 242; see also 





A valuable paper on this subject was recently read 
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short-circuit the film pressure to that of the source 
of supply, not only is the film pressure lost in the 
area occupied by the grooves themselves, but it is 
lowered in the areas of the adjacent trailing edges. 
These are, of course, oil-supply grooves formed in an 
axial direction. Circumferential grooves sometimes 
found in crankshaft and crank-pin bearings of recipro- 
cating machines provided with forced lubrication, 
would seem to impair the value of a bearing to a 
still greater degree, as will be shown later. Some 
important work on the subject of the path of the 
particles between the surfaces has been carried out 





by Mr. H. A. S. Howarth, of Philadelphia.* In it, a 
large number of curves have been plotted, by means of 
which film thicknesses and losses may be precisely 
determined. As, however, they have been based | 
principally on hydrodynamic theory, the conclusions | 
may not be completely realised in practice. Never- 
theless, the subject-matter is of great value. 

It would seem that, with high-speed bearings, | 
there is no half-way ground between success and | 
failure ; they are all right or all wrong, and the point 
of increase of load or of speed reduction at which | 
failure will occur because of the breakdown of the | 
film may vary tremendously with microscopic difference | 
of the surfaces. In connection with the direction of | 
the path of the particles in the film, or the distance | 
which the film may be carried in a bearing, an interesting | 
experiment was lately carried out on one of a line of 
large turbines. In order to facilitate quick starting 
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of the partially cooled machines, it was decided to 

equip them with motor-driven turning gears, so that | 
the rotors could be maintained in slow motion during | 
the periods they were out of action, thus preventing 

distortion of the rotors and, to a great extent, of the 

turbine stators due to unequal cooling or heating. 

The problem was to determine the lowest speed at 

which the oil films could be maintained. The experi- 

ment was carried out by permitting the turbine to 
come to rest under its own momentum. The point of 
breakdown of the film was easily discernible by a 

sudden change of the rate of retardation. Extreme 
accuracy of instantaneous speed measurements was 
necessary, and was obtained by means of a fifty-segment 

commutator fitted to the rotor to give 100 impulses 
per revolution to an oscillograph element. Another 
element in the oscillograph recorded a 60-cycle wave. 
The speed of the photographic film was approximately 
lin. per second. Fig. 4, page 691, shows the revolutions 
per minute and the rate of retardation in revolutions 
per minute per second, plotted against time, Fig. 5 
shows the rate of retardation in revolutions per minute 
per second, plotted against the speed of the turbine, 
in which the breakdown of the film is evidently shown 
to take place at about 18 r.p.m. <A speed of 25 r.p.m. 
was selected as a minimum safe speed for the tarning 
gear. The data in the accompanying table are added 
so that further deductions may be made. 

The equivalent coefficient of friction is least just 
before the breakdown of the film, as has also been 
shown by Stribeck and published by Dr. Stodola. 
It amounts, in this instance, to 0-00087 and 0-00117 
for warm and cool oil, respectively, at between 20 and 
30. r.p.m. 

Oil is by no means the only available lubricant. 
Air has sufficient viscosity to form a complete film 
between the surfaces, and even hydrogen has been 
employed in a demonstration. The film of air is 
thinner than with a liquid lubricant, and there must 
therefore be more perfection of the respective surfaces. 
A series of experiments with an air-lubricated bearing 
was carried out by Mr. Albert Kingsbury.| He 
pointed out that, at that time, air as a lubricant was 
by no means a novelty, and that, in 1855, Hirn stated 
that * air under certain circumstances and in sufficient 
quantities becomes the best lubricator, the coefficient 
then falling to 0-0001."{ |The author once constructed 


* Trans. Amer. Soc. Mech. E., 1923, vol. xlv, page 421; 
1924, vol. xlvi, page 809; 1925, vol. xlvii, page 1073. 

+ Journal Amer. Soc. Naval E., 1897. 

tt ENGINEERING, vol. xxxv, page 118 (1885). 
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a small thrust-bearing which depended entirely upon 
air as a lubricant. Loads approximating 20 lb. per 
square inch (not measured) were easily enough sus- 
tained. The bearing was entirely satisfactory as long 
as the surfaces were clean, but it would fail with 
any accumulation of dust. Models both of journal 
and thrust-bearings lubricated by air have been 
constructed for demonstration purposes at various 
times. 

The complete establishment of the air film may 
be shown by means of the electrical resistance of 
the air gap. It may be that research into relative 
film pressure and thickness can be carried out with 
more exactitude by means of a gaseous rather than a 
liquid lubricant. Mr. Kingsbury’s experiments were 
carried out by means of a solid plug, 6 in. in diameter, 
revolving in a hollow cylinder, the load of the bearing 
being the weight on the plug. By revolving the outer 
cylinder, the gauge holes could be placed in any 
angular position. In Fig. 6, a polar diagram is repro- 
duced of the pressure curve observed at the centre of 
the bearing at two speeds, 230 r.p.m. and 1,730 r.p.m., 
and the point of maximum pressure and minimum 
film thickness is indicated at the two speeds. It will 
be noted that the pressure distribution varies with 
the speed, and that the point of maximum pressure is 
30 deg. to 44 deg. behind the point of minimum film 
thickness. Sub-atmospheric pressure will be observed 
in the upper zone of the bearing. Fig. 7 shows the 
angular position of maximum pressure and minimum 
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thickness of the film, and, hence, the angular relation 
between the two. From Mr. Kingsbury’s data, Fig. 8 
has been plotted. Curve A shows the pressures 
measured along the axis of the bearing at about the 
regions of maximum pressure and at 230 r.p.m., 


Experiments on Turbine Bearings. 





! 
Turbine. Generator. Exciter. 
7 ene aamenee 
Bearing number .. 1 2 3 4] 5 
Diameter, in. es 14 16 14 14 3 
Length, in. “ 24 24 24 24 8 
Surface velocity 
at normal speed 
of 1,800 r.p.m., 
ft. per sec. vei, S80 126 | 110 110 
Bearing reaction, | 
Ib. a ..| 47.700) 71,000 | 53,700 51,700 | 800 
Unit load per sq. 
in. of projected 
area of journal, 
Ib. persq.in. ... 142 185 160 154 
Projected area of 
actual bearing 
surface, 120 deg. 
are, sq. in. --| 291 332-6 291 291 
Unit load per sq. 
in. of projected 
actual bearing 
area, Ib. per sq. 
in. fe a 163 214 185 178 
Surface velocity 
at speed where 
film broke down 
(18 r.p.m.), ft. 
per sec. ms 1-0 1-26 1-0 1-0 
Weight 
(Radius of Moment 
Weight, Gyration),* of Inertia, 
Ib. ft.2 Ib. x ft.? 
Turbine rotor ; 115,000 3°125 360,000 
Coupling o% es 7,400 0-803 5,950 
Generator rotor 101,000 2°24 226,200 
Exciter .. - Rs 1,570 0-22: 350 


592,500 





Totals 224,970 2-643 
Oil Viscosity at 80 deg. F. (approx.) 311 sec., Saybolt. 
.. Viscosity at 100 deg. F. (approx.) 195 sec., Saybolt. 
, Viscosity at 140 deg. F. (approx.) 79 sec., Saybolt. 
Note.—The oil had been in service over a long period, which 
accounts for the viscosity being higher than in normal practice. 
illustrating how the film pressure falls because of 
its flow to the ends of the bearing. Similar curves 
are shown by Dr. Stodola, culled from a variety of 
sources. The pressure distribution in an axial direction 
bears particularly on the matter of circumferential 
oil-supply grooves, to which reference was made in 
connection with crank-pin bearings. If curve A 





of Fig. 8, represents the maximum safe film pressures, it 
may reasonably be assumed that, if a supply groove B 
be added, the film pressure distribution would change 
to something like that represented by curve C, and 
se bearing would have one-third the supporting 
value. 

The pressure at which oil is supplied to the bearing 
is immaterial, as long as it reaches the bearing in 
sufficient quantity at a point of minimum pressure. 
Pressure is important only so far as it may affect the 
quantity flowing through the bearing for the purpose 
of carrying away heat. Obviously, in practice, oil is 
supplied at some sensible pressure, say, 5 to 30 Ib. 
per square inch gauge, so that it may be more readily 
observed by means of a pressure gauge, and so that 
a small fall of pressure may not result in failure of the 
supply. The chemistry of oil is beyond the scope 
of this paper. For any given purpose, a choice of 
viscosity must be made; the higher the viscosity 
the greater the distance the film may be carried, 
and hence results in greater safety but greater loss. 
Higher viscosity oils are accordingly required with 
lower speeds, at the higher limits of pressure. A vis- 
cosity of 150 seconds Saybolt, at 100 deg. F., is regarded 
as good practice for high-speed bearings incidental 
to steam-turbine work. 

It is important that oil should be free from acid 
and that it should have no tendency to turn acid. This 
is especially true in the case of lead-base bearing-liner 
mixtures, because lead is soluble in all the fatty acids. 
It has been found that copper and zinc have the 
effect of causing oil to turn acid. This is supposed to 
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be because of a catalytic action of certain of the non- 
ferrous metals. It has, therefore, become the practice 
in the United States to avoid copper and bronzes 
as much as possible in the oiling system, steel piping 
being universally employed. Precautions should be 
taken that the oil has the least possible opportunity 
to become oxidised, as this results in the formation 
of sludge. For this reason, unnecessary cascading 
in reservoirs, &c., is avoided, and it is probable that 
more attention will be paid to this matter in the future. 
With the higher viscosity oils, an emulsion may be 
formed should the oil become mixed with hard water. 
so care must be exercised in design to preclude this 
possibility. The dimensions of the oil reservoir of a 
lubrication system are important; the larger the 
reservoir, the greater the opportunity for rest and 
the greater will be the length of life of the oil. Certain 
committees of engineering associations are endeavour- 
ing to standardise the requirement for a ten minutes 
supply in the reservoir. 

Because of the large quantities of oil in the system 
at a temperature conducive to chemical reaction, 
the best method of maintaining oil in good condition 
has received attention. There are two systems in 
general practice. One is known as tlie “ fractional 
filtration ’’ system, in which oil is drawn from the 
bottom of the reservoir over an overflow device, so 
that the oil cannot fall below a predetermined level. 
It is then fed through a pipe to a filter, from which 
it is returned to the system. The filter may be 
designed to treat any fraction of the flow through the 
machine. Usually about 5 per cent. is employed. 
With this arrangement, the filter system may be 
placed in and taken out of service without any inter- 
ference with the operating machine, as an amount over- 
tlows from the reservoir equal to that delivered by the 
filter system. The other, known as the “batch” 
system, is to provide a tank system large enough to 
hold two complete oil supplies for the largest machine 
in the plant. At intervals of a few months, all the oi! 
is removed from any one machine and discharged 
into a tank in which it is kept warm and stands idle 
for several weeks. It is then filtered and discharged 
into a second tank and is ready for use in the next 
machine. The latter scheme, the author believes, 
is regarded by the best authorities as the more satis- 
factory. Filter systems of the centrifugal type ate 
not favourably regarded in some quarters, because 0! 
their alleged tendency to aerate the oil thus causing 
subsequent oxidisation. The author knows of 10 
cases of bearing trouble due directly to the use © 
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too hot oil, excepting cases where the viscosity was 
lowered to a point unsuitable for the loading and 
velocity conditions. A temperature of 200 deg. F. of 
the oil leaving the bearings has not infrequently been 
recorded. It is usual, however, to supply oil-cooling 
surface sufficient to limit the temperature of the oil 
leaving the bearings to below 140 deg. F. A 20 deg. F. 
rise of temperature between ingoing and outgoing oil is 
regarded as good practice. 








COMMUTATOR-MICA CUTTING 
MACHINE. 


Kor the satisfactory running of direct-current 
generators and motors, and of those types of alter- 
nating-current motors in which commutators are 
employed, it is necessary to ensure that the mica 
insulation is kept below the surfaces of the segments 
on which the brushes bear. As the commutator 
segments wear down, a part of the upper edges of the 
mica between the segments must therefore be cut 
away, and a convenient tool for this operation, which 
would otherwise be tedious and difficult, is illustrated 
on this page. 

This machine was originally designed and manufac- 
tured by Messrs. John Phillips and Company, of 
Walworth-road, S.E.17, but the business of that firm 
has now been transferred to Messrs. Buck and Hickman, 
Limited, 2, Whitechapel-road, E.1. The machine 
comprises, as shown, a pair of metal side plates pro- 
vided with handles and kept a fixed distance apart by 
two flanged rods. In one of the side plates is mounted 
a long bearing for a spindle, the end of which is fitted 
with a cutter of high-speed steel, resembling a metal- 
slitting saw. As will be clear from the figure, the 
spindle bearing can be adjusted in a vertical direction 
by means of a screw fitted with a knurled nut. The 
other side plate carries an adjustable guide plate, the 
lower edge of which fits into the groove between a pair 
of segments. 


The cutter spindle is driven, through a length of 
flexible shafting, either by a hand speed-increasing 
gear or a small electric motor. The machine can be | 
used without removing the armature from its bearings, | 
and the commutator may be of any length or diameter. 


[t is placed in position on the end of the commutator, 
with the guide plate adjusted to suit the width of the 
segments and the cutter spindle adjusted to the 
required depth of cut, usually about ~ in. By| 
moving the machine along the commutator at about 
| ft. or 2 ft. per minute in an axial direction, with the 
guide plate fitting in one of the grooves, the mica in 
the adjacent groove is cut cleanly away without 
damage to the segments. It should here be mentioned 
that the guide plate is mounted in a sliding carrier 
controlled by a spring, the arrangements being such 
that the guide-plate is normally sufficiently in advance 
of the cutter to effect alignment. When the guide 
reaches the end of the slot and stops, however, the 
cutter can still be pushed forward for a distance of 
about £ in. in order to complete the cut. The machine, 
which is quite light and easily handled, is then moved 
round to cut the next groove, the operation being 
continued until all the grooves have been dealt with. 
Che width of the cut is, of course, equal to the thickness 
of the cutter, and these are usually supplied either 


mentioned, they are of high-speed steel and are specially 
designed for the purpose, since mica is an extremely 
| difficult material to cut cleanly on edge. 





| CATALOGUES. 


| Steel Shelving.—A priced list of steel adjustable shelves, 
in a range of unit sizes, is to hand from Messrs. Con- 
| structors, Limited, Charlotte-street, Birmingham. 


| Fire Appliances.—Messrs. John Kerr and Company, 
| Windmill-street, Manchester, have issued a circular 
| explaining their “‘ Thermo” fire detector, and another 
| circular dealing with their automatic fire escape. 


Electric Cables.—A new catalogue received from Messrs. 
The Croydon Cable Works, Limited, Mitcham-road, 
Croydon, Surrey, shows a full range of electric cables, 
including Pernax-sheathed lead-covered type, with prices 
stated. 

Oil-Engine Lubrication—Messrs. Vacuum Oil Company, 
Limited, Caxton House, Westminster, London, S,W.1, 
have issued a pamphlet discussing the lubrication of 
surface-ignition oil engines. The text will be found to 
be informative and of practical interest. 

Bearing Alloys.—Engineers will find in the catalogue 
issued by Messrs. The Atlas Metal and Alloys Company, 
| Limited, 1, Central-buildings, Westminster, London, 
| S.W.1, concise particulars of the qualities of ten white- 
| metal alloys suitable for various kinds of bearings. 


Central Heating.—A pamphlet describing the advan- 
tages of central heating for large and small houses has 
been issued by the Copper and Brass Extended Uses Coun- 
cil, 115, Colmore-row, Birmingham. It gives several 
example estimates, with lists of materials, drawings, and 
costs, and is marked price 1s. 

Valves.—Messrs. L. F, Norrie and Company, 30, 
South Fort-street, Edinburgh, have issued a catalogue of 
their patent safety valves, with nicrome valves and seats, 
for land and marine service, and another of sluice valves 
with trigger action. The latter are made in ten sizes, 
ranging from 2-in. to 8-in. connections. 

Light Alloys.—A booklet on light alloys in industry, 
issued by Messrs. The British Aluminium Company, 
Limited, Adelaide House, King William-street, London, 
E.C.4, will be found useful for reference where a reduction 
of weight is desirable in vehicles, machine parts, or 
furnishings. The Company also issue a similar booklet 
relating particularly to aircraft. 

Stainless Steel—Messrs. Hadfields, Limited, Sheffield, 
have issued a catalogue of stainless steel and stainless 
iron with illustrations of strips, submarine diaphragms, 
turbine blades, hydraulic rams, cutlery, circular knives, 
&e. The notes on the uses and limitations of the material, 
the heat treatment, methods of working, and mechanical 
properties, are clear and practical. 

Electric-Wiring Supplies.—Messrs. British Insulated 
Cables, Limited, Prescot, Lancs, have sent us new 
issues of catalogues dealing with terminal boxes and seal- 
ing ends, lead joint boxes, twin-wiring system for build- 
ings, Leclanché batteries, and union pieces for aerial 
cables. In all cases, full particulars are given with illus- 
trations and prices and any special information required 
for erection. 

Second-Hand Machinery.—Messrs. Thomas W. Ward, 
Limited, Sheffield, have sent us a copy of their current 
catalogue of second-hand machinery and materials, 
extending to over 400 octavo pages. The lists include 
locomotives, cranes and general contractors’ plant, 
engines, boilers, machine tools, shafting, pumps, tanks, 
and a large quantity of general supplies for machine and 
building construction. 

Fans.—A new catalogue of streamline fans, issued by 
Messrs. Blackman Export Company, Limited, 374, Euston- 

















in., >, in., or 3; in. in thickness. As already 


road, London. N.W.1, contains some useful notes on 


construction, measurement of capacity, methods of 
installation, and also gives lists of standard fans with 
particulars of drives and prices. The catalogue is well 
arranged and gives all necessary commercial information 
for the export trade. 


Tools.—A priced list of tools and accessories for 
repairing electrical machinery, including feeler gauges, 
a coil tamper, a chuck for attachment to small motor 
shafts, a slotting file, an insulating liquid, and an outfit 
for etching on steel, etc., is to hand from Messrs. Martin- 
dale Electric Company, Limited, The Hyde, Hendon, 
London, N.W.9. 


Structural Steel.—Engineers engaged on structural 
| work will find a use for the compendium of information 
| on the subject issued by Messrs, Sanders and Forster, 
| Limited, Hertford-road, Barking, Essex. Lists of the 
various steel sections and built-up members available are 
given with dimensions and strengths, and there are also 
numerous technical notes and tables. The book is of 
pocket size and is strongly bound. 


| Pyrometers.—A new catalogue of pyrometers for the 
| measurement of high temperatures is to hand from Messrs. 
| Foster Instrument Company, Letchworth, Herts. The 
catalogue gives a direct comparison of the optical and 
radiation types from the practical point of view, ex- 
plaining the methods of applying them and the results 
to be attained. Both types of instrument are made by 
| the firm and are illustrated in the catalogue in a variety 
of ranges, with continuous indicating and recording 
mechanism for the radiation type. 





Coke Ovens.—We have received from Messrs. Silica 
Coke Oven and Machinery Limited, Aldwych House, 
London, W.C.2, a circular summarising the advantages 
of their new Otto regenerative coke oven with a list of over 
1,600 ovens ordered, and now mostly in service on the 
Continent. A description of a plant of 56 ovens for the 
Derwenthaugh coke works of Messrs. Consett Iron Com- 
pany, Limited, Durham, is also given. The design centres 
on improved uniformity of product, rapidity of output, and 
durability of flues and wearing parts. 


Welding.—Messrs. Mawdsley’s, Limited, Dursley, 
Gloucestershire, have sent us a catalogue describing a 
generating set for electric welding. The set consists of a 
dynamo, with a drooping characteristic and a field system 
specially designed for metallic-are welding, mounted on a 
stationary or portable frame and arranged for engine, 
motor, or belt drives. The text is repeated in four 
languages, in addition to English. The sets are made 
for outputs of 150 or 200 amperes, and are suitable for 
supplying current to from one to eight arcs. 


Boilers and Superheaters.—Messrs. Davey Paxman and 
Company, Limited, Colchester, have issued a new edition 
of their catalgoue of boilers and superheaters, illustrating 
a large number of boilers supplied for service at home and 
abroad. The Economic type of boiler, with internal 
return tubes and built-in external flues, is fully described 
and the setting illustrated, together with examples of self- 
contained and semi-self-contained forms. Other types 
are the Lancashire, Cornish, locomotive, sectional, &c., 
the aim being to meet conditions where space is restricted 
or building-in is impracticable. Superheaters of various 
types are shown, including an independently-fired type. 
The catalogue deals with factory, institution, and general 
industrial requirements, and contains explanatory matter 
which will be helpful where the choice of type presents 
difficulties. 


THE MacroME Process ror Toon StreLt.—A process 
which, it is claimed, greatly increases the endurance of 
tool steels under normal cutting conditions, has recently 
come to our notice. The process is carried out by 
Messrs. Grist and Company, 50, Summer-row, Birming- 
ham, and is known as the Macrome process. The treat- 
ment is applied to the finished tool, and is stated to leave 
the chemical composition of the steel unaltered, and, 
owing to the fact that it is carried out at low tempera- 
tures, to bring about no change in the size or shape of 
the tool. The effect is said to permeate the whole mass 
of the steel treated, and to be permanent. Grinding does 
not affect the treated tool; should the latter, however, 
be reheated or forged, the process must, of necessity, be 
repeated. It is claimed that the results obtained are due 
to the fact that the process enables the steel to resist vibra- 
tion for a longer period, and so retards the breakdown of 
the structure. While this has not been definitely proved, 
there appears to be little doubt that the treatment is 
effective in prolonging the life of tools and thereby 
materially decreasing costs of production, as tests 
carried out by engineering firms in various parts of this 
country have shown. In one case, a 14 per cent, tungsten 
high-speed steel milling cutter, working at a speed of 
60 r.p.m., the feed being 3 in. per minute, and the depth 
of cut 0-45 in., gave, as originally heat treated, a length 
of cut of 136 in. before regrinding became necessary. 
After being subjected to treatment by Messrs. Grist, 
the tool, working at the increased speed and feed of 
76 r.p.m., and 3} in. per minute, the depth of cut remain- 
ing at 0-45 in., gave a length of cut of 768 in. Even at 
this stage, the cutter is stated not to have required 
regrinding. In another instance, a firm employing 
only treated drills for a trial period of one month, found, 
at the end of the month, that only 15 dozen drills, instead 
of the customary 28 dozen untreated drills, had been 
used. These results appear to be of sufficient interest to 
justify us in drawing our readers’ attention to them, but, 
up till the present, no technical particulars, of any kind, 
regarding the nature of the process have been made 
available for publication. The process is stated to be 
applicable not only to small tools of carbon and high-speed 
steel, such as drills, milling cutters, slitting saws, turning 
tools, and hack-saw blades, but also to mining tools, files, 
and rails. 
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PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned, the Specification is not 

illustrated. 

Where inventions are communicated from abroad, the Names, &€c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “ Sealed’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
aive notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


312,809. Armstrong-Siddeley Motors, Limited, 
Coventry, and J. D. Siddeley, Coventry. Internal- 
Combustion Engines. (1 Fig.) May 31, 1928.—The 
invention relates to the construction and design of 
cylinders for internal-combustion engines. According 
to the invention, in a cylinder which has a detachable 
head and a valve or valves arranged at the side of the 
cylinder barrel in the ordinary manner, that is to say, 
with the head or heads in a lateral pocket to the cylinder 
and the stem or stems at the most only slightly inclined 
to the cylinder barrel, the joint between the cylinder 
casting and the head is located above the valve seating 
m such a way that the gasket is remote therefrom, the 
amount of metal around the seating is small and the 





end e on the other part for receiving or transmitting 
motion. This end has a radius which is slightly less 
than the radius of the cylindrical slot formed in the 
fork andit is pierced with an aperture g. Motion 
is transmitted between the forks 6 and the flattened 
end e by means of a cylindrical element h having a slot 




















itherein. The cylindrical element h is free to rotate. in 
and is maintained in the fork b, and the flattened end 
e is arranged to rotate in the slot ¢ and is maintained in 
its axial position by a transverse pin k. The cylindrical 
element in some cases is provided with flanges adapted to 
prevent endwise movement in the fork and flats adapted 
to enable the element to be introduced into the fork. 


(Sealed.) 


313,740. The Consolidated Pneumatic Tool Com- 
pany, Limited, London, J. A. Owen, London and J. 
U. Vass, London. Pneumatic Percussive Tools. (2 
Figs.) June 5, 1928.—The invention relates to pneumatic 
percussive tools. According to the invention, a rigid 
hand-piece 1 is mounted so as to have angular move- 
ment with respect to the casing 17 or body of the tool- 
holder, and is adapted to regulate the throttle valve 8, 
controlling the pressure supply, by being moved into 
and out of contact therewith. The hand-piece 1 is 
hinged at one extremity between two ears or lugs 4, 
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(312,809) 
water space large near the seating. The jointing surface 
2, between the cylinder casting 3 and the head 4, is in- 
clined with regard to the cylinder bore 5, being lowest 
on the side remote from the exhaust valve 7.  Pre- 
ferably also the plane of the jointing surface is that of 
the roof 8 of the combustion chamber 9, which in such 
cases is also flat. The water jacket 10 is carried up above 
the valve 7 to the inclined jointing plane 2, and thus the 
water in the cylinder block encircles the valve or valves. 
The seating 11, for that part of the gasket 12 which makes 
the gastight joint adjacent the exhaust valve, does not 
lie in the plane of the valve, but considerably above this. 
The water jacket wall 13, close to the exhaust valve, is 
very much thinner than usual in the kind of engine to 
which the invention is applied, and therefore this wall, 
and the adjacent side of the valve seating, operates at a 
lower temperature than usual.—( Accepted June 12, 1929.) 


313,738. A. J. Stevens and Company (1914), 
Limited, Wolverhampton, and J. Stevens, Wolver- 
hampton. Internal Combustion Engines. (4 Jigs.) 
June 5, 1928.—The invention relates to the lubrication 
of the timing gear of internal-combustion engines in a 
continuous circulating lubrication system. The timing 
gear cover 1 is provided with a flange 2, projecting from | 

| 





the inside face directly over the timing gear wheels. 





(313,738) . i 


An oil passage 3 is forn ed above the upper side of the | 
flange, and leads to a passage 4, which extends downwards | 
through the flange. The oil is thus fed directly to the | 
teeth on the upper side of one timing wheel. In virtue | 
of the rotation of the gear wheels and the shape of the | 
deflector, the oil passes forward along the underside | 
of the flange, so that the timing gear is thus efficiently 
lubricated. (Accepted June 26, 1929.) 


MACHINE AND OTHER TOOLS SHAFTING, &c. | 


313,680. J. M. Rubury, Bradwell, nr. Braintree. 
Universal Joints and Couplings. (3 Figs.) April 2, 


1928.—The invention relates to universal joints and 
couplings for transmitting motion from the operating 
shafts to the cams of the brakes of automobile wheels | 
which are angularly displaced for steering purposes. | 
The invention consists in the arrangement of a fork 6, 
with sides slotted to a cylindrical shape c, on one} 
part for receiving or transmitting motion and a flattened | 


Fig.l ; 
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integral with and projecting upwards from the casing 
17 or hammer cylinder, or from a member attachable 
thereto, and at its opposite or lower extremity is recessed 
in order to accommodate the outer extremity of the 
stem 7 of a spring-controlled throttle valve 8, arranged 
so as to regulate the admission of the pressure supply into 
the hammer cylinder. A cushioning spring 11 is inter- 
posed between the recessed end of the hand-piece and a 
shoulder, formed on the guide through which the valve 
stem projects. To absorb or cushion the vibrations of 
the tool, the ears or lugs 4 are formed on a block or 
cap 2, whichis bolted to the casing 17 or hammer cylinder, 
with cushioning springs 19, to permit the block or cap 2 
to have limited a movement in a longitudinal direction 
with regard to the casing 17. (Sealed.) 


MINING, METALLURGY AND METAL 
WORKING. 


313,020. Robert Dempster and Sons, Limited, 
Elland and W. H. Handley, Elland. Coke Handling 
and Quenching Apparatus. (3 Figs.) February 3, 1928. 

—The invention relates to that type of apparatus for 





handling and quenching coke in which separate charges 
are conveyed to a small quenching bench by a travelling 
telpher skip, so that while the coke is being quenched the 


bench B, permanently mounted at an incline in a frame- 
work A, is provided with one or more gates C, so that 
coke deposited on to it from the telpher skip wil] trave| 
down the incline when the gate or gates is or are opened, 
the quenching operations being performed prior to tl. 
opening of the gate or gates and controlled by an operator 
other than the telpher driver. The capacity of the smal! 
quenching bench is approximately equivalent to, that 
of the skip and serves for use successively for a number 
of retorts, coke ovens and the like. A feature of the 
invention consists in the provision of means whereby no 
quenching water passes through the gate or gates into*a 
receiving hopper or chute G. The quenching bench Bb 
is perforated and is provided with a:false bottom E 
which overhangs a +trough F,’ provided ‘to. receive the 
surplus quenching water. For preventing quenching 
water from passing into the hopper G, a flap:H is provided. 
and is adapted to be moved .to.either of two positions 
by the operator. When the quenching operation is being 
performed the gate C is closed and the flap is moved into 
a position in which it will divert the quenching water 
passed through the coke into the trough F. When the 
quenching operation has been» completed, the flap is 
moved to a@ position in which it will form a continuation 
of the quenching bench B and project into the hopper 
G, so that, when the gate C is opened, the quenched coke 
will travel down the bench by gravity and over the exten- 
sion formed by tthe flap directly into the hopper G, and 
none of the coke will pass into the trough. —(Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


309,641. Clarke, Chapman and Company, Lim- 
ited, Gateshead-on-Tyne, and W. A. Woodeson, 
Gateshead-on-Tyne. Pulverised Fuel Burners. (5 
Figs.) January 19, 1928.—The invention relates to 
pulverised fue] burners of the kind in which a casing 
surrounds the delivery end. of a fuel supply pipe, and air 
enters between such pipe and casing prior to encountering 
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means employed to produce an intimate mixing of the 
fuel and air, as well as retardation of velocity. The 
invention includes the provision around the casing 5, 
which surrounds the fuel pipe 1, of an air belt, having 
a series of air inlet holes formed in the casing at or 
near the extreme end, the holes being inclined to the 
axis of the burner. The air issues in streams through 
the holes so close to the nose of the burner that the 
latter is kept comparatively cool.—(Sealed.) 


313,648. Davey, Paxman and Company, 
Limited, Colchester, and C. Barnes, Colchester. 
Safety Stop Gears. (7 Figs.) March 15, 1928.—The 
invention relates to safety stop gears for use with steam 
engines having the usual governing devices. | is an 
oscillating weighted element, which takes the ferm of 
a lever, and is adapted to be reciprocated about the 
fulcrum 2. It is operated by a cam 3, mounted on a 
shaft 4. The opposite end of the lever 1 carries a weight 
6. Depending from the lever 1 is an arm. Pivoted 
about the fulcrum 8, the axis of which is in parallel 
relation to the axis of the fulcrum 2, is the trip lever 9. 
The lower end 10 of this is engaged by the free end of 
the arm 7 when the momentum of the weighted end 6 
of the lever 1 is such as to cause its end 5 to lose contact 











(313,648) 


with the cam 3. On the upper end of the trip lever 9 is & 
projection 9% on which rests the free end of the actuat 

ing lever 11, which carries a weight 12 at one end and at 
the other is fulerummed at 13 and connected with tl 
throttle valve of the engine by a link 14. The end 5 oi 
the lever 1 is kept in contact with the cam 3 by mean- 
of aspring 15 whichis provided with means of adjustment 
16. The upper end of the trip lever 9 is shaped to form 
a handle 17 whereby it may be operated by hand, and, 
if desired, means, such as a cord 18 passing around « 
pulley 19 and connected to the lower end of the trip 
lever 9, may be provided for actuating this lever from @ 
distance. By arranging a vacuum breaking valve 20 
under the actuating lever 11 so that the weight 12 will 
make contact with it and so cause it to open when the lever 
falls, the device may also be employed to admit air to the 





skip may be on its return journey to recéive the next 
charge. According to the invention, a small quenching 





condenser and thus destroy the vacuum. (Sealed.) 
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the form of a yoke by which a two-point trans- 
LABORATORY. verse load can be applied to a beam under test 
é : lin such a way as to maintain a uniform bending 

(Continued from page 602.) /moment over the middle section, irrespective of the 

Hydraulic Testing Machines.—In dealing with | distortion of the specimen. The yoke is carried 
the equipment of the department of the laboratory | on a short transverse shaft passing through roller 
concerned with timber mechanics, and giving some | bearings, which are attached to the underside of the 
account of the very extensive collection of testing! crosshead of the machine. The load is applied 
machines which has been installed, we may first refer | to the beam under test through two curved shoes, 
to the hydraulic machines of this class. A machine | carried in roller bearings on transverse shafts, 
embodying some unusual features is shown in Figs. 17| which are adjusted along the axis of the yoke to 
to 20, on Plate LXX. In the last of these figures the | any desired span between 2 ft. and 10 ft. The 
machine is shown set up for a transverse test on a| centre of curvature of each shoe is the centre of 
16-ft. span. It is a 100,000-Ib. single-lever universal | the bearing from which it is carried. The centres 
hydraulic machine built by Messrs. Joshua Buckton | of the three bearings are collinear, so that the pres- 
and Company, Limited, of Leeds, and designed to| sure on the shoes remains in a constant ratio 
take compression and tension test pieces up to 5 ft.| throughout the test, irrespective of the distortion 
long and beams up to 20 ft. span. The load is | of the beam; and as the shoes are at equal distances 
applied by a double-acting cylinder. Figs. 17 and | from the centre bearing, the load at the points of 
18 show the machine, respectively, in longitudinal | contact of the shoes with the beam remain equal 


and transverse elevation, and Fig. 19 is a sectional | throughout the test. Thus on distortion of the 
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Fig. 25. 
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plan of the weighing table. From these it will be 
seen that the weighing table is slung from the shackle 
of the overhead beam by a yoke which carries four 
tension rods. In addition to the hand drive, by 
which the poise weight of 2,000 Ib. is traversed along 
the beam, it may also be driven mechanically. 
The hand-traversing gear is contained in a column 
bolted to the upper part of the framework, and 
operated by the horizontal hand wheel at the base 
of the column, the mechanical gear being cut in or 
out through a two-way clutch in the head. The 
mechanical gear is driven by a variable-speed motor 
located at the top of the column. It applies the 
load at any desired uniform rate between 500 lb. and 
3,500 lb. per minute. The motor drives through 
a change gear-and clutch, operated by a lever at the 
lower part of the column, and a tachometer is driven 
by a belt off this gear. Another special arrangement 
is the provision of a load indicator geared to the 
poise-weight traversing mechanism in such a way 
that the net load on the specimen at any time during 
the test may be read directly from the dial of the 
instrument instead of off the steel-yard. The 
indicator is so constructed that when, at the begin- 
ning of a test on a given specimen, the ma hine 
is balanced against the weight of the specimen and 
shackle carried by the weighing table, the indicator 
can be set at zero. The load can thus be read 
directly from its dial, instead of reading the gross 
load from the steel-yard and having to deduct from 
each reading the value of the initial load on the 
weighing table, consisting of the weights of the 
specimen and shackle. The methods of spacing 
the support in a transverse test is shown in the 
sectional plan of the weighing table, Fig. 19. The 
divisions are 6-in. apart, and the holes opposite 
them are used to locate the position of the chairs, 
each reading denoting therefore the corresponding 
number of feet of span when the chairs are arranged 
symmetrically with reference to the centre of the 
machine. 

A new testing-machine attachment, supplied by 
Messrs. Samuel Denison and Sons, Limited, of Leeds, 
and shown in Figs. 25 to 28, on this page, takes 
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of application of the load. The yoke is designed for 
a maximum load of 25,000 lb., which it is thought 
will cover the maximum cross-section of the beams 
likely to be dealt with. Tests are in progress on 
three or four standard beam sizes, which will deter- 
mine the range of load to be applied, including the 
most suitable points for applying it. The latter will 
possibly be the points of trisection, or perhaps the 
quarter points. 

A 200,000-Ib. hydraulic Denison machine arranged 
for compression tests of specimens up to 8 ft. long 
and transverse tests up to 20 ft. span is shown in 
Fig. 29, on page 696. In this machine, which is 
intended for compression and transverse tests only 
and consequently has no tension head, the weighing 
table is supported on a symmetrical weighing 
system, and is compounded to a steelyard carrying 
a poise weight of 56 lb. This weight is arranged 
to be driven off an electric motor through a 
reduction gear, giving any desired rate of traverse 
from 1,500 lb. to 7,000 lb. per minute. The ram 
through which the load is applied works in a double- 
acting cylinder, and the machine is adjusted to be 
set for any specimen to the next highest step on the 
stepping rods, the final adjustment being made by 
lowering the ram. The steelyard shows an appreciable 
movement on the application of 4 lb. to the weighing 
table, and its error does not exceed 0-1 per cent. 
throughout its whole range, which is, in fact, the 
maximum error on any of the machines in the plant. 
A 100,000-Ib. Denison universal hydraulic machine, 
capable of dealing with compression and tension 
tests up to 5 ft. between the straining points, and 
transverse bending tests up to spans of 20 ft., is 
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shown in Figs. 21 to 24, on Plate LXXI. The 
weighing arrangements are similar to those of the 
200,000-lb. machine, except that the range} of 
speed of traverse of the poise weight lies between 
500 Ib. and 3,500 lb. per minute. In this machine 
the hydraulic cylinder is single acting, and the ram, 
which is hollow, acts on the return stroke as a 
cylinder working on a fixed ram, and thus provides 
a positive hydraulic lock. The arrangement is 
shown diagrammatically in Fig. 23. The height of 
the opening to suit the specimen is adjusted without 
lifting the ram by means of a motor which is carried 
on the cross-head, and is geared to raise or lower 
nuts on screwed straining rods. In addition to a 
hand-traversing gear, the poise weight can be 
operated by a variable-speed motor fixed on the 
side of the machine and driving through reduction 
gear, the speed of traverse being shown on a tacho- 
meter. The steelyard, like that of the 200,000-lb. 
machine, is graduated in thousands of pounds, and 
the screw which drives the poise weight is furnished 
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Fig.28 SECTION B.B. 
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with a micrometer head showing the subdivisions. 
The machine gives an appreciable movement on the 
lever for a load of 2 lb. on the weighing table, and 
its accuracy throughout its range is well within that 
of the larger machine. The control mechanism will 
be seen in the view of the machine given in Fig. 24. 


(To be continued.) 








PROGRESS IN POLAND. 


For centuries Poland was an independent king- 
dom with a coast line of several hundred miles along 
the shores of the Baltic ; at one time, it reached 
even to the Black Sea. It was split up in the eight- 
eenth century and divided among three countries, 
the largest slice going to Russia, a section along the 
Carpathians to Austria, and the Western section to 
Germany. During the Great War, the bulk of the 
country was devastated by invading or retreating 
armies of the three countries, and when, in 1918, 
the nation was reborn as a separate entity, it had an 
extraordinary number of complicated problems 
to face, with very little money, and many of 
the national assets in a state of almost complete 
chaos. Before the war, the countries ruling the 
three sections had done a great deal to prevent 
social and industrial development, and the higher 
posts from being held by men of the Polish race ; 
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in some areas local administrations and activities, 
in modern form, were almost non-existent. During 
the war, many of the schools, railways, railway 
stations, roads, bridges, and so on, were destroyed, 
and local treasuries were emptied or only left with 


worthless war paper money. At the time when the | 


state was beginning to settle down, the Bolshevic 


invasion took place, the Polish people, in 1921, | 
aided materially by French brains, holding up the | 
attack that had swept as far west as Thorn on the | 


Vistula. Some peoples in the past, and some at 
present, have shown but little fitness to govern 
themselves, to fulfil their obligations towards those 
within and without, or to carry on with efficiency 
and probity the administration of the innumerable 
forms of state and private enterprises necessary 
for the age we live in. The people of Poland do 
not, however, come into this class. The remarkable 
progress of the country during the last ten years, 
despite extraordinary difficulties, shows that the 
liberation and unification of that country have been 
amply justified. 

Of the various policies adopted by the Allies 


after the war, perhaps the most successful and the 


least belauded was that concerning Poland, a country 
that had no place on the map before the war, and the 
boundaries and activities of which are not realised 
by many people of education to-day. A lucid, 
well-balanced account regarding what is, to many 
people, almost a terra incognita can be of material 
interest and value to many people. Such an account 


is given by Mr. R. E. Kimens in Economic Conditions | 


in Poland, published by the Department of Overseas 
Trade (H.M. Stationery Office, 1s. 6d. net). 

The report opens with a short commercial sum- 
mary. The population in January, 1928, was a 
little over thirty million (about 30 to the square mile). 
In 1928 the imports weighed a little over 5 million 
tons, valued at about 78 million sterling, and 
consisted mainly of cotton and wool and including 
yarns, herrings, tea and foodstuffs, machinery, 
chemicals and tinplates; of the total imports in 
11 months of that year, the United Kingdom fur- 
nished 9-2 per cent., valued at 6-6 millions sterling. 
In the same 11 months the exports were about 20°4 
million tons, worth 5-8 millions sterling, of which 
the United Kingdom took 8°6 per cent., valued at 
4-6 millions sterling. 

Modern Poland came into being on November 11, 
1918, the Soviet war lasted until March, 1921, and 
Upper Silesia was only incorporated in July, 1922. 
Though the country was faced, as a result of the 
war, by inadequate financial resources, inflation and 
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depreciation of currency, yet a retrospective com-|more advantageous for Polish people to possess; requirements. Mr. Kimens considers, however, 
parison of the conditions prevailing in 1918 and | Polish money on which a higher interest can be| that as the British proportion of the increased 
1928, gives ample proof of great improvement |earned, than to hold foreign specie. The cover | imports was only 9 per cent. the expansion of that 


and development in all aspects of the economic 
and financial life of the country, in political stability 
and in greater internal consolidation. The economic 
improvement began in the second half of 1926, 
continuing during 1927 and 1928. During the 
year 1928, production was increased in industry 
and mining, a number of the unemployed were 
absorbed, agriculture showed a better yield, railway 





for Bank of Poland notes in gold and stable cur- | trade in Poland was insufficient, and that unless 
rencies fell somewhat during the year, but made | greater efforts are made the trade will not expand 
a material recovery, being 63 per cent., the statutory | as it should. The reasons for this situation regarding 
minimum being 40 per cent. The Budget showed | British traders are: (a) High prices and reluctance 
a surplus. to sell on credit ; (b) lack of confidence in Polish 

It was originally intended to increase the Customs | business ; (c) under estimation of the potentiality of 
dues proportionately beyond those based on the|the market and (d) inadequate adaptation to the 
rates in 1924, when the zloty had a par value of 25:22 | local business methods. It is pointed out that lack 
of confidence was understandable in early years, but 








and sea traffic increased. The exchange remained | tothe£. Fearsof increased all-round prices, however, 
stable, the budget anticipations were to a large jcaused the Government to make a partial assess- | nowthat thecurrency has become morestabilised, and 
extent fulfilled and undertakings regarding foreign | ment, the basis depending on whether they were | provided necessary caution is exercised, trading does 


loans were carried out. The adverse factors were | 
the foreign trade balance of 19-7 million sterling 
caused by the expansion of imports of machinery, 
plant and raw materials and semi-manufactured 
goods, and by the failure to increase exports to 
any large extent. The increased call for eta 
for capital investments and working capital by 
industry, owing to rapid development, led to a 
dearness of money; .n fact all through Mr. 
Kimen’s Report one gleans that it is a lack of | 
capital and not lack of energy or natural resources, 
which is tending to hold the country back. Some 
British traders in 1928 experienced difficulty in 
obtaining payment, but the losses sustained did 
not exceed average business risks, in spite of 
the larger volume of trade and keener local and 
foreign competition. The official bank rate during 
1928 was 8 per cent. The increased requirements 
for working capital were in excess of the increase 
in bank deposits, leading to the extension of business 
on a credit basis. Now that the currency troubles 
have greatly diminished, it is found, apparently, 








goods not manufactured at home, general goods and | not offer more than normal risks. Other countries 
luxury goods. The license system of imports was | have understood this, and their competition has 
ameliorated and _ following representations by | become more pronounced, thanks to competitive 
Czechoslovakia many duties were reduced to their | prices, long term credits and the employment of 
previous level. Owing to the most favoured | reliable agents. ’ 
nation treatment, Great Britain benefited from the! Such complaints are commonplace regarding 
reductions. | British traders almost all over the world. Rumours 
The opinion of the Government and of most of the have undoubtedly been spread regarding the dangers 
financial and business circles, is that the growth of | of this or that market by those who wish to monopo- 
imports has been due to the necessity for the impor- | lise the benefits of it for themselves. Political and 
tation of large quantities of machinery, plant and | general conditions in the past have placed obstacles 
raw materials, for the creation of new works or the | in the way of the entry of many better class indivi- 
modernisations of existing establishments, and that | duals into the ranks of business and commerce in 
when the country begins to benefit from the existing | Poland, and have tended to drive much of the trade 
capital investments the balance will be more favour- | of that country into the hands of persons of an 
able. Export trade has been encouraged by! undesirable type; but the country could not have 
preferential railway rates and taxation, and a| progressed as it undoubtedly has done during the 
drawback on customs duty on raw and semi-raw | last decade, unless there had been a great deal of 
materials used in making exported goods. During | sound business going on in the hands of those who 
1928, the British export trade took a greater interest | knew how to do it. Poland has no monopoly of 
in Poland than formerly, showing in a larger measure | swindlers ; in all countries of the world inquiry and 
willingness to offer goods corresponding to local | precautions are necessary preliminaries to material 
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business. Regarding credit at home, every day | steelworks, cargoes coming through Danzig or 


so-called British finance is getting more cosmo- 
politan, and our traders have complained again and 
again that in neutral markets their foreign com- 
petitors have been financed from London, some- 
times by individuals who proclaim the unsoundness 
of the business methods of those foreign houses that 
they themselves are never tired of supporting. 

There has been a customs dispute between Poland 
and Germany for some years which has placed 
the United Kingdom in a privileged position in the 
Polish market, although despite this obstacle 
Germany has been able to compete successfully with 
the United Kingdom, and it is considered that when 
a new commercial treaty has been concluded with 
Germany with the grant of most-favoured-nation 
treatment to that country, Great Britain will be in 
an extremely difficult position. A greater imme- 
diate effort to cultivate trade with the country 
appears, therefore, essential and should give good 
results. 

It is recommended in the Report that if British 
manufacturers desire to increase trade with the 
country they should study the market and the 
questions of competitive prices and credit sales, the 
latter, of course, provided adequate security is 
given. Correspondence should be carried on in 
Polish if possible; if not, in French or German. 
Full tenders with drawings, photos and catalogues 
should be submitted, and greater expedition shown 
in dealing with correspondence. The use of the 
metric system is recommended. Reliable agents 
should be appointed and periodically visited ; ex- 
haustive preliminary inquiries may be made through 
a reliable local inquiry office or bank or through 
offices of the commercial or diplomatic services. 
Customs tariffs, import regulations, and transport 
conditions should be studied. 

Regarding import trade, spinning machinery is 
largely in the hands of Lancashire, but in weav- 
ing and finishing machinery, Germany, Switzerland, 
and local makers put up keen competition. High 
prices and reluctance to grant the two to five years’ 
credit granted readily by other countries restrict 
the share of the United Kingdom regarding electrical 
and general machinery. A small trade is done with 
the United Kingdom in heavy agricultural machines 
and portable engines, but competition is increasing. 
The industrial development has caused an increas- 
ing demand for machine tools, increasing interest 
being shown in United Kingdom manufactures, but 
high prices and stiff conditions of payment are 
handicapping trade. Makers in the United Kingdom 
have until recently completely neglected the Polish 
market regarding motor-cars, accounting for not 
more than 2 per cent. to 3 per cent. of the number ; 
the potentialities of this trade are considerable. 
It might be pointed out that the bulk of the motor- 
buses used are American in origin. There is a 
demand for English cycles and motor-cycles. 

During the year, industry was hampered by 
dearness of money and from frequent strikes and 
labour troubles. There was an all-round increase 
in production, but the lowered overhead charges 
were counterbalanced by higher wages and dear 
money. The policy of the Government has remained 
protectionist, and, owing to the difficulty of com- 
peting with local productions, there has been a 
marked growth in the interest of foreign capital in 
Polish industrial undertakings; enterprises’ have 
been, or are being, started with mixed capital in which 
British, American, Swiss, Belgian, or German houses 
are interested. The participation of the Govern- 
ment in some industrial undertakings has, however, 
been criticised in some quarters as tending towards 
the hampering of private initiative. The geo- 
graphical position of Poland in respect to the Balkans 
and Baltic States is favourable from a manufac- 
turing point of view, and during the last few months 
Poland has been making efforts towards an improve- 
ment of the railway connections with Roumania 
and Black Sea ports. 

The iron and steel industries were well occupied 
during the year ; local wagon and locomotive works 
received sufficient orders from the Government ; 
developments also took place regarding electrical 
and mechanical engineering. Although not men- 
tioned in the Report, quite a remarkable trade has 
grown-up recently in the import of scrap for Silesian 





Gdynia (the new port on the Baltic, in the Polish 
Corridor, to the West of Danzig), not merely from 
Baltic and other European ports, but also from the 
United States, and even Japan. It may also be 
stated that the making of steel pipes for water 
power installations, reinforced with shrunk-on rings, 
has, for some time, been an export speciality of a 
Polish steel-works. 

The building trade has been active, although the 
shortage of housing still persists; the production 
of cement increased from 600,000 tons to 1,000,000 
tons. Agriculture, the greatest asset to the country, 
is developing steadily, but progress is slow, being 
hampered by lack of working capital. Some 
successful efforts have been made abroad to obtain 
credit for agricultural purposes. As in some other 
European countries efforts are being made to 
consolidate scattered holdings to make them more 
valuable; the value of agricultural land is rising. 
Owing to a special convention, 1} million cub. m. 
of sawn timber were exported to Germany, and the 
rise in prices of logs made it difficult for exporters 
to convert their raw material for the English 
market. 

The coal production was 40-6 million tons, 
practically the same as that of 1913. The internal 
consumption was 27-5 million tons, and of the 
remainder, part went by rail to Austria, Hungary, 
the Balkans and Italy, and 7-25 millions by sea, 
via Danzig and Gdynia to Scandinavia. The output, 
daily, per man-shift rose and reached 1,288 kg. 
(a little over 25 cwt.), the earnings for an eight- 
hour day being between 7-44 zloty and 9-48 zloty 
in 1925. It might here be noted that Germany 
wishing once again to dominate Polish affairs, 
a tariff war developed, and an embargo was 
put on Polish coal entering Germany. To find a 
market the Scandinavian markets were entered ; 
the freight for coal from Polish Silesia to Danzic 
or Gdynia is very low, being 3s. 4d. per ton. 

About a million tons of steel were produced in 
Upper Silesia, and over a quarter of a million tons 
of sulphuric acid. The increased industrial activity 
and exports led to an expansion of railway traffic, 
and the surplus from the normal-gauge railways of 
about 5-3 million sterling was used in the main 
for the construction of new lines and rolling-stock. 

There was a great increase in the number of 
registered motor vehicles, the total reaching about 
31,000 at the end of the year ; the sales of American, 
French, Italian, and other European motor cars con- 
tinues to increase. The market for light commercial 
vehicles is estimated at 1,000 taxis and 1,000 light 
omnibuses per year. Apart from a number of taxis, 
“ the British vehicle is conspicuous by its absence ;”’ 
however, the majority of the 600 motor cycles are 
of British make. The construction of the Port of 
Gdynia continued energetically ; a cold storage and 
refrigerating plant, of 7,500 tons capacity, will be 
in service shortly. In 1928, the tonnage handled 
rose from 896 thousand tons to 1,956 thousand tons. 
A direct service of steamers has been arranged from 
Gdynia to South America to take emigrants and 
freight, and an Anglo-Polish Company has been 
formed to run ships to London and Hull. Gdynia 
will supplement, and not compete with the trade of 
Danzig. In the absence of much emigration, it is 
the policy of the Government to absorb the annual 
increase in population by increased activities in 
agriculture, industries, and mining. There still 
remains a considerable seasonal emigration to 
Germany. This seems strange, considering the 
widely-advertised figures concerning German un- 
employment. 

The author of the Report thinks there is a large 
opening for British firms, provided they employ 
a first-class agent or associate themselves with a 
local firm of contractors with good Government, 
municipal and business connections, and are ready 
to finance the schemes. It is considered that there 
are opportunities regarding the electrification of 
light railways, and horse tramways, the construction 
of a Warsaw underground railway, steam or hydro- 
electric plants, waterworks, refuse destructors, 
grain elevators, and road construction. The Report 
is concluded by a number of interesting tables con- 
taining useful data. An interesting commentary on 
the state of chaos in Russia can be seen from the 
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fact that only 1-1 per cent. of Poland’s imports, 


and 1-5 per cent. of its exports relate to that 
country. 

Poland has been forced by strategic, if for no other 
reasons, to make itself to a material extent self- 
supporting, and to adopt a policy materially protec- 
tive. It is a country rich in potentialities, in non- 
gassy coal, oil, natural gas, zinc, rock salt, and 
many other minerals; it has vast forests and a 
soil amenable to treatment. Its contours are 
favourable to transport, its trade position advantage- 
ous, but in the past it has been economically starved ; 
it is still suffering from want of capital. The 
worst friends of Poland are those who invest money 
in that country through foreign financial institutions 
inherently hostile to it; there are, to-day, in exist- 
ance financial and other houses of standing anxious 
to forward the co-operation of British and Polish 
interests on a sound basis. <A country that is under- 
going rapid development requires large quantities 
of plant and speciality manufactures. Poland has 
shown a remarkable recuperative capacity; it is 
anxious that those who do business with it should 
take reasonable precautions and obtain satisfaction 
from their efforts; it wants to take a place in the 
comity of nations worthy of that which it held in 
past times, of its natural resources, and of the energies 
and capacities of its people. 








THE WELLAND SHIP CANAL.— 
VII*—continued. 


THE final location of the new channel at the north 
and south ends of Section No.7 was only settled 
in 1924. Tenders were invited in October of that 
year, and at the end of December a contract was 
awarded to the Canadian Dredging Company, 
Limited, then already engaged upon Section No. 5, 
where they had been at work since the commence- 
ment of the undertaking. Early in 1925 prepara- 
tions were made by clearing some 40 acres of dis- 
posal area. The Canadian Dredging Company 
sublet all dry excavation and concrete work, confining 
their own work to dredging. From the cross sections 
given in Figs. 156 to 160, page 670 ante, it will be seen 
that the excavation consisted almost entirely of earth 
from the north end of the section to Station No. 
1250, from about which point to the south end the 
main excavation was in rock. The total excavation 
involved in this section was the largest of any, 
amounting to 11,471,000 c. yds., of which 9,857,000 
c. yds. were earth and 1,614,000 rock. So far 
as earth excavation was concerned, however, the 
quantity was exceeded by Section No. 6 to the 
north, while the rock in Section No. 8 exceeded 
that on this section. 

In April, 1925, work was commenced at the south 
end of the section by stripping the overburden by 
means of a large electrically operated Bucyrus 
drag-line machine, and following this up with 
drilling and blasting. An attempt was first made 
to complete this rock excavation down to the final 
bottom level of El. + 541-5, but on reaching 
El. + 557 seepage through rock seams became 
so heavy that it was decided not to go below this 
for the first cut. The bulk of the water came from 
the neighbouring existing canal, and drilling and 
grouting on a considerable scale were therefore 
resorted to in the strip of rock between the two. 
This reduced the flow, but the trouble was only 
ultimately met by sinking a 20 ft. by 12ft. sump shaft 
about 60 ft. east of the east side of the prism, at 
Station No. 1272, and driving a tunnel from this to 
a point in the new canal prism. Three electrically- 
driven centrifugal pumps, with an aggregate 
capacity of 16,000 g.p.m. were installed in the sump. 
Near the north end a second sump was excavated ; 
two other pumps were installed in this, and with 
these the flow was kept under control. In 1925, 
drilling and blasting were carried on night and day, 
and some 25 per cent. of the rock excavation was 
completed. The work involved a good deal of close 
drilling to form the vertical sides of the rock cut. 
All these operations relate to the stretch of new 
channel south of the commencement of the cut 
across Ramey’s Bend, i.e., from about Station 
No. 1260 to No. 1280. In the following year this 





* The first part of Article VII appeared on page 668 ante. 
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stretch was practically completed to final bottom | 


level, 
dry. 
and connection made with the present canal by 
dredging. The amount of close drilling required 
on this part of the canal was about 30,000 sq. yards. 


and the concrete facing walls built in the 


In December, 1927, this stretch was flooded | 


the 1928 season saw the prism practically finished | holes being about 15 ft. from the finished face. 


All the rock excavated was disposed of on the | 


nearby west dumps. 
view taken of a submarine blast at Ramey’s Bend, 
after flooding. 


Fig. 178, Plate LX XII, is a| 


Earth excavation in the dry to the north also) 
began at several points in 1925, and was continued | 


in the following years, including the excavation at 
the west abutment sites for Bridges Nos. 14 and 
16 in 1925, and No. 17 in 1926. 
also put to work in 1925, namely, a dipper dredger, 
an hydraulic dredger, and a grab bucket dredger. 


Three dredgers were | 
| standard type of concrete slab protection has been | crete should still be finished to a neat face if the 


In this, year the material handled by the first and | 


last of these machines was loaded into barges and 
dumped in Lake Erie. That excavated by the 
hydraulic dredger further north was used for filling 
the old feeder channel previously referred to. 
year saw a slide of some magnitude develop on the 
west bank in the northern part of the section, and 
dredging equipment had to be concentrated on 
this in March and April, 1926, in order to clear the 
channel by the openmng of navigation. 
material was disposed o* hydraulically in a pond 


'on the other hand, for which the pre-existing east 
| bank has been utilised, slab protection has not 


This | 


This | 


made on the west side of the canal, the work being | 


completed by May, 1926. In 1926 the equipment 


was reinforced by another hydraulic dredger with | 
24-in. pump, and together the two machines of this | 


type practically completed the channel for nearly 
two miles. 
on bridge sites, and prism excavation. Fig. 179, 
on Plate LX XII, shows a dredger at work clearing 
away material on the west side, the narrow channel 


Two dipper dredgers were also at work | 


on the left being that cut in the dry for laying the | 


bank protection. 
4,708,000 ¢c. yds. 


To the end of March, 1927, some | 
of earth excavation had been | the holes were drilled at from 6 in. to 12 in. centres. 


| final stages the dredgers were assisted by a drag-line | thick, and where necessary was tied to the 








Biaw-Knox TRAVELLING Forms EMPLOYED FOR Factna WALLS IN Rock Curt. 


accomplished. The hydraulic dredgers continued ; The former was adopted when the finished face 
operations in 1927, and part of 1928. By March of | was exposed rock, and the latter when a concrete 
the latter year 7,823,000 c. yds., or 80 per cent. of | facing wall was employed. No blasts were allowed 
the total earth excavation, had been completed, and | in the close-drilled holes, as a general rule the firing 
The 
5 ft. 
rock 
machine excavating on the west side above water | sides by anchor rods. The anchor bolts were 
level and side-casting its material for subsequent | generally 1} in. rods, 12 ft. long, let into the rock 
rehandling by the hydraulic machines. By the end for about 6 ft. in almost horizontal holes 3-in. in 
of December, 1928, the rock excavation accomplished | diameter and grouted, the projecting length being 
amounted to a total of 1,227,000 c. yds. or 76 per | bent to a curve to hold well in the concrete. The 
cent. of the total, and the earth to 9,210, 000 | concrete work was carried down below normal canal 
ce. yds., or 93 per cent. of the total. | bottom, into a trench, as indicated in Figs. 159 and 

Throughout the section on the west bank the | 160, page 670 ante. This was done so that the con- 


as far as earth excavation was concerned. In the | concrete facing was in the majority of cases 


employed, except at two points where the new bank | canal were deepened at a future date. The facing 
developed signs of instability. On the east bank | walls of the rock cut were constructed by means of 
| travelling Blaw-Knox forms, in lengths of 30 ft. 
Two sets of these were used, and it was possible to 
been attempted, its place being here taken by stone | pour a complete section in ten hours to full height. 
pitching. This pitching is laid along the bank |The rate of progress may be judged by the fact 
for a vertical height of 12 ft., the large material | that between the middle of August, 1926 and the 
being limited to 8 in. cubes. The two points on the | end of that season, some 1,530 lin. ft. of work were 
west bank referred to above are in the vicinity of | placed. 
the junction of the new channel with the old feeder, | | The Blaw-Knox forms employed consisted of 
at about Station No. 1040, and further south at | | travelling units of steel framing from which was 
about Station No. 1200, opposite a large spoil | suspended shuttering for the full height of 44 ft. 
disposal area known as Wainfleet Marsh. ‘At both | The frames, &c., are illustrated in Fig. 173, above, 
these points all material which gave any indication | and the drawings Figs. 174 to 176, on page 699. In 
of probable movement has been removed and rock | common with the travelling forms used on the 
dumped in its place, as in other cases of a similar | twin-locks structure, described in our issue of 
character referred to in connection with previous | August 2 (page 129), these were supplied by the 
sections. | Blaw-Knox Company, of Pittsburgh, whose repre- 
In cutting the channel through rock at the south | | sentatives in this country are Messrs. Blaw-Knox, 





|end of the section, the sides were cut by means of | Limited, Wellington House, Strand, London, W.C.2. 


|The frames, built up mainly of angles, and shown in 
elevation, at right angles to the work, in Fig. 174, 
had a wide base and tapered towards the top, where 
an overhanging extension was provided on the side 


close drilling. The use of channelling machines, | 
adopted on the sections further north, was not 
| attempted. In close drilling to form neat faces 
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In order to avoid spalling on the water line from 


177. 


}on Plate LX XIII. The next year, 1926, saw the west 


weather effects, it was stipulated that all concrete | main pier similarly completed, the process of sinking 
work in walls and piers from 3 ft. below regulated | the caisson being shown in Fig. 184, Plate LX XIII. 
water level to 3 ft. above, should be poured | A contract for the superstructure of Bridge 
continuously, an extra rich mixture being used| No. 14 was placed in September, 1927, erection 





for this part of the work. Concreting during 
freezing weather was only permitted if precautions 
were taken to heat the concrete and protect the 
work subsequently for at least five days, keeping it 
at 50 deg. F. during that time. This involved 
covering it in. 

In the contract awarded it was stipulated that 
work should be expedited in connection with two 
particular bridges. One of these was Bridge No. 14 
at Welland, and the other was Bridge No. 17 
carrying the Wabash line of the Canadian National 
Railways over the canal. The object of pushing 
work on the former was to enable the traffic of 
Main-street, Welland, to be diverted so that recon- 
struction could be taken in hand at the site of 
Bridge No. 13, wher? an old swing bridge existed. 
In the case of the Wabash bridge, a temporary 
track diversion was necessary, and until this was 
in commission it was not possible to commence 
on the permanent structure. 

As already noted, it was decided that Bridge No. 
14 should be a vertical lift bridge. Work was 
commenced on the foundations for this in the 
summer of 1925, when the west abutment was built 


in the dry, and the east within a steel sheet pile | 


cofferdam. In the latter work the site was first 
partially excavated by dredging and piles for the 
centre monolith were driven. Sheet piling was 
then driven round three sides, to form, with the 
bank, a watertight enclosure. This cofferdam is 
shown in Fig. 182, on Plate LX XIII. Interior brac- 
ing was framed and placed in position as the water 
level inside was lowered. After unwatering, exca- 
vation was completed, the balance of the bearing 
piles driven, and concreting proceeded with. The 
east main pier was also completed in the same year, 
a reinforced-concrete caisson being employed, as 
already described. This is shown in Fig. 183, 


| being begun on December 12 and_ practically 
|completed by the opening of navigation in April, 
| 1928. Fig. 177, above, gives an excellent idea 
|} of the finished bridge and is typical of the canal 
| bridges of this class. 
| Taking the bridges chronologically instead of in 
|sequence along the canal, Bridge No. 17 may be 
dealt with next. As soon as the contract was 
awarded for the section, work was put in hand on 
the railway diversion at this point. A site for a 
temporary crossing was found some 150 ft. south 
| of the existing swing bridge, and here a temporary 
pivot pier and abutments were constructed in the 
/summer of 1925. The pivot pier was of concrete, 
| with pile fenders, but the abutments were of timber 
construction. After the close of navigation, at the 
end of 1925, the swing bridge, a relatively small 
structure, was floated off its original setting, on 
barges, as shown in Fig. 180, on Plate LX XII, and 
| moved to the new temporary site, and, this having 
| been accomplished, the demolition of the old 
|piers was taken in hand so that the new piers 
/could be built in the summer of 1926. These 
| piers were commenced in April and completed in 
November, floating caissons being resorted to, as 
| above described, for the main piers, and sheet- 
| pile enclosures for intermediate piers, the latter 
/necessitated by the banks at this point being 
carried back on a flatter slope than usual owing 
| to the tendency for slides to develop, as noted above. 
| While the new east pier was being built only the 
| west channel past the temporary bridge was used by 
|shipping. The superstructure for Bridge No. 17 
| was ordered in August, 1926, and erection at site 
began in December of that year. In April, 1927, 
| erection was sufficiently advanced for the opening of 
| navigation not to be interfered with, and the bridge 
| was opened for traffic in May. Operation since has 





BripGe No. 14 CoMPLETED, WITH SPAN LIFTED. 


proved eminently satisfactory, only troubles of a 
very minor nature having developed. 

Work on Bridge No. 16 was put in hand in 1925, 
when the west abutment was built in the dry. 
The pre-existing bridge at this point was a swing 
bridge pivoted on the west bank of the present 
canal. In 1925 a channel sufficient for present 
navigation requirements was dredged on the west 
side of the pivot pier, so that the old east channel 
could be closed in 1926 and the east pier built without 
interfering with shipping. In the summer of 1926 the 
west main pier was completed in the dry, and the east 
pier caisson floated into position and sunk, for 
completion, with the east abutment, in 1927. This 
abutment was constructed in a cofferdam in a 
manner similar to that described in connection with 
Bridge No. 14 above. The contract for the super- 
structure of this bridge was awarded at the same 
time as that for Bridge No. 14, erection on site’ 
was begun simultaneously and completed for both 
at the same time. 

The site of Bridge No. 13 at Main-street, Welland, 
was formerly occupied by a swing bridge over the 
present canal. In 1926, Bridge No. 14 not having 
been completed as early as expected, it was decided 
to move the old Main-street swing bridge to a site 
a short distance south, so as to interfere as little 
as possible with the city traffic, during progress on 
the new structure. Temporary substructures were, 
therefore, prepared a block distant, and during the 
closed navigation season the swing bridge was 
transferred to the temporary site. This operation is 
shown in Fig. 181, on Plate LX XII. Early in 1927 
the old substructures were removed and the sites 
| prepared for the new east and west piers, by dredging 
and the driving of foundation piles under water. 
In the summer the west pier caisson was floated 
into position and sunk. In the autumn, while 
the east pier caisson was under construction 
it flooded prematurely and sank to the bot- 
tom. A timber cofferdam, shown in Fig. 185, on 
Plate LX XIII, was built round the top, and when it 
had been pumped out sufficiently to allow the 











Nov. 29, 1929.| 
caisson to rise 10 ft. it collapsed and the caisson 
again settled. The accident was, unfortunately, 
attended by loss of life. The crib was ultimately 
successfully raised and placed in position in the 
summer of 1928. The west pier for this bridge 
was completed in September, 1927, and the east pier 
in July, 1928. The east and west abutments were 
built inside cofferdams in 1928. Bridge No. 13 
is the only bridge on the canal which is appreciably 
on the skew, the angle being over 22 deg. off the 
square. As the bridge has a roadway width of 
30 ft. compared with the 20 ft. of others, the pier 
caissons in this instance were made 9 ft. longer than 
the standard possible for the rest. The bridge is 
to be completed in 1930. 

Bridge No. 18 foundations were only taken in 
hand in 1927, when the east and west abutment 
piers were put in as well as the west main pier. 
The east main pier was built in 1928, the floating 
caisson method being employed for both main piers. 

The general progress on Section No. 7 is illus- 
trated by the following figures :— 














TaBLeE V.—Percentages Completed. 
| | 
—— | 1925-26 1926-27.| 1927-28, 1928-29. 

4 | | | 
Rock excavation os 25 50 | 64 | 78 
Earth excavation 31 48 |; 80 | 94 
Concrete placed te 4 26 73 76 
Concrete slope protec- 

tion .. cs A ie sy 30 99 | 100 


| 
| 





The contract when awarded was based on the 
following rates, among others :— 


Rock excavation, including 


disposal ... eer --- 1-90 dols. per cub. yd. 
Earth excavation, including 

disposal ... = ace, OPER 5, ~ “gs A 
Puddle Oe ns bs + 
Mass concrete nee oe Oe. 8S ve ES 
Concrete protection to 

banks... wee ce, EG. -55 ye wo 
Stone protection to banks 3-00 ,, os re 
Round bearing piles . $125 ,, perlin ft. 
Round bearing piles in tem- 

porary bridge structures, 

Cc. ae ar see. “OSE ee 

Steel sheet piling ... <<: O06 ,, perl: 
Removing steel sheet piling 0-02 ,, a 
Drilling horizontal 2-in. 

holes for rock bolts 0:75 ,, perlin. ft. 
Drilling horizontal 3-in. 

holes for rock bolts ... 1:00 ,,_ ,, a 
Close drilling sides of rock 

cut see sae .. 38:50 ,, persgq. yd. 
Guniting rock faces Eee Se, ixs - 


Prices for concrete work were exclusive of cement, 
which was furnished by the Department of Railways 
and Canals. 








UNSTEADY JET FLOW FROM 
PELTON WHEEL NOZZLES. 


By R. H. Evans. 


In order to obtain an estimate of the effect of 
an unsteady jet on the overall efficiency of a Pelton 
wheel a gate valve was fixed immediately behind 
the nozzle. Since the efficiency of an impulse 
turbine depends on the maintenance of the correct 
ratio of peripheral velocity of bucket and velocity 
of jet the wheel was run throughout at its most 
efficient speed, the correct value of this ratio being 
determined by preliminary experiments. As will 
be seen later, the overall efficiency falls rapidly 
when the jet becomes unsteady. 

The experiments were carried out on a 7 h.p. 


Pelton wheel, 14} in. diameter, at Leeds University. | 


The wheel is provided with a hand operated needle 
regulator and with calibrated Budenberg pressure 


gauges. A variable speed centrifugal pump delivered | 


water through a 4-in. main and a suitable Venturi 
meter, the latter recording the quantity of water 
supplied to the wheel. A series of experiments 
were carried out for five operating heads, ranging 
from 70 ft. to 150 ft. of water, and the following 
results under a head of 118 ft. are very typical. 
In connection with the correct ratio of bucket 
velocity and jet velocity preliminary experiments 
showed that its value diminished when a loss of 
head occurred at the valve. Thus, with a head of 
70 ft. behind the nozzle and a loss of 40 ft. at 
the valve, the ratio of bucket velocity and jet 
velocity is reduced from its normal value of 0-45 
(for this particular wheel) to 0-38. 


ENGIN 
| In Fig. 1 the overall efficiency of the wheel is 
| plotted against W.H.P. when the head at the 
|nozzle is maintained constant at 118 ft. Curve A 
|shows the efficiency under normal conditions or 
| with no loss of head at the valve, and B the effi- 
| ciency when the drop of head at the valve is 8 ft. 
| It will be noticed that the efficiency is reduced by 
| about 29 per cent. in the case of curve B. Further, 
|as would be expected, the effect of any disturbance 
in the nozzle will diminish as the needle regulator 
iis closed. 

In order to study the effect of the amount of 
reduction of head at the valve on the overall effi- 
ciency of the turbine it was run with a constant 
head behind the nozzle and with the loss of head at 
the valve increased in suitable increments. This 
was again done for five heads of water, and the 
results illustrated in Fig. 2 are those obtained for 
a head of 118 ft. In this case the ratio of bucket 
velocity and jet velocity was taken to have an 
average value of 0-43. It will be seen that the 
efficiency falls very rapidly at first and rises some- 
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| (1648.8.) 
| what later. This rise, with an appreciable loss 
lof head at the valve, also occurred at the other 
| supply heads, and a larger range showed that the 
‘efficiency became approximately constant. In 
|connection with Fig. 2 it may be stated that the 
wheel was approximately on three-quarter full 
load. 

The above results show that it is very desirable 
to fit a series of guides behind the needle, parallel 
|to the axis, so as to eliminate any whirl in the 
water and reduce the amount of turbulence near 
the jet. Very often a bend or elbow occurs in 
the pipe line just behind the nozzle and, as the 
| flow in an easy bend is similar to that in a free 
| vortex, the equalisation of velocities leads to 
| eddy formation in the nozzle. In the Seewer 
deflector method of regulating the speed of Pelton 
wheels, the jet is made to whirl on sudden changes 
of load by a series of guide vanes mounted on 
trunnions in the body of the nozzle. 











Roap IMPROVEMENTS IN DENMARK.—The Commerical 
Secretary at Copenhagen has reported to the Department 
of Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
that various road improvements are projected in 
Denmark. Interested British firms may obtain further 
particulars on application to the Department, at the 
above address, quoting Reference No. A.X. 8823. 











THE Report of the Board of Education on the 
work of the Science Museum during 1927 and 1928 
includes an account of the arrangement of the 
new galleries of the Eastern Block, which were 
opened by the King in March, 1928. This official 
opening naturally called public attention to the 
valuable national collections, illustrating physical 
science, engineering and certain branches of in- 
dustry, and led immediately to a large increase in 
the attendances. In April, 1928, alone, the visitors 
numbered 138,000. Through, it may be presumed, 
the great majority have little knowledge of science 
or engineering, we are glad to note that there is a 
considerable increase in the number of visitors who 
do possess technical knowledge, and who visit the 
Museum with a definite object. It is probable, 
however, that persons from other parts of the 
country and from abroad who visit London are 
none too well informed about the wealth of material 
in the Museum, and it is possible still more could 
be done to attract the student, the teacher, and the 
technical man. During the two years under review 
the Museum acquired between three and four 
thousand new objects, among which we notice 
the first vessel driven by steam turbines, the 
Turbinia, and the original Wright aeroplane, 
which has been lent to the Museum by Mr. Orville 
Wright. In the scientific collections can now be 
seen a replica of Huygens’ pendulum clock, the 
prism with which Wollaston discovered dark lines 
in the solar spectrum, the models designed by 
Sir J. A. Ewing to illustrate his theory of magnetism, 
copies of the original apparatus of Hertz and Dr. 
Aston’s original mass spectrograph. 

The Library of the Museum now contains about 
195,000 volumes, but the sum allowed for the 
purchase of new books is far from adequate, and the 
Advisory Council has drawn the attention of the 
Board of Education to this matter. In 1926 it 
became possible for the Library to lend books 
to Government Departments and scientific and 
technical societies, and in 1928 no fewer than 
3,325 works were issued on loan. As the most 
important national library dealing with science and 
engineering it deserves the fullest possible support 
from the Government and technical institutions. 

A recent development in the work of the Museum 
has been the holding of special collections of a 
commemorative character. Such an exhibition was 
displayed in connection with the Solar Kclipse 
of 1927, another commemorated the bicentenary 
of Newton, others were arranged by the Woollen 
and Worsted Research Association and the Non- 
Ferrous Metals Research Association, while another 
illustrated the development of weighing machines. 
Earlier this year we gave an account of the special 
exhibition arranged to commemorate the centenary 
of the Rainhill Locomotive Trials, and we now 
have pleasure in calling attention to the collection 
of historical scientific apparatus belonging to the 
Royal Institution which has been arranged in the 
main vestibule and which was opened by Sir William 
Bragg on Friday, November 15. Founded in 1799 
by Rumford, the Royal Institution, during the 
course of its existence, has been the scene of the 
labours of Young, Davy, Brande, Faraday, Tyndall, 
Rayleigh, Dewar and others, and much of the 
apparatus used by those eminent men has been 
preserved. Owing to the reconstruction work in 
progress at the Royal Institution this apparatus had 
to be removed, and by permission of the President 
of the Board of Education a part of it has been 
placed on public view at the Museum and visitors, 
most of whom probably know nothing of the 
history of the Royal Institution, will be able to 
study the batteries used by Davy for the isolation 
of sodium and potassium, his miners’ safety lamps, 
Faraday’s first sample of benzene and his historic 
iron ring with which he discovered electro-magnetic 
induction. Tyndall’s work is recalled by the 
apparatus he used to investigate the absorption of 
heat by gases and vapours, his broth phials for 
disproving the theory of the spontaneous generation 
of life, and apparatus for the study of sound. There 
is also a representative collection to illustrate 
the work of Dewar on the elements at low 
temperature, while some X-Ray instruments and 
models illustrate work now proceeding in the Royal 
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Institution. It has been our custom for many years 
to give prominence to the lectures and researches 
at the Royal Institution, and we are sure many of our 
readers will be glad of the opportunity of studying 
these historic relics of great researches. Much 
labour has been involved in labelling the objects 
correctly, and it is unfortunate that owing to the 
unsatisfactory system of artificial lighting it is a 
difficult matter to read some of the descriptions. 
One notable instance of this is the label to Faraday’s 
famous ring. We have heard many complaints 
regarding the lighting, and we believe visitors would 
much appreciate any improvement that can be 
effected. We understand that the objects now on 
view are only a small portion of the collections 
belonging to the Royal Institution, but the intrinsic 
interest in them is so great that we hope a brief 
catalogue of them will soon be made available. 








150-H.P. AIRLESS-INJECTION CABLE- 
PLOUGHING ENGINE. 

Tue chief disadvantages which militate against 
the employment of high-speed airless injection engines 
for road-vehicle work are the relatively high weight, and 
lack of flexibility, as compared with petrol engines. 
Neither of these factors, however, are of primary 
importance in agricultural machinery, and for such 
purposes as cable ploughing, the low fuel cost and 
safety in fuel handling render the former type of engine 


a very attractive proposition as compared with the | . , n : ; 
|system. Two pumps are fitted, one supplying oil under | foot plate, the service tank being charged from this 


pressure to the main bearings, big ends, and cylinder | by a hand pump. The transmission gear between the 


latter. We described a cable ploughing set fitted with 
a 70-h.p. airless-injection engine on page 75 of vol. cxxiv. 
This set was constructed by Messrs. John Fowler and 
Company (Leeds), Limited, of Leeds, and has proved 
so satisfactory that the firm have extended the range 


available by the introduction of the powerful tractor | 


illustrated in Figs. 1 to 3, above and on page 710. 
Although it may be regretted that no suitable 
engine of British design was available, Messrs. Fowler 
have no doubt made a wise choice in again employing 
a M.A.N. engine, as such engines have given very 


satisfactory service over a very wide field. The} 


70-h.p. engine of this make fitted to the smaller tractor 
was illustrated and briefly described in the article 
already referred to, and the larger unit, shown in 


position on the tractor in Fig. 1, is similar in general | 
design. A few additional particulars, not given in the | 


previous article, may be of interest. The crankshaft 
speed of the larger engine is 900 r.p.m., and although 





the normal output is 150 brake horse-power, it is 
capable of developing 160 brake horse-power for short 
periods. The cylinders are cast integral with the 
crankcase, and are fitted with renewable liners. The 
combustion heads, which are cast in pairs, are ofiron, and | Figs. 1 and 2. The drive between the two shafts is 


serve to house the inlet and exhaust valves, together 
with the injection nozzles. The latter have no springs 
or moving parts, and can be as readily withdrawn as 
sparking plugs, on removing two nuts. The pistons are 
of aluminium alloy, and are fitted with cast-iron rings. 
The connecting rods are steel stampings of the usual 
H-section, and the crankshaft is mounted in seven 
bearings, lined with white metal. The bearing caps 
are held in position by long bolts extending to the top 
of the crankcase. The fuel pump is mounted on the 
side of the crankcase, and is provided with a cut-out 





| gear, operated from the foot plate, by which the fuel 
| supply can be cut off from three of the cylinders, or 
from all the cylinders except one. This device enables 
| the fuel consumption to be reduced when running light, 
|and is also of advantage when starting up. Starting 
|is effected either by an electric starter operating at 
24 volts, or by means of a small two-cylinder petrol 
|engine driving the main engine through a clutch. A 
| decompression device is fitted to reduce the load on the 
starter. The fuel pump is arranged to deliver an 
excess of fuel at each stroke, the quantity actually 
delivered to the atomisers being regulated by an adjust- 
able by-pass valve. Care has been taken in the 
arrangement of the fuel system to eliminate the 
possibility of air locks. The pump parts are entirely 
submerged and the pipes have a continuous rise to the 
atomisers. The engine is lubricated on the dry-sump 





walls, and the other drawing the used oil from the 
crankcase and returning it to the supply tank through 
a cooler and filter. 

The main frame of the tractor has a general resem- 
| blance that of a locomotive boiler and firebox with the 
upper half of the barrel cut away, as shown in Fig. 1. 
The engine and radiator are carried on a sub-frame with 
three-point suspension, and the driving shafts at the 
rear of the frame are carried in horn plates. The main 
clutch is of the multiple-plate type, Ferodo lined, and 
the power is transmitted to the road wheels and 
| winding drum by means of a short propeller shaft 
with a universal joint at eachend. The drive from the 
propeller shaft is taken through bevel gearing on to a 
cross-shaft. There are two driven bevels, one on each 
side of the driving bevel, and these are arranged to 
| slide along the cross shaft, so that either one or the 








| : 
;other may be engaged to give forward or reverse 
|motions. From the cross shaft, the drive is taken 


by spur gearing to the first motion shaft, which is 
almost directly above the cross shaft, as shown in 


through two intermediate wheels on a short shaft, the 
wheels on the ends of the intermediate and cross shafts 
being replaceable to give different speeds for both 
travelling on the road and for ploughing. The first 
motion shaft terminates at one end in a pinion engaging 
with the wheel train to the road wheels, as shown in 
Figs. 1 and 2, and at the other in a bevel pinion driving 
the winding drum through bevel and spur gearing, as 
shown in Fig. 3. Either of these drives can be engaged 
by means of dog clutches on the first-motion shaft. 
There is a two-speed gear of the usual sliding mesh type 
between the clutch and the pinion engaging with the 
road-wheel train on the first motion shaft. A second 
two-speed gear, on the vertical shaft, which transmits 
the drive to the winding drum, permits the latter to be 
operated at alternative ploughing speeds. 

The winding drum is mounted below the frame, and is 
fitted with Fowler self-acting coiling gear, which has 
been described in our columns. It is also fitted with a 
hand brake to control the paying out of the rope, and a 
pawl catch, shown in Fig. 3, which is automatically 
put out of action when the engine commences to draw 
the plough. As regards other details, the radiator is 





made up with flat tubes having corrugated cooling fins. 
| The fan is cowled, as shown in Fig. 1, and the cooling 
| water is circulated by a rotary pump, which can be 
| seen in the same figure mounted on the off-side of the 
jengine. The main fuel tank is below the drivers 


engine and the first-motion shaft is totally enclosed, 
|and runs in oil. Ball bearings are fitted on the high- 


| speed shafts, and the lower end of the vertical shaft for 
| the winding drum drive is also carried in ball and roller 


| bearings. The fore-carriage is of the ball and socket 
|type, giving a three-point suspension for the main 
|frame, and the steering gear is of the worm type, 
coupled by chain to the front axle. Powerful screw 
brakes are fitted, acting on the rear wheels, and oper- 
| ated from the foot plate. The overall dimensions of the 
tractor are given in Fig. 2. The main fuel tank has a 
| capacity of 225 gallons, and the service tank a capacity 
of 23 gallons. The fuel consumption is about 22 gallons 
per 10 hours’ day. The average total cost for deep 
; ploughing is about 7s. 6d. per acre, and for heavy 
cultivating is about 3s. 6d. per acre. The tracto! 
weighs 17} tons empty, and 19 tons in working order. 
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OIL-IMMERSED ISOLATING 
SWITCHES FOR RING MAINS. 
Amone the numerous objections voiced by rural 
communities to the construction,of overhead trans- 
mission lines in their areas, there is one that has some 
technical and economic justification: To supply an 
isolated consumer from a main operating at, say, 

11,000 volts, may easily cost more in capital charges for 
sub-station plant than is covered by the probable 
revenue. A considerable amount of this expense is 
due to the switchgear, which must necessarily be 
installed at the tapping-off place, and any attempt 
to reduce its cost is therefore to be encouraged. 

_For that reason, considerable interest attaches to the 
oil-immersed isolating-switch combination which has 
recently been put on the market by Messrs. A. Reyrolle 
and Company, Limited, of Hebburn-on-Tyne. This 
is illustrated in Fig. 1, and is designed to reduce the 
cost of installation to a minimum, though, at the same 
time, it is claimed, adequate protection against damage 
is provided. It consists essentially of two oil-immersed 
isolating switches, which form the lower portion of the 
unit, and an oil switch-fuse which is fixed immediately 
above them. One of the oil-switches is connected in 
each of the incoming branches of the ring main, and 
both are housed in a common tank. One side of each 
Switch is permanently connected to the ring main and, 
when it is in the “on” position, the other side is 
connected to a’bus bar. From this ’bus bar, a branch is 
led off through the switch-fuse to the consumer’s 
circuit. Besides the ‘off’? and “on” positions, each 
isolating switch is provided with an “ earth” position, 
so that the portion of the ring main to which it is 
connected can be earthed for inspection or repairs. 
The switches are hand-operated, and there is an inter- 
lock at the “off” position, so that the handle cannot 
be 5 wung direct from ‘‘on” to “earth.” As a 
further precaution, this interlock can be protected 
by a padlock, 








Fig. 2. Unit with Switcu-Fusrk WITHDRAWN. 


The cover of the tank in which the isolating switches 
are housed is usually of diving-bell construction, so 
that the equipment can be installed not only in the 
open, but in cellars or other places which are subject 
to flooding. The switches themselves are of the knife- 
blade pattern, the contacts being fitted with heavy 
renewable sparking fingers. The moving contacts 
are of the quick-break type, so that currents up to the 
full rated capacity of the switch can be broken without 
danger. All three phases are operated by the same 
handle, and the two handles are conveniently mounted 
on the front of the tank, as shown in Fig. 1. The switch- 
fuse is carried in a separate tank, the lid of which is 
also of diving-bell construction. The movable self- 
aligning contacts, to which the fuses of this device are 
fixed, are suspended from a frame on the lid. To obtain 
access to the fuses it is, therefore, only necessary to operate 
a handle which engages with a worm gear, so that the 
lid is first raised vertically by means of parallel links on 
each side of the tank and is then swung forward by 
hand until its rear edge rests on the front edge of the 
tank, as illustrated in Fig. 2. In this position, the fuses 
and contacts are isolated from any live metal, and can 
therefore be safely handled. The switch-fuse cannot 
be operated until the lid is shut, and is then closed 
by the same handle as that employed to open the tank. 
The latter operation cannot be effected if the switch- 
fuse is closed. The equipment is designed to carry 
either 200 or 400 amperes at 11,000 volts. 

An interesting feature of the equipment is the sockets, 
which are provided on the side of each ring-main con- 
necting box for testing purposes, and into which plugs 
can be screwed so that connection can be made to a 
Megger. Normally, these sockets are closed by screw 
caps, which, in turn, are covered by safety flaps. These 
flaps are interlocked with the operating handles, so that 
they cannot be raised unless the latter are in the “‘earth”’ 
position. After the plugs have been inserted, however, 
the switch can be moved to the “ off,’ but not to the 
“on,” position, and insulation tests made on the cable. 





BOILER EXPLOSIONS IN 1928. 


By the Boiler Explosions Acts, 1882 and 1890, the 
Board of Trade is empowered to hold inquiries into the 
explosions of steam boilers and other closed vessels in 
Great Britain and Northern Ireland, with the exception 
of boilers in the Government Service, railway -locomotive 
boilers, and domestic boilers. Owners of boilers in 
which an explosion occurs must report to the Board of 
Trade, who order ‘a preliminary inquiry into the 
circumstances. This inquiry is held by an engineer 
surveyor, on whose report the Board may, if it considers 
necessary, order a formal investigation by a Court of 
two commissioners, one an engineer and the other a 
lawyer, and such a court has power to order any person 
found to blame to pay the whole or part of the cost of 
the investigation. Many of the inquiries are summarised 
from time to time in our columns, and, from the annual 
report by the Board of Trade on the working of the 
Acts referred to above, we note that, during 1928, 62 pre- 
liminary inquiries and one formal investigation were held. 

Of the 62 explosions, 24 resulted in loss of life or 
personal injury, 7 persons being killed and 28 injured. 
The explosion into which a formal investigation 
was made resulted in the death of one person and 
injury to another, and the owners’ acting manager 
and chief engineer were ordered to pay 100/. and 251., 
respectively.. About half of the explosions occurred 
in steam generators, 11 being land boilers and 20 ships’ 
boilers. In an appendix to the report, a summary of 
the explosions dealt with each year since 1882 is given, 
and from this it is seen that the average number of 
explosions is 64-7 perannum. The average number of 
deaths is 22-6, and the average number of persons injured 
is 53-6. The highest figures are those for 1894-95, 
when there were 114 ‘explosions, 43 deaths and 85 
injuries. The year 1928, therefore, compares favour- 
ably with preceding years, but, needless to say, some of 
the explosions last year might have been prevented had 
the boilers been under competent supervision. 
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DiscussIna the question of unemployment in the 
latest official report of the General Federation of 
Trade Unions, Mr. W. A. Appleton, the General 
Secretary, claims that a matter of importance to the 
productive worker is the attempt to fix up selling 
and pricing rings in the coal trade. ‘ Coal,” he says, 
“in addition to being a household necessity, is also 
one of the raw materials of most British industries. 
Without it there would be increased difficulty in obtain- 
ing light, heat and power, except such as might be 
directly derived from the sun. It is alleged that 
arbitrary arrangements in respect of selling and price 
are necessary if the miners are to receive the wages and 
conditions they are demanding. That these wages, 
particularly in some parts of the country, are unsatis- 
factory, is notorious ; but that arrangements to increase 
selling prices will help them is very doubtful. If some 
of the suggestions now being made are allowed to 
crystallise, less coal will certainly be required, for 
increased prices will intensify the search for substi- 


tutes, and the use of oil. In addition, other industries | 


already carrying heavy weights will have their handi- 
caps increased, while the men and women engaged 
in those other industries will have their real wages 
reduced by the extra amount they have to pay for their 


domestic coal. Already, in London, the price of this | 


domestic coal is, to thé small purchaser, 2s. 6d. per 
ewt. At the pithead it will be about 8d. per cwt.” 





The unhappiest part of such a business is, in Mr. 
Appleton’s opinion, that the increased prices adum- 
brated will not extend to the foreign buyer. ‘‘ French, 
German and Polish competition,” he says, “ will 
prevent that, and, consequently, foreign businesses 
will maintain, and, probably, increase their competitive 
advantages. Would it not be wiser if, instead of 
creating organisations for raising the price of this 
particular raw material to the home consumer and 
producer, we boldly faced a situation where the costs 
of transit and distribution are said to be twice as much 
as the pit-head price ? The miners are not the only 
people who suffer from the effects of high distributive 
costs. Iron, steel, shipbuilding, engineering, textiles, 
and building each have stories to tell of cumulative 
costs which prejudice production and selling both at 
home and abroad. An effective cut in these costs 
followed by binding assurances that savings would 
neither be confiscated nor legislatively rendered value- 
less, would, by favourably re-acting on selling price, 
and upon the provision of new capital, do much towards 
reducing this problem of unemployment to manage- 
able dimensions.” 


The Ministry of Labour Gazette states that there was 
a decline in employment during October, the industries 
chiefly concerned being those which ace most subject 
to seasonal variations. These included building, 
public works contracting, brick, pipe and tile making, 
artificial stone and cement manufacture, hat and 
cap manufacture, road transport, shipping service, 
entertainments and sports, and hotel and boarding 
house service. There was also some increase in 
unemployment in the rubber industry, in iron and 
steel manufacture, and in the wool textile and jute 
industries. In coal mining there was a decrease in 
the numbers wholly unemployed, but this was more 
than counterbalanced by an increase in the numbers 
temporarily stopped. There was an improvement, 
however, in the pottery, glass, tinplate, motor vehicle, 
and tailoring industries, in textile bleaching, dyeing 
and finishing, and in dock, harbour and river service. 


Among the workpeople, numbering approximately 
12,100,000, insured against unemployment in Great 
Britain and Northern Ireland, the percentage unem- 
ployed in all industries taken together was 10-4 at 
October 21, 1929, as compared with 10-0 at Septem- 
ber 23, 1929, and 11:7 at October 22, 1928. The 
percentage wholly unemployed at October 21, 1929, 
was 8:2, as compared with 7-8 at September 23, 
1929; while the percentage temporarily stopped 
was 2:2, the same as in the previous month. For 
males alone the percentage at October 21, 1929, was 
11-5, and for females 7-5 At September 23, 1929, 
the corresponding percentages were 11-0 and 7:3. 
The percentages for September have been revised. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during October resulted in an increase of 7,100. 
in the weekly full-time wages of about 161,000 
workpeople, and in a_ reduction of 1,4001. in 
those of 18,400 workpeople. Workpeople employed 
in the textile bleaching, dyeing, finishing, X&c., 
industries, in Yorkshire, had their wages increased 
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| by about 1} per cent. or 2 per cent. on current rates, 
|and there were increases in the wages of similar 
classes of workpeople in Lancashire and Scotland, 
amounting to ls. and 7d. per week in the case of men 
and women, respectively. Iron puddlers, and iron 
and steel millmen in the Midlands, received an increase 
equivalent to about 2 per cent. on current rates. 
Other bodies of workpeople whose wages were 
increased during the month included ironstone miners 
}and blastfurnace workers in Cleveland, timeworkers 
jemployed in the electrical cable-making industry, 
|chain makers, and workpeople employed in the seed- 

crushing and oil-milling industries. There was a 

reduction of }d. per hour in the wages of men employed 
| by electrical contractors in England and Wales. 


During the ten completed months of 1929, the 
changes reported to the Ministry of Labour in the 
industries for which statistics have been compiled, 
| have resulted in net increases of 8,650/. in the weekly 
full-time wages of 112,000 workpeople, and in net 
reductions of 89,900/. in those of about 920,000 work- 
people. In the corresponding ten months of 1928, 
there were net increases of 20,6501. in the weekly 
wages of 208,000 workpeople, and net reductions of 
| 169,450/. in those of 1,701,000 workpeople. 





| The number of trade disputes involving stoppages 
of work, reported to the Ministry of Labour as 
beginning in October, was 55. In addition, 15 disputes 
which began before October, were still in progress at 
|the beginning of the month. The number of work- 
| people involved in all disputes in October (including 
| workpeople thrown out of work at the establishments 
where the disputes occurred, but not themselves 
parties to the disputes) was about 21,700, and the 
aggregate duration of all disputes during October 
was about 190,000 working days. The aggregate 
duration of all disputes in progress in the first ten 
months of 1929 was about 8,081,000 working days, 
jand the total number of workpeople involved in 
these disputes was about 517,000. The figures for 
the corresponding period of 1928 were 1,316,000 days 
and 117,000 workpeople, respectively. 





| 


| In the course of an address at the annual meeting 
| of the International Association of Industrial Accident 
| Boards and Commissions, Industrial Commissioner 
Frances Perkins dealt with the problem of the 
uninsured employer. Even in New York, she said, 
where insurance was required by law, there were 11,000 
uninsured employers in factories and mercantile 
establishments alone, and within the past year the 
State Department of Labour had made awards of 
compensation against between 2,000 and 3,000 
employers who were uninsured. That meant that 
in that number of cases injured persons were unable 
to collect the full amount of the award. “ It seems 
to me,” the Commissioner declared, ‘‘ that the time 
has come for a determined drive on these non-insured 
employers. I really think they deserve no mercy, 
for they are a menace to our whole social structure. 
Our Workmen’s Compensation Law in New York 
carries with it a penalty of imprisonment for non- 
insured employers, and we are urging our judges to 
impose it when the employers are uninsured, even 
though they have never had an accident.” 


The second reading of the Unemployment Insurance 
(No. 2) Bill was carried in the House of Commons on 
Monday by 299 votes to 213. For the Committee 
stage, which was entered upon yesterday, notice had 
been given of a considerable variety of amendments. 


On November 18, 1929, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain was 1,273,500. Of these, 942,500 
were wholly unemployed, 254,700 were temporarily 
stopped, and 76,300 were persons normally in casual 
employment ; 983,300 were men, 34,000 boys, 225,700 
women, and 30,500 girls. Of 1,259,134 on the registers 
on November 11, 1929, 928,621 were wholly unemployed, 
255,446 were temporarily stopped, and 75,067 were 
persons normally in casual employment ; 970,919 were 
men, 34,186 boys, 222,804 women, and 31,225 girls. 
The number of unemployed persons on November 19, 
1928, was 1,364,423, of whom 1,073,278 were men, 
38,203 boys, 219,600 women, and 33,342 girls. 


At the end of October, 11,082 members of the 
Boiler Makers and Iron and Steel Shipbuilders’ Society 
were “ signing the books ’’ as compared with 11,342 a 
month earlier. The number of members in receipt of 
superannuated benefit was 4,569 as compared with 
4,575, and the number in receipt of sick benefit 2,339, 
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as compared with 2,391. The expenses for October 
were 9,2171. 15s. 3d. ; and in September, 10,115/. 1s. 37. 





The Executive Council of the Boiler Makers’ and 
Tron and Steel Shipbuilders’ Society state that, in view 
of complaints received regarding excessive overtime, 
they requested the Shipbuilding Employers’ Federation 
to meet them in conference with the object of consider- 
ing the amendment of the Overtime Agreement. The 
Federation were asked to take out a clause which, in 
the opinion of the Executive, permitted unlimited 
overtime on ship-repairing, launches, trial trips, work 
subject to tidal conditions, breakdown work, plant 
installation and plant repairs, agreed urgency ani 
emergency, and linking up day shift and night shift. 
Amendment was further desired of the clause in regard 
to 24 hours’ continuous work, to make it clear that 
after 24 hours’ continuous work a man should be off 
work 24 hours before resuming. It was also pointed 
out to the Federation that, where pieceworkers’ over- 
time is calculated on the time rate, only 7s. bonus is 
added to the time rate for the purpose of the calculation 
in certain cases. 





The employers stated that while they could not 
agree to the suggested amendments, they were as 


anxious as the Society was to avoid overtime. The . 


Executive were invited to bring any question of 
excessive or unnecessary overtime immediately to the 
notice of the firm concerned, and, failing satisfaction, 
the local association or the Federation, if necessary, 
would deal with it. On the second question, the 
employers agreed that 24 hours’ continuous work was 
sufficient for any man, unless an additional hour or 
two would finish a job, and on the third question, they 
promised to go very carefully into the matter and advise 
the Society “if there had been any irregularity in 
regard to the calculation.” 





*“ As far as possible,” the Executive Council go on 
to say, ‘‘ overtime should be avoided, and any members 
working overtime, or asked to work overtime, should 
acquaint the District Delegate or Shop Steward, so that 
a record can be made of any necessary overtime being 
worked, and a proper endeavour be made on every 
occasion to avoid overtime by the employment of 
additional men in all cases where this is practicable. 
If this is done, it will be a real test as to whether the 
blame lies with the employers, or in their interpretation 
of the Agreement, or whether the blame in certain cases 
does not lie with our own members themselves who 
work overtime because they want overtime, and have 
no regard for their fellow members who are unem- 
ployed. We recognise the difficulty of checking the 
amount of overtime worked, but if we have the goodwill 
and collective eftorts of District Delegates, Shop 
Stewards and the members employed in each shop, 
overtime can be restricted to the amount that is 
reasonable and necessary.” 


A conference took place in London last week to 
consider an application by the Engineering Trade 
Unions for an advance of 8/. per week in time wages 
and a corresponding increase of piece-work prices. 
An official statement issued at the close of the meeting 
stated that Sir Allan Smith, on behalf of the Engineer- 
ing and Allied Employers National Federation, 
made a concise reply to the points submitted by the 
unions, which formed the basis of their application. 
He supported his statement by numerous facts in 
regard to unemployment, the export trade, and the 
financial commitments of the Government, which, he 
said, would undoubtedly place additional burdens upon 
industry. He stressed the effect of the disarmament 
policy of the Government, which, he said, was not 
confined to naval operations, but would have an effect 
on the land and air forces with extensive ramifications 
throughout the Nation’s industry. He stated that the 
employers were anxious and willing to increase the 
earnings of their workpeople if the conditions were 
favourable, but that at the present moment the state 
of affairs in connection with the industry was such 
that the employers did not see it would be right or 
proper to impose any additional burdens by way of an 
increase in wages. The representatives of the various 
unions subsequently decided to report the decision to 
their constituents and meet again in January to decide 
what action, if any, shall be taken in regard to the claim. 





A statement issued by Mr. Lawson, Parliamentary 
Secretary to the Ministry of Labour, in reply to @ 
question states that 400,530,000/. have been distributed 
in unemployment benefit during the past eleven 
years. In addition, 61,940,000/. were paid in out-of- 
work donation direct from the Exchequer. The 
contributions paid into the Unemployment Fund 
during the same period amounted approximately to 
155,470,0001. by employers, 134,850,0001. by employees, 
and 106,780,0001. by the Exchequer. 
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THE B.P. RELAY TRAIN-DESCRIBING 
APPARATUS. 

In view of a certain similarity between the require- 
ments of automatic telephony and railway traffic- 
control apparatus, it is by no means surprising that 
experience gained in the former can be adapted to the 
latter. Messrs. The Relay Automatic Telephone 
Company, Limited, Relay House, Streatham Hill, 
London, S8.W.2, have, in fact, recently developed, in 
association with Messrs. The British Power Railway 
Signal Company, Limited, a train-describing and 
platform-indicator system, known as the B.P. Relay 
system, involving the use of only one pair of wires 
between the cabins and making use of the well-known 
relays employed in the former company’s system of 
automatic telephony. It is important to notice, 
however, that the conditions under which transmission 
is effected in train-describing apparatus are distinctly 
more favourable than those obtaining in automatic 
telephony. In the latter, there is no possible control of 
the number of persons simultaneously attempting to 
make calls, so that there may be momentarily more 
trattic than the equipment can handle, with the result 
that some of the calls may be ineffective. With the 
train-describing system under consideration, however, 
the descriptions are transmitted one at a time over the 
same line, and at such a speed that faults in transmission 
are practically impossible. 

The makers claim that the system can be adapted to 
practically all conditions of railway working, but as 
an instance of its application we may mention the case 
of a signal cabin controlling a junction, where a train 
must be passed forward in one of two directions, 
according to its identity. If the traffic is light and the 
conditions are such that there will not be more than 
one train between the cabin at the junction and that 
immediately preceding it, in the “up” or “down” 
direction, the necessary information can be conveyed 
to the signalman by telephone, code rings, or other 
means. With heavier traffic, this method of procedure 
becomes more difficult, involving an effort of memory 
on the part of the signalman, but the difficulty can be 
avoided by employing train-describing apparatus. 
The latter may also be employed as an adjunct to the 
signalling system when this is such that several trains 
may be approaching one cabin from that immediately 
preceding it, as would be the case if the line between the 
two cabins were divided into several sections controlled 
by automatic signals. Another advantage claimed for 
train-describing apparatus is that staff economies may, 
in some cases, be effected by closing down certain signal 
cabins and installing automatic signals operated by 
track circuits in conjuction with the train-describing 
equipment. 

In the B.P. Relay system, train descriptions are first 
set up by operating one or more keys. If desired, the 
Operator can check the description before transmitting 
it, or the setting up and transmission may be effected 
by the same act. Whether numbers or names are used 
for train identification, transmission is effected on a 
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numerical basis and in the form of a series of impulses, 
one, two, three, or sometimes four of such trains of 
impulses being employed, according to the working 
conditions. The description may be transmitted 
either to the next cabin or to a series of cabins, and 
after being transmitted, it is displayed at the trans- 
mitting end as a reminder to the operator of the last 
train sent. The receiving equipment can be designed 
to store any number of descriptions, and as many of 
these descriptions as desired may be displayed in the 
order of their arrival. In the apparatus of which we 
recently witnessed a demonstration, three descriptions 
could be displayed, in the form of illuminated numbers 
behind white-glass windows, a fourth description being 
temporarily stored. The fourth description, of course, 
took the place of the third as soon as the first had been 
re-transmitted. 

The re-transmission of descriptions from the receiving 
cabin may be effected either by the depression of a 
key or by means of a track circuit, or treadle, operated 
by the train itself, but in neither case is it necessary 
again to set up a description which has been received. 
It is possible, however, for the operator in a receiving 
cabin to set up and transmit train descriptions which 
have not been received, and transmit them in advance 
of the descriptions already displayed or stored in his 
apparatus. Whether the operator transmits a descrip- 
tion received or one originated by himself, the apparatus 
can be arranged so that the description last sent 
remains displayed as a reminder. The operator can 
also cancel a description without transmitting it on, 
if necessary, and another useful feature of the apparatus 
is that, by operating a locking key, descriptions received 
in the cabin will be re-transmitted automatically, thus 
enabling the cabin to be closed down at times of light 
traffic 

In the equipment recently constructed by the 
company for use on one of the British railways, 24 
different descriptions can be dealt with, the descrip- 
tions being engraved on labels arranged in two columns 
of 12 each with a key and indicating lamp for each 
description. A three-digit numerical basis of trans- 
mission is employed, so that, theoretically, 1,000 
descriptions could be handled. As, however, only 24 
descriptions are required, it is possible to select the 
numbers actually used so that the possibility of a 
wrong description being sent is extremely remote. 
A fault in transmission, however, is immediately 
indicated if it should occur. To transmit a description, 
the key in proximity to the appropriate label is 
depressed, and when the transmission has been com- 
pleted (the maximum time occupied being two seconds) 
the lamp associated with the key used lights up and 
remains alight until the key is depressed to send a 
further description. The receiving apparatus, in this 
case, is designed to store six descriptions and display 
three of them, the display taking the form of illumi- 
nated numbers, one, two and three, which appear 
opposite the appropriate label. If an attempt is made 
to transmit a seventh description, the only effect of 
depressing the key will be to light a red warning lamp, 
which will remain alight so long as the distant receiving 
equipment is full up. In this particular installation, 
facilities for re-transmitting descriptions from the 
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receiving apparatus are not, at present, provided, 
although arrangements are made for them to be added 
at a future date. 

It will be obvious that the equipment described can 
easily be adapted for use as platform indicators for 
the public, it being only necessary to construct the 
apparatus of a suitable size. In all cases, the relays 
used for transmitting the trains of impulses are similar 
in design and construction to those employed in the 
Relay automatic-telephone system, a detailed descrip- 
tion of which will be found in ENGINEERING, vol. exiv, 
pages 406, 422, and 448 (1922). 








GRAVITY COAL-CLEANING PLANT. 

In recent years the need for cleaning coal has been 
felt increasingly in this country. The thicker and 
cleaner seams of British mines are becoming exhausted, 
and modern methods of coal-getting yield a less dis- 
criminated product than is obtained by hand getting, 
Coal users, however, now realise more fully the dis- 
advantages of using impure coal and are becoming more 
exacting in their demands for its cleanliness. Simul- 
taneously, knowledge has been growing, enabling the 
various characteristics of ash to be distinguished from 
each other, and, in particular, it is recognised that, 
while part of the ash is disseminated throughout the 
coal substance so uniformly as to form, in effect, an 
intrinsic part of it, the majority has been intruded into 
the mass at a later stage in its formation, and may be 
regarded as separate and separable from it. The separa- 
tion of the ash by mechanical means is possible only after 
the material has been subdivided by natural or artificial 
means, and the practical distinction between intrinsic 
and extraneous ash is that mechanical subdivision of a 
coal containing intrinsic ash yields complex particles, 
each containing both coal and ash, however fine the 
subdivision may be, while, by sufficiently fine sub- 
division, the extraneous ash can be obtained as simple 
particles free from coal. The practical object of coal 
cleaning is, therefore, to separate the coal as completely 
as possible from the extraneous ash, and all forms of 
mechanical cleaning depend on the fact that the 
specific gravity of ash is higher than that of coal. 
In every method yet introduced, however, the process 
of separation is affected also by some other factor or 
factors, such as size and even shape of particle, velocity 
of dressing fluid, and other circumstances. The adjust- 
ment of these factors in the process usually leads to 
considerable loss of coal in the tailings, even when it 
yields a coal sufficiently separated from the ash, and, 
in any event, these factors prevent the difference of 
specific gravity between the coal and the ash from 
effecting a positive separation. 
In the laboratory, indeed, and on particles of more 
than a minimum size, such a separation can be made 
by introducing the material into a solution or other 
liquid, of which the density is greater than that of 
clean coal and less than that of ash. The clean coal, 
together with the complex particles of coal and intrinsic 
ash which are less dense than the liquid, then rise 
and the extraneous ash, together with the particles of 
coal and intrinsic ash that are denser than the liquid, 





sink. The process is used currently as an index of the 
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Fie. 10. Bask or Dr-Dustine PLANT. 





Fig. 11. 


Top oF Dr-Dustina PLANT AND GRAVITY 


SEPARATOR. 


against each other, which contro] a lever operating the 
relay and pilot valve. Should the velocity of the air 
increase, the differential pressure rises, and the relay 
and pilot valve reduce the hydraulic pressure in the 
Arca cylinder, so causing the counterweight to close 
slightly the damper on the discharge side of the fan, 
and thus reduce the quantity of air passing through 
the column. Similarly, a reduction in the flow of air 
would cause the damper to open wider. Most of the 
air supply enters the separating column through a 
sloping grid near its base, but part passes through an 
inclined by-pass, shown in Figs.|8 and 10, so as to,reduce 
the resistance. The cushioning effect of the high-velocity 
air is said to prevent any breakage of coal on the grid. 
As will be seen from Fig. 1, the cyclone in which the dust 
is extracted is connected with the fan through the 
Venturi tube in a closed cycle. The bunkerinto which 
the coarse coal falls is provided with a cover to which 
the chute is bolted, and by an automatic discharge- 
valve on the chute, the coal is compelled to build up 





and form an air seal round the junction. In this way, 


the system is kept remarkably free from dust. The 
column conveying the fines is tapped some little distance 
below its discharge into the cyclone, thus delivering 
medium-fine material into a hopper, shown in Fig. 9, 
from which it is re-treated in a secondary air separator, 
together, if desirable, with a small supply of the raw coal 
delivered from the first elevated hopper through a by- 
pass. This secondary separator is tapped similarly to 
draw off final medium fines. The dust is all delivered into 
a common hopper, and then either pumped to serve coal- 
dust fired boilers or, as indicated in Fig. 1, dropped 
into special containers for transport to customers and 
discharge by compressed air. The medium-fine product 
is returned for re-treatment with the raw coal, though 
in some circumstances it might be ground and added to 
the dust. 

From the bunker into which the dust-free coal has 
fallen, it is raised by an elevator into a bunker above 
the gravity separator, and is delivered to the middle of 
the separator through two chutes and feed pipes, Figs. 
1,5 and 6. Though the feed of coal is controllable, 


Fig. 12. Bask or Gravity SEPARATOR AND 


ReEFusE ELEVATOR. 


its'jrate does not affect the separation. The arrange- 
ment of feed pipes makes provision for detaching the 
particles of coal from each other, and for distributing 
them uniformly over the cross section of the separator. 
The separator is a vessel of the shape shown in Figs. 5 
and 6, about 22 ft. high overall and 10 ft. 6 in. in dia- 
meter, though, in practice, it has turned out that, for the 
required output, its dimensions were over estimated, 
and, for its present purpose, the effective cross section 
has been reduced to some 60 per cent. of the maximum, 
and could, indeed, be even smaller. The separating 
liquid, which is calcium-chloride solution of 1-4 specific 
gravity, is delivered from a stock tank into the lower 
part of the vessel by means of a centrifugal pump. 
The particles of coal with low ash, which rise immed- 
iately to the surface of the liquid in the upper part 
of the vessel, are conveyed continuously by a scraper 
conveyor over a sloping grid at the top of the separ- 
ator, from which the majority of the strong liquor 
drains off and is re-circulated by the centrifugal pump. 
The coal, carrying with it the remaining liquid, is 
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delivered by a spiral conveyor, shown in Fig. 11, to 
the upper part of one of three draining vessels, while 
the refuse is raised from the bottom by an elevator, 
shown in Figs. 5 and 12, and delivered to the top of 
one of two similar draining vessels. The liquor carried 
away by the coal is replaced from a stock tank by 
the pump. The draining vessels are cylinders, 8 ft. 
in diameter and 30 ft. high, with conical bottoms fitted 
with outlet valves and boxes containing grids, through 
which the liquor from the coal is drained off. 

The liquid passing down the drainer as the strong 
liquor is being drawn off, forms a comparatively shallow 
layer of weak liquor, varying in density from 1-4 at 
the bottom to about 1-0 at the top, with an average 
of 1-2. The liquor passing through the grids at the 
bottom of the drainers is delivered through a float 
valve into a control tank, shown in Fig. 1, through the 
three compartments of which the liquor flows in turn. 
In the first compartment, a hydrometer float floats in 
the strong liquor, but sinks as soon as the strength of 
the liquor falls, closing an electrical contact and ringing 
a bell. On this signal, the attendant diverts the liquor 
into the second or weak-liquor compartment, in which 
a float is supported until the strength of the solution 
falls to a predetermined limit, representing the dilution 
at which the liquor is not worth concentrating. At 
this point, the float sinks and sounds an electrical 
alarm, on which signal the attendant turns the liquor 
to waste. The third compartment contains a large 
fioat, by which the inlet valve of the control tank is 
shut off and overflow avoided should the flow of liquor 
become excessive. The total amount of fresh water 
used in washing varies with the nature and size of the 
coal, but is of the order of 80 gallons per ton of coal 
treated. The equivalent of strong liquor lost in the 
liquor that is run to waste is something under half 
a gallon per ton of coal treated. The weak liquor 
formed and concentrated is about 70 gallons per ton 
of coal, and the concentration to the specific gravity 
1-4 is done in this plant in a steam-heated evapo- 
rator. 

Owing to the removal of the dust, draining is 
extremely rapid, the washing and draining of one of 
these vessels to 5 per cent. of moisture or less being 
said to take only 14 to 2 hours. For the same reason, 
the coal runs very easily out of the drainer, a vessel 
being discharged in 5 minutes where the trimming of 
the wagons permits it. A notable circumstance of the 
final product is that the calcium chloride is completely 
removed, usually with some of the chloride in the 
coal itself, so that no question of hygroscopic action 
through treatment with the salt can arise. A special 
treatment of the liquor makes it entirely non-corrosive 
to iron and steel, as has been shown by experience 
with the semi-commercial plant during the past three 
years, 

The results of treating numerous coals by this 
process, both in the Yniscedwyn plant and in 
quantities of 10 to 20 tons in the semi-commercial 
plant, appear to be encouraging. An _ analysis 
of the anthracite duff treated at Yniscedwyn showed 
16-30 per cent. of ash, and 1-18 per cent., of sulphur, 
with a calorific value of 12,020 B.Th.U. per lb. On 
treatment, it gave 23-4 per cent. of refuse, with an ash 
content of 56-20 per cent. and a calorific value of 
only 5,710 B.Th.U. In addition to 17-9 per cent. of 
dust and medium fines, the yield of clean coal was 
58-7 per cent., with a calorific value of 14,900 B.Th.U., 
the proportions of ash and sulphur being 1-28 per 
cent. and 0-70 per cent., respectively. The results of 
treating’a number of Durham and Yorkshire coking 
coals, and Durham and Northumberland steam coals 
in various sizes, showed figures of comparable character, 
varying from a Yorkshire coal of size 1 in. to 0, with 
an ash of 14-58 per cent. in the original- sample, 
1-04 per cent. in the 71-8 per cent. of clean coal, 
and 69-94 per cent. in the 13-4 per cent. of 
refuse, to a Durham coking coal in 3}-in. to 1}-in. 
pieces, which, from 14-58 per cent. of ash in the 
original sample, gave 5-02 per cent. of ash in the 74-5 
per cent. of clean coal and 54-14 per cent. of ash in the 
25-5 per cent. of refuse. It was found, moreover, 
that the dust from the Yniscedwyn duff, with a 
calorific value of 12,850 B.Th.U., is burnt commercially 
in several powdered-fuei installations without any 
alteration of the existing burners. According to 
Dr. Lessing’s estimate, natural coal dust is available 
in this country to the extent of 10.000,000 to 20,000,000 
tons per annum, which, after treatment by this pro- 
cess of air separation, could be burnt without further 
grinding. 

Conrracts.—Orders for their Crockatt Simplex 
electric salinometer recently received by Messrs. W. 
Crockatt and Sons, Limited, Pollokshields, Glasgow, 





include a repeat order for 12 outfits from the Chilean 
Naval Commission ; a large outfit, complete with motor | 
generator set and switch board, for the Imperial Govern- 
ment Railway, Tokyo; two outfits for an Italian ship- 
yard; and several outfits for vessels at present under con- 
struction for the British Admiralty. 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date of 
each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Coach Bogies.—The supply of 16 narrow-gauge coach- 
bogies. The South African Railways and Harbours 
Board, Johannesburg; January 9, 1930. (Ref. No. A.X. 
8832.) 

Steam Cranes.—The supply of two ten-ton self- 
propelling, swing-jib, steam-driven travelling cranes. 
The South African Railways and Harbours Board, 
Johannesburg ; January 9, 1930. (Ref. No. A.X. 8833.) 


Sewage Pumping Plant.—The supply and delivery of 
a direct-coupled, electric-motor-driven centrifugal pump 
for unscreened sewage. The City of Capetown Electricity 
Department, South Africa; January 15, 1930. (Ref. 
No. A.X. 8836.) 

Bridgework.—On page 622 of our issue of November 15, 
last, we referred to a call for tenders, for structural 
bridgework, on the part of the South African Railways and 
Harbours Board. We now learn that a set of drawings 
has been received by the Department and will be avail- 
able for loan in order of application. The bridgework is 
for a footbridge at George, on the Durban-Matubatuba 
line, and also for Montagu River Bridge. (Ref. No. A. 
8827.) 

Structural Steelwork.—The supply and delivery of 
structural steelwork, etc., for a 1,000-ton coaling plant. 
The South African Railways and Harbours Board, 
Johannesburg ; January 9, 1930. (Ref. No. A.X. 8834.), 


Railway Material.—The supply of oil cans, signal lamps, 
acetylene-gas lamps, wicks, burners, lamp tubes, floor 
mats, linoleum, canvas, imitation leather cloth, hemp 
and cord. Departamento de Materiales y Almacenes 
Chilean State Railways, Estacion. Alameda, Santiago ; 
January 22, 1930 (Ref. No. C. 3159) 

Locomotive and Rolling-Stock Parts——The supply of 
axles, springs, steel plates for fire-boxes, steel tubes, 
steam gauges, fittings for coach windows and doors, 
and other spare parts for locomotives and rolling stock. 
Departamento de Materiales y Almacenes, Chilean State 
Railways, Estacijn Alameda, Santiago; January 20, 
1930 (Ref. No. C. 3159). 








NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—While there is a better tone pre- 
vailing in the Scottish steel trade this week owing to the 
settlement of the dispute with the woodworkers and ship- 
yard joiners, there is little increase in demand to report. 
In some instances it is said that the demand is getting 
smaller. The export side of the industry is, meantime, 
rather flat. In the black-sheet trade there is quite a fair 
business passing for the lighter gauges and some of the 
works are busy at the moment. There is not so much 
activity in the heavier gauges and little distance ahead 
can be seen. Prices are nominally unchanged and are 
as follow :—Boiler plates, 107. 10s. per ton; ship plates, 
8. 12s. 6d. per ton; sections, 8/. 2s, 6d. per ton; black 
sheets, }-in., 9/. per ton; galvanised corrugated sheets 
(No. 24 gauge), 131. 2s. 6d. per ton, all delivered at 
Glasgow stations. 

Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade a very dull state prevails and specifi- 
cations are not coming to hand in sufficient numbers to 
keep plant running with regularity. The result of this is 
that there is a fair amount of broken time. The re-rollers 
of steel bars are also rather badly off for work this week. 
Competition from the Continent is very keen and quota- 
tions are in the neighbourhood of 2/. per ton [ess 
than home prices. ‘‘Crown’’ bars are called 10/. 5s. 
per ton for home delivery and 91. 15s, per ton for export, 
while re-rolled steel bars are quoted at 7/. 15s. per ton 
either for home delivery or for export. 


Scottish Pig-Iron Trade.—A very dull tone is all too 
apparent in the Scottish pig-iron trade this week, and 
deliveries are on a small scale. The demand has fallen 
off a little lately and the outlook is not very promising. 
Prices are unchanged and are as follow :—Hematite, 
80s. per ton, delivered at the steel works ; foundry iron, 
No. 1, 78s. 6d. per ton, and No. 3, 76s. per ton, both on 
trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig iron from Glasgow Harbour for the week ending 
last Saturday, November 23, amounted to 1,072 tons. 
Of that total, 550 tons went overseas and 522 tons coast- 
wise. During the corresponding week of last year the 
figures were 630 tons overseas and 47 tons coastwise, 
making a total shipment of 677 tons. 

Wages in the Iron Trade Advanced.—Intimation has 
been made by Sir John M. MacLeod, Bart., C.A., Glasgow, 
to Mr. James C. Bishop and Mr. Owen Coyle, joint 
secretaries of the Scottish Manufactured Iron Trade 
Conciliation and Arbitration Board, that he has examined 
the employers’ books for September and October, and 
certifies that the average net selling price was 
107. 14s, 1-32d. This means that there will be an increase 
of 24 per cent. on basis rates in the wages of the workmen. 


Shipbuilding.—Intimation has been made that Messrs. 
Harland and Wolff, Limited, have received orders to 
build two cargo steamers, each of about 9,000 tons dead- 
weight. These vessels are for Messrs. James Nourse, 
Limited, London, and the Hain Steamship Company, 





Limited, Cardiff. These two firms are in the group with 
which Lord Inchcape, chairman of the P. and O. 
Steam Navigation Company, is connected, and he placed 
the orders. Both vessels will be built at the Govan yard 
of Messrs. Harland and Wolff. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Fixed minimum prices for 
Cleveland pig iron are steadily maintained. Supply has 
been curtailed by a mishap putting a furnace out of 
operation, and production is not in excess of require- 
ments. Makers’ stocks are low. Much of the output is 
going into direct consumption at ironmasters’ own con- 
suming plant, and the surplus left for the market is 
taken up as it is produced. Thus little expansion of 
demand is needed to necessitate an enlargement of output. 
Home consumers are buying steadily for early delivery, 
and in some cases for supply over periods next year, but 
export sales continue few and small, customers abroad 
being as unwilling as ever to pay ruling rates. Conti- 
nental iron is not invading this district, but a little 
Midland foundry pig continues to be consumed at 
Tees-side works. No. 1 grade of Cleveland is 75s.; No. 3 
g.m.b., 72s. 6d.; No, 4 Foundry, 71s. 6d.; and No. 4, 
forge, 71s. 


Hematite.—Values of East Coast hematite continue to 
tend upward. Producers are quite well sold, and both 
home and Continental consumers are still in the market. 
Customers, however, while prepared to pay prices last 
accepted, hesitate to follow the upward movement. 
Makers are not keen to sell, and some of them are holding 
out for profitable terms. Cost of output is in the 
neighbourhood of 80s., and it is difficult to obtain more 
than 78s. 6d. for this year’s delivery of ordinary qualities. 
For supply in January and onward, however, nothing 
below 81s. is named. No. 1 grade of iron is at a premium 
of sixpence. Merchants are slow to unload their holdings 
in view of the prospect of a further rise in quotations. 


Foreign Ore.—As consumers of foreign ore have long 
contracts to draw against they are not obliged to buy, and 
they are not disposed to pay the prices asked. Merchants 
have little to offer, and they keep quotations nominally on 
the basis of best rubio at 248. 6d., c.i.f., Tees. 


Blast-Furnace Coke.—There is no change in the 
blast-furnace coke position. Good average kinds were 
23s. 6d., delivered to local users. 


Manufactured Iron and Steel.—Manufactured-iron 
firms have a good deal of work to turn out, and semi- 
finished steel producers have contracts to execute that 
will keep them busy for some time, but they experience 
difficulty in obtaining new orders owing to the compara- 
tive cheapness of Continental material, prices of which, 
however, are a little higher than of late. Sheets are 
slow of sale, particularly galvanised kinds, and a revival of 
export business is much needed. ‘There is more doing in 
heavy steel. Plates and sections are in good request, and 
constructional steel is selling fairly well. Common iron 
bars are 101. 15s. ; best bars, 11/. 5s. ; double best bars, 
11l. 15s.; treble best bars, 12/. 5s.; packing (parallel), 
8l.; packing (tapered), 10/.; iron rivets, 11d. 10s. ; 
steel billets (soft), 6J. 17s. 6d.; steel billets (medium), 
71. 12s. 6d. ; steel billets (hard), 8/. 2s. 6d.; steel rivets, 
lll. 5s.; steel ship plates, 8/. 12s. 6d.; steel angles, 
81. 2s. 6d.; steel joists, 8/. 2s. 6d.; heavy steel rails, 
81. 10s.; fish plates, 12/. 10s.; black sheets, 101. ; 
galvanised corrugated sheets, 12/. 15s. 








Tue SANDGATE-REDCLIFFE VIADUCT, QUEENSLAND.— 
A viaduct, four and a-quarter miles in length, is to be 
erected across Hayes Inlet, between Sandgate and Red- 
cliffe, Queensland, Australia. The viaduct is being 
built by private enterprise and the estimated cost of 
the structure is 670,000/. Tolls will be levied, and the 
viaduct will become the property of the State after 
40 years of operation. 


PERSONAL.—The practice of Messrs. H. Rofe and Son, 
208, Abbey House, 8, Victoria-street, London, 8.W.1, will 
in future be carried on under the style of Messrs. Rofe and 
Rafiety. The alteration is in name only, and involves 
no change in the constitution of the firm, —Messrs. 
British Brown-Boveri, Limited, are removing from 
Trafalgar House, Waterloo-place, London, 8.W.1, and 
on and after December 7, their address will be 56, Victoria 
street, London, S.W.1.—Messrs. Richard Garrett and 
Sons, Limited, Leiston Works, Leiston, Suffolk, have 
appointed Mr. C. M. Plane to be sales engineer in con- 
nection with their electric trolley omnibus business. 


ExHIsITION OF Motors For FIisHING Boats, OSTEND, 
Betcium.—The Ostend Chamber of Commerce 1s 
organising an exhibition, to be accompanied by reliability 
trials, of marine motors employed for the propulsion ot 
fishing boats. The exhibition will be held in the large 
hall of Ostend central railway station from May 18 to 
June 2, 1930. The exhibits will be divided into two 
classes, namely, Diesel and Semi-Diesel engines, and will 
be submitted to reliability trials. Railway facilities 
have been obtained to enable exhibits to be forwarded 
from the landing quay to the exhibition hall, on and 
after May 1. The hall must be cleared before June 6. 
Further particulars may be obtained from Le Secrétaire 
Général, Exposition-Concours de Moteurs Marins et 
Machines Auxiliaires pour la Péche Maritime, 43, Rue de 
St. Pétersbourg, Ostende, Belgium. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—The recent steady influx of business 
has not been maintained, and the general condition of the 
local staple trades is somewhat easier. Despite the 
fact that competition from the Continent shows signs of 
becoming keener, the falling off in orders is expected to be 
of only temporary duration. A better buying movement 
is believed to be in sight, and the fall in the bank rate is 
likely to help in its quicker development. The gross 
output of steel is not quite so large. Heavy crude steel 
is a weak section, while the call for basic sorts has not 
been maintained. Acute depression continues to exist 
in the manufacture of acid steel. Little business is 
passing in steel-making alloys. Producers of heavy 
forgings are fairly well employed, but foundries and rolling 
mills report a diminution in business. A better state of 
affairs exists in the manufacture of railway rolling stock. 
Order books are fairly well filled, and prospects are said to 
be brighter than for some time past. Electrical develop- 
ment schemes, not only in this country but abroad, are 
yielding some valuable contracts for a variety of acces- 
sories. Other sections in which progress is reported are 
those devoted to the manufacture of stainless steel, 
rustless iron, and automobile steel and fittings. In the 
latter connection a fair amount of overseas business has 
been booked. Firms making axle boxes and crank- 
shafts are working overtime in order to keep pace with 
the demand. Colliery equipment is not very active on 
home account, but foreign requirements are on the 
upgrade. A certain amount of weakness exists in the 
call for agricultural and garden implements, but an 
improvement is anticipated early in the New Year. 
A seasonal decline has been experienced by makers of 
stove grates and builders’ ironwork. The tool trades 
show little alteration. Activity is mainly confined to 
engineers’ small tools and joiners’ and stone workers’ 
implements. The file and saw trades do not display 
much life, 


South Yorkshire Coal Trade.—The fuel market, gener- 
ally, maintains all its bright features. Export require- 
ments are on a higher level, while home consumption 
tends to increase. Despite the existence of quieter 
conditions in the iron and steel trades, the call for 
industrial coal is still substantial. Considering the time 
of the year, the house-coal market is somewhat dis- 
appointing. Stocks at depots are ample to meet any 
sudden improvement in the demand. Foundry and 
furnace coke are firm both on home and export account. 
Good business is being done in gas coke at 25s. to 26s. per 
ton. Quotations: Best branch hand-picked, 26s. 6d. to 
28s. ; Derbyshire best brights, 21s. to 23s. ; Derbyshire 
best house, 20s. 6d. to 21s. 6d.; screened house-coal, 
18s. 6d. to 20s. ; screened house nuts, 16s. 6d. to 18s. ; 
Yorkshire hards, 15s. 6d. to 17s.; Derbyshire hards, 
15s. 6d. to 17s. ; rough slacks, 9s. to 10s. ; nutty slacks. 
7s. bd. to 8s. 6d. ; smalls, 3s. to 5s. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—The uncertainty regarding the possi- 
bility of a stoppage of work in the Welsh coalfield at 
the beginning of next year has been removed. At a 
meeting of the South Wales Miners’ Federation and the 
Welsh coalowners, held at Cardiff yesterday, it was 
mutually agreed to carry on the present agreement pend- 
ing Government legislation in respect to the coal industry. 
It is therefore considered probable that work will be 
continued until April next when the reduction in hours is 
expected to operate. This decision on the part of the 
owners and miners has, to some extent, removed the fears 
of operators with regard to deliveries for the early part 
of next year, but the future remains undecided so that 
the transaction of long period contracts remains a matter 
of much difficulty in view of the possibilities. Meanwhile, 
the industry continues to suffer adversely as a result of 
floods in the coalfield stopping the working of collieries, 
and gales and fogs at sea delaying the arrival of shipping. 
On the one hand, production of coal has been interfered 
with and on the other, vesse!s expected to load have not 
reached port. Despite these difficulties, loading opera- 
tions at the docks have not been seriously interrupted 
owing to the fact that heavy stocks of coal were on the 
docks. In isolated cases, however, suitable coals for 
particular ships were not available. The feature, however, 
is the scarcity and strength of dry varieties. Both sized 
and large descriptions are fully booked, and already 
collieries are in arrears with deliveries. Consequently, 
buyers experience considerable difficulty in obtaining 
even small parcels, and prices are more or less nominal 
at 30s, to 32s. 6d. for dry nuts and 20s. to 21s. for dry 
large, though best Admiralty large is freely available at 
20s., with Monmouthshire large from 17s. 6d. Smalls 
too, are tight at anything from 12s. 6d. to 14s. 6d., 
with most sellers disinclined to sell except in conjunction 
with large. Shipments of coal foreign in the past week 
amounted to 456,080 tons, or 70,000 tons less than in 
the preceding week, exports to France falling from 172,610 
to 144,340 tons, and to Italy from 94,330 tons to 
57,600 tons. 


fron and Steel—Exports of iron and steel goods in the 
past week totalled 19,614 tons, compared with 22,692 tons 
in the preceding week. Shipments of tin-plates and 
terne-plates were raised from 11,377 tons to. 12,100 tons, 
of black-plates and black-sheets from .267 tons to 1,118 
tons, and of other iron and steel goods from 4,278 tons 
to 4,717 tons, but for galvanised sheets were reduced 
from 4,376 tons to 1,679 tons. 








ENGINEERING. 


NOTICES OF MEETINGS, 





INSTITUTION OF MECHANICAL ENGINEERS.—To-night. 
7 p.m., Storey’s-gate, S.W.1. Extra General Meeting. 
An Open Debate on “The Registration of Reliable 
Tests of Power-Plant Machinery,” introduced by Mr. R. H. 
Parsons. Glasgow and West of Scotland Branch : Thurs- 
day, December 5, 7.30 p.m., Royal Technical College, 
Glasgow. ‘“ Nickel Non-Ferrous Alloys, with Special 
Reference to Steam Engineering,” by Mr. J. MeNeil. 
London: Friday, December 6, 7 p.m., Storey’s-gate, 
S.W.1. Informal Meeting. ‘‘ Diesel Engine Develop- 
ments.” Introduced by Mr. W. A. Tookey. 

JuNIoR INsTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘Modern Welding 
Systems and Applications,”” by Mr. W. C. Freeman. 
Friday, December 6, 7.30 p.m. ‘‘The Demolition of 
Lambeth Bridge,” by Mr. A. B. Gowring. 

Norte or Eneianp Institute OF MINING AND 
MEcHANICAL ENGINEERS. Associate and Students’ Sec- 
tion :' Saturday, November 30, 3 p.m., Neville Hall, 
Newcastle-upon-Tyne. ‘‘ Machine Mining in Faulted 
Ground,” by Mr. A. L. Ford. ‘‘ A Few Notes on Miners’ 
Nystagmus,” by Mr. F. J. Pattern. 

INsTITUTE OF BritisH FOUNDRYMEN. Wales and 
Monmouth Branch : Saturday, November 30, 6.30 p.m., 
Technical College, Bristol. ‘Continuous Casting 
Methods,” by Mr. A. S. Beech. Lancashire Branch : 
Saturday, December 7, 4 p.m., College of Technology, 
Sackville-street, Manchester. ‘‘ Nickel in the Iron 
Foundry,” by Dr. A. B. Everest. West Riding of York- 
shire Branch : Saturday, December 7, 6.30 p.m., Techni- 
eal School, Bradford. ‘‘ The Future of the Foundries in 
Great Britain, with Special Reference to Continuous 
Casting,” by Mr. A. 8S. Beech. 

Royat Instrrution.—Monday, December 2, 5 p.m., 
Albemarle-street, W.1. General Meeting. 

Society or ENGINEERS.—Monday, December 2, 6 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
“Some Points in Reinforced Concrete Bridge Design,” 
by Mr. C. 8. Chettoe. 

INSTITUTION OF AUTOMOBILE ENGINEERS. Bristol 
Centre : Monday, December 2, 7 p.m., Merchant Ven- 
turers’ Technical College, Bristol. ‘‘ The Relative Safety 
of Mild and High-Tensile Steels under Alternating and 
Pulsating Stresses,” by Dr. B. P. Haigh. London: 
Tuesday, December 3, 7.45 p.m., Royal Society of Arts 
John-street, Adelphi, W.C.2. ‘‘ Aluminium Alloys 
from the Users’ Point of View,” by Mr. J. B. Hoblyn. 


InsTITUTION OF ELECTRICAL ENGINEERS. South 
Midland Centre: Monday, December 2, 7 p.m., The 
University, Birmingham. ‘‘The Modern Use of Pul- 
verised Fuel in Power Stations,” by Mr. R. A. Chattock. 
Scottish Centre: Tuesday, December 3, 7 p.m., North 
British Station Hotel, Edinburgh. ‘* Engineering from 
the Cape to Kenya,” by Professor F. G. Baily. London: 
Wednesday, December 4, 6 p.m., Victoria-embankment, 
W.C.2. Wireless Section Meeting. ‘‘ Naval Wireless 
Telegraphy Communications,” by Mr. ‘G. Shearing and 
Capt. J. W. S. Dorling. Thursday, December 5, 6 p.m., 
Ordinary Meeting. ‘Surges and Over-Voltage Pheno- 
mena on Transmission Lines due to Lightning and 
Switching Disturbances,” by Dr. H. Norinder. Friday, 
December 6, 7 p.m., Meter and Instrument Section 
Meeting. ‘ Alternating-Current Potentiometers and 
Their Applications,” by Dr. C. V. Drysdale. 


WOLVERHAMPTON AND DISTRICT ENGINEERING SOCIETY. 
—Monday, December 2, 7.30 p.m., Victoria Hotel, 
Wolverhampton. ‘‘ Water Power Development,” by 
Mr, T. Smith. 

BRADFORD ENGINEERING SocireTy.—Monday, Decem- 
ber 2, 7.30 p.m., Technical College, Great Horton-road, 
Bradford. ‘‘ Boiler House Instruments and Their Use,” 
by Mr. 8S. N. Duguid. 

INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
December 2, 7.30 p.m., Engineers’ Club, Coventry-street, 
W.1. ‘‘ Smoke Production for the Rubber Industry,” 
by Dr. D. F. Twiss. 

Royat Soctety or Arts.—Monday, December 2, 
8 p.m., John-street, Adelphi, W.C.2. Cantor Lecture, 
‘* Musical and Scientific Aspects of Wind Instruments ” 
(Lecture III), by Dr. E. G. Richardson. Wednesday, 
December 4, 8 p.m. ‘‘ The Advertiser and the Disfigure- 
ment of Town and Countryside: Criticisms and Sugges- 
tions,” by Mr. H. H. Peach. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Decem- 
ber 3, 6 p.m., Great George-street, S.W.1. ‘ H.M. 
Dockyard, Devonport: Widening of No. 5, Basin- 
Entrance,” by Mr. G. S. Jacob. ‘“‘ The Reconstruction 
of a Graving-Dock Entrance with a Single-Leaf Gate at 
Hebburn-on-Tyne,” by Mr. J. Mitchell. Wednesday, 
December 4, 6.30 p.m., Students’ Meeting. “‘ Well 
Boring,” by Mr. H. A. P. Hetherington. 


STAFFORDSHIRE IRON AND STEEL INSTITUTE.—-Tuesday, 
December 3, 7 p.m., Education Offices, St. James’s-road, 
Dudley. “ Advertising Iron and Steel,” by Mr. R. 
Wilson. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, December 3, 7.15 p.m., Magnet House, 
Kingsway, W.C.2. ‘* Recent Developments in Lighting 
Accessories with Special Reference to the Increasing 
Use of Insulated Material in Place of Metal,”’ by Mr. F. G. 
Quance. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, December 3, 7.30 p.m., 39, 
Elmbank-crescent, Glasgow. ‘‘The Design and Per- 
formance of the Boilers of the ‘‘ Viceroy of India,” 
by Mr. A. L. Mellor. 








i 


INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—-Wednesday, December 4, 7 p.m., Swedenborg 
Hall, MHart-street, Bloomsbury, W.C.1. “ Costing 
Methods for Heating Engineers,’’ by Mr. R. C. Ching. 

InstiTuTtE oF Mertats. Swansea Local Section : 
Wednesday, December 4, 7 p.m., The Thomas Café, 
High-street, Swansea. ‘‘Coke Carbonisation and By- 
Products,” by Mr. G. Crift. 

INSTITUTION OF PRODUCTION ENGINEERS. Coventry 
Section: Wednesday, December 4, 7.30 p.m., King’s 
Head Hotel, Coventry. ‘‘ Drop Stampings,’”” by Mr. 
P. O. Rowley. London: Thursday, December 5, 7.30 
p-m. Society of Motor Manufacturers’ and Traders, 
Limited, 83, Pall Mall, S.W.1. ‘‘ Spur Gears,” by 
Mr. G. R. Marsh. 

INSTITUTION OF CHEMICAL ENGINEERS.—Thursday, 
December 5, and Friday, December 6. Chemical Society, 
Burlington House, Piccadilly, W.1. Thursday, Decem- 
ber 5, 10.30 a.m. Conference on Vapour Absorption and 
Adsorption. ‘‘The Reversibility of the Adsorption 
Process and the Thickness of the Adsorption Layer.”’ 
by Professor J. C. Philip. ‘‘ The Recovery of Acetone 
Vapours from the Air,” by Dr. W. R. Ormandy. At 
2.30 p.m. ‘The Recovery of Benzol from Coal Gas, 
with Special Reference to the Use of Activated Carbon,” 
by Mr. H. Hollings, Dr. S. Pexton and Dr. R. Chaplin. 
“The Absorption of Nitrous Gases,”” by Mr. H. W. Webb. 
Friday, December 6, 10.30 a.m., “The Recovery of 
Volatile Solvents (Brégeat Process)’’ by Mr. A. Hoch, 
** The Continuous Fractionation of Gases by Adsorbents,” 
by Mr. J. S. Morgan. At 2.30 p.m., ‘‘ Evaporation of 
Water in Open Pans,” by Mr. G. W. Himus. ‘ The 
Industrial Application of Active Carbon,” by Mr. K. 
Evans and Mr. H. F. Pearson. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
December 5, 6.30 p.m., 10, Upper Belgrave-street, S.W.1. 
“*Some Notes on Modern Steel-frame Construction,’’ by 
Mr. W. C. Cocking. 

Royat AERONAUTICAL Soctety.—Thursday, December 
5, 6.30 p.m. Royal Society of Arts, John-street, Adelphi, 
W.C.2. “* Recent Work on the Autogiro,” by Mr. J. 
de la Cierva. 

INSTITUTION OF WATER ENGINEERS.—Friday, Decem- 
ber 6, 10.30 a.m. Institution of Civil Engineers, Great 
George-street, S.W.1. Annual General Meeting. ‘* The 
Hydro-geology of the Chalk of England,” by Mr. R. C. 8. 
Walters. ‘“‘Some Problems in Hydro-geology,” by 
Professor E. Morton. ‘‘ Second Report of the Legislation 
Sub-Committee,”” by Mr. R. J. Simpson. ‘* Report on 
Rural Water Supplies,” by Mr. E. J. Sileock. Draft 
Report of Sub-Committee, “Stream Flow and Under- 
ground Water Records.” 

Nortu-East Coast [NstiruTioN OF ENGINEERS AND 
SHIPBUILDERS.—Friday, December 6, 6 p.m., Bolbec 
Hall, Newcastle-on-Tyne. “Cutting Capabilities of 
Lathe Tools,” by Professor D. Smith. 

INSTITUTION oF Locomotive ENGINEERS.—-.Man- 
chester Centre : Friday, December 6, 7 p.m. Manchester 
Literary and Philosophical Society, 36, George-street, 
Manchester. ‘‘ Pulverised Fuel Locomotives,’’ by Mr. 
J. W. C. Armstrong. 

INSTITUTION OF MUNICIPAL AND CouNTY ENGINEERS. 

South Western District: Saturday, December 7, 2.30 
p-m., The Castle, Exeter. ‘The Local Government 
Act, 1929,” by Lt.-Col. E. J. Stead. 





CaNADIAN PRopucTION oF GypsumM.—The production 
of gypsum is one of the oldest industries in Canada, and, 
in point of output, the Commonwealth ranks third among 
the countries of the world. In 1928 the production 
totalled 1,205,846 short tons. According to the United 
States Bureau of Mines, Canada is the largest exporter 
of crude gypsum in the world. The Dominion shipped 
824,536 tons of the material in 1928, or two-thirds of her 
total output for that year. The leading province, as 
regards both production and exports of gypsum, is 
Nova Scotia, who was responsible for 81 per cent. of the 
1928 output. New Brunswick produced 6 per cent., 
Ontario 7 per cent., Manitoba 4 per cent., and British 
Columbia 2 per cent. 


Tue INSTITUTION OF AUTOMOBILE ENGINEERS.—The 
well-deserved reputation which the Institution of Auto- 
mobile Engineers enjoys for vitality is sufficient to 
ensure the success of its annual dinners, and to those 
who have the privilege of attending, these events always 
prove among the most enjoyable of their kind in the 
year. The tenth annual dinner, held on November 13, at 
the Savoy Hotel, London, proved to be no exception. 
With the coming of age of the Institution, it became 
necessary to make arrangements for a much larger num- 
ber of guests, and although the dinner thus became of 
increased importance, the change was made without 
sacrificing the features which had hitherto ensured the 
success of the gatherings. Among these features, perhaps 
not the least important was a tradition that the speeches 
must not be in too serious a vein, and although the 
occasion of the tenth dinner was taken by some of the 
speakers to refer to current issues of considerable import- 
ance, this tradition was duly observed. The chair was 
occupied by the President, Professor W. Morgan, who, 
in replying to the toast of ‘‘ The Institution,” dealt 
mainly with the work of the local centres. The Secretary 
of State for Air, the Rt. Hon. Lord Thomson, who 
replied to the toast of “The Guests,” said that his 
Department wastparticularly interested at the moment 
in the development of various types of engine, and was 
watching progress in the design of light, airless-injection 
engines, in particular, with the closest attention. 
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EXPERIMENTAL METHODS OF DE-! 
TERMINING STRESSES IN FRAME- | 
WORK.* 

By Professor E. G. Coker, F.R.S. 


Or late years, much attention has been given to 
experimental methods of determining stresses on 
bridge and frame structures, especially of the in- | 
determinate type, the number of which has been | 
greatly increased by the introduction of reinforced | 
concrete. Even in America, riveted connections are | 
now preferred to pins, save in cases where there might 
be special erection difficulties. The calculation of | 
stresses in redundant structures, whether by Maxwell’s | 


methods or by the principle cf least work, becomes 
extremely laborious when the degree of redundancy | 
is high. Most methods of measuring stresses, either | 
in actual structures or in models, merely give average | 
figures and not the true maxima and minima. These 





* Abstract of paper read before the Institution of | 
Civil Engineers on Tuesday, November 19, 1929. 


can, however, be found by determining the change 
in the thickness of a bar produced by the imposition 
of a load. The transverse stress, at any point, is, in 
fact, proportional to the sum of the principal stresses 
there. At every surface, one of these principal stresses 
is zero, so that the other is directly proportional to 
the transverse strain. Hence, measurements. made 
at the edge of a bar give directly the values of the 
maximum stresses in it. Since the distribution of plane 
stress is generally independent of the elastic constants, 
stresses determined in any way, using any material, 
are directly proportional to those arising in any body 
similarly shaped and similarly loaded. In model 
experiments, the author finds it convenient to impose 


| the load by the use of a special, but simple, form of 


spring balance devised to this end, rather than by 
deadweights.* 

Whilst the measurement of the transverse strain 
at any point gives the sum of the principal stresses 
there, special methods, using transparent material, 





* See ENGINEERING, vol. cxxv, page 810 (1928). 
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made it possible to measure the difference of these 
principal stresses at the same point. Hence, a com- 
bination of the two methods gives the actual values of 
each. In this way, Mr. J. M. Head, one of the author's 
post-graduate students, has mapped out the stress 
lines in the model of an arch rib loaded at nine points. 
The measured ‘values were in fair accord with cal- 
culation, the differences being mainly due to the 
imperfect rigidity of the abutments. By similar 
methods, three other post-graduate students have 
determined the stresses on a celluloid model of a 
reinforced-concrete bridge (see ENGINEERING, loc. cit. 
supra). Stress distributions thus experimentally deter- 
mined can be used for the calculation of stresses in 
the full-sized structure with an error not excceding 
+ 2 per cent. 

MAcHINERY IN MaLayANn Mings.—The total effective 
horse-power of steam, gas, oil, hydraulic and electrical 
plant employed on all mines in the Federated Malay 
States during 1928, was estimated to be 158,733, against 
138,601 in 1927 and 118,846 in 1928. 
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THE STRENGTHENING OF BRIDGES, 


A goop paper should lead to a good discussion, 
just as Falstaff claimed to be not merely witty 
in himself, but also the cause of wit in others. It 
might fairly have been expected, therefore, that 
the paper on bridge strengthening by electric welding 
processes, read recently by Mr. H. Bruff, before the 
Junior Institution of Engineers, and of which we 
conclude the reproduction in this issue, would have 
extracted valuable contributions to the subsequent 
debate from other maintenance engineers, but these 
for the most part held their peace. We hear, in fact, 
but too little, and but too seldom from engineers en- 
gaged in this highly important branch of the profession. 
Stress computers and college professors arelessreticent, 
but perhaps have also less, that is really pertinent and 
informative, to say on the actual strength of bridges 
in service conditions. One reason for the silence of the 
maintenance man may, perhaps, lie in the fact, 
that he meets, in the course of his experience, with 
so much that seems at variance with the text books. 
No one cares to bring forward observations of which 
he can give no intelligible explanation. He is, in 
fact, liable in such case to be regarded merely as 
clumsy or careless. The physicist, when confronted 
with the unexpected and unintelligible, can spend 
years in elucidating matters, but the engineer has 
commonly to get on with his next job, and through 
sheer pressure of work can seldom find time to 
probe his puzzles to the bottom. He is therefore, 
perhaps, a little prone to accept as a satisfactory 
explanation of his problems the first plausible hypo- 
thesis that may occur to him, thus giving, at times, 
occasion to his critics to blaspheme. 

The electric welding process of bridge strengthen- 





ing, described in Mr. Bruff’s paper, seems to have 





some very special merits. It makes it easy to add 
additional strakes of plating to girders which for one 
reason or another are suspected of inadequacy. 
The weld metal is used almost wholly in shear, and 
in the cases described in the paper referred to, the total 
sectional area provided per foot run was certainly 
in excess of 5 sq. in. and was thus equivalent to 
say ten }-in. rivets in the same length of flange. 
The weld metal has, of course, not to take the full 
shear between flange and web, but merely the 
differential shear between successive strakes of 
plating. There would thus seem to be a very ample 
margin of safety and the joint, moreover, is water- 
tight. 

In replying to the discussion, Mr. Bruff stated 
that the total time taken for two 10-in. runs of 
welding was only a little over 2 minutes, so that 
once the welding operation is started it can be 
completed very rapidly. Moreover, it can be 
stopped and started almost instantaneously, and 
thus suffers relatively little from the interruptions 
due to the passage of trains. The preparation of the 
plates is, however, slow and relatively costly, owing 
to the necessity of fitting the new plating over the 
rivet heads on the existing work. Nevertheless, 
it appears that the total cost of the strengthenings 
thus effected, on three bridges in the North Eastern 
area of the London and North Eastern Railway, has 
been only one-fifth of the cost of the complete re- 
placement, otherwise considered necessary. 

The method of strengthening described, raises 
some interesting questions as to what nominal 
stress may be allowed on the added plating. The 
problem is by no means a new one. The question 
was raised in 1849, when the Railway Commissioners 
demanded that Fairbairn should add plates to the 
already completed Torksey Bridge. Some engineers 
expressed doubts as to whether such added plating 
would take its fair share of the load. This bridge is 
still in use but a central girder was added in 1896. 

It will be noted that in the case of the strengthen- 
ing works described by Mr. Bruff, it was decided to 
avoid increasing the nominal stress on the old 
plating, and that the nominal stress on the added 
plating must be so limited as to ensure this. Pro- 
bably this decision errs on the side of caution, since 
our ordinary structural materials are fortunately 
so ductile that if overstrained, the old plating would 
merely pass on the excess of stress to the new 
additions, which would be well able to take care of it. 

It would probably be perfectly safe to proportion 
the modified flange almost exactly as if the work 
were entirely new. Were it not for the ductility of 
structural iron and steel, the stresses round rivet 
holes would quite commonly be in excess of the 
elastic limit, and, indeed, in some cases, in excess 
of the nominal ultimate strength of the material. 
Moreover, many rolled sections, if sawn through 
longitudinally, give evidence of the existence of 
very heavy internal stresses. The two halves, as 
they are separated, bend away from each other in a 
most remarkable way, the amount of curvature 
being often such as to indicate that the internal 
stresses must have approached the elastic limit of 
the material. Nevertheless, no one hesitates to 
credit the complete rolled section with its full 
nominal] strength. Again, the process of straighten- 
ing material, in the cold, necessarily leaves in it 
internal stresses equal to the elastic limit. Yet 
cold straightened sections are used without doubt 
or hesitation. It seems, therefore, perfectly logical 
to conclude that there is no legitimate reason for re- 
stricting the working stress on strengthening plates 
to a figure below the usual limit, on the ground that a 
little higher nominal stress than is customary may 
thereby be imposed on the old metal. Under the 
actual conditions, any such excess of stress can be 
regarded as an internal stress quite analogous to 
those met with in rolled sections and which, in the 
case of our ordinary structural materials, appear to 
be free from danger. It would be extremely 
interesting and, we suggest, highly important, to 
have this point investigated experimentally. This 
might be done by endurance tests on two steel 
beams each strengthened by welding plates to 
the flanges, care being taken in the one case to 
reduce to a minimum the internal stresses occa- 
sioned by the welding. The other beam should 





be kept under a reasonably heavy strain during 
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the operation, but equal care should be exercised 
in the actual welding. We strongly suspect that 
endurance tests would disclose very little difference 
in the strength of the two. It would, however, be 
very satisfactory to have definite evidence on this 
head. Endurance tests between zero and a fairly 
high maximum stress would serve the end in view 
much more satisfactorily than would a simple 
static test. With ductile materials the latter 
often involve very large deflections, such as could 
never arise in practice, and, moreover, an endur- 
ance test is much more akin to the conditions 
which a bridge has to meet. 

An instance of the puzzling anomalies so 
frequently confronting the maintenance engineer, 
and to which reference has already been made, is 
provided by Mr. Bruff’s description of the remarkable 
behaviour of the strengthened floor troughing. 
Strain meter readings were taken before the 
additional plating was added, and the observations 
were repeated on the completion of the work. To 
the astonishment of those concerned, the second 
series of readings were, in many instances, almost 
identical with the first, in spite of a very substantial 
addition to the effective flange area. In dealing with 
the second half of the bridge, the welding procedure 
was somewhat modified, and the strain meter read- 
ings then indicated just about the strengthening 
effect expected. The anomalies, in the first instance, 
have accordingly been attributed to internal stresses 
due to the welding procedure then adopted. It is, 
however, very evident that unless the elastic 
limit be exceeded, such internal stresses can in no 
way affect either the deflection or the strains due to 
the imposing of an additional load. The equations 
of the mathematical theory of elasticity are all 
linear and, hence, so long as the elastic limit be 
nowhere exceeded, each new load imposed on a 
structure will produce exactly the same strains and 
deflections, whether or no welding or other internal 
stresses exist in it. 

Possibly these were abnormally high in the case 
of the first set of troughs dealt with, so that in 
making the subsequent strain meter tests, there 
may have been some permanent set, which was 
then mistaken for elastic strain. It would be 
interesting to repeat this test in order to see 
whether this troughing has not now settled down 
into a humdrum normality of behaviour. 

An alternative explanation is, perhaps, conceiv- 
able. The distribution of wheel loads on trough 
flooring was worked out in our issue of Septem- 
ber 15, 1893. It was then shown that, owing to the 
stiffness of the rail, much of the load on the trough 
directly under the wheel was transferred to adjacent 
troughs. The bridge dealt with in Mr. Bruff’s paper 
was a skew span, and the distribution of load over 
the troughing would accordingly be somewhat 
abnormal. Only the three central troughs were 
strengthened. This made them stiffer, and they 
should thus take proportionately more of the load 
than they did in their original condition. 

The obvious objection to any explanation, along 
this line, of the anomalies observed, is that normal 
strainmeter readings were obtained when the corre- 
sponding troughs on the other side of the bridge 
were strengthened. Presumably, the rails and the 
position of the rail joints were the same in both cases, 
and the packing of the sleepers had not been 
altered between the tests. This is a matter of 
importance, since experiments made on the London 
and North-Eastern Railway show that, according 
to the character of the packing, the maximum 
load taken by an individual trough may be any- 
thing between } and + of the axle load. The 
anomaly might also be accounted for by a distor- 
tion of the troughs, by which their virtual depth 
was reduced. It is, however, difficult to believe 
that the welding, even as conducted in this 
pioneering case, could have caused distortions 
large enough to have had any appreciable effect of 
this kind. 

In the impact tests of welded rails described in 
Mr. Bruff’s paper, the fractures occurred at one 
end of the 6-in. patch of weld metal. It is sug- 
gested in the paper, that this location of the 
fracture was due to a difference in the clastic 
modulus of the weld metal and the rail steel. The 
evidence available seems hardly sufficient to esta- 





blish this. It is, of course, quite true than under 
sudden impact, a wave of stress proceeds along a bar 
which will undergo partial reflection and consequent 
increase of stress at any point where there is a 
sudden change in the elastic modulus of the material. 
In the limiting case the stress may, indeed, be 
doubled. All steels, however, have much the same 
Young’s modulus, and it therefore seems unlikely 
that any large fraction of the wave of stress would 
be reflected at the junction of the old and the new 
metal. Of course, in the absence of impact, a sudden 
change in the elastic modulus in no way affects the 
stress. Thus, if a copper wire be electrically 
welded, end to end, to a steel wire of equal diameter, 
and a weight be hung from the combination, the 
stress is uniform throughout, and is the same at 
the joint as in the wires. If, however, the weight 
be raised and allowed to fall, then the difference in 
the elastic moduli of the two sections will give rise 
to a concentrated stress at the joint. 

Possibly, impact tests constitute a more drastic 
test of welds than is necessary in bridge work. It 
would, as already suggested, be of much greater 
interest to have endurance tests made or something 
analogous to Arnold’s repeated bend test. Possibly, 
one or other of our railway companies may see 
their way to institute an investigation of this 
kind, since now that a start has been made, it 
seems probable that the plan of strengthening 
bridges by the electric welding process may become 
common practice. 








ELECTRICITY IN MINES. 


ALTHOUGH, during 1928, the use of electricity 
in coal mines, as indicated by the number of motors 
installed, increased, that increase was considerably 
less than the average of the preceding five years, and 
only amounted to a third of the figure for 1924, and 
to about one-half of that for the strike year of 1926. 
The reason for this is not explained in the annual 
report of H.M. Electrical Inspector for Mines,* 
Mr. J. A. Bernard Horsley, for the year 1928, but it 
cannot be due to the fact that saturation has been 
reached. Indeed, there must be still places where 
conversion to this method of driving would be an 
advantage. It may be that the slackening off is 
only temporary and that when, or if, certain difficult 
problems are removed, it will be possible to record 
further development. Against this, however, must 
be placed the significant fact that the number of 
mines using electricity during the year under review 
was less than in 1927, the actual figures being 1,467 
and 1,528, respectively, the number of mines at 
work falling from 2,861 to 2,539. 

The horse-power of motors installed at the end 
of 1928 was 1,722,332, of which machines represent- 
ing 824,672 h.p. were above ground and 897,660 h.p. 
below. The increase in both classes was 19,000 h.p., 
the total of 38,000 h.p. comparing with 64,000 h.p. 
in the previous year, and with 117,000 h.p. in 1924. 
This increase is a net figure, the horse-power of 
alternating-current motors rising from 1,343,619 
to 1,393,595, and that of direct-current motors 
falling from 340,504 h.p. to 328,737 h.p. Over 
80 per cent. of the motors in use are therefore sup- 
plied on the former system. Mr. Horsley also 
notes that there is a greater tendency to employ 
squirrel-cage motors, both for large and small out- 
puts. The total number of electrical coal-cutting 
machines in use was 3,586, compared with 3,478 in 
1927, while there were 1,341 of the disc, bar and chain 
types, compressed air machines. Thus, excluding 
rotary and percussive machines, the proportion of 
the electrical to the other patterns was 72-2 per cent., 
or slightly higher than in the previous year. While, 
however, in ten years the proportion of coal got by 
machine mining has increased from 12 to nearly 26 
per cent., the fraction that can be credited to electri- 
city in the same period has only risen from 67°7 to 
72°2 per cent. Scotland easily maintains the lead in 
machine mining, and in the application of electricity 
to that service. The same is true of the use of con- 
veyors and loaders, since, of the 1,228 which are in 
use, 629 are in that country. Nearly 28,000,000 tons 
of coal were dealt with by this means. 

In metalliferous, as distinct from coal mines, 


* Report of H.M. Electrical Inspector of Mines for the 
year 1928. London: H.M. Stationery Office. [Price 
td. net.] 





the total horse-power of the motors installed was 
30,456, compared with 25,765 h.p. in 1927. Of this, 
machines of 12,354 h.p. were below ground, by far 
the larger proportion being used for pumping. Con- 
siderable activity in the use of electricity in clay 


pits for brick works is noted, owing to the increasing | 


employment of mechanical diggers, of the type 
known as shale-planers. In a recent installation it 
was proposed to supply a 400-h.p. motor on one of 
these machines through a pliable armoured cable 
at 6,600 volts. As, owing to the rough usage and 
exposure to which they are subjected, the employ- 
ment of unarmoured flexible cables is to be dis- 
couraged, Mr. Horsley rightly welcomes the use of 
a connection of this type. 

As usual, the greater part of the report is taken 
up with a consideration of the various accidents, 
fatal and non-fatal, which occurred during the year. 
Fifteen fatal accidents were due, either directly or 
indirectly, to electrical causes, and these involved 
the loss of 19 lives, as well as injury to 15 other 
persons. Twelve of the fatal accidents were below 
ground at collieries. There were also 55 notifiable 
non-fatal accidents, involving injury to an addi- 
tional 56 persons. Of these, 42 were below ground 
at collieries and one was at a quarry. There were 
no accidents in the metalliferous mines. Ten of the 
fatal accidents were due to electric shock and 
resulted in 10 deaths, as well as minor injury to six 
persons, five in one accident. Another was due to 
burns, while the remainder were caused by the 
ignition of fire-damp. As regards those in the first 
category, three lives were lost, owing to work 
being carried out on live high-voltage equipment, 
and would not have occurred had adequate pre- 
cautions been taken. The necessity for earthing, 
attention to which was drawn in the previous report, 
is still largely disregarded, and, reading between the 
lines, it is obvious that there is still a great deal 
of carelessness on the part of those concerned in 
installing, using and maintaining the equipment. 

All these points are well illustrated by an accident 
which occurred at Grimethorpe Colliery, Yorkshire. 
The apparatus involved was a modern cubicle 
type switchboard, behind which were three cham- 
bers, each housing a 23,000/3,300 volt trans- 
former. Connection between the transformers and 
switchgear was made by bare copper rod, but by 
an extraordinary blunder one of the transformer 
chambers was also used to house the bare rod 
connections to a cable circuit, which supplied 
another pit. Two separate switches and sets of 
isolators had therefore to be operated before this 
chamber could be entered with safety. The man 
in charge, however, only switched off the trans- 
former, with result that soon after cleaning had 
started, one of the assistants was killed, owing to 
an arcing discharge. Matters were made worse by 
the fact that no provision was made on the switch- 
gear for earthing the circuits, as a preliminary to 
work upon them, and whether this was done by a 
length of iron pipe, or not, depended on the dis- 
cretion of the staff. In another accident, fire-damp 
was ignited, owing to the plug and socket of a coal- 
cutting machine being indifferently attached to its 
bracket and to a short length of cable being passed 
through an unbushed hole in the wall of a switch 
box on the same cutter. The door of this switch 
box was sealed by a sheet of asbestos composition, 
which was, however, broken away at a number of 
places, while several of the screws were missing 
or defective. Finally, owing to the incorrect lacing 
of the haulage chain, two slots had been cut by it 
in the end frame of the machine, thus giving access to 
the switch box. The explosion occurred when the 
motor was being started. 

It should be easy to alter this state of affairs, 
for, as Mr. Horsley points out, of the accidents that 
have occurred during the last five years, 20 per cent. 
are due to defective design or to the equipment 
being used for some purpose for which it was not 
intended. The remedy for the first of these rests 
with the purchaser, who makes a mistake if he 
allows first cost to be a dominating factor. Better 
quality may mean a higher selling price, but it also 
gives greater reliability and reduces the risk of 
accident. ; 

During the last five years there have been !+ 
fatal and 89 non-fatal accidents involving trailing 
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cables and plugs. Though this may partly be 
explained by the increasing use of these forms of 
equipment, it is worth while investigating whether 
the types employed are the best for the purpose, 
and whether more care in handling them is not 
desirable. An analysis of 21 recent accidents 
shows that eight were due to the plugs, five being 
caused by a breakdown of the insulation or by 
short-circuit. Of the accidents with trailing cables, 
five were accounted for by mechanical damage 
exposing the conductor, three by short-circuit, while 
cuts from picks and punctures from shot firing were 
other contributory causes. Once again, carelessness 
is an important factor in these mishaps, though the 
design of many of the plugs leaves much to be 
desired, and the more general use of the British 
standard mining plug is reeommended. As regards 
trailing cables, much of the damage caused is 
avoidable, and some is due to neglect to repair 
small incisions in the sheath. Pliable armoured 
cable should be used on such machines as conveyors, 
which are not locomotive. 





THE ENGINEERING SALESMAN. 

In the autumn of last year, the labours of the 
Committee on Industry and Trade, appointed in 
1924 by Mr. Macdonald, then Prime Minister, were 
drawing to a close. The scope of the voluminous 
evidence it had taken had been embodied in six 
reports, presenting an authoritative account of 
the country’s economic position and _ prospects, 
and it remained only for the committee to deliver 
its conclusions, which were published at the begin- 
ning of this year in its Final Report. At this 
stage, another Government Department initiated 
an independent enquiry into one aspect of the 
industrial situation, which the Committee on 
Industry and Trade had not investigated fully. 
The President of the Board of Education appointed 
a committee, under the chairmanship of Mr. Francis 
W. Goodenough, C.B.E., to consider the problem of 
education for salesmanship, and to make any 
recommendations that might seem desirable for 
promoting greater marketing efficiency in both 
home and export markets by means of education. 
The committee, composed largely of members 
eminent in business life, has given a wide interpreta- 
tion to its terms of reference. Its enquiries are by 
no means finished, and it is not yet prepared to 
formulate any final reeommendations. The informa- 
tion obtained so far seems, however, to be of 
immediate importance, and can be put forward 
with the more confidence because it gives confirma- 
tion to conclusions that had been reached previously 
by the Committee on Industry and Trade. Accord- 
ingly, it has been embodied in an Interim Report 
(H.M. Stationery Office, 4d. net), and in a short 
compass presents an abstract, of a large amount of 
evidence, which deserves the careful consideration 
of the engineering trades. 

The wide scope which is being given to this 
investigation has been reached by giving a compre- 
hensive meaning to salesmanship. In the sense 
adopted by the committee, it is not merely the art 
and practice of persuading customers to buy, nor 
even the business of sales management. It includes 
the discovery and study ot markets, their develop- 
ment, and the provision of such arrangements as 
will promote and satisfy the largest demand for 
the products and services of manufacturers. It 
covers, in fact, all the considerations and activities 
that are involved in framing a sales policy and in 
carrying it out with success, and not least of all 
includes the selection and training of salesmen, as 
well as their direction. In this sense it is, as the 
report points out, essentially a prime function of 
management, and though parts of it may have to 
he delegated to persons who technically may not 
be partners or directors of the concern, the functions 
of salesmanship should be regarded as none the less 
of the first importance to its well-being. Accordingly 
the committee has considered it desirable to begin 
its investigations by a comprehensive enquiry into 
the requirements to be expected of manufacturers 
in order that customers may be satisfied, especially 
in the export markets, and of the extent to which 
these requirements are being fulfilled. So far as 
concerns export trade, to which the committee 
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amount of information on this subject has been 
accumulating for many years in the reports of the 
Department of Overseas Trade, accounts of which 
have been given from time to time in these columns. 
These documents have sometimes been subjected 
to the remark that they are the work of Govern- 
ment officials, and not of business men, and though 
this objection does not diminish either the ability 
that many of them have shown, or the opportunities 
of the authors for obtaining authentic and intimate 
information, it was felt that the criticism con- 
tained in many of them should be checked, as 
far as possible, by obtaining the opinion of business 
men, both at home and abroad. With the co- 
operation not only of the Department of Overseas 
Trade, but also of the Association of British Cham- 
bers of Commerce, and of the Federation of Cham- 
bers of Commerce of the British Empire, a mass 
of information has therefore been obtained, embody- 
ing the views of business organisations and individual 
firms, as well as of Trade Commissioners, Counsellors 
and Secretaries for all the more important European 
and overseas markets. The similar enquiries of 
firms and business associations in England and 
Wales are still in progress, and the results of them 
that have been obtained already are not included 
in the present report. The particulars given with 
regard to export markets confirm the conclusions 
suggested by the earlier official reports, on which 
the opinion of the Committee on Industry and Trade 
seems to have been largely based. -This is appar- 
ently the first time that so large and authoritative 
a body of evidence on the subject has been secured 
from business men, and the conclusions in question 
must therefore now be taken as established. So 
regarded, they must ultimately induce many 
British manufacturers to reconsider their policy 
on a number of aspects of marketing in the export 
trade, and the present report is published without 
delay, in order to give them the opportunity of 
recognising the facts, and considering the measures 
by which the existing situation may best be met. 

Through the reports of the Department of Over- 
seas Trade and the remarks on the subject contained 
in the Final Report of the Committee on Industry 
and Trade, the general character of these facts is 
known widely enough to make it unnecessary here 
to repeat their details. Their effect may be sum- 
marised shortly. Most markets in all parts of the 
world recognise the reliability of British products, 
and the fairness and integrity of the business 
methods traditionally adopted by British manufac- 
turers and merchants, and many markets will give 
a preference to their supplies on otherwise equal 
terms, and sometimes even pay a little more for 
them. So far, on the other hand, as concerns the 
other conditions of business, it is found that for 
the most part, British manufacturers generally offer 
worse terms and inferior service. It is recognised 
that to this general rule there are brilliant excep- 
tions, whose practice in all respects leaves little or 
no room for improvement. The existence of these 
more enterprising concerns, however, does not alter 
the criticism passed on the majority. In substance, 
this criticism may be expressed as being that in 
matters not affecting the quality of goods and the 
observance of contracts, British manufacturers 
conduct their business with too great an insistence 
on what they themselves prefer to offer, and too 
little regard to what customers would prefer to 
have. While this country had a monopoly, this 
practice was inconvenient to its customers. Now 
that alternative sources of supply have sprung up, 
and are increasing, both in number and capacity, 
it is becoming disastrous to its trade. In earlier 
days, doubtless, British goods would, to a large 
extent, sell themselves, and their manufacturers 
could call the tune. Such times have gone, and 
there is no prospect of them returning. It is the 
customer now who calls the tune, and a powerful 
and increasing body of competitors are able, and 
willing, to take up the chorus. 

The committee sets out in adequate detail and 
with studied moderation the nature and the apparent 
factors of this situation, and, while it reserves its 
considered recommendations for a later report, it 
describes a number of suggestions which either have 
been made by one or other of its witnesses or appear 
to follow from their evidence. Some of these 
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marketing in any part of the world, others apply 
possibly only or with particular force to individual 
firms or associations of firms in individual markets. 
In general terms, the more important relate to the 
cultivation of markets and to the qualifications of 
salesmen. The condition of successful marketing 
on which most stress is laid amounts in effect 
to the statement—either made expressly, or 
fairly to be inferred from what is said—that the 
relation between the parties must be personal, 
intimate, and addressed to supplying the needs and 
serving the convenience of the customer. On an 
older conception of business it could quite properly 
have been taken to be restricted to a bargain, as 
valuers put it, between a willing buyer and a willing 
seller. In existing conditions this relation would 
be as inadequate as it would between a professional 
man and his client. It is no figure of speech 
that a consulting engineer, a doctor, or a lawyer, 
though he draws his fee, does his work with a single 
eye to the interests of his client. The more nearly 
the manufacturer, especially in work such as that 
of the engineering trades, can recognise that his 
interest lies in treating his customer similarly, the 
more completely he can satisfy his customer that 
he is trying so to treat him, and the more success- 
fully he can serve his customer’s interest and conve- 
nience, the more stable will be his hold on the 
business. Foreign competitors at present go much 
nearer to fulfilling these conditions than do most 
British manufacturers, and will maintain their 
present advantage and increase it until British 
manufacturers can offer a similar co-operation, so 
that they would no longer be under a disadvantage 
compared with their competitors. 

In a simpler organisation of commercial society, 
doubtless essential parts of work of this kind 
would have to be done by a partner in the manufac- 
turing firm. He, for instance, could supply most 
convincingly the essential personal touch by which 
mutual confidence and understanding are reached. 
As things are, however, it will often happen that 
there are not enough partners to go round, and his 
place will have to be taken by a salesman. This, 
indeed, seems likely to be the most general case, 
and on the evidence of this report it is high time for 
manufacturers to consider what sort of men they 
want for salesmen, and how they will set about 
getting them. In the engineering trades it is 
already becoming generally recognised that the 
salesman must be familiar with the technical side of 
the business. If, however, his function is to be 
understood in the wide sense suggested by the 
committee, he must also have a_ well-balanced 
capacity for studying the market, the confidence 
of his firm, and the power to act for it without prior 
reference in many more things than he has at 
present. He must, moreover, be a man of the 
world, and, if his business is of importance, his 
status must be rather that of an ambassador than 
of a traveller. The number of such men available 
for the work is far smaller than the demand would 
be if manufacturers recognised the necessity of 
employing them. It is far less than are to be 
found in some other countries, such as the United 
States and Germany. It will continue to be so 
until employers see the need of offering remunera- 
tion and a status such as will attract men of the 
considerable ability required, and parents have 
become satisfied that such a career is open to their 
promising sons. 

The Committee has performed an important 
public service in putting forward the evidence they 
have already collected, and their further reports 
will be awaited with interest. It may be uncertain 
how long it will be before the present report and 
its successors lead to the desired action among the 
manufacturers concerned ; all the more so because 
such measures will require a supply of trained men, 
and training cannot be improvised. The one thing 
certain is that to postpone such measures is an 
act of extravagance far beyond the country’s means. 
Trade statistics take the figures of 1913, or some 
such period, as a basis. Few trades can show heavier 
exports than in that year, and many are still below 
it. It needs no economic genius to see that a 
country whose exports have made little or no 
progress since 1913 cannot continue indefinitely to 





carry a budget four times as large as in that year. 
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Wor.Lp PowEr CONFERENCE, BERLIN. 


EXPRESSED in a few words, the object of the World 
Power Conference is to bring together, for the 
purpose of discussing recent development and 
experience, authorities in all branches of power 
generation, distribution, and _ utilisation, such 
authorities including, of course, research scientists 
and also economists and business men. As will be 
remembered, the first plenary conference was held 
at the British Empire Exhibition, Wembley, from 
June 30 to July 12, 1924, since which date three 
sectional meetings have taken place, the first at 
Bale in 1926, the second in London in 1928, and the 
third at Barcelona in the spring of the present year. 
A fourth sectional meeting has just been concluded 
at Tokyo; it opened on October 29 and closed on 
November 7. The second plenary World Power 
Conference will be held at Berlin, from June 16 to 
25, 1930. Preparations for this function have 
been going on since the beginning of this year, 
and suggestions for scientific contributions, drawn 
up by twelve professional committees, and sent 
out by the Berlin office of the Conference to 47 
different countries, have awakened a ready response 
in all parts of the world. Up till the present, 
notification has been received that more than 
200 papers are to be presented, and it is anticipated 
that this number will be doubled and, perhaps, 
trebled before the end of the present year. Conspic- 
uous among the contributions, particulars of which 
have been received, are papers dealing with elec- 
trical questions. The papers presented at the 
Conference will not be read at the meeting, but will 
be printed and distributed to all the delegates 
before the Conference takes place. General reports 
covering all the contributions received in each sec- 
tion will be read, and these will be followed by dis- 
cussions. The official languages of the Conference 
are English, French and German. The offices 
of the Conference are at Ingenieurhaus, Friedrich 
Ebertstasse 27, Berlin, N.W.7, Germany. 


ELECTRICAL MANUFACTURING. 

The annual dinner of the British Electrical and 
Allied Manufacturers’ Association is an occasion 
on which the position and prospects of the electrical 
manufacturing industry may be expected to be 
brought under review. The function is not one 
at which statistical and detailed information can 
conveniently, or even usefully, be given, but the 
event, none the less, gives a suitable opportunity 
each year for a general survey. Fortunately, for 
some years past, it has been possible to say that 
the industry as a whole was prosperous, and there 
was no need to depart from this satisfactory formula 
at this year’s dinner on Wednesday of last week. 
Although the industry is prosperous, however, all 
is not as well as it might be, and Sir Felix Pole, 
in responding to the toast of ** Electricity in Industry 
and Transport,” stated that as a newcomer to 
electrical work, he had been astonished at the 
fierce competition and alarming price-cutting which 
took place. This kind of thing is, in some quarters, 
held to be good for the customer, but certainly, 
in its present immoderation, it is not good for the 
industry, nor, in the long run, for those whom it 
supplies. The toast was proposed by The Rt. Hon. 
J. H. Thomas, who paid a well-earned tribute to 
the efficiency of the industry and the way it had 
helped itself, but neither he nor Mr. Herbert 
Morrison, the Minister of Transport, who replied 
for “Our Guests,” were able to suggest any way 
in which our electrical manufacturers—or any other 
of our manufacturers—cvuld be helped towards a 
unit labour cost more nearly approaching that of 
their Continental competitors. There is certainly 
no desire to reduce the wages of the workpeople in 
the electrical industry in this country, but if the 
present Government, which should be in a particu- 
larly favourable position for such actions, could do 
something to reduce Trade Union restrictions in 
industry, and at the same time assist towards a 
working week in Continental countries effectively 
equal to our own, they would do more for industry 
generally, and towards a solution of the unemploy- 
ment problem than is possible by no matter how 
large expenditure on public works. The country 
is not in need of extensive spending of public money 





to absorb its unemployed. It is in need of a better 
load factor for its industrial machine. The chair 
was taken at the dinner by the President of the 
Association, the Rt. Hon. The Earl of Derby, who 
spoke with his usual happy facility, and the toast 
of ‘The Chairman” was proposed by Mr. V. 
Watlington, the Chairman of the Council. 








THE ENGINEERING AND POWER 
CONFERENCES IN TOKYO. 


Taz World Engineering Congress, which has 
recently closed in Japan, possessed several remark- 
able features. The most noticeable was probably the 
great effort which was made by the hosts to entertain 
delegates and visitors. Hospitality was lavished on 
a literally imperial scale. Next to this should be 
remarked the openly expressed intention of the 
Japanese to use this occasion to convince the world 
of their modernisation. While appreciating the 
interest which the world takes in their ancient 
culture and artistic traditions, their real pride 
lies in their achievements in the field of mechanised 
life. No one who has seen Japan at this time can 
fail to realize that it is, in all essential matters, as 
‘““modern’”’ a country as any in Europe. In some 
respects it is even more modern. Thirdly, emphasis 
should be put on the completeness of the prepara- 
tions and organisation of the Congress _ itself, 
including the very numerous social functions related 
thereto. Everyone, from the Heir Presumptive to 
the artisan, has prepared himself according to a most 
elaborate schedule to make the Congress a success, 
and the perfection of the arrangements has been 
remarkable. Some small exception might be taken 
in regard to the hotel accommodation, but this 
defect arose rather from the actual shortage of 
occidental hotels in Tokyo than from any remediable 
cause, and no one had any real grounds for complaint, 
having regard to the circumstances. There were 
over five hundred delegates, members and guests 
from overseas, together with over three thousand 
Japanese members. In regard to the technical 
side of the Congress, there were 800 papers presented 
to the World Engineering Congress alone, of which 
82 came from British representatives, 98 from the 
United States, and 375 from Japan. The Tokyo 
sectional meeting of the World Power Conference, 
held concurrently, received over 200 papers, of 
which about 20 were by British authors. Attention 
may be drawn to the fact that we are now publishing 
in our columns brief abstracts of selected papers, 
though it will clearly be impossible to deal with 
more than a small proportion of those actually 
submitted. 

Some excursions to beauty spots were arranged 
before the Congress, but the majority of the dele- 
gates did not arrive in Tokyo until October 28. 
There was great congestion, and some had to stay 
in Yokohama (20 miles away, but with a frequent 
electric train service), but the most minute prepara- 
tions had been made, and very soon all were provided 
with badges and masses of literature, including a 
very remarkable volume entitled ‘“ Industrial 
Japan,” which gave an excellent survey of the tech- 
nical achievements of the country. 

The whole of the Parliament House was used 
for the meetings, and proved extremely suitable 
for the purpose. On the morning of October 29 
the Congress was formally opened in the Hibiya Park 
Municipal Auditorium. H.I.H. Prince Chichibu, 
the brother of the Emperor, who is the Patron of 
the Congress, attended, and a series of speeches 
of welcome were given by the Prince, the Prime 
Minister (Mr. Hamaguchi), and Baron Koi Furuichi, 
President of the Congress. Responses were made by 
the representatives of the United States (Dr. E. A. 
Sperry), Great Britain (Mr. E. F. C. Trench), China 
(Mr. P. Y. Hu), France (M. Bés de Berc), Germany 
(Dr. Carl Koettgen), Italy (Senator Luiggi), and 
Sweden (Mr. A. F.:Enstrém). These were followed 
by the presentation of addresses by various repre- 
sentatives of institutions, societies, &c., including 
one by Mr. R. W. Allen, on behrlf of the Universities 
of Cambridge and London, and one by Mr. Foster 
King. After His Imperial Highness had left, the 
meeting went into Committee, and passed the rules 
of order and appointed chairmen of the 12 sections 
for the various meetings. 








In the afternoon a very similar ceremony took 
place in connection with the World Power Conference 
in the House of Commons, at which Mr. Frank Gill 
responded on behalf of the British representatives. 

On the previous evening a reception was 
held by Baron Furuichi, in the Imperial Hotel, 
including a banquet and ball. T.I.H. Prince 
and Princess Chichibu attended the banquet, 
which was a very brilliant function. In the 
evening of the opening day a reception was held by 
the Premier (Mr. Hamaguchi) at his official residence. 

During the following days the twelve Sections of 
the Congress held meetings, and visited local works, 
interspersed with lunches, tea parties and dinners, 
while the Power Conference ran a series of parallel 
meetings with fifteen Sections. 

Some delay had occurred in the receipt and 
printing of the very numerous papers for the 
Congress; a large volume of abstracts was only 
ready on October 29, and it was only possible to get 
advance copies of about 20 per cent. of the papers. 
This presented an obstacle to the rapid digestion of 
the great mass of literature, and has somewhat 
reduced the technical advantages of the Congress. 
As far as can be gathered, the contributors 
themselves were partly responsible for this. 
Nevertheless, the meetings were quite successful. 
Ten minutes or so were allowed for each author 
to present his paper, with five minutes more 
for discussion. Owing to language difficulties 
the discussions were not extremely lively, but some 
quite useful interchanges of opinion occurred. The 
Sectional Meeting of the World Power Conference 
was better in respect to the technical side, probably 
because there had been previous experience to 
draw upon. In this case there were reports on 
the papers, and it was not necessary actually to 
read the papers themselves. The bulk of the time 
was thus available for comment, and this is un- 
doubtedly the better way to handle a conference 
on such a scale. 

On the second day visits were paid in the after- 
noon to the Aeronautical Research Institute at 
Etchujima, the Tokyo Imperial Industrial Labora- 
tory, the Kawasaki factory of the Tokyo Electric 
Company and the factory of the Meiji Seika Com- 
pany. There was also a tea party with Japanese 
dances given by Baron Mitsui, and in the evening a 
soirée given by the Japan Economic Federation and 
Industry Club of Japan. 

On the third day (October 31) the principal social 
event was a garden party at the Shinjuku Imperial 
Garden, given by T. I. Highnesses. In the evening 
of the same day the American Committee invited 
all the overseas members and prominent Japanese 
members to dinner. 

On the fourth day (November 1), there were 
visits to the Kurosawa Factory at Kamata, the 
Imperial Fuel Research Institute, and the Kawaguchi 
factory of the Nippon Beer Kosen Company. As 
far as the British members were concerned, the social 
event of the day was a dinner and reception at the 
Embassy by H.B.M. Ambassador, Sir John Tilley. 
This was the first chance the British members had 
to get together. On this occasion T.I. Highnesses 
attended, and most of the members had the privilege 
of presentation. All were impressed by the gracious 
interest shown in the occasion by the Prince and 
Princess. 

On the following day (November 2) general 
inspections were made of Tokyo and Yokohama. 
There were also special visits to the Niskitama 
factory of the Asano Cement factory, and the 
Tsurumi factory of the Shibaura Engineering works. 
The majority devoted themselves to the study of the 
reconstruction following upon the great earthquake. 
In Tokyo nearly one thousand million yen (say, 
100,000,0007.) has been spent on repairing the 
effects of the earthquake and in improvements. 
It would be futile to attempt to describe in any 
detail what has been done. Suffice it to say 
that the central parts of Tokyo have been trans- 
formed into the likeness of a modern American 
city with wide boulevards comparable with any in 
the world and scores of concrete and steel-framed 
buildings, many of which are eight stories in height. 
The electric tram service is most complete and 
motor *buses ply almost everywhere. Horse-draw!) 
vehicles and rickshaws have practically disappeared. 
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Similar great improvements have been made in 
Yokohama, although there in some cases (especially 
as regards the foreign offices, &c.) many of the activi- 
ties are still in temporary buildings. The parties 
who visited the dockyard and harbour were much 
impressed by the work. The Yokohama dockyard 
is particularly well laid out. New piers consisting 
of reinforced-concrete braced-deck units floated on 
to the pile-work are in process of emplacement, and 
large areas are being reclaimed by hydraulic fill. 
The Yokohama party also visited the Government 
Silk Conditioning House, as well as a very up-to- 
date brewery, and the museum of earthquake relics. 

On the following day (Sunday, November 3), 
which was a national holiday, a little relaxation 
was allowed and the members either visited Nikko, 
Kamakura, or Hakone. 

Individual members were provided with facilities 
to see special establishments in which they were 
interested. Among these should specially be 
mentioned the Omiya Works of the Government 
Railways. 

In many of the undertakings the operations 
carried on are of such a colossal character that 
one’s views tend to oscillate between admiration 
for the courage and foresight of the Japanese and 
criticism of what often appears to be unwarranted 
expenditure. There can be no doubt that in some 
instances a strict economy would have curtailed the 
actual execution of some of these projects, but it is 
probably necessary to allow for the psychology of 
the Japanese consequent upon reaction from the 
disaster of 1923. The Congress has probably made 
many. realise as never before that the Japanese are 
a people with unparalleled determination, and 
of great force of character. 

Something should be said of the leading figures 
of the Congress. Baron Furuichi, the President, 
has been, of course, outstanding, but it is probable 
that to Baron Shiba, the Chairman of the Execu- 
tive Committee of the Engineering Congress, and 
to Dr. Kamo, the Chairman of the Executive 
Committee of the Sectional Meeting of the World 
Power Conference, should be attributed the major 
credit for the vigour with which the programmes 
have been laid out and executed. In regard to the 
British members, Mr. E. F. C. Trench took the 
lead in the Congress and Mr. F. Gill in the Power 
Conference, but the work of Mr. R. W. Allen on 
the Committees of organisation and preparation, 
etc., deserves special mention. Thus, the Institu- 
tions of Civil, Electrical and Mechanical Engineers 
shared the labours in a very uniform manner. 

Amongst those British members who took active 
parts in discussions, social functions, &c., should be 
mentioned Mr. W. J. E. Binnie, Mr. W. T. Dunn, 
Lt.-Col. D. E. Evans, Sir Alexander Gibb, Professor 
P. A. Hillhouse, Mr. J. Foster King, Mr. R. L. 
Ranken, Mr. W. Reavell, Sir Richard Threlfall, 
Mr. R. Vowell, and Mr. W. J. Williams. 

Mr. G. B. Sansom, the Commercial Counsellor of 
H.B.M. Embassy at Tokyo, was kept exceedingly 
busy in aiding the British members, and did yeoman 
service, ably assisted by the British residents of 
Tokyo and Yokohama. 

Among the non-British members certain remark- 
able personalities stood out. The veterans, Drs. 
Sperry, Grunsky and Waddell, Mr. J. R. Freeman, 
and Mr. C. W. Merrill should especially be mentioned 
among those from the United States ; Dr. Luigi 
Luiggi, M. Bés de Bere, Dr. Koettgen, Dr. Enstrém, 
Mr. Wouter Cool, Mr. P. Larsen, Mr. P. Y. Hu, 
Dr. Matschoss, Professor Prandtl, Dr. Spadek 
were noteworthy among the other delegations. 


(To be continued.) 








THE UNION-CASTLE MOTOR SHIP 
‘*LLANGIBBY CASTLE.”’’ 


Or the four motorships ordered by Messrs. The Union- 
Castle Mail Steamship Company, Limited, from Messrs. 
Harland and Wolff, Limited, in the spring of last 
year, the first, viz., the Llangibby Castle, has just been 
delivered and will commence her maiden voyage on 
the 5th proximo. The Llangibby Castle, which has 
been built at Messrs. Harland and Wolff’s Govan yard, 
1s of the intermediate class, of 11,951 gross tons, and 
will be employed on the owner’s service on the East 
Coast of Africa, via the Suez Canal, serving the colonies 
of Kenya and Tanganyika, calling at Zanzibar, 
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Beira, &c., and returning via Cape Town and the West 
Coast. The round voyage will occupy about 9 weeks, 
and about four voyages will be made each year. The 
other vessels ordered at about the same time included 
another vessel of the intermediate class, named Dunbar 
Castle, which has recently been launched from the 
Govan yard, and two mail vessels of about 20,000 
gross tons each, both of which are building at Messrs. 
Harland and Wolff’s Belfast yard. These two vessels 
are named Warwick Castle and Winchester Castle, 
respectively, and some general particulars of the latter, 
which was launched on the 19th instant, are given below. 

The Llangibby Castle, to which we propose to con- 
fine our attention for the moment, has been built to 
Board of Trade requirements, and her principal dimen- 
sions are :—Length between perpendiculars, 485 ft. ; 
moulded breadth, 66 ft. ; and depth, moulded, to upper 
deck, 33 ft. 6 in. Her net-register tonnage is 7,199, 
and her deadweight capacity 8,465 tons, on a mean 
draught of 27 ft. 2} in. The displacement, at this 
draught, is 17,355 tons. The total cargo space is 
395,030 cub. ft., of which 123,970 cub. ft. is refrigerated 
for the carriage of fruit, eggs, dairy produce and other 
perishable cargo. There are five cargo holds, and of 
these, No. 5 is insulated, as well as the ’tween-decks 
spaces Nos. 1 to 5. The hull is divided into nine water- 
tight compartments, the bulkheads being carried +o the 
upper deck, and the double bottom, which extends 
for the whole length of the ship, is arranged to carry 
water ballast, oil fuel, and fresh water. The oil 
bunker capacity is 1,627 tons. 

Accommodation is provided for 250 first-class passen- 
gers and 200 third-class passengers, the former being 
carried in single, two, and three berth cabins or the 
promenade, shade, and upper decks. The accommo- 
dation is ventilated on the punkah-louvre system, 
supplied by Messrs. Thermotank, Limited, Glasgow. 
Tt may be of interest to mention here that the ventila- 
tion to the inboard cabins is independent of that to the 
outboard cabins, so that air can be supplied to the for- 
mer when not required for the latter. The first-class 
dining saloon, on the upper deck, is designed in the 
Empire style, with a lofty barrel vault in the centre 
extending for practically the whole length. There is a 
musicians’ gallery at the forward end, and a wide 
arched opening at the after end leading into the entrance 
and main forward staircase. The walls of the main 
part of the saloon are divided up by ivory pilasters with 
gilt capitals, the panels being of pale green, with mirrors 
at the fore and aft ends. A fine painting of Llangibby 
Castle is mounted over the sideboard at the forward 
end. A feature of the dining saloon, and of other 
public rooms in the vessel, is the use of rubber flooring, 
laid in marble-pattern panels of different colours. 
The material, as well as having an attractive appearance, 
is non-slippery and effectively deadens the sound of 
footsteps. From the after end of the saloon, the main 
staircase, in the centre of which a passenger lift is 
incorporated, leads to all decks. 

The lift and staircase terminate at the lounge on 
the upper promenade deck, at the after end, and are 
separated from it by a light arcade. The lounge is 
decorated in the Louis XVI style, in grey and white, 
and is a pleasant cool apartment with bay windows 
on each side. A large bookcase forms the main feature 
in the centre of the forward end. The smoking room 
is located at the after end of the same deck, and has 
been designed as a reproduction of an old-English 
oak-panelled room, with square bay windows and settle 
seats. Opening from it 1s a verandah in old English 
black and white style, with an open balustrade over- 
looking the after part of the ship. 

Third-class passengers are accommodated in the 
after end of the ship in comfortable two-berth and 
four-berth cabins on the upper deck. Special attention, 
we understand, has been given to the matter of ventila- 
tion. The dining saloon, forward of the accommodation, 
is panelled and furnished in hardwood, and a lounge 
and smoke room are provided on the shade deck 
above. Of these, the former is finished in mahogany 
and the latter in oak. 

The ship is propelled by two sets of single-acting 
Diesel engines, of the Harland-B. and W. type, each 
of which drives a three-bladed propeller through a 
Michel thrust block. Each engine has eight cylinders 
of 740 mm. (294 in.) bore, with a piston stroke of 1,500 
mm. (59 in.). The engines are supercharged on the 
Bichi system, particulars of which will be found on 
page 425 of our 126th volume (1928). Together, they 
develop 8,500 brake horse-power at 108 r.p.m., giving a 
speed of 17 knots on trial, with a mean draught of 
18 ft. 6in. The fuel consumption of the main engines 
is given as 0-4 |b. per brake horse-power per hour. 
The normal speed at sea in the loaded condition will 
be 15} knots, and the fuel consumption, for all purposes, 
is estimated at 37 tons a day. The two turbo-blowers 
for supercharging were constructed by Messrs. Brown 
Boveri, and are each rated to produce 15,150 cub. ft. 
of air per minute at 4-44 Ib. per square inch, the exhaust 
gas pressure being 4-3 Ib. per square inch (gauge), 


and the maximum temperature of the gas 932 deg. F. 





The maximum speed of the blowers is 3,500 r.p.m. A 
three-stage air compressor is mounted at the forward 
end of each of the main engines, and driven off an exten- 
sion of the crankshaft. These compressors supply the 
injection air; the manoeuvring air is stored in four 
steel reservoirs charged by the compressors on the 
auxiliary-generating sets. Salt water is used for cooling 
the cylinder covers and jackets of the engines, the main 
pistons being oil cooled. 

Three auxiliary generating sets, each of 250 kw. 
capacity, are provided, each being driven by a six- 
cylinder Diesel engine running at 225 r.p.m. and 
producing direct current at 220 volts. Both engines and 
generators, which are located in the main engine room, 
are of Messrs. Harland and Wolff's manufacture, and 
the engine compressors are of extra large capacity, in 
order to supply air to the manceuvring-air reservoirs, as 
already mentioned. An emergency-lighting set, driven 
by a McLaren Benz four-cylinder airless-injection 
engine, developing 57 b.h.p. at 750 r.p.m., is mounted 
in an enclosure on the shade deck at the extreme after 
end. The set, of course, generates direct current at 
220 volts. In the same house are located the motor 
generators for two electric capstans. The steering gear 
is of the all-electric type of Messrs. Harland and 
Wolff's manufacture, and is operated by two Laurence- 
Scott motors. Each motor is supplied from a motor- 
generator set with an exciter on the same shaft. The 
exciter field winding is connected between the sliding 
contacts of rheostats operated by the steering wheel 
and steering motors, respectively. As long as the 
sliding contacts are in the same position, no current 
flows in the exciter winding, but as soon as the stecring 
wheel is turned, current flows in the exciter field winding 
in one direction or the other, according to the direction 
in which the wheel has been turned. When the exciter 
field is energised in this way, a voltage is produced at 
the brushes of the exciter, and this energises the field 
of the generator, so that the latter supplies current 
to the rudder motor. The resulting movement of the 
rudder motor brings the sliding contact of the rheostat 
connected to it into a position corresponding to that 
of the steering-wheel rheostat, when the exciter field 
will become de-energised and the movement will cease. 
In addition to the main field winding on the exciter, 
there is a small damping coil supplied from the motor- 
driven generator. This coil is wound so as to oppose 
the main field, its object being to neutralise residual 
magnetism and prevent hunting. An adjustable resist- 
ance is provided to regulate the amount of damping. 

The whole of the auxiliaries are electrically driven, 
and of these we may mention three CO, compressors 
for refrigeration, constructed by Messrs. J. and E. 
Hall, Limited, and driven by 80-h.p. motors supplied 
by Messrs. W. H. Allen, Sons and Company, Limited. 
Steam for ship’s use is supplied by two Clarkson patent 
silencer boilers, through which the exhaust gases are 
passed after leaving the turbines of the supercharger 
blowers. The boilers are designed to produce about 
5,000 Ib. of steam per hour, at 100 lb. per square inch, 
when the main engines are running at normal speed. 
Clyde oil burners are, however, also fitted to enable 
the boilers to produce about the same quantity of 
steam in port. Each boiler is 6 ft. in diameter and 
14 ft. 9 in. high, its weight being 7 tons empty and 
9 tons filled ; the boiler feed is supplied by Weir pumps. 
It is interesting to note, in connection with these boilers, 
that to produce the above-mentioned quantity of steam 
by an oil-fired donkey boiler, about 4 tons of fuel a 
day would be required, so that their use results in an 
important economy. 

The cargo is handled by derricks ranging from 
5 tons to 30 tons in lifting capacity, all the derricks 
being served by Laurence-Scott electric winches. The 
warping winch and windlasses were supplied by 
Messrs. Clarke, Chapman and Company, Limited, and 
the capstans by Messrs. Napier Brothers, Limited. The 
ship carries 12 lifeboats, two of which are fitted with 
Fleming hand-propelling gear. All the boats are 
carried on gravity davits of a new design, constructed 
by Messrs. Samuel Taylor and Sons (Brierley Hill), 
Limited, of Brierley Hill, Staffordshire. The Llangibby 
Castle is, we believe, the first vessel on which these 
particular davits have been fitted. The wireless equip- 
ment, supplied by Messrs. The Radio Communication 
Company, Limited, includes a 1}-kw. transmitter, 
capable of operation on continuous waves, orinterrupted- 
continuous waves, over a wave-length range from 600 m. 
to 2,800 m., and a 250-watt emergency spark trans- 
mitter; 2560-watt spark transmitters, operated by 
batteries, are also fitted in two of the lifeboats. Wire- 
less direction-finding gear is provided in the chart room, 
and the navigating equipment also includes submarine- 
signalling and echo-sounding apparatus. 

The Llangibby Castle arrived in the Thames on 
Sunday last, having left the Clyde on Friday, Novem- 
ber 22. Throughout this trip, in the course of which 
some heavy weather was experienced, the ship and her 
machinery behaved admirably, a steady speed of about 
15 knots being maintained. We have to thank the 
directors of the Union-Castle Mail Steamship Company, 
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Limited, for their courtesy in inviting us to be repre- 
sented on the occasion referred to, and for the facilities 
thus afforded to our representative of inspecting this 
interesting vessel. 

The Winchester Castle, which, as already mentioned, 
was launched on the 19th inst. is generally similar 
to the M.S. Carnarvon Castle completed some three 
years ago. Particulars of this vessel will be found on 
page 21 of our 122nd volume (1926). The Winchester 
Castle will be employed on the United Kingdom-South 
Africa service. She has a length, between perpen- 
diculars, of 630 ft., a breadth, moulded, of 75 ft., and 
a depth, moulded, of 44 ft. 6 in. ; her gross tonnage is 
19,500. The vessel has a cruiser stern and is furnished 
with two of the low funnels which have become 
typical of motorship design. She has a continuous 
double bottom arranged for the carriage of water 
ballast and oil fuel, and is subdivided into twelve water- 
tight compartments. Accommodation is provided for 
756 first, second, and third-class passengers, mostly in 
single and two-berth staterooms. 

The cargo-handling facilities are well arranged, 
and include a large number of derricks with electric 
winches. Ample refrigerated space and store-rooms 
are provided, and space is also reserved for mails, 
specie, and other special cargo. The electrical instal- 
lation comprises four main Diesel-driven generators 
and one emergency generator, also driven by an oil 
engine. In addition to the lighting, the whole of 
the deck and machinery auxiliaries is electrically 
operated. The propelling machinery consists of two 
eight-cylinder, double-acting, four-stroke cycle Diesel 
engines of the Harland-B. & W. type. Steam for 
ship’s use is generated by passing the exhaust gas 
from the main engines through two waste-heat boilers, 
which are also arranged for burning oil fuel when in 
port. 


THE LATE DR. SAMUEL RIDEAL. 


News has reached us from South Africa of the 
sudden death of Dr. Samuel Rideal, a well-known 
chemist, and an acknowledged expert in sewage dis- 
posal and sanitary engineering. He died at Hartley, 
Southern Rhodesia, on November 13, in his sixty-sixth 
year. 

Samuel Rideal was born at Brixton in 1863, and 
was educated at Dulwich College, whence he proceeded 
to the Royal School of Mines with a scholarship. 
He continued his studies in chemistry at University 
College, London, where he was subsequently appointed 
assistant, and, in 1887, was elected a Fellow. His 
specialities were water purification, disinfection, food 
preservation and sewage chemistry and disposal. He 
was for some time public analyst in Chelsea and 
Vice-President of the Society of Public Analysts. He 
was also President of the Association of Sewage Works’ 
Managers. He lectured on chemistry at the Medical 
School of St. George’s Hospital, and was examiner in 
chemistry to the Royal College of Physicians. His first 
book, issued in 1889, was on Practical Inorganic 
Chemistry. Most of his later publications were devoted 
to his special subjects. We may mention his books on 
Disinfection and Disinfectants, Water and Its Purifica- 
tion, Public Water Supplies, and Sewage and Bacterial 
Purification of Sewage. The subject of his Cantor 
Lectures, of 1902, was Water Purification. All these 
books passed through several editions. In the com- 
pilation of some of his later books, he was associated 
with his son, Dr. Eric Keightley Rideal, Fellow of 
Trinity Hall, Cambridge, and lecturer in physical 
chemistry. Dr. 8. Rideal married a daughter of Mr. 
Samuel Keightley, a J.P. of Bangor, County Down. 
He went to South Africa some years ago for health 
reasons, and settled in Rhodesia. 


POWER STATIONSAND SULPHUROUS 
FUMES. 

Ir will be remembered that during the early part 
of the present year, the proposal of the London Power 
Company to erect a power station at Battersea was 
subjected to considerable criticism, on the grounds 
that this would do irreparable harm to historic 
buildings and to the amenities of the West End, 
owing to the large quantities of grit and sulphurous 
fumes that would be emitted. The company had, 
however, already taken steps to mitigate, if not to 
remove, the former nuisance by choosing mechanical 
stokers, instead of pulverised-fuel firing, and by design- 
ing chimneys 275 ft. high, in which grit catchers were to 
be installed. As regards the latter, they retained the 
services of Messrs. E. Ardern and R. V. Wheeler 
to examine the whole problem. The interim 
report of these two experts, which was sent by the 
London Power Company to the Electricity Commis- 
sioners and forwarded by them to the Minister of 
Transport, has now been published by H.M. Stationery 
Office as a Command Paper (Cmd. 3442), and is 
accompanied by the report of a committee presided 
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over by the Government Chemist, Sir Robert Robertson, 
also appointed to deal with the subject. 

The first report records the results of experiments 
which were made to test the efficiency and practicability 
of a scheme for removing the sulphur gases by washing 
them with water. From the data available, it appeared 
that each boiler at Battersea would yield a maximum 
of 170,000 cub. ft. of flue gas, containing 10 per cent. 
of carbon dioxide per minute. The lay-out is such 
that three boilers will be connected to one chimney, 
so that 510,000 cub. ft. of gas will pass up the latter 
per minute. It was assumed that the gases from a 
coal with a 1-5 per cent. sulphur content would contain 
about 0-03 per cent. of sulphur dioxide, and about 
0-05 per cent. of sulphur trioxide by volume. Small- 
scale experiments on the washing of flue gases at the 
St. Pancras power station showed that 1 cub. ft. of 
sulphur trioxide could be removed by 10-9 cub. ft. of 
water. On this basis, 2,775 cub. ft., or 17,300 gallons, 
of water per minute would be required to remove the 
255 cub. ft. of sulphur trioxide contained in 510,000 
cub. ft. of flue gas. At St. Pancras, however, the 
period of contact between the flue gases and the water 
was very short, and the amount of water used could, 
therefore, readily be halved. The water required to 
remove the 153 cub. ft. of sulphur dioxide in the 510,000 
cub. ft. of flue ‘gas would be 12,740 cub. ft., or 79,400 
gallons per minute, and this would also remove all the 
sulphur trioxide. These calculations, however, merely 
indicated the character of the problem, it being evident 
that, in order to reduce to the minimum the amount of 
water used, the necessary time of contact between it 
and the flue gases must be found experimentally, and 
that the proportions of sulphur dioxide and sulphur 
trioxide in the gases must also be accurately deter- 
mined. 

Experiments on a reasonable working scale were, 
therefore, undertaken at the Grove-road power station, 
where a cylindrical absorption tower, 27 ft. high and 
40 in. in diameter, was erected. The gases were drawn 
into the base of this tower through a 12-in. pipe, the 
flow being controlled by a butterfly valve and measured 
by a Pitot tube. Draught and temperature measure- 
ments could be made, and samples of the gas taken 
both at the inlet and outlet. The water for scrubbing 
was drawn from the town mains, and was delivered 
by a centrifugal pump to spraying devices. In the 
more important series of experiments, the latter con- 
sisted of three spirals, each carrying about 40 nozzle 
sprays, which were placed at heights of about 10 ft., 
17 ft. and 24 ft. from the bottom of the tower. The 
portion of the tower between the two upper spirals was 
packed with absorption rings. Northumberland rough 
smalls and Scotch washed peas were used as fuel, 
the former having a sulphur content of from 3-6 per 
cent. to 3-9 per cent., mostly in the form of pyrites, 
while the latter contained from 0-99 per cent. to 1-23 
per cent. of sulphur, about one-third of which was 
in organic form, while nearly the whole of the remainder 
was pyrites. 

Tests were first made with cold water at an average 
inlet temperature of 66 deg. F. With a flow of 1,900 
gallons per hour, it was found that the percentage of 
sulphur removed, in the case of the Scotch coal, varied 
from 100 per cent. to 73 per cent., as the gas velocity in- 
creased from 1-9 ft. to 3-8 ft. per second, the time of 
contact being from 14 seconds to 7 seconds. With the 
Northumberland coal, it varied from 100 per cent. to 59 
per cent., as the velocity increased from 1°9 ft. to 3°6 ft. 
per second. The acidity of the gases, expressed as milli- 
grams of sulphuric acid per litre, varied from 1-1 to 4:9 
before treatment, to from 0-4 to zero after washing. 
The water used per ton of coal burnt varied from 12,992 
gallons to 6,272 gallons. With water flows of 1,100 
gallons, 960 gallons and 720 gallons per hour, the 
percentages removed were, on the whole, lower, but the 
experiments showed that when the time of contact of 
the flue gases with the water was over 12 seconds, there 
was complete removal of the sulphur, even if the con- 
centration was high, provided sufficient water was used. 
As thé velocity of the flue gases increases the efficiency 
of removal falls, but is still as high as 90 per cent. 
with times of contact as low as 7 seconds. 

To prevent condensation and downward flow, the 
temperature of the flue gases, when they meet the air, 
must not be too low. Experiments were, therefore, 
made to discover whether these could be prevented by 
the use of water at a temperature of 145 deg. F. 
The water flow was 720 gallons per hour and, in the 
case of Scotch coal, with the same gas velocities as 
those given above, the percentage of sulphur removed 
varied from 96 per cent. to 80 per cent. Similar 
figures were obtained with the Northumberland coal. 
These results were confirmed by further tests, and it was 
also found that the use of excess water was not advan- 
tageous. On the other hand, with a low-sulphur coal, a 
90-per cent. removal of the sulphur was effected with as 
little as 1,344 gallons per ton of coal burnt, the gas 
velocity being 3-2 ft. per second. A striking feature of 
the tests with hot water was the absence of any smell of 
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sulphur dioxide, and analysis showed that-the desired 
transformation of the latter into sulphur trioxide had 
been effected. Whether this is due to the catalytic 
action of dust in the flue gases, or to the formation’of 
ozone or hydrogen peroxide during the evaporation of 
the hot water, is still being investigated. 

It having been found that the amount of water 
required to remove the sulphur, even when its concen- 
tration is high, is not excessive, a scheme for the Batter- 
sea station was drawn up. This, it is considered, more 
than fulfils the conditions indicated by the Grove Road 
experiments, and will also enable a final washing with 
alkaline solution to be effected, if that is found to be 
necessary. To guard against the emission of gases 
saturated with water vapour, arrangements are to be 
made for delivering hot and dry air, either just above the 
eliminator plates at the base of the stacks or at a point 
higher up. The wash-water, the acidity of which, as 
sulphuric acid, is expected to be 29 parts per 100,000, 
will be neutralised by mixing it with the circulating 
water, the volume of which will be 40 times greater. 
In this way an alkalinity of 15°8 parts per 100,000 
should be obtained, so that the only alteration in the 
river water should be a slight diminution in its carbonate 
and a slight increase in its sulphur content. 

In the report of the Government Committee, the 
opinion is expressed that the use of water sprays 
enables nearly the whole of the sulphur present in the 
flue gases to be eliminated, and it is stated that the 
analytical results, as regards the acidity of the ingoing 
and outgoing gases, were checked. It is considered, 
however, that there are features in the experimental 
apparatus and processes which are still obscure, and that 
while, therefore, there is no inherent reason why the 
larger experimental plant, which is now being erected, 
should not give similar results, final judgment is 
reserved. The comment is also made that a more 
definite explanation of the mechanism of the oxidation 
of sulphurous to sulphuric acid should be forthcoming 
before the practicability of the process can be reported 
upon. 








THE NEWCOMEN SOCIETY. 


THE annual general meeting of the Newcomen Society 
took place on November 20,when it was announced 
that Mr. L. St. L. Pendred had consented to act as 
president fora second year. The number of members, at 
the present time, is 248, while there are 57 institutions 
which subscribe to the Society. After the business 
affairs had been disposed of, Mr. Rhys Jenkins read a 
paper on the Art of Water Drawing, the paper being 
suggested by the title of a rare seventeenth century work 
the preface of which is signed R. D’acres. The Society 
intends to issue this book as their second extra publi- 
cation. The types of water-raising apparatus men- 
tioned are the bucket gin, the sucking pump, the forcer 
and bellows gin, the chain pump and the Archimedean 
screw, but D’acres considers the bucket gin, 7.e., the 
chain of buckets or chain of pots, as the most ancient 
instrument for raising water and says: “there be 
infinite sorts of them.” In his section on ‘ Forcers,”’ 
D’acres advises that the delivery pipes should not 
be made too small, and makes use of the term 
‘* Wyer-drawing,”’ a very early example as applied to 
fluids. The chain pump was the apparatus in most 
general use for raising any considerable amount of 
water and for continuous operation in mines, ce. ; 
it was possibly introduced into this country from 
Germany in the sixteenth century. 

Though remains of Roman pumps have been found, 
piston pumps, whether sucking or forcing, went out of 
use with the coming of the Saxons, and no trace of the 
name “pump” occurs in our language before the 
fifteenth century. One of the earliest applications of 
force pumps in England appears to have been made in 
the reign of Elizabeth by Sir Nicholas Bacon at his 
house at Gorhambury near St. Albans; while Peter 
Morrice used such pumps at the London Bridge Water 
works. It was the introduction of cast iron that led to 
the general extension of the use of the suction pump, 
and this began in the seventeenth century, and went 
on during the eighteenth. A striking feature of D’acres 
book is the systematic treatment of the subject, 
the author analysing the machine into prime mover, 
transmitting mechanism, and operating member. He 
divides the prime movers into animate-—men and beasts 
—and inanimate—wind and water, and so on. He 
also classifies the transmitting mechanism and the 
devices for raising the water, while perhaps the most 
surprising thing is to find in his book the suggestion of 
the use of fire for raising water. D’acres was cer- 
tainly one of the first in England to have any clear 
idea regarding the pressure of the atmosphere. 

From his description, a sketch of his proposed 
apparatus had been prepared by Mr. Jenkins, but it 
is not known whether D’acres ever constructed or 
tried the apparatus. Research has failed to reveal 
any information on this point, or even to establish 
with any certainty the identity of the author. 
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THE QUADRUPLEX VALVELESS 
ROTARY PUMP. 


ONE of the exhibits at the recent Bradford Engin- 
eering Exhibition was the ingenious valveless rotary 
pump which we illustrate in the accompanying 
Figs. 1 to 7. It is made by Messrs. British ()uadruplex, 
Limited, 27-34, Walnut Tree-walk, Kennington, S.E.11, 
and, from its simplicity of construction, is suitable for 
the pumping of milk, beer and other liquids which 
require particular cleanliness in handling. It can, how- 
ever, deal with all liquids capable of being transferred 
by a pump, and can also serve as an air compressor 
or vacuum pump. It consists of six principal parts 
shown grouped together in Fig. 1. The casing, or 
body, is seen in the centre, while on each side of it 
is a rectangular hollow piston with ports, which nest 
one inside the other and in the body. A shaft, partly 
hollow, and having ports and an eccentric portion 
near the centre, passes through the inner piston. The 
covers on each side of the group complete the unit. 
One cover embodies the delivery branch. The suction 
pipe is coupled to the hollow end of the shaft. 

The action of the pump will be understood by a 
reference to Figs. 2 to 6. The inner piston has ports 
on all its four faces, two of which are in line with 
the two ports of the outer piston. The shaft has 
three ports, one forming the suction passage and the 
other two the delivery passage. It will be clear 
from Figs. 2 to 5 that the rotation of the eccentric 
Shait reciprocates the outer piston transversely and 
the inner piston vertically at the same time, and that 
when the eccentric is on the centre lines two of the 
ports of the inner piston are closed. In the inter- 
mediate positions it will be equally clear that the 
Space A between the inner and outer pistons, and that 
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B between the outer piston and the casing, are in 
communication with each other and with the shaft 
ports. The suction and delivery ports in the shaft 
are marked S and D, respectively, and their form is 
clearly shown in Fig. 6. In Fig. 2, taking the rotation 
of the shaft to be clockwise, and the spaces A’ and B to 
contain liquid, further movement will connect these 
spaces with the delivery passage D. It will also cause 
a movement to the left of the outer piston, and an up- 
ward movement of the inner piston, which will displace 
the liquid in the spaces and drive it through the delivery 
passage. At the same time, the volume of the space B 
on the right of the pump, which has already been 
increased and formed a vacuum, causing liquid to be 
drawn into it through the suction passage 8, will be 
further increased. The upward movement of the inner 
piston, the lower port of which becomes uncovered 
by the movement, increases the volume of the space A 
at the bottom of it, continuing the suction effect. 
Reference to Fig. 4 will show that the suction and 
delivery effect is reversed when the shaft has rotated 
through 180 deg. The inner piston is now at the 
point of beginning to move downwards, and the outer 
piston to the right. The right-hand side is therefore 
acting as the delivery side, and the space B, which 
has already discharged some liquid through the decrease 
in volume, will continue to decrease, while the space A 
will carry on the discharge by its contraction as the 
inner piston descends. ‘The complete cycle takes 
place in one revolution, and the regular sequence of 
the two reciprocating movements gives a continuous 
suction and delivery. It will be realised that the 
movements will take place equally well if the shaft 
is fixed, and the casing and pistons rotated, a property 
which enables the pump to be made in a very simple 
way for operation by a belt drive, the exterior of the 













Fie. 7. _Direct-DrRivEN Pump JN CLAMPING 


BRACKET. 


casing being then shaped with a smooth convex 
surface to act as a pulley. With this arrangement, 
the shaft has only two ports, and the delivery passage 
is continued along the shaft. The suction and delivery 
pipes are, in this case, coupled, respectively, to the 
ends of the fixed shaft. 

The more usual mode of driving is, however, by 
direct coupling to an electric motor, a method which 
is suitable on account of the bigh speeds at which the 
pumps may be run. In the smaller sizes, the permissible 
speed is up to 3,000 r.p.m., and, with a motor of 
4 h.p., this pump can be driven by connecting the 
motor to an ordinary lighting plug. The rated capacity, 
with water, for this size of pump, is 300 gallons per 
hour, with a suction lift of 23 ft. and a delivery head 
of 131 ft. A rather larger size of pump is shown in 
Fig. 7, arranged for direct drive. The pedestal is 
provided with a clamping device to enable the delivery 
pipe to be attached at any convenient angle. The 
pump itself will function equally satisfactorily when 
fixed vertically, horizontally, or in any angular plane. 

For the supply of water under pressure, an auto- 
matic apparatus is adopted. A motor-driven pump is 
mounted on the same base as a vertical cylindrical 
reservoir partly filled with water. The pressure of 
the air in the remaining space automatically stops the 
pump at a predetermined pressure by means of a 


switch. Any fall in pressure—due, say, to a tap 
in the supply system being opened —restarts the 
pump. 


A small type of pump is also made for operation 
by hand. ‘These are designed chiefly for use in 
decanting liquids, or as bilge pumps for motor 
boats &c. A general use for the small power-driven 
pumps is for handling oil, either for purposes of 
lubrication or fuel. The pumps used for hand- 
ling milk have special covers, so that they can be 
rapidly dismantled without disturbing any pipe con- 
nections. The largest size of pump normally manu- 
factured has a capacity of 5,500 gallons per hour with 
a suction lift of 28 ft. and a total lift of 196 ft. These 
run at 1,000 r.p.m. 

When used as an air compressor, the quadruplex 
pump differs only in some details of the covers, &c., 
and in the materials employed, being constructed, in 
this case, of cast iron with hardened-steel shafts 
running in ball bearings. They are also fitted with 
lubricators, and are air cooled. The standard pumps 
have bronze bodies with heat-treated steel shafts. 
The openings of the pistons, body, &c., are finished 
to fine limits by broaching. The stroke of the pistons 
is kept full enough to give a minimum of clearance, 
but for certain special uses, such as for pumping 
thick or viscous liquids, a shaft having a smaller 
amount of eccentricity can be fitted, so that the rate 
of flow is reduced while the normal velocity of rotation 
is maintained. 


SHALE OIL IN New SoutH Wates.—A plant capable 
of producing 2,500 gallons of oil per day of 24 hours 
from local shale is to be installed at Baerami, a settle- 
ment 209 miles north of Sydney, New South Wales 





Australia. 
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HIGH-SPEED LIFEBOAT FOR THE 


ROYAL NATIONAL LIFEBOAT IN- 
STITUTION. 


THE extensive development of cross-channel flying, 
which is now maintained in all but the worst weather, 
has placed a new responsibility on the shoulders of the 
Royal National] Lifeboat Institution. Although forced 
descents in the Channel are happily rare, it is important 
that a suitable vessel should be available to rescue the 
passengers when such descents do occur. The ordinary 
lifeboats of the Institution are too slow to offer effective 
assistance, except in cases where the descent is made 
near the coast, and the construction of a relatively 
high-speed boat was therefore decided upon some little 
time ago. Unusual problems were involved in the 
construction of this boat, insomuch as she was required 
to be suitable for ordinary life-boat service in addition 
to her special employment in connection with aero- 
planes. A vessel was thus required capable of going 
out in the worst storms occurring in the Channel, while 
at the same time being much faster than any of the 
lifeboats previously in service. 

The new boat, which is illustrated in the figure on 
this page, is the largest as well as the fastest of the 
Institution’s lifeboats. She has been designed by 
Messrs. John I. Thornycroft and Company, Limited, 
Smith-square, 8S.W.1, in collaboration with Mr. J. R. 
Barnett, the Institution’s Naval Architect, and built at 
Messrs. Thornycroft’s Hampton yard. The length of 
the vessel is 64 ft., the beam is 14 ft., and the depth is 
7ft.3in. The draft is 4 ft. 9 in., and the displacement 
is approximately 25 tons. The sea speed under normal 
conditions is 17 knots. Extensive model tank experi- 
ments were carried out to ascertain the most suitable 
form to meet the required conditions. The vessel is 
divided into eight watertight compartments by steel 
bulkheads, and non-ferrous metal air cases are arranged 
at the sides of the boat fore and aft. These cases are 
of sufficient capacity to keep the vessel afloat should she 
become waterlogged. As in the Barnett type of motor 
lifeboat, there are two cabins, one fore and the other 
aft of the engine room, accommodating about 50 
persons. 

The main propelling machinery consists of two 
Thornycroft Y12-type marine motors and reversing 
gears, running on petrol, and developing 375 b.h.p. 
each, at 1,600 r.p.m. These engines are of the type 
fitted to the well-known Thornycroft coastal motor 
boats, and described on page 421 of vol. exviii of 
ENGINEERING. The engines rotate in opposite direc- 
tions, and are started up by means of small horizontal- 
twin engines at the forward end. 

As regards the construction of the hull, the keel, 
hog, stem and after deadwood are of English oak. 
The timbers are steamed oak, and are closely spaced. 
The planking is of double thickness mahogany, the 
strakes being laid diagonally, with fabric soaked in 
marine glue laid between the two thicknesses. The 
deck planking is similar to the hull planking. All 
bolts and other fastenings are of non-ferrous metal. 
Bilge keels are fitted to reduce rolling. The boat has a 
good shear and moderately full quarters, while the 
forward sections have been given considerable flare. 
The stern is arranged with twin tunnels for the protec- 
tion of the propellers. The boat is completely decked 
in fore and aft, with a raised steel casing over the 
machinery space, and a teak deck-house immediately 
aft of the engine-room. This deck-house, which can be 
clearly seen in the figure, is open at the after end, and is 
intended to serve as a shelter for the navigators. The 
steering gear is arranged with duplicate wheels on the 
same shaft. The main wheel is located in the deck- 
house, and the auxiliary wheel aft. When the latter 
wheel is in use, the forward shaft and wheel may be 
disconnected by means of a clutch. 

The boat is electrically lighted throughout, and there 
is an electrically-driven capstan, a searchlight, and 
line-throwing gun. The generating set is housed in the 
engine-room, and is petrol-driven. A spruce mast 
is housed in a steel tabernacle on the forward deck 
for flag signalling purposes, and to support the wire- 
less aerial. No sails are to be carried. The wireless 
apparatus is housed in the forward cabin, and has a 
petrol-driven generator. The reliable transmitting 
range is about 40 miles. The vessel was launched at 
Messrs. Thornycroft’s yard on Thursday, the 21st 
November, the christening ceremony being performed 
by the Hon. Mrs. Forbes-Sempill. 

ALCOHOL FROM Farm WastE.—A factory for the pro 
duction of alcohol, methylated spirits, and artificial 
manures from farm waste materials is in course of con- 
struction at Mangalore Junction station on the Albury 
and Goulburn Valley railway lines, southern New South 
Wales, Australia. Similar factories are to be erected 
in various parts of the Commonwealth by the builders 
of the Mangalore plant, Messrs. Farm By-Products 
( Victoria), Limited. 
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THE ELECTRICAL RESISTANCE OF 
ROCKS AND ORES. 


Iv is well known that the location of mineral deposits 
may be indicated by determining the electrical resist- 
ance of the earth within a given area. The data at 
present available of the electrical resistance of the 
various rock formations, however, are extremely 
limited, and the work of the geophysicist is, therefore, 
handicapped. Surveys are generally made in districts 
already known to contain mineral deposits, with the 
object of finding the most suitable points for drilling, 
and generally preliminary prospecting will have been 
done by diamond drills, so that drill cores of the 
various rocks and ores will be availiable. It has been 
suggested that if laboratory tests could be made of the 
drill cores or of pieces of rock and ore from within a 
given area before undertaking a survey, valuable infor- 
mation would be obtained which would indicate at 
the outset whether such a survey were advisable, and 
would also aid considerably in the interpretation of the 
results if such a survey were undertaken. A definite 
method should be adopted for general use so as to give 
the best results, but hitherto no such method has been 
established. In a paper recently published by the 
United States Bureau of Mines,* a tentative method 
is presented, together with results of tests of drill cores 
from the Mineville magnetite district. 

Specimens of each material were obtained which 
were roughly of the same size and shape, with flat and 
nearly parallel faces. Pools of mercury were used for 
electrodes, the lower one being confined by a dam of wax 
and the specimen placed upon it, the upper electrode 
being formed by building a wax dam upon the top of 
the specimen. Since surface leakage was indicated by 
irregular readings, a second ring was made as a guard 
dam outside the first dam on the upper electrode. 
This device was found to be effective and the readings 
of the galvanometer became more consistent. The 
method used for measurement was that of direct 
deflections, a known resistance being substituted for 
the unknown and adjusted so that the galvanometer 
gave equal deflections on each. The first tests were 
made with a piece of serpentine, using a single dry cell 
to provide the current, the readings being taken rather 
rapidly. It was found, after calibration, that the speci- 
men showed a resistance of 25 megohms with the top 
electrode positive and of 13 megohms with the current 
reversed. As a first attempt to account for the dis- 
crepancy, the e.m.f. was increased by using two dry 
cells, and it was then found that time affected the 
result. A specimen of chromite was then prepared, 
two cells were used, the switch closed and current left 
on for 23 hours. The results showed that time is a 
very important factor, but the correct time to use is 
not evident. 

Since somewhat different results were obtained when 


| using one and then two dry cells, it was decided to try 
| the effect of varying voltages on the serpentine speci- 


men, and calculating the specific resistance for each 
voltage. Time was allowed for the galvanometer to 
reach a fairly constant reading—usually from 2 minutes 
to 5 minutes. The voltage was started at 2-71, which 
gave a specific resistance of 25-75 megohms; the 





* Tentative Method for making Resistivity Measurement 
of Drill Cores and Hand Specimenss of Rocks and Ores, 
By M. W. Pullen, U.S. Bureau of Mines. Cirenlar 6141. 
Government Printing Office, Washington, D.C. 
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voltage was then increased progressively, in steps of 
from 20 volts to 30 volts. At 145 volts, the resistance 
was 10-18 megohms, and at 282 volts, 8-34 megohms. 
The data obtained indicated that the material tested 
showed very marked effects from dielectric absorption 
and polarisation, the latter being more prominent on 
the lower voltages. ; 

In view of the fact that reversal of polarity had given 
erratic readings with continuous current, alternating 
current, at 60 cycles, was next tried, and the specific 
resistance at various voltages determined. In order 
to enable an ordinary galvanometer to be used, the 
current was rectified by means of a Grondahl copper- 
oxide rectifier. It was found that, with alternating 
current, the specific resistance, as measured, was less 
than half the value obtained with continuous current 
for voltages above 50, and at lower voltages the 
difference was even greater. Further, the value of 
specific resistance obtained became practically con- 
stant at a comparatively low voltage, which was not 
the case with continuous current. Thus, whereas the 
values for continuous current had not reached a con- 
stant value for the highest voltage used, those for 
alternating current. were practically constant at and 
beyond 30 volts. In other words, since the specimen 
was 12°45 cm. in length, an e.m.f. of 2°4 volts per centi- 
metre gave a value of resistance which was substantially 
correct, whereas with continuous current, a value ten 
times as great gave a result that was doubtful, and 
subject to variation with the time of application. 

Tests were continued with diamond-drill cores. 
These cores were of various lengths up to over 2 ft. 
Since a large number of tests were to be made, two 
blocks of bakelite were turned so as to hold the mercury 
for the bottom electrode and the guard ring. A paper 
collar confined the mercury for the upper electrode. 
The cores were of about jin. diameter and lengths up 
to about 7 cms. were employed, although shorter lengths 
were preferred as giving higher values of volts per 
centimetre of length. The voltage applied was 90, 
which, with the specimens of highest resistance, 
scarcely caused the galvanometer to deflect ; for the 
low-resistance specimens almost any desired deflection 
could be obtained by shunting the galvanometer. The 
minimum voltage gradient was thus not less than about 
12 volts per centimetre. 

Some of the cores had been taken from an area of 
which the ground resistance had been measured by 
Dr. F. W. Lee, and, in order to give point to further 
tests, cores from this locality were selected for direct 
measurement of resistivity. Curves were plotted from 
the results obtained from three different boreholes, 
and, when compared, showed a striking similarity. As 
the ore body, which was magnetite, was approached from 
above, the resistivity was found to be very high ; it then 
dropped rapidly to a low value for the mineral just above 
the ore. The ore itself showed a higher resistance than 
the rock above it, except when the former was very rich. 
Below the ore body, the resistance again became high. 








MACHINERY ON AUSTRALIAN Farms.—Recent official 
returns indicate that the use of farm tractors is rapidly 
increasing in South Australia. Those actually in opers- 
tion number 2,979, an increase of 476 over the number 
recorded last year, the aggregate horsepower being 
74,783 and 60,253, respectively. Portable and other 
engines employed in farm work total 13,265 against 
12,951 last year. 
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ELECTRIC WELDING AS APPLIED TO 
RAILWAY BRIDGES AND OTHER 
STRUCTURES.* 

By H. Brurr. 
(Concluded from page 688.) 


New work presents a less difficult problem than 
repair or strengthening work, since there is then a 
choice not only of sections, which will not necessarily 


have to fit irregular existing work, but also the design | 


may be laid out so as to have nothing but the easiest, 
and therefore the cheapest, form of welding 
is to say, plain down-welding. Vertical and overhead 
welds are to be avoided as much as possible, both in 
field and shop work. 

Welding has been little used for new structures 
in this country. Indeed, the author believes that the 
first all-welded steel structure in this country is 
the steelwork for the carriage-washing plant at Heaton, 
now in course of completion in the north-eastern area 
of the L. & N.E. Railway. It is not a large structure 
as size goes, only some 35 ft. by 20 ft., but even so 
there were several new problems to be solved not 
met with in riveting. One of the welded trusses 





track-circuit bonds have also been successfully dealt 
with at very small cost, where it has been possible 
to carry out the work without interfering with the 
traffic. 

From what has already heen said, it is clear that 
the results obtained under test in the case of bridge 
No. 108 must have been caused by internal stress 
conditions due to contraction on cooling, and that there 
will be different stress conditions for “ butt welds ”’ 
and ‘fillet welds.” In addition, we also have the 
further problem as to what effect the process of 
| depositing metal in a fluid state has on material 





| are strengthened. 

| When designing the strengthening of a_ bridge, 
account must be taken of the fact that the old material 
may be overstressed if care is not exercised. Thus 
we can never strain the new material up to its fully 
| permissible safe limit, as it cannot under any cir- 
|} cumstances take any of the dead load stress unless 
| the entire bridge is supported during the welding 
| operations. If we, therefore, were to stress the extreme 
| fibres of the new metal up to the usual safe limit, 
|we should for a certainty be overstressing the old 


| metal which has to take the old dead-load stress, and | 
ready for erection was shown in Fig. 9, on this page, | the weight of the new added metal, plus a live-load | diagram by the thin cross-hatched -line. 











Fie. 9. WELDED Roor Truss ror CARRIAGE-WASHING SHED aT HEaTon, 
NEWCASTLE-ON-TYNE. 


whilst a view of the foot of one of the stanchions is 
reproduced in Fig. 10. 

Other work done by welding has been the making 
of leaky bridge floors watertight at small cost. In 
another case, the web plate of an old plate girder which 
had corroded through just above the ballast line 
had a plate strip welded on. This, as a matter of 
fact, was the very first piece of electric welding executed 
in connection with bridges in the north-eastern area. 
The work was done by contract, the welder, to save 
materials and bother, had placed electrodes along 
the plate edges and plastered the fillets on the top, 
which was very satisfactory. 

Apart from bridge work, electric welding has, in 
particular, proved valuable in repairing worn crossings, 
since the work can be carried out without interference 
with the traffic. About 100 crossings have been 
thus dealt with by Mr. Harrison, District. Engineer, 
Newcastle, in the course of the last fifteen months. 
All these crossings were so far gone that it was quite 
out of the question to keep them in; yet of all those 
thus repaired, many of which have already been under 
heavy traffic for over a year, so far only one crossing 
nose has shown signs of failure. The cost per crossing 
has been quite smaJl, amounting, on an average, to 
4]. as against 16l., if they had been renewed in the 
ordinary way. Views of a crossing before and after 
repair are reproduced in Figs. 11 and 12, page 720. 
The work is finished off by a portable grinder. 

Worn-out coal spouts have been repaired at a cost 
which was small when compared with the old method 
of cutting-out worn plates and re-riveting. Signalling 








* Paper read before the Junior Institution of Engineers, 


stress proportional to its distance from the neutral 
axis. 

The extreme fibre stress permissible is deter- 
mined in the following manner :—The maximum stress 
in the old material due to the old and the added 
dead load is ascertained ; this stress subtracted from 
the safe working stress of the old material will give 
us the “ reserve stress ” at the point of contact between 
the old and new material, which stress must not be 
exceeded by the live-load stress at this point of the 
section. Reference is made here to the stress in the 
added reinforcement metal. The stresses in weld 
metal deposited in butt welds naturally are the same 
as the stresses in the sections they connect. As a 
consequence, the final working stress in the new rein- 
forcement steel, for instance, in the case of an old iron 
bridge, may not be above the safe working stress for 
wrought iron. 

Another problem is the question: What are the 
stress conditions in the old structure after the new 
material has been added? The answer to this is 
bound up with the further question :—What stresses 
will be produced in the weld metal due to contraction 
on the cooling of the weld ? It is clear that the stress 
in the weld metal when deposited, that is, when it is 
fluid, is nil, and the change begins to take place from 
the moment of solidification. As the temperature 
sinks, the weld metal will contract, but the weld 
metal on becoming solid will still remain partially 
plastic, and the contraction will merely cause an 
extension of the fibres, accompanied by a slight con- 
traction stress equivalent to the stress required to 
extend the fibres. With decreasing temperature and 


modulus of elasticity increases, and the temperature 
when it has reached the temperature of the work. From 
the lower temperature, which we may call the “ work 
temperature,” until the weld and work metal reach 
the ordinary or normal temperature of the surroundings, 
this stress will remain unaltered, provided the coeffi- 
cients of contraction of the two metals, weld and work 
metals, are equal or nearly equal. 

As a provisional working hypothesis, subject to 
modification when fuller data have been acquired, 
let the full-line curve, Fig. 13, page 720, represent the 





that | already strained, such as obtains when weak bridges | modulus of elasticity of mild steel between the tempera- 


| tures of 1,500 deg. C. (assumed to be the freezing point 
| of mild steel) and 0 deg. C. From 1,500 deg. C., the 
modulus increases very slowly, and the graph is practi- 
cally a straight line down to 600 deg. C., where it begins 
to increase, and, at about 500 deg. C., it increases 
rapidly, till a temperature of 400 deg. C. is reached. The 
rate of increase of modulus then falls off, but a figure 
of about 13,000 tons is reached at 0 deg. C. The 
dotted curve represents approximately the ultimate 
strength of mild steel at various temperatures. For 
comparison, the ultimate strength of a high-tensile 
steel (Uranium steel) has also been shown on the 
The thin 
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straight line represents approximately the rate of 
contraction, assumed to be 0-000012 per 1 deg. C. 
Tt will be observed that hardly any stress can exist in 
the weld metal till the point is reached when the 
temperature is about 525 deg., and the modulus of 
elasticity is about 1,000 tons. If we assume that the 
temperature of the work is 375 deg., the ordinate of 
which intersects the modulus of elasticity curve at C 
where E is about 9,000 tons, we get an average value 
of E of, say, 5,000 tons for a drop in temperature of 
150 deg. During the assumed temperature fall there 
has been a contraction from the freezing point to zero, 
which, coinciding with the rapid increase of the elasticity 
modulus, produces a “ differential stress” to which, 
however, it would, in our present state of ignorance, 
be imprudent to attach any definite numerical 
value. From the work temperature, assumed to 
be 375 deg., the weld and work metals will cool off 
simultaneously, and there can, therefore, not be any 
question of a difference in contraction with conse- 
quent increase of the differential stress, so that this 
stress will remain, for practical purposes, constant 
as a tensile stress at all lower temperatures, and can 
be removed by annealing. This “ differential stress ”’ 
produces what are known as “ welding stresses,”’ 
which may be tensile or compressive, according to the 
varying reactions of the “differential stress.” All 
pre-existing stresses, whether compressive or tensile, 
will simply be decreased or increased by the value of the 
“differential stress.”” To determine experimentally the 
magnitude of this stress seems at present impracticable. 

Any figures derived by the method indicated above 
must be regarded as merely hypothetical, but it is 





increasing rigidity of the weld metal, the magnitude 





on October 25, 1929. Abridged. 





of this stress will depend on the temperature at which 





possible to obtain in this way at least a qualitative 
explanation of welding stresses. 
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themselves :— | change in section. | strengthened by welding, and the actual saving proves 
(1) If we use large electrodes more heat is trans-| A number of tests have also been made to obtain | to have been 80 per cent. 
mitted to the work, the temperature difference (T — t) | data as to the comparative strength of rivets versus It is true that the structures, as they are now, are 
becomes less, and the resulting ‘* differential stress” | welds, in order to ascertain whether it would be possible | not quite as good as new, but they are able to carry 
is also reduced. |to secure as strong joints with the latter as with|the heavier loads, and their lives have been very 
(2) The greater the volume of the work, the lower | riveting. Tests were also, at the same time, made with | considerably lengthened. If, in the future, they begin 
will the work temperature be, and consequently | different makes of electrodes to ascertain their merits. | to show further signs of decay, extra strengthening 
the “ differential stress” will be greater than in light| All the test pieces were prepared by the railway | by the same method will be a small matter. Details 
work. company’s own men in the company’s workshops, | of cost of new work are not completed as yet, the 
(3) If the shape of the work be such that it rapidly |so as to be certain that, whatever strengths were | carriage-washing shed being still unfinished, so that 
dissipates the heat from the arc, the resulting stresses | obtained, we should know that the results were such | full costs are not as yet available. The shop costs, 
will likewise be high. | as we could expect in actual practice. The tests, still | however, compared favourably with another com- 
Generally, it may be surmised that, if the differential | incomplete, are being carried out by Professor C. J. | petitive contract-built structure of the same dimen- 
stress is small, the welding stresses will likewise be | Hawkes, of Armstrong College, Newcastle, and his} sions, although it is the first piece of this kind so 
small and local. The stresses referred to earlier, | assistant, Mr. H. L. Martin. far carried out. That welding is bound to be the 
which were simple heat-expansion stresses, have As regards costs, one must distinguish between | future method of connecting steel sections seems to 
nothing to do with the contraction stresses in the | strengthening work and new work. In the case of | be assured. 
weld metal. Heat-expansion stresses in their effect | the former, it must of necessity be much more ex-| The great drawback to welding is that so much 
are at least partially determinable, as in the case of | pensive than is the case with the latter. In streng- | depends on the workman, just as is the case with rein- 
Bridge No. 108. thening work, it is necessary to adapt the design to | forced concrete. If the welder scamps his work, equally 





From what has been said, certain conclusions present | to the increase of stress where a beam suffers a sudden |on the North Eastern Railway which have been | 
7 





The analysis outlined above refers to a single weld. 
If, however, a second and successive welds be deposited 
on the top of the first weld, the effect will be for the 
later welds to anneal the metal in the previously 


deposited welds. The first weld should, therefore, 











existing conditions, and it is impossible to avoid using 
an excess of strengthening material. This is, however, 
not a very serious matter; the really heavy expense 
is incurred through having to fit the new material on 
to the old material in the field, which often is a very | 








serious results may be the outcome as with scamped 
reinforced concrete, yet nowadays nobody hesitates to 
adopt the latter system of construction. In both 
cases it is necessary to select only the best men, and 
to supervise the work most carefully. 
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be put down with small electrodes and thé final welds | awkward business, since these old structures invariably The conclusions reached on the results already 
with large ones. A further inference may be drawn, | suffer from all sorts of maladies of which may be | obtained on the North Eastern Railway may be sum- 
namely, that it will be an advantage if radiation | mentioned old paint, dirt, rust, lost section and, | marised as follows :—_(a) From the point of view of 
from the weld itself is prevented. This is recognised | worst of all, twisted shapes. strength there appears to be little to fear, so long as t 
by most makers of electrodes. The summer season, For the reason that old work is so irregular, it was | the weld metal is not stressed beyond a limit which 
moreover, seems more suitable for the conduct of | realised from the beginning that careful templet work depends, in the main, on the class of electrodes used. . 
welding operations than winter. would be necessary, and to do this out in the open| The weld metal need neither have a high yield point 
It ought not to be forgotten that the contraction | under adverse weather conditions, as one often has to,| nor a high ultimate strength, but the stress range 
of the weld metal takes place not only across the weld | makes it particularly expensive. Then the method! between the two should be extensive, and, what is the 
but also in the direction of the weld, and for the | adopted in the North Eastern Area of the L. and|even more important, that the weld metal should be that 
purpose of ascertaining whether this is so, and at the| N.E. Railway, of using a rivet-housing plate, in-| of constant quality. (b) That the costs of strength- the 
same time to decide whether it would be possible | volves a lot of marking off and is a lengthy job. ening old structures, as well as new work, both lie wel 
to remove the welding strains by annealing, the follow-| Further, the making of the rivet-housing plate | well below the cost of riveted work. (c) The men stre) 
ing experiment was carried out :-— itself, with its numerous holes, and also the additional | selected as welders should be the best obtainable. on 
A 45-ft. rail was cut into nine 5-ft. lengths, of which | welding involved, are all factors which increase the The machines which are used for welding in the cons 
one was left untouched. Of the remaining eight rail) cost. Owing to heavy overhead charges, it has also| North Eastern Area were supplied by the Quasi-Are weld 
lengths, the bases of four were recessed for 6-in., the | been found that it is considerably cheaper to employ | Company, of London. Two types are in use: a small have 
cut filled up with carbon-steel electrodes, and the|a number of welders for a short period than one or|one-man welder and a larger type, a “ three-four’ Rail 
excess ground off. The four others were built up, | two over a longer period. welder. This latter machine is called a three welder and 
without being recessed, with carbon-steel electrodes, Other expenses, which really have nothing to doj| by its makers, but, owing to the intermittent character weld 
for a length of 6 in., and the full width of the rail base. | with the process of welding, but which cannot be] of the work, four men can easily be accommodated. elect 
Two of each set were then annealed, and the lot tested | avoided, are flagging, and the provision of staging | The small machine was installed in an ordinary van and 
in a rail tup-testing machine, all but one of the welds! for the men to work underneath the bridge. In| adapted for the purpose. On reaching the site of are 
when tested being tested in tension. All of the welded | the item for staging must be included the temporary | operations, this van is run into a temporary siding, eithe 
rails broke at one end of the 6-in. patch, except the | removal and replacing of such staging on account of| access to which is gained by slewing the running Fo 
one reversed, where the weld was in compression. In_ traffic requirements. line over. The truck is run on to this improvised ciple. 
this case, the fracture occurred about } in. inside the Expensive as the above items are, when com-| siding, and the track then put back into its proper (1) 
weld. This was a recessed piece. The blows were | parison is made between the cost of strengthening an| place. This small machine has been mainly used curre 
varied in height, and it was found that the specimens | existing structure by welding and what it would cost for the repair of crossings. Irreg) 
broke when the drop reached 2 ft. 6 in. to provide otherwise adequately strong structures to} The big machines have, as will be realised, to take The 
A series of similar tests, previously carried out, gave | meet present load demands, the cost is comparatively | very heavy loads, as quite suddenly all four welders havir 
exactly the same results. It was obvious from these | small. It is, in fact, often a physical impossibility | may start welding simultaneously, yet they have (2) 
tests that the weakest section is at the junction of | to increase sections in any other way than by welding, | shown great elasticity and range and meet the demands Stabil 
weld and work metal, and is possibly due to altered | and the only alternative is, therefore, to renew the | of the work with ease. With 
stress conditions caused by the dissimilar elastic! whole bridge. Comparative estimates have been The electrodes are, perhaps, the most important Stren; 
properties of the weld and work metals corresponding | made as to the cost of replacing the three bridges|item in successful welding. The simplicity of the 
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process enables even aan good welders to| (3) When caidas pears and amperage should 
produce apparently effective work by means of bare} be kept low, to prevent burning or overheating due 
wire, which was the original form of electrode used.| to excess of heat. For single-welder machines, the 
The inexperienced are, therefore, apt to assume that | maximum voltage should be 60, dropping to 30 when 
all that is required is to be able to deposit metal in | welding. For multiple-welder machines, the voltage 


should be mentioned the “ Flextol” tool, which can 
be used for several operations, such as the grinding 
off of rivet heads, and it will also chamfer plate edges, 
in the case of butt welds, at a greatly reduced cost. 
A similar, but lighter, tool is the ““ Kango Hammer,” 
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SECTION THROUGH 
the required spots. For ordinary welding, such as SIDE GIRDER 
that of tanks, and all kinds of similar work where 





























the weld metal is not subjected to stress, this class of q 
welding serves its purpose, but where questions of r Pa. 
Strength arise, and where the safety of traffic depends | | 
on the strength of structures, it is imperative to| Fig.% 
consider the quality of the weld metal deposited. For | al | 
welding of the class referred to, two types of electrodes | 
have been used on the London & North Eastern | 
Railway. One is a mild-steel electrode for overhead a s 
and down work. This electrode is used for all fillet ” (a 
Welds. For butt welds, however, a Uranium-steel | H ' 
electrode is used. This has a very high tensile strength, | ! 
and other valuable properties. Both these electrodes | | 
are of Quasi Are make. The size of electrodes is | 
either No. 8 or No. 10 gauge. 
For successful and reliable welding, the main prin-| ) }“_ I ' 
ciples which should be observed are :— y 
(1) The use of a low amperage, thus avoiding high | “| 
current consumption, instability of arc, over heating, | 
irregular fusion, and coarse and crystalline structure. | 
The at ‘ter is invariably a sign of brittle weld metal, | Should remain constant, and be not above 45. The 
having low resistance to shock. | current, depending on the gauge and type of electrodes 
(2) Good electrodes should be used which promote | used, should not exceed 100 amperes to 105 amperes 
stability of are and low temperature when welding, | per welder. 
with attendant sound weld metal of high mechanical| Of mechanical implements used in connection with 
strength. | electiic welding, which greatly facilitate the work, 
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most useful for chipping off rust and cleaning off old 
paint. Both the Flextol tool and the Kango hammer 
have been specially wound to work off the welding 
machines. Pneumatic grinding machines are also in use 
for rail grinding, but they require a special compressed 
air plant, and are less handy than the Flextol. 

To simplify the supervision of welding work, return 
forms have been introduced. Each welder has tc fill 
in on these forms, in addition to particulars of the 
job, the amount of electrodes used by each man, 
the time spent by him on the different classes of work, 
and so on. 

A daily progress report is also filled in. This gives 
data as to electrode, petrol and oil consumption, as 
well as totals to date. Particulars of the job are, 
of course, also included. As the output of work, in 
a large measure, is dependent on the weather, particulars 
of this are also given. 

In carrying out the work described, the best plant, 
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material and advice available have been employed, 
and every precaution has been taken to ensure sound 
and lasting work. Only time will tell whether, as 
yet, and to what extent, the many new questions 
have been satisfactorily solved, and also whether 
the ultimate life of welded work is comparable with 
riveted work. Shocks and vibrations seem to be in 
favour of rivets, but it would be wrong to base on 
rivet practice the detailing of new structures. Con- 
tinuity throughout the structure will probably be the 
principal aim when designing welded work in the | 
future. The whole of the strengthening and experi- | 
mental work described in this paper was done under 
the direction of Mr. John Miller, to whom the author is | 
indebted for permission to publish the particulars given. | 

At the conclusion of his lecture, Mr. Bruff exhibited | 
the drawings reproduced in Figs. 14 to 28, on page 721, | 
which show the arrangements made for strengthening | 
Bridge No. 39 on the line between Kirk Ella and Hull. | 
This bridge is a plate-girder structure, with one central | 
and two side girders. The span is 33 ft. between bearing | 
centres, and the girder depth 3 ft. between flanges. | 
In this case, three strakes of strengthening plates are 
being added to both flanges. As in the case of the | 
work done on Bridge, No. 108, the first strakes of | 
strengthening plates are drilled with 1}-in. holes to | 
house the rivet heads, such portions of the latter as | 
protrude through the holes being ground off level with | 
the outer surface of the housing plate. This plate, as | 
best seen in the enlarged cross-sections, Figs. 24 and 
25, is welded to the existing work through these 
housing holes, as well as at the edges and ends. Such 
holes are drilled along the centre line of each of the | 
two succeeding rows of strengthening plates, which 
are welded through these holes to the plate below as 
well as at the sides and ends. The latter joints are 
made with 3-in. fillet welds, which are completed in 
three runs. The maximum length welded at any one 
operation is 4} in., and the plate is allowed to cool 
before welding the next 44-in. length. As an addi- 
tional precaution, the largest possible space is main- 
tained between successive 44 in. runs; so that if one be 
made at one side of the girder, the next will be at the 
other side, and as remote from the first as possible. 
The electrodes used are of No. 10 gauge, and the 
amperage is 80 to 90. Where the new plates abut 
on the existing plating, the new work is joined to the 
old by butt welds, an enlarged cross-section of one of 
these being reproduced in Fig. 28. 

The electrodes used for these butt welds are of 
Uranium steel, and in making them a current strength 
of 100 amperes is used for the first. run, so as to clear 
away slag from the old work. As in the case of the 
fillet welds, the length of any one run is restricted to 
4} in., and the work is completed in seven runs. The 
angle of the groove is 60 deg. 











SurpwrReck Sratistics.—Returns issued recently by 
Lloyd’s Register of Shipping show that, during the 
quarter ending June 30, last, 58 vessels, making together 
67,081 gross tons, were totally lost or condemned in 
consequence of casualty or stress of weather. Out of these 
totals, 44 ships accounting for 58,637 tons, were steamers 
and motorships, and 6 of the vessels, aggregating 4,797 
tons, were British owned. One British sailing ship, of 
127 tons, was lost at sea. Vessels otherwise broken up or 
condemned totalled 77, making together 213,223 tons. 
Seventy of these, aggregating 205,148 tons, were steamers 
and motorships. Included in these last figures were 23 
British steamers, totalling 65,526 tons. 





ELecTRICAL SCHEMES FOR THE RELIEF OF UNEMPLOY- 
MENT.—On November 15, the Electricity Commissioners, 
with the concurrence of the Minister of Transport, issued 
a circular letter calling attention to the ways in which 
electricity-supply undertakings can assist in relieving 
unemployment. ‘he meeting on July 18, at which the 
Lord Privy Seal and the Minister of Transport met 
representatives of the electricity-supply industry to 
discuss this matter, is recalled, and the hope is expressed 
that, before the end of the year, it will be possible to 
report a substantial increase in activities in this direc- 
tion. Since the industry is assured of a rapid and con- 
tinuous growth, extending over at least the next decade, 
it is in a position to expend capital jn advance of imme- 
diate requirements with the certainty that any un- 
remunerative period will be short. As regards details, 
it is suggested that, ow ng to the growth of the domestic 
load, the time has come when urban undertakings should 
consider the practicability of completing their distribut- 
ing network in built-over areas within the next two 
years. Mains might also be laid in any street in which 
there is a reasonable prospect that the annual revenue 
will defray the actual additional outgoings within the 
next three years. The initiation of assisted wiring and 
hire and hire-purchase schemes is urged, as well as an 
increase in the size of the mains in districts where the 
existing cables are suitable for lighting purposes only. 
Attention is called to the advantages of changing over 
from a direct to an alternating-current supply at an 
early date, in order that the full benefits may be obtained 
from the national transmission system. That financial 
assistance is obtainable for carrying out such work in 
acceleration of normal development under the Develop- 
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THE INSTITUTION OF GAS 
ENGINEERS. 


DEPARTING from its usual procedure, the Institu- 
tion of Gas Engineers, which held its annual summer 
meeting in June last,* met on November 13 and 14, 
under the presidency of Mr. C. S. Shapley, Engineer 
and General Manager of the City Gas Department, 
Leeds, in an autumn session for the further discussion 
of recent research work and for the final approval of 
the Charter by-laws. The Royal Charter was adopted 
by resolution on June 4 last, and the by-laws were 
approved by the Privy Council on October 9; a dinner 
in celebration of the Charter was held on Wednesday, 
November 13. Thanks to funds provided by Messrs. 
P. F. Holmes and D. M. Henshaw, the Gas Research 
Scholarship in Gas Engineering, in memory of William 
Cartwright Holmes, will provide a student at Leeds 
University with an endowment of 1401. per annum. 
The discussions of the reports were of great interest, 
but had again to be cut short. 


CARBONISATION INVESTIGATIONS. 


Part V of the Studies in Carbonisation, the first 
technical subject discussed, was a Supplementary 
Report to the 22nd and 23rd Reports of the Joint 
Research Committee of the Institution and Leeds 
University, and dealt with the influences of various 
factors on the yields and properties of products obtained 
by carbonising a strongly-caking Durham coal on lines 
parallel to the previous study of a moderately-caking 
Nottinghamshire coal. The reports were presented by 
Messrs. T. Hardie, J. W. Cobb, and F. J. Dent. The 
retort temperatures ranged from 350 deg. to 980 deg. C. 
Ignition temperatures were observed on coke samples of 
10 grammes weight, graded } to ;, in., in tubes heated 
up in steps of 10 deg., while a current of oxygen was 
passed through the coke. The reactivity towards 
CO, was estimated by passing this gas through the coke 
at 900 deg. and determining the percentage of CO, 
decomposed ; for the similar test of reactivity towards 
steam, the sample, again of 10 grammes, was heated to 
1,000 deg. At slow rates of gasification, all coke 
surfaces, it is found, are made less reactive by pro- 
longed exposure to heat, and the ash contents and 
structure have greater influences than at high gasifica- 
tion rates. The Nottingham coal proved much more 
reactive than the Durham. At temperatures near 
1,000 deg., the reactivities of a coke depend more 
upon the nature of the coal than upon size and car- 
bonisation temperature. 

Whilst, however, the reactivity is an average pro- 
perty, which is little affected by the addition of a few 
per cent. of another coal, the ignition temperature 
depends upon the most reactive product present. 
Durham coal, carbonised at 800 deg., ignited at the 
same temperature (roughly 470 deg. to 310 deg.,) as 
Nottingham coal coked at 920 deg. It would not, 
however, be advisable to reduce the temperature of car- 
bonisation for the sake of easier ignition of the coke, 
since that would involve a lower yield of gas. The 
addition of Durham coke breeze to Durham coal did 
not appreciably lower the ignition temperature. The 
addition of 3-3 per cent. of soda to either of the two 
coals lowered the coke ignition témperature consider- 
ably; iron oxide and calcium carbonate had smaller 
effect. The admixture of coke to the coal before 
carbonisation does not appear to offer advantages 
beyond preventing the sticking of the charge in vertical 
retorts. In general, blending decreases the yield of gas 
and makes the coke more friable. The blending of a 
coking coal with a non-coking coal would increase the 
reactivity, while still decreasing the gas yield; it 
would, however, increase the throughput per day 
and avoid the swelling difficulties. Messrs. Dent and 
Cobb suggest that heated coal first yields fused and 
unfused products. The fused products then decompose 
becoming more viscous until they re-solidify and bind 
the whole mass to coke. The cokes from caking coals 
consist largely of fused products which finaily are less 
reactive than the products of poorly-caking coals. 
This view would make the nature of the carbon in the 
coke more important than the structure of the coke, 
and would explain why blending of the coal with coke 
of the same kind does not notably affect the reactivity 
of the coke, though it influences the structure. 


CREOSOTE FOR WATER Gas. 

Creosotes, practically phenol, C,H, (OH), and its 
homologues, are valued as disinfectants and as raw 
materials of the coal-tar colour industry, but are not 
viewed with favour by fuel chemists. The reason is 
not at once apparent. It might be thought that creo- 
sotes, as oxidised aromatic hydrocarbons, should give 
about the same heat of combustion as the hydro- 
carbons, from which they are formed, and the paraffin 
hydrocarbons. Their behaviour, however, is different. 
The creosotes, produced at higher temperatures in the 








ment (Loan Guarantees and Grants) Act, 1929, is 
mentioned. 


* See ENGINEERING, vol. exxvii, pages 733, 762, 781 
(1929). 








retorts than the paraffins, are more stable than the 
latter, and do not split up, in the cracking proccss, 
into simpler hydrocarbons, but polymerise to naph- 
thalenes and similar compounds, producing much 
carbon and yielding comparatively little gas. This 
was discovered, or rather confirmed, during the war, 
when creosote was tried as an enriching agent for 
water-gas in the place of gas-oil. The low price of 
creosote, and the fact that the steaming of vertical 
retorts has made the tars lighter than they were 
formerly, has renewed interest in the utilisation of 
creosotes. The Memorandum on the Use of Creosote in 
the Manufacture of Carburetted Water-Gas, presented 
by Professor Cobb and Dr. F. J. Dent, was an account 
of experiments conducted by the British Gas Light 
Company, of Hull, and by the Gas Light and Coke 
Company, of London. 

The Hull experiments were made on a water-gas, in 
which gas-oil was replaced by creosote, but the working 
of which could not be greatly modified. Calculations 
of cracking efficiency require knowledge of the total 
volume and average calorific value of the water-gas 
made, the total quantity of oil used, and the total 
volume and average calorific value of the blue water 
gas obtained. The two latter terms are difficult to 
determine with intermittent working of the plant, and 
this is one reason why further laboratory research on 
the problem appears more promising. No naphthalene 
troubles were noticed at Hull, but, from the gas- 
making point of view, the results were disappointing. 
While gas-oil alone gave a thermal yield of 81 per 
cent., a mixture of gas-oil with 10 per cent. of creosote 
gave a yield of only 75 per cent., creosote alone giving 
only 45 to 39 per cent. In London, substantially, 
the same efficiencies were observed. The mixtures 
containing from 10 to 20 per cent. of creosote were 
used for months, but when the proportion of creosote 
exceeded 10 per cent., naphthalene deposition became 
troublesome throughout the plant. The laboratory 
tests confirm these conclusions. They are to be 
continued with special regard to the influences of 
temperature and nature of the cracking atmosphere, 
and the catalytic effects of surfaces with which the 
gases come in contact during cracking. 


REMOVAL AND RECOVERY OF PHENOL. 


Mr. C. F. Botley introduced the First and Second 
Reports of the Ammonia Sub-Committee, which com- 
prised several papers of interest. Introducing the 
Fourth Report of the Liquor Research Committee, 
a Memorandum on Processes for the Removal of Phenol 
from Ammoniacal Liquor and Effluent Spent Liquor 
and on the Recovery of the Phenols, Dr. A. Parker re- 
marked that more than half of the oxygen-absorption 
capacity of the effluents might be due to phenols, and 
nore than a quarter due to higher tar acids. ‘This high 
absorptive capacity, which deprives river water of its 
self-purifying power, was a serious matter. At Hinckley, 
tar extractors and spraying had removed most of the 
thio-compounds and higher acids, and the electrostatic 
separator had also reduced the higher tar acids; but the 
phenols remained in the effluent. The committee is 
investigating various methods for the removal of the 
phenols. This could be done firstly, by solvents, 
benzole, dephenolised light tar oil, trichlorethylene, &c. 
The Domestic Coke Corporation of Fairmont, West 
Virginia, uses two phenol-extraction towers, 36 and 
39 ft. high and 6 ft. in diameter, containing three 
beds of graded coke on screens. The crude liquor 
flows down and benzole enters from below ; the solution 
of phenols, tar acids, pyridine, &c., passes through 
caustic-soda washers and is distilled by steam, the 
distillate (benzole) being re-used. The sodium salts 
remaining are decomposed by sulphuric acid for the 
liberation of phenol. The losses of benzole are heavy, 
and light tar oils are therefore used. In Germany 
several similar processes are used ; in some the liquor 
is first neutralised with lime, and ammonia stills are 
subsequently used. The various solid phenol absorb- 
ents tried, mostly carbons, soon lose their efficiency, 
unless re-activated. Volatilisation of the phenols 
by steam and hot flue gases has been applied by 
Dr. Bailey, Messrs. Heffner and Tiddy, the Koppers 
Company, and others. Another method attempts 
to avoid the ammonia contamination with phenols by 
depositing the heavy tar from the hot gas above the 
dew-point temperature, before the liquor condensation 
begins. 

The importance of the phenol difficulty is shown by 
the latest Report on the Activities of the Emscher 
Commission, by Dr. Priiss, chairman of the Effluent 
Section of the Emscher Commission, reprinted in 
an appendix. The Emscher is a small river, only 
60 miles long, joining the Rhine a little below Ruhrort, 
after passing through part of the Ruhr coal basin. Phe 
Emscher district, of about 300 square miles, includes 
75 coke works, producing 27 million tons of coke 
annually. Dr. Allan C. Monkhouse, who added a 
further report on a Visit to Germany to inspect the 
Methods adopted for the Recovery of Phenols from 
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STEEL IMPORTS. 


IRON AND STEEL IMPORTED INTO THE RIVER TEES FROM HOLLAND, BELGIUM, FRANCE, NORWAY, SWEDEN, FINLAND, INDIA, 


GERMANY, 


AND COASTWISE, FOR THE TWELVE MONTHS ENDING 


OCTOBER 


3lst, 1929, AS COMPARED WITH THE 






































CORRESPONDING PERIOD OF 1913-14, AND 1927-28. 
= | 
Crude Sheet Bars, Billets, | > Plates, Bars, Angles, Rails, 1] $, 
Blooms, Slabs, &e. Fig Tron. Sheets, Joists, &e. 1} Total. 
— fe Pot pened ee ee eee | eS A ee ees | er os 
1913-14. | 1927-28. | 1928-29. | 1913-14. | 1927-28, | 1928-20. || 1913-14. | 1927-28, | 1928-29, || 1913-14. | 1927-28, | 1928-29. 
| | } 
' } i } 
oes oo | | I| cE (eat) Ween i Sie: ae ae y ew 

Tons, | Tons. || Tons. | Tons. Tons. || Tons. | Tons. Tons. Tons. Tons. 

November 3,132 | 11,021 | 10 | 2,023 2,349 || 1,906 | 3,529 5,048 | 17,008 13,496 
December ey rt a: eS: eee 57 | 16,157 Sa 641 4,116 || 3,582 7,059 | 13,625 
January ee ee ee ee a se | 40 | 663 | 5,638 || | 1,932 5,012 | 14,953 
February 3,109 | 11,765 1] 4 | 234 5,145 || 2,007 5,150 | | 15,271 
March en er ie |e | 510 72 || | | 4.980 8,997 | | 13,128 
Ap sc ks s(t ce, «I TP Son i 52 | 35 599 | 6.434 | 16,780 
Maya, @o «se os le tae Vllhedem 14,860 | 75 | 302 377 || | 5,018 | | 10,686 
June oe oe ee oe ae os oe 2,894 11,942 10,190 | 37 500 1,085 5,226 | 16,677 
WVepers - Ger wai, ote Go “ioe “ata 18,523 12,840 94 | 20 4,559 || | 4,306 | 21,944 
August .. # is a Ka Xe xl 627 insse | 1026 |} — | =— 1,969 || | 4149 | 14.272 
ROGUE cs, cs | Suge T eee 9 | 12,845 | 14,606 || 1,115 | 1,820 2,354 || | vies | 19,097 
October. . ¥ i aa a we «) == | SOSE |  SGhiei "| 940 530 || i 9,029 

ss en ee eS ee oe | = Se Se See 
Totals—tons. . 33,655 | 167,85 109.359 || 1,427 | 7,188 | 28,793 | 54,564 | 222,626 | 183,958 
| 








Ammonia Liquors and Kindred Subjects, stated that | 270 lb. per square inch and a total temperature of | up to 95,000 volts for transmission to the sub-stations 


the Ruhr district discharged more than 25,000 tons of 
phenols into the rivers per annum, while Germany, 
at present, only needed 11,000 tons. 


Thus the further | type stokers. 


| 700 deg. F. This output is obtained with coal firing, 
each boiler being equipped with two compartment- 
In order, however, to meet the sudden 


| The high-tension switchgear is of the outdoor type. 
| Four 1,800 kv.-a. 6,600/415-volt transformers enable a 
| supply to be given to the power house motors from the 


utilisation of phenols, as, for example, in the manu- | and considerable fluctuations, which are a consequence | main sets through a separate switchboard to which the 


facture of -products of the bakelite type, naturally 
claims attention. Dr. Monkhouse refers to the report, 
by Mr. F. R. O'Shaughnessy, on the Treatment of 
Spent Gas Liquor in Admixture with Sewage at the 
Cheltenham Sewage Purification Works. The ammo- 
nium-sulphate plant there has a daily capacity of 2 tons. 
The dry-weather flow of sewage is 1,750,000 gallons a 
day, and the average proportion of spent liquor is only 
0-3 per cent. of that amount. Vertical retorts are 
used in the gas works; the sewage is domestic and 
the purification takes place in detritus tanks, sedimen- 
tation tanks and percolation filters. The bacteria beds 
are 101 ft. in diameter, 44 ft. deep, and are filled with 
granite of 14-in. size. Tests made since 1927 show that 
spent liquor, continuously admitted into the sewage, 
in proportions not exceeding 0-5 per cent., can be 
satisfactorily purified without detriment to the beds, 
and that a satisfactory effluent can be maintained after 
continued working. 








THE KALYAN POWER STATION OF 
THE GREAT INDIAN PENINSULA 
RAILWAY. 


Tue work of converting the Great Indian Peninsula 
Railway from steam to electric traction was begun 
in 1922, and in February, 1925, the Bombay Harbour 
section was opened for traffic under the new conditions. 
Shortly afterwards electric operation was extended 
to Kalyan, some 33 miles from Bombay, where the 
main line, via Igatpuri, 52 miles distant, and a spur 
to Poona, at a distance of 86 miles, diverge. Since 


then, work on these two lines has also been pushed | 
forward, the Kalyan-Poona section having ben opened | 


by H.E. the Governor of Bombay on November 5, while 
that between Kalyan and I[gatpuri will be ready early 
inthe New Year. On several previous occasions* we 
have described the features and equipment of this line, 
as well as the passenger and freight locomotives, which 
have been designed for working it. It will therefore be 
remembered that the energy necessary for operating 
the Bombay-Kalyan section is purchased from the Tata 
hydro-electric group. On the other hand, that required 
on the section that has just been opened, which 
traverses the Ghats, will be generated in a steam power 
station at Kalyan, owned by the railway authorities. 

This station, which has been designed by Messrs. 
Merz and Partners, of 32, Victoria-street, London, 
S.W.!, for the railway authorities, has a present con- 
tinuous capacity of 40,000 kw. The coal for its opera- 
tion is brought in by rail, and is discharged into a re- 
ceiving hopper, whence it is taken by a system of 
conveyors either to the boiler-house bunkers or to 
storage ground. It is distributed over the latter by 
a steam-driven jib crane mounted on a caterpillar 
tractor. 

The complete boiler-house equipment, like the coal- 
handling plant, was supplied by Messrs. Babcock and 
Wilcox, Limited, of Farringdon-street, London, E.C.4, 
and consists of six boilers, each of which has a normal 
evaporative capacity of 60,000 lb. of steam per hour, 
and a maximum output of 75,000 Ib. at a pressure of 

* See Enomgertna, vol. oxxv, page 297 (1928); 


Vol. cxxvi, pages 134, 163 (1929); vol. exxvii, pages 100, 
161 (1929). 





of a traction load, four oil burners per boiler are also 
provided. These are brought into action by means of 
a hand-wheel control, and enable the output to be 
increased to 105,000 lb. per hour. Lach boiler is 
equipped with a superheater and economiser, and with 
an induced draught and two forced-draught fans, the 
latter also supplying air to the oil burners. All these 
fans were manufactured by Messrs. Davidson and Com- 
pany, Limited, of Belfast. In order to prevent overheat- 
ing of the oil, when that method of firing is not in use, a 
thermostatic device is fitted, so that when the oil 
reaches a pre-determined temperature the steam is 
cut off. Ashes are removed by Babcock and Wilcox 
paddle extractors. 

Thé crude feed water is obtained from the Bombay 
Development Department’s reservoir at Budlapur, 
and the railway’s own reservoir at Ambernath, while 
distilling plant has been installed, so that the water of 
the Uhlas river can also be utilised in emergency. 
This water is stored in a series of tanks on the boiler- 
house roof, and is treated in a Lassen-Hjért softening 
plant with a capacity of 4,000 gallons per hour. The 
purified feed water is supplied to the boilers by four 





270,000 lb. of water per hour, against a pressure of 
| 280 Ib. per squareinch. The exhaust steam from these 
| turbines is used in three high-pressure feed heaters. 
| The purified and crude water pumps, as well as one of 
| the two used for supplying the boiler tube cleaning and 
| fire hydrant services, were manufactured by Messrs. 
Worthington-Simpson, Limited, of Kingsway, London, 
W.C.2, and are electrically driven. The remaining fire 
hydrant pump is of Weir turbine-driven type. 

The generating plant consists of four 10,000-kw. 
| turbo-alternators, which were manufactured by 
| Messrs. C. A. Parsons and Company, Limited, of 
Newcastle-on-Tyne. These sets generate three-phase 
current at a pressure of 6,600 volts and a frequency 
of 50, when running at 3,000 r.p.m. The same firm 
also supplied two 350-kw. non-condensing sets, the 
turbines of which run at 9,000 r.p.m. These sets 
generate current at 415 volts, the alternator being 
driven through reduction gearing at a speed of 1,500 
r.p.m. They are used for starting up the station after 
it has been shut down. As they may have to stand 
idle for long periods in a moist atmosphere, special 
attention has been paid to their insulation. The 
alternators are air-cooled, the water for the coolers | 
being supplied by two 5-h.p. vertical booster pumps 
manufactured by the Messrs. Mirrlees Watson Com- 
pany, Limited, of Glasgow. The same firm also 
|made two 10-h.p. pumps for draining the sumps in 
| the engine-room basement. The circulating water is 
| obtained from the Ulhas river, the pumps used for 
| this purpose being installed in a separate pump house. 
| Three of these pumps, which were also manufactured 
| by the Mirrlees Watson Company have a capacity of 
16,000 gallons per minute and are driven by 350-h.p. 
motors, while the other two are operated by 175-h.p. 
| motors and have half the above output. Control in 
| all cases is effected from the power station. The intake 
|is through inclined rotary screens. 
| The generators are connected to a bank of three 
transformers through ironclad switches, but there are 
no 6,600-volt *bus bars. These transformers have a 
normal capacity of 11,000 kv.-a. and step the pressure 











| auxiliary generators are also connected. In addition, 
there are four 415/110-volt lighting transformers and 
| two 25-kw. motor-generators for supplying a battery 
|and the switch-gear operating circuits. The trans- 
| formers were manufactured by Messrs. Metropolitan- 
| Vickers Electrical Company, Limited, of Manchester, 
| and the switchgear by the English Electric Company, 
| Limited, of London. 
| Connection between the power station and the eleven 
outdoor sub-stations is made by duplicate trans- 
mission lines, which are generally run on each side 
of the railway, but at a sufficient distance from it to 
ensure that there shall be no interference with the 
telegraph and telephone circuits. The total length of 
line is about 270 miles, some 2,000 towers, placed an 
average of 700 ft. apart, being used. The conductors 
consist of steel-cored aluminium. The towers were 
built up piece by piece instead of being assembled on 
the ground and then raised. The contract for this 
part of the work was obtained by Messrs. W. T. Henley’s 
Telegraph Works, Limited, of London. 

The average distance between the sub-stations is 





a | about 12 miles, and with one exception they receive 
Weir turbine-driven pumps, each of which will deliver | 


their supply through T-connections from the trans- 
mission lines. The station at Thakurvadi is, however, 
supplied at 22,000 volts from Karjat, the line being 
carried on the track structures. The converting plant 
consists of two 2,500-kw. 750-volt rotary converters 
connected in series and mounted on the same shaft, 
the latter also carrying a fan for cooling purposes. 
The track circuit-breakers are of the high-speed type. 
Five of the sub-stations are attended, the remainder 





being operated by a supervisory control system. Four 
high-speed circuit-breakers for sectionalising purposes 
are placed in a cabin mid-way between the sub-stations 
and are controlled from the latter. As regenerative work- 
ing is employed, a special device is installed at Karjat, 
which causes an artificial load to be thrown in should 
the frequency of the system exceed a pre-determined 
value. 

The overhead equipment of the permanent way 
comprises | sq. in. of copper compared with 0-625 sq. in. 
on the suburban sections. Of this section, 0-5 sq. in. 
is in the main catenary, 0-2 sq. in. in the auxiliary 
catenary, and 0-3 sq. in. in the contact wire. On the 
open line the track structures are built of broad flange 
beams, while in the stations, British standard sections 
are used. This work was carried out by the British 
Insulated Cables, Limited, of Helsby. 








Lonpon’s UNDERGROUND RatLways.—During the 
next few months, many improvements are to be made 
to Underground Railway stations in London. Im the 
first place, the finishing touches are now being given to 
the escalators at Camden Town station. Post Office 
station, on the Central London Railway, and Ealing 
Common station on the District Railway, are being 
entirely rebuilt on modern lines. Improvements are 
also being made at Mansion House station on the District 
Railway, and at Oxford Circus and Lambeth North 
stations. Compared with last winter, there are 112 
additional cars in daily service. The speed of trains on 
all lines has been increased, and closer interval services 
are being worked. Thirty-six more cars are shortly to be 
put into commission on the Hampstead and City line. 
This will bring the total number of cars operating this 
winter up to 1,835. 
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THE WORLD ENGINEERING CON- | purposes. At the end of March, 1929, 3,157 km. | and voltage on the interior of the cable, and from a : 
GRESS IN JAPAN. | (1,960 miles) of main line, and 1,214 km. (752 miles) | desire to be rid of these complexities. Cables insulated . 
, : | of secondary line track had been electrified, 681-4 km. | with paper and impregnated with viscous compound, u 
(Continued from page 686.) | (422-5 miles) were in process of conversion and work | however, still represented the greater part of the f 
BELow we continue our summaries of selected | on another 1,617 km. (1,000 miles) would shortly be | output of American factories,.and would do so for f 
papers, contributed to various sections of the World | undertaken. The frequencies of the general supply, | many years, and it was becoming more and more : 
Engineering Congress, which closed recently in Tokyo. |from which the greater part of the traction energy | easy to pre-determine their performance. : 
The subjects now dealt with embrace electrical | was derived, were 42, 45 and 50 cycles, while the three- Practically all this cable was laid in underground 
engineering, engineering materials, &c. |phase lines were operated at a frequency of 16-7,| ducts, and operated under temperature conditions I 
E.ectererry SUPPLY In JAPAN. | though the power was generally obtained from the | varying from 0 deg. to 80 deg. C. It was made under 
|ordinary network. The various power stations and | stringent specifications which, combined with a rigid “ 
Among the papers presented under the general | syb-stations were interconnected and those railways, | inspection service, had undoubtedly assisted in increas- a 
oe ee ae ae may first be made 'which were operated at industrial frequencies, were | ing the quality. The specification situation was 3 
= Coe Sy 2 Ir. Heiji Tachikawa, on Electric | supplied from the ordinary lines. The result was that! peculiar. The usual procedure of bringing together 1 
began sanndiaen * 1886 reer igeers the gesting INTERCONNECTION IN THE UNITED STATES. <over “ smo os — and i tl 
of one tramway line, 13 miles long, its business} A paper on “ Present Methods of Development and re a, oa — rag hy Ps S — Poe we a 
was the supply of electricity for lighting, heating | Construction of High-Voltage Interconnection in the raat 4 i _ pe Se ge : wen “geod 
and power purposes. in Tokyo, Yokohama and the | United States ” was presented by Messrs. P. M. Down. | 2‘880cl@tion, was bl geod are 2 The won 
surrounding districts. It owned 396,000 kw. of |ing, W. E. Mitchell, E. C. Stone, and F. Osgood. In far as paper Pi es h cabl concerned. d A yes ; 
hydro-electric, and 118,000 kw. of steam plant, while this, it was stated that there were three types of inter- specifications ont ye ‘ec a —- - ideals i 
a further supply was obtained from 276,000 kw. of | connection, each of which required different treatment of tw ° potent I br wae yy — acta — P. 
hydro-electric plant, most of which was in the hands of | from the engineering standpoint. One was the joining ere = oe iffec yt : bra ‘lly yeni rv — hi 
subsidiary companies. During 1928 the maximum | together of systems with a sufficient load to warrant it, OTONEED, AEN WORE RAG 90 pee Demy SoMNphOD Aiaeroan 
load was 665,440 kw. and the electricity generated | but located some distance apart. The second was specifications, ea : h hi 1 
amounted to 2,846,000,000 kw.-h. Of the total | the interconnection of heavily-loaded systems located Moreover, in the Mle. ge aa op ine or Li 
connected load of 845,000 kw., 230,100 kw. was lighting, | near together, but employing high voltages for economic apparatus was to be purchased, the we = edure or 
562,000 kw. power, and 52,900 kw. heating. Of the | reasons, while the third was the interconnection of was for the purchaser to detail the ieee igor an 
power load, 25 per cent. was accounted for by railways, | smaller systems reasonably near together, either end- conditions, and to ask the prospective supplier to give ar 
11 per cent. by the textile industry and 10 per cent. by | to-end, or by ring mains operated in relay formation. | ® description of his product and “mn performance = 
electro-chemical concerns. The route mileage of the | They all, however, gave increased stability of service, characteristics. He did mot, m0 om specify mad is 
main and secondary transmission lines was 2,888, of | together with reduced capital expenditure, the possibi- details of design, nor the nature of the materials to qT 
which 853, 1,114 and 921 miles were operated at 110,000 | lity of opening up districts, which had hitherto had no be used. , ae nae at 
volts or over, 60,000 volts and 22,000 volts respectively. | supply, and an improvement in the financial position. Cables seemed to be altogether in a class by them- Lee 
The Tokyo-Yokohama district was surrounded by an|To obtain the full benefit of interconnection, the selves, as the purchaser furnished _ none but the be 
‘‘inner-ring’’ transmission line with considerable | various systems should be operated as a unit under one simplest operating conditions, but specified the principal th 
interconnection, but to give greater security an “‘ outer- | officer, who had absolute control. This officer should | dimensions and the materials to be used. He also Br 
ring’? was now being erected. Supply was mainly | be in possession of the fullest information from personal | exacted performance vente, and required a  evchigiad MS 
at 50 cycles, but where it was 60 the difference was | knowledge concerning every piece of apparatus and | of that performance extending over a term of years. e for 
adjusted, either by the use of frequency changers or | transmission line on the various systems, and should The origin of this extraordinary state of affairs a 
of hydro-electric turbines, which could generate at | be responsible for the voltage and frequency control, might be traced to the days when neither the — alt 
either frequency. The transmission voltages were | so that energy and wattless power was apportioned in facturer, nor the user, knew the ge age a gp In 
stepped down to 22,000 or 11,000 volts for distribution | accordance with predetermined schedules to give the conditions which should determine the design of ™ ati 
to the city sub-stations, and then to 3,300 volts for | most economical results. Maintenance might be cable. Though even now these were not fully known, ae 
general distribution, both cables and overhead lines | carried out by a single organisation, or by the indivi- the primary data were the complete load cycle, the tes 
being used. Consumers were supplied at either 200 | dual undertakings. possible transient overloads and overvoltages, the ord 
or 100 volts from pole transformers. | As regards engineering features, close attention was | thermal resistance and thermal capacity of the duets tg 
As the demand was greatest in December and least | being paid to the amount of spare plant required, in | ®"4 the duct diameter. These enabled the size of _ _ 
in July, when the potential output from the hydro- | order to increase the savings under this heading. In conductor and the thickness and quality of the insula- des 
electric plant was lowest and highest, respectively, the | some systems, it was customary to maintain a given tion to be determined, and the main problem of _ Na 
employment of steam stations was necessary, though the | percentage of spare generating plant, while in others, purchaser was now to write specifications, which — has 
variations were to some extent counteracted by locating | the practice was to provide spares for the protection enable him to predetermine whether the quality _ va 
the former stations in zones where the meteorological | of the largest units only. It was yet to be proved Gasign wate secn: a8 én engage agerstian Sor 8 Com it 
conditions were different. Storage reservoirs were also | whether either system was satisfactory, the primary mercially satisfactory term of years. ee 
employed. As regards daily regulation during the | factors to be considered being maintenance require- Three general plans had been followed to etn I 
winter, the base load was taken by the steam plant. | ments and the loss of capacity due to breakdown. this object : To reproduce the best past pertonmances, alec 
The daily load factor was of the order of 65 per cent. | Consideration must also be given to the most economical by imitation of designs, materials and pC? Mat 
reaching a maximum in February and March and a | size of unit. Methods of controlling the amount and | *° repest or improve upon past paeemenes, lish 
minimum in December. It had recently shown a ten- | direction of energy flow through the interconnection | ©X@¢ting certain test results, which seemed charac- — 
dency to decline. The yearly load factor was of the | points was being studied, as these not only involved teristic of the best in the past ; to reproduce in some Phy 
order of 49 per cent. The system was controlled by a | frequency adjustment at the stations, but phase and exaggerated form the vicissitudes of service, and to and 
load dispatcher in Tokyo, who gave directions to | transformation ratio control at strategic points on deduce from the life under those exaggerated vee pro] 
district load dispatchers. The most important duty | the network. The problems of stability under rapid ditions what the life would be under the — by 1 
of these dispatchers was to regulate the operation of | changes of load were being investigated, and considera- | S°TV!ce conditions. The first of these sufficed untill the peng 
the hydro-electric stations. | tion was being given to the use of devices in the neutrals | @V@T-Increasing’ output of the central ened 2, pan 
a ee | to limit the flow of current under abnormal conditions. — —— “gs SE | peo a 
ages State ie A iy Sige Deke | Higher speed switching and high-speed excitation pelppapieiec Sai ce i  oe La ak : ad -_ 
In a paper entitled “The supply of Energy for | control were also being studied. The design of circuit- because past history did not furnish precedents for the Spri 
Electric Traction in Italy,” Mr. O. Jacobini called | breakers and their associated equipment was closely | 2° conditions. The second method next came into neve 
attention to the fact that it was now thirty years since | following the development of interconnection, but | VoS¥e and had been developed to a stage which in- expe 
that form of railway working had first been adopted | attention should be given to the reduction of leten: volved specifications transcending in complexity any the 
with the object of utilising the water power, which | rupting capacities, where loads on the combined systems with which they might be compared within the whole ditic 
was one of the chief natural resources of the country. | were apt to exceed the rated values. Selective relay | "ge, of, industry. Among the items ordinarily sprit 
When the consumption of electricity in the various | schemes for interconnecting lines were being investi- specified by the purchaser — conductor _ -_ ron 
fields was analysed, however, it was found that | gated, since the consequences of an interconnector shape, insulation thickness, type and dimensions © Inve: 
only a small proportion was utilised for traction, | tripping out, as the result of faults in individual | Shields, dielectric strength for short and long periods, from 
and it did not seem likely that this proportion systems, was serious. insulation resistance, power-factor, energy loss, ionisa- n 
would greatly alter. Traction should therefore be| ~ [pn the United States, the greatest problem was to tion, capacity, stability of dielectric material and treat 
considered as part of the general load and stations | prevent, or reduce to a minimum, the number of | dimensions of sheath and flexibility. In other words, of 
to supply it exclusively should not be erected. That trip-outs resulting from lightning. Mass information | the purchaser arrived at the basic features of design polis 
explained the use, in Italy, of a three-phase supply at | on the design of earth wire installations, and on the by an intuitive leap from the operating conditions, now 
industrial frequency and a pressure of 10,000  olts | effects of lightning surges on line oad apparatus and passed them to the manufacturer, who elaborated treat 
on the trolley wire as well as the employment of direct- | jnsulation, was being obtained, and studies dealing them to whatever degree he might find necessary. It mucl 
current at 3,000 volts, the two systems being operated | with Frei frequency of occurrence and with the | W@S not, therefore, surprising that the third phase of mate 
with the practical object of comparing their advantages | path and intensity of storms were being actively specification writing had now been reached. aaa said 
and disadvantages. Results of the operation of the | carried forward. As the result of much research, an The idea of an accelerated life test had been use¢ acce} 
Rome-Avezzano line on three-phase and of the Bene- improvement in the quality and carrying capacity of | with considerable success in comparing rubber eee of spi 
vento-Foggia line on direct-current would soon be| cables with a decided trend towards higher service | pounds, but the first attempt to submit a cable insulated In 
available and would serve to show the path along voltages had been effected. Single-core cables for with impregnated paper to a high voltage, and deduc¢ Fail 
which further progress should be made. ste ae ts 56000 welts and carrying ‘up to 50,000 its life at normal voltage from its life at that voltage. ¥.C 
Turning to the position of electricity supply in Italy, Ps ss ai available, and 132 wo Ng cables, | did not give altogether satisfactory results, as it neglec- come 
the author stated that at December 31, 1927, there pontine Tens 100.000 kv.-a ener iene age sei ae rtant | ted the internal pressure changes, which occurred in cor 
were 825 hydro-electric stations in operation with an | cities "st of cane ia ted: wi ye | when the cable was submitted to a temperature cycle. a wid 
: AS ; as s. < f perated without failure z f the detai 
installed capacity of 2,540,000 kw., and an output | fo) well over a vear It was therefore proposed to put test samples 0 : etail 
of 7,816,000,000 kw.-h. In addition, there were 184 peste cable through a temperature cycle simultaneously Maris 
steam stations with an installed capacity of 589,000 kw. Hicu-TEnsion Caste DesiGy. | with the over-voltage, so as to simulate the actual Which 
and an output of 291,000,000 kw.-h. The output was In a paper on “ High-Tension Cable Specification | conditions of service. Such temperatures eycles could work, 
increasing at the rate of about 13 per cent. per annum. | and Design in America,” Mr. W. A. Del Mar pointed | not, however, reasonably be made to cover a much the be 
Some 833,000,000 kw.-h. were used for traction and | out that the liquid oil-filled cable originated from a| wider range than actually obtained in service, because to its 
5,095,000,000 kw.-h. for power and electro-chemical | gradual recognition of the complex effects of heat} the relation between the temperature range and life the ey 
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of impregnated paper was peculiar to each type of | be adopted. Attention was drawn to the effect of surface 
compound, and no general law could express it. Never- | conditions in determining the safe range of repeated 
theless, by the time this paper was published a satis- | stresses, as illustrated for example by the marked 
factory load-cycle life test might be an accomplished | lowering of the fatigue range which might result from 
fact. | producing slight corrosion of the surface, while on the 


New York Board of Water Supply, contributed a paper 
on ‘“‘ Cement,” in which he outlined some of the criteria 
by which engineers could distinguish the properties of 
the various products known as Portland Cement, and 
some of the directions in which further studies might 


Reactions of a highly-complicated character occurred | 
in cables made with viscous compound, due to the 
inability of the latter to keep pace with the varying 
load cycle. Now that these reactions had been measured, | 
theory had been applied to their study, and it was 
becoming possible to reduce the variation of pressure | 
inside the cable to predetermined values. The | 
essential qualities that entered into the design were : | 
The temperature of the cable under various conditions, 
the proportion of the air occluded when the cable was 
closed in the factory, the properties of the compound, 
the strength of the lead sheath, the reservoir system, 
and the details of the load cycle. 

PROPERTIES OF METALS. 

In a paper on ‘‘ Properties of Materials at High 
Temperatures,” Mr. R. G. Batson, of the National | 
Physical Laboratory, gave an outline of the work that 
has been done on the subject in recent years, with a | 
more particular account of that which has been proceed- 
ing for the last four or five years at the National Physical 
Laboratory under the direction of the Special Committee | 
on the subject set up by the Department of Scientific 
and Industrial Research. Such investigations, indeed, 
are not new. They began more than a century ago, 
and in 1856 Fairbairn reported an extensive series of 
experiments on the subject to the British Association. 
The steady increase, however, of the use of materials 
at abnormally high and low temperatures, together 
with the much higher refinement with which it has 


lead to a better understanding of them. For the time 
being, the making of cement, like the preparation of 
that the effect of surface conditions in determining | concrete, was to be regarded rather as an art than as 
the safe range of repeated stresses was by no means | a science. In no branch of work, however, was it more 
completely understood. Similar and other problems | necessary that account should be taken of so much 
had arisen in regard to quenched and tempered steels | scientific knowledge as was available. For the time 
and to cold drawn wire. These were only examples | being, the production of cement laboured under the dis- 
of many other properties in metals which had emerged | advantage that the product was judged almost entirely 
from experiments by the author and others. 


other hand, corrosion produced otherwise might not 
have similar effects; the data leading to the conclusion 



























Professor | on its observed strength when mixed in a mortar or in 
Lea gave some indications of other work that remained | a concrete, and too little was known and therefore 
to be done, and concluded by urging that experimental | specified of the proportion in which the heterogeneous 
work in all countries should be co-ordinated and | products of the kiln were present in the resulting clinker, 
related to fundamental properties. A great step in ad-| though the quality must largely depend on these 
vance would have been made if it ever became possible proportions, even where existing specifications were 
from certain fundamental and simple tests to elucidate | equally fulfilled. Among other suggestions the paper 
the life history of materials under repeated stress. | urged that cements should be compared as to the 

Mr. Henry G. Reist, in his paper on “ Rolled Steel | extent to which they contained alkali, which, though 
in the Construction of Electrical Machines,” described | present only in small quantities, exerted an important 
the recent development of practice, in which the design | effect in controlling the rate at which hydration occurred, 
of the mechanical parts of rotating electrical apparatus | and in determining the nature of the hydration products 
had been made cheaper and better by substituting | that were formed. An account was given of a series of 
rolled steel fabricated parts for the cast structures that | experiments made under the direction of the author 
had been employed previously. A notable example | in the Laboratory of the Board of Water Supply in the 











| 


of this practice was given in the account concluded 
last week in these columns of the Conowingo hydro- 
electric development. The advantage of the change, Mr. 
Reist showed, was not confined to the saving of time 
and money in dispensing with the use, &c., of patterns, 
but extended to the avoidance of the possible unsound- 
ness of castings, the effects of their shrinkage strains, 





become possible to make experiments, has led, both in | and the large expense of machining. The full develop- 
this and other countries, to observations of much | ment of the practice that was now being followed had 
greater precision. Among other results of these obser- | had to await the development of flame cutting and 
vations, properties had been detected in metals, such | electric welding, and a variety of instances were given 
for instance, as the existence of limiting creep stresses, | showing the improvements of design that are possible. 
in regard to which data of importance had been obtained | 4y interesting example was that of a brake cylinder for 
already, and others remained still to be determined. |lifting-jacks when the rotor had to be raised off the 
In the latter class must be included the observations | thrust bearing. These cylinders were made of extra- 
still in progress at the National Physical Laboratory | thick steel tubes, which were free from the’ porosity 
and elsewhere with the object of relating the results of | often found in the steel castings they replaced. They 
tests carried out for prolonged periods and those of the | were brazed to a base by the use of copper filings, the 
ordinary short-time tests, which, though more easily | steel parts being heated to the melting point of copper 
made, may fail to represent the properties of the | jin a hydrogen furnace, which both excluded air and 
materials in the conditions of practice. _The paper | removed any rust from the steel. 
described the general results already obtained at the | plat 
National Physical Laboratory, an account of which | STRUCTURAL MATERIALS. 
has appeared from time to time in these columns, and! In a paper on the “ Development of the Science of 
in more detail than has already been published it | Structural Materials,” Dr. H. F. Moore, now Research 
gave particulars of the instrumental arrangements. | Professor of Engineering Materials at the University 
under which the long-period tests are being conducted. | of Illinois, gave a particularly suggestive sketch of 
In conjunction with Dr. G. A. Hankins, Mr. Batson | various lines of work, by which to a great extent the 
also contributed a paper on ‘Springs and Spring | art of manufacturing, fabricating, and testing materials, 
Materials,” describing so much as has already been pub- | and of designing the shape and sizes of load-carrying 
lished of the investigations on the subject now being parts of structures and machines had been trans- 
conductedin the Engineering Department of the National | formed into the science of materials. The process was 
Physical Laboratory for the Department of Scientific | by no means complete, and both in design and manu- 
and Industrial Research. These include the mechanical | facture much had still to be put in by eye. In at 
properties of spring steel, as revealed in the Laboratory | least five ways, however, scientific guidance was being 
by the usual types of tests as well as special laboratory obtained for current practice. The mathematical 
tests on the torsional fatigue of helical springs, the resis- | theory of stress and strain, mechanical testing, chemical 
tance of black and polished steel plates of various analysis, microscopic examination, and X-ray analysis 
compositions to reverse bending-fatigue tests, and of atomic structure, had all contributed their parts. 
endurance fatigue-tests on single leaves of laminated | For the application, indeed, of the mathematical theory 
springs, in which the stresses are repeated but not of elasticity and of engineering mechanics, assump- 
reversed. The second part of the paper related to | tions had to be made which admittedly were not borne 
experiments on complete laminated springs, including | out strictly in practice, but even as they were they 
the displacements of vehicle springs under road con- | allowed much closer prediction of results than could 
ditions, the nature and effect of nip on the stresses in| be made without the theory. For their application, | 
spring leaves, and the endurance of laminated springs practice had been indebted to the increase in the pre- 
as shown by laboratory tests. Accounts of these | cision with which measurement had been possible. 
investigations have already appeared in these columns Further advance would doubtless require still further 
from time to time. One important result of them has instrumental development, but much of the modern 
been to show that laminated springs made from heat- | knowledge in regard to the properties of materials was 
treated rolled plates fail at stresses as low as one-third | due to the progress in the means of testing which had 
of the safe fatigue limit of the actual materials when | already been made. There was also promise of further 
polished free from surface defects. Experiments were progress in various directions, one of the latest of 
now in hand with the hope of developing methods of | which was the possibility that, through correlating the 
treatment which would make it possible to utilise a magnetic qualities of iron and steel with their strength, 
much greater proportion of the fatigue-resistance of the a non-destructive test of strength might be developed. 
material without extensive machining and polishing of | Similarly practice had to be grateful to the chemist 
the plates, the absence of which hitherto has been | and the microscopist for results obtained and for the 
accepted as an adequate explanation for many failures | prospect of others tocome. A still more recent class of 
of springs under service conditions. methods were those which depended on X-ray analysis. 
In a paper on “‘Some Points in Connection with the ! It was impossible, indeed, to predict how much further 
Failure of Metals under Repeated Stresses,’’ Professor | their use would be carried. One of Professor Moore’s 
F.C. Lea drew attention to a few points which had suggestive questions was whether X-ray analysis of 
come under his consideration during the last few years atomic structure was going to throw light on the mechan- 
in connection with the fatigue of metals. These included | ism by which solid materials cohere, and the relation 
4 wide range of subjects, and without going into the between cohesion and practical structural strength. This 
details of individual series of experiments, he sum-| was only one among a number of suggested questions 
Marised some of the more important conclusions to | for future research which were put forward in this paper. 
which they led, many of them arising from his own | The final moral it drew was the necessity for workers in 
work. The pioneer experiments of Bauschinger led to | each field contributing to progress in the science of 
the belief that the fatigue range of a metal was equal | materials to take account of what was being done by 


to its elastic range, and Prof. Lea’s paper outlined | workers in other branches of the science. 


| City of New York. It was believed that the effect of 
the alkali contents of cement had generally been 
underestimated, and that further study would reveal 
still more of its importance. 

A paper by Mr. Henry Pooley, Junior, on “ Some 
Recent Developments in Portland Cement Manufac- 
gave a considerable amount of information in 
regard to modern details of production, both by the 
wet and the dry process. In England, indeed, most 
of the raw material from which cement is made occurs 
wet, and cannot be dried economically in order to 
treat it by a dry method. In the wet process, a most 
important advantage had lain in the direction of fuel 
economy, though in England and apparently in 
Europe generally, no great use had been made of 
waste-heat boilers attached to wet-process_ kilns, 
because of the large amount of water which the raw 
material required in the slurry. An important advance 
| had been the introduction of the method of slurry 
spraying, in which the slurry was introduced into the 
kiln as a cone-shaped spray or fog, which was easily and 
quickly dried out. 

Professor W. K. Hatt, the Professor of Civil Engineer- 
ing and Director of the Laboratory for Testing Materials 
at Purdue University, in a paper on “ Some Recent 
Researches in Fundamental Properties of Concrete in 
the United States of America,” gave particulars of 
a few recent researches on fundamental properties of 
Portland cement and concrete, selected according to 
limitations of space and the author’s personal know- 
ledge of the researches. Among other observations, 
Professor Hatt remarked that as yet there was no satis- 
factory measure of the flow under load of concrete of 
various proportions, and made with varying aggregates. 
Among other experiments, an account was given of some 
on the time-flow of concrete made by Professor R. E. 
Davis. In these tests plain concrete cylinders were sub- 
jected for two years to continuous loads in compression, 
some in an atmosphere of 70 per cent. constant humidity 
and a temperature of 70 deg. F., and others in an 


ture,” 








the evidence on which this conclusion could no longer! Mr. Thaddeus Merriman, the Chief Engineer of the 


atmosphere kept moist by a water spray. The loads 
varied from 200 Ib. to 1,200 lb. per square inch, and 
were applied for a period of 400 days, at ages of 2, 7 
and 28 days and 3 months. Both gravel and crushed 
stone aggregates were used in rich mixes of 1 to 4, 
and lean mixes of | to 7, the aggregates varying in 
fineness from 6-6 to 3-5. The observations of flow 
under load were calibrated by observing unloaded 
specimens in the same humidity and temperature 
conditions. Among other results, it was found that 
a 1 to 7 mix flowed twice to three times as much as 
a 1 to 4 mix. Concrete with fine-graded aggregates 
flowed more than concrete with coarse-graded aggre- 
gates. A given concrete stored in air flowed consider- 
ably more than when stored in a moist atmosphere, in 
which, indeed, the continued hydration of the cement 
would sometimes produce a final elongation, which 
took up the flow otherwise to have been expected 
from the load. The rate and amount of flow increased 
with increase in the applied stress, was less when the 
concrete had hardened for longer periods before the 
load was applied, and was greater in the earlier than 
in the later period of loading. As compared with the 
instantaneous or elastic deformation on applying the 
load, the subsequent time flow was found to be up to 
several times as great. 

In a “ Note on Concreting a Reinforced Concrete 
Beam and Theory of Corrosion in Steel Reinforcing 
Bars,” Mr. S. D. Carothers, Superintending Civil 
Engineer to the Admiralty, described an experience 
in the operation of concreting a long reinforced- 
concrete beam, and a theory of the corrosion of steel in 








reinforced structures generally, based on the observa- | 
tions made during this operation. The beam was | 
5 ft. deep by 2 ft. 6 in. wide, and about 2,000 ft. long, | 
supported by piles at intervals of 17 ft. 2 in.’ It was 
reinforced with round steel rods, and had vertical 
rods at short intervals to take shear. The reinforcement | 
over the supporting piles was extremely complicated. | 
The beam was constructed in a trench with a rammed | 
and concreted bottom before workmen were allowed | 
to walk on it. It was recognised that in the neigh- | 
bourhood of the piles there would be difficulty in 
ramming sufficiently well to keep the beams free from 
voids in the bottom two or three inches, owing to the | 
complexity of the reinforcement. Accordingly it was 
arranged that each length should terminate in the | 
middle third of the space between the piles, which was | 
comparatively free from reinforcement, and on begin- | 
ning to concrete a length a mass of mortar was dropped | 
immediately in front of the completed section, and by | 

! 


vigorous ramming a flow was determined in the con- 
crete next dropped, the mortar acting as a lubricant. 
This measure did not prove effective, and by further 
observations it was found that the ramming had | 
failed to reach a region under the reinforcing bars, | 
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In its mechanical methods of measurement, metrology | years, had been most remarkable. One of the out- 
had a high standard long before manufacture could | standing achievements of the industry had been the 
live up to it, and microscopical assistance “Aten vee development of the Hoopes process for the 
possible while as yet technical industry had little | production of pure aluminium. By this process 
occasion to use it for measurement. Similarly in | metal of 99-98 per cent. purity had been made. Briefly, 
recent years, the ability of industry to work to ever | the process called for the establishment, between a 
increasing precision had been more than matched by the | lower layer of liquid alloy containing aluminium (the 
applications that had been made of developments in | anode) and an upper layer of liquid aluminium (the 
physics, chemistry, and metallurgy. 





New optical | cathode), of an intermediate layer of fused electrolyte, 
apparatus, the use of the interferometer, the application | composed essentially of fluorides, of greater density 
of electrical methods, and even the production by metal- | than the liquid aluminium. An electric current was 
lurgists of materials with improved dimensional stability | passed from the anode through the electrolyte to the 
and resistance to corrosion and abrasion, had enabled | cathode, whereby aluminium was removed from the 


|measurements of length to be made with a precision | anode and deposited in the liquid state at the cathode. 


undreamt of even a few years ago. In practice, length | Marked progress had been made in the manufacture of 
standards may be either line standards, end standards | carbon electrodes for use in aluminium reduction. 
or light-wave standards, and it was highly important to | Melting in the aluminium industry was being done 
science, engineering and industry that the interrelation | in much larger units than formerly. The technique of 
of the three types should be accurately known. At | handling large quantities of liquid aluminium had been 


| the present time national standards were practically all | well worked out. While considerable work had been 
| line standards, and as yet there was no universal agree- | done with electric furnaces for melting aluminium and 


ment as to the relations either between the inch and | its alloys, these had not found favour and were used 
millimetre or between the inch and the wave-length | in a very minor way. Where the quantity of metal to 
of light, though the relation between the metre and the | be dealt with was sufficiently large, the stationary, 


and was unable to dislodge air and free water which | wave length of light had been generally accepted. The | open-flame, hearth-type of furnace might be regarded 
had collected there. This view of what had occurred | most likely relation between the yard and the metre | as practically universal in application. Furnaces of 


was confirmed by laboratory experiments described in 
ENGINEERING of December 14, 1928, page 757. It 
was concluded accordingly that where the passage 
of air to the surface was obstructed by reinforcing bars, 
the air which rose to the surface during ramming 
collected on the underside of the bars, and remained 


there. The vibrations to which the reinforcement was | 


subjected by ramming and concreting must have a 
tendency to send solid particles away from the surface 
of the bar, and in their place to draw in moisture from 
the surrounding concrete at the surface of the reinforce- 
ment. Friction, moreover, at the surfaces of wood 
forms and reinforcing bars tended to prevent the com- 
plete flow of the concrete round the underside of the 
bars, particularly where the wood forms and the bars 
were nearest together. Special precautions must also be 
taken to avoid cavities under bars where two currents 
of concrete flowing in opposite directions met, as 


otherwise they would produce an effect analogous to | 


a ‘‘ cold shut’ in a metal casting. In large reinforced 
members shrinkage of concrete in setting might tend to 
produce cavities in certain places, but this effect 
appeared to be a small factor. Generally the rusting 
of reinforcement in concrete near the underside of 
beams was due to the presence of cavities where the 
rusting appeared. 
PRECISION MEASUREMENTS. 

Professor Jaichi Obata, of Tokyo Imperial University, 
in a paper on ‘“ The ‘ Ultramicrometer,’ a New Instru- 
ment for Measuring Very Small Displacement or 
Motion, and its Various Applications,” dealt with the 
measuring instrument working with a _ thermionic 
valve which he had introduced under that name. 
The instrument, of which a description had already 
been published in America, depends essentially on 
starting an electrical oscillation with a frequency of 


some 600,000 cycles per second in a circuit containing | 


a thermionic valve, and causing the displacement or 
motion to be measured to produce a corresponding 
change in the anode current of the valve, this change 
being measured or recorded by a galvanometer or an 
oscillograph. Instruments utilising one or several 
thermionic valves for the same purpose had, as 
Professor Obata pointed out, been used already by 
Whiddington and others, though he did not seem to 
be aware that Professor Whiddington’s instrument, 


the first form of which was described in 1920, was | . 3 
} Non-Ferrous Metrat MEratturey. 


| Professor C. Schiffner, of Freiberg, Saxony, presented 


introduced under the same name. Professor Obata’s 
instrument works by measuring the change in the anode 
current, and the design is of such simplicity as requires 
no more skill than is necessary for using a Wheatstone 
or bridge, or a potentiometer. Though it is capable 
of measuring very small displacements or motions, it 
is best adapted to recording minute vibrations. A 
number of such applications have already been pub- 
lished. Among those described in the present paper 
were the vibrations produced by a spherical bomb, 
in which mixtures of explosive gases were exploded 
electrically. In anothe* application the vibration of 
a bakelite bar due to an impact was recorded on the 
same dry plate as the paoto-elastic fringes, indicating 
the distribution of strength. It had also been applied 
as an electrical indicator for high-speed internal- 
combustion engines, and colleagues of Professor 
Obata had used it for recording the variations of 
pressure in a small engine running at 2,100 r.p.m., 
and the pressure change in the air as well as the oil 
of an oil circuit breaker. 


Dr. George K. Burgess, Director of the United States | 
Bureau of Standards, presented a paper on ‘“ Precision | 


Machines and Instruments for the Measurement of 
Length ” by ten officials of that body, one of the United 
States Coast and Geodetic Survey, and one of the 
Western Electric Company. 





| to be generally acceptable was to take 1 in. as equal 
|exactly to 25-4 mm., which was roughly midway 
| between the relation at present connecting those units 
}in the United States and in Great Britain. Investi- 
| gations were also in progress in Germany, England, 
| Japan and the United States with the object of select- 
ing some spectral line on which the wave-length 
might be related to the metre. The bulk of the report 
was concerned with describing the various ways in 
which comparators had been devised for use with line 
standards, and with end standards, gauges and machine 
parts, as well as precision line and angular measure- 
ments for geodetic purposes, the use of light-wave 
standards in the test of end standards and the 
graduation of line standards, and thermal expansion 
|apparatus. | Perhaps the most interesting part would 
| be found in the section dealing with the application to 
jlimit gauging and interchangeable manufacture, in- 
cluding the use of automatic machine gauging, either 
for one or for more tests, or for applying a succession 
of tests to an automatically-supplied series of units. 
All these operations could be performed with the same 
accuracy as could be obtained by hand, and in many 
instances gave a large economy. This report was par- 
| ticularly well illustrated. 





AERONAUTICS, 

The manner in which the air forces—lift and resist- 
ance—of a tractor aeroplane are affected by carrying 
the engine or engines in cars built in or on to the 
body of the plane has not yet been investigated 
thoroughly, though the increasing use of multi-motor 
planes makes such investigations particularly neces- 
sary. A paper by Mr. C. Wieselsberger, of Tokyo, 
‘“Ueber den Einfluss von eingebauten Motorgondeln 
auf die Luftkrafte eines Tragfliigels,”’ described a 
method of considering the working of the essential 
| factors of such constructions, by which it was possible 
| to obtain an approximate solution of problems in re- 
|gard to them. The results obtained by such calcula- 
| tions were compared with those of model experiments, 
made at the Aeronautical Institute of the Imperial 
| University in a 1-5 metre air tunnel at a speed of 
|40 metres per second. In the conditions which corre- 
| sponded to those that occur in practice the calculated 
| and measured results were found to be in satisfactory 
| agreement. 








|an historical paper on the manufacture of non-ferrous 
| metals entitled ‘“‘ Wege des Fortschritts bei den trocknen 
| Gewinnungsverfahren der Nichteisenmetalle.”’ Pro- 
| fessor Schiffner stated that, until recently, non-ferrous 
|metals were obtained by the dry process, i.e., by 
| smelting or by distillation. For most of these metals 
|the wet or electrolytic process was now available. 
| It was employed when a high degree of purity was 
| desired, and was being adopted to an increasing extent. 
|The author considered, however, that in the case of 
| lead, copper, nickel, and tin the dry processes would 
| presumably continue in general use, and it remained 
| for the metallurgist to continue to improve them both 
|from the technical and from the economical stand- 
| points. Much progress had been made in three main 
| directions. The dimensions of furnaces had gradually 
| been increased ; the heat of decomposition of the ores 
| was utilised to a growing extent ; and the extraction 
|of the metal from the ore was becoming increasingly 
complete. 

In a paper dealing with ‘‘ Innovations in the Metal- 
lurgy of Aluminium,” the author, Dr. R. J. Anderson, 
stated that, whereas fifteen years ago comparatively 
little investigatory work was being done in aluminium 
metallurgy, the activity in this field of research, of late 


| this type having capacities ranging from 5,000. lb to 
| 50,000 lb. of metal were used for melting aluminium 
| for casting into ingots for rolling. The remelting and 
| recovery of aluminium and aluminium-alloy scrap now 
constituted an important branch of the industry. 

Two papers were devoted to various aspects of the 
metallurgy of antimony. The first, on “‘ The Develop- 
ment of the Metallurgy of Antimony during Recent 
Years,” by Mr. Chung Yu Wang, compared very 
briefly the various methods in actual use for the extract- 
tion of antimony from its ores. The author stated 
that the old liquation process was still maintained in 
England but that on the Continent the roast-reduction 
processes were in greater favour; both of these pro- 
cesses were capable of improvement. In Canada and 
Australia promising results had been obtained in the 
treatment of low-grade ores by means of gravity 
concentration and flotation, and electric processes, 
possessing many practical advantages, had been adopted 
with success. The second paper on antimony, entitled 
‘* Method for the Analytical Determination of Antimony 
and Arsenic in Antimony Regulus,” was by Mr. 8S. J. F. 
Jensen, who stated that the stipulation now made 
that antimony regulus should contain at least 99 per 
cent. of antimony and not more than 0-3 per cent. 
of arsenic had rendered necessary reliable and efficient 
methods of analysis. The determination of impurities 
in the regulus and the evaluation of the antimony by 
difference was not to be recommended. The procedure 
was long, costly, and not always absolutely accurate. 
The author then described in detail a method by which 
the regulus was dissolved and the antimony and arsenic 
separated. The two elements were subsequently 
estimated either by a gravimetric or by a volumetric 
method. The adoption of a standard method, such 
as that described, was urged, in order to obviate 
possible discrepancies between analyses. 


(To be continued.) 








BRITISH SPECIFICATIONS FOR PAINT INGREDIENTS.— 
Two further specifications of the series of Standard 
Specifications for paints, varnishes, and paint ingredients, 
of the British Engineering Standards Association, have 
just been issued. These are respectively designated No. 
370—1929, Venetian Red for Paints; and No. 3871— 
1929, Ready-Mixed Linseed-Oil Paint (Oil Gloss) Purple- 
Brown Oxide of Iron. These publications follow the 
lines of those previously issued, and contain clauses regu- 
lating the composition, together with standard reception 
tests for the purchase of these materials. Appendices are 
also incorporated outlining standard methods for carrying 
out the tests. Copies may be obtained from the B.E.S.A, 
Publications Department, 28, Victoria-street, London, 
8.W.1, price 2s. 2d. each, post free. 


British STANDARD SPECIFICATIONS FOR COLLIERY 
ReEQutsirEs.—In continuance of the programme of work 
in the colliery section, the British Engineering Standards 
Association has just issued specifications for Underground 
lighting fittings (No. 238—1929); flattened-strand 
steel-wire winding ropes (No. 236—1919) ; and flattened- 
strand steel-wire haulage ropes (No. 237—1929). The 
underground lighting fittings specification provides for 
fittings for use with British Standard vacuum tungsten- 
filament lamps, having a minimum rating of 60 watts. 
Following the lines of the round-strand colliery-rope 
specifications, those relating to flattened-strand ropes 
contain clauses regulating the testing of the finished 
rope, and tensile and torsion tests of the rope wire to bh 
applied both before and after the manufacture of the 
rope. The difficulty in the way of the preparation of the 
rope specifications lay in the fact that no agreement had 
been reached amongst manufacturers regarding the 
breaking strengths of the ropes and their weight per 
unitlength. Standard tables covering these two require- 
ments, however, have now been prepared. Copies of the 
three specifications, price 2s. 2d. each, post free, may be 
obtained from the B.E.S.A. Publications Department, 
28, Victoria-street, London, S.W.1. 
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THE LIMITATION OF NAVAL ARMA- 
MENTS; BATTLE FLEETS. 


Ir is probable that a large number of people 
consider that the purposes for which the Naval 
Conference is to be assembled are visionary and 
impracticable ; it is equally probable that a very 
much larger number are apprehensive of these 
repeated endeavours to make our maritime posi- 
tion contingent upon compacts and diplomatic 
bargains. But the sceptical, the distrustful and the 
confident must surely agree that the objects of the 
conference are comprehensive. If the delegations 
disperse after drafting and signing a general com- 





pact for the limitation of auxiliary fleets, then the 
entire maritime armament of the Great Powers will 
be regulated by public law and treaties. The | 
strength and composition of the British Fleet will be 
as fixed and settled as Spain’s northern frontier, or 
France’s eastern boundary. If any Government 
signatory to the treaty increases the strength of | 
their maritime forces during the period in which the | 
treaty is valid, then that Government will not be | 
exercising a sovereign right, but will be guilty of | 
a breach of public law, and a violation of engage- 
ments. It is not here our purpose to express any 
opinion upon the advantages or disadvantages of 
thus bridling a nation’s sovereign rights, but the im- | 
portance of the attempt is so great that it should | 
be described with all possible emphasis. 

It has always been our endeavour to avoid dis- | 
cussing matters which affect our naval strength, if | 
they are the subject of fierce controversy. I, | 
however, the issues have been so important that 
they cannot be ignored, we have generally waited 
until the controversy has abated, and have adjusted | 
the questions in debate to a fairly wide perspective. | 
In the present instance, this procedure must be 
reversed. We do not think it proper to lay the 
issues of the Conference before our readers when the 
Conference has assembled, and the daily Press is 
reporting the arguments and counter-arguments of 
the delegations. Some provision must be made 
beforehand. We have therefore decided. to lay 
before them the larger and more comprehensive 
problems which the Conference will convene to 
settle in a series of articles, which, we hope, will 
give all readers of ENGINEERING enough informa- 
tion, and enough statistical data to follow the 
discussions, and to understand the issues. 

Naval Limitation and Security—Security is a 
comprehensive word, which has been used with 
the greatest freedom at every limitation conference. 


No intelligent person can be in any doubt as to its| _ 


literal meaning. But the connection between 
limitation of armaments and security is not so easy 
to understand. Anybody may reasonably enquire 
how a reduction of British naval armaments is 
compatible with security, seeing that we have 
frequently been told, from the highest quarters, 
that the British Fleet, at its present strength, is only 
just powerful enough to protect the trade routes 
and prevent invasion. The relation between these 
two things is best explained by describing, very 
briefly, the purely technical criticism to which any 
project of limitation is subjected. 

The procedure is roughly as follows. The naval 
staff of every country prepares, in peace time, what | 
are known as the War Orders to the fleet. These 
‘var orders are generally elaborated by war plans, 
oy schemes of specific operations against a particular 
enemy. The substance of these plans and orders is 
that wheneyer war is considered imminent, the 
fleet is divided into squadrons, to which certain 
zones and strategical duties are allotted. This 
process of assembling the fleet for war, and of 
dist ributing it over its various stations, is admirably 
described in the first volume of Sir Julian Corbett’s 
History of Naval Operations, and although it goes 
without saying that, if war broke out to-morrow, the 
British Fleet would not be divided and distributed 
as it was in August, 1914, yet it remains true that 
the method and procedure of sending the Fleet to 
its war stations would be identical. There would 
be the same assembly of the Grand Fleet and its 
wixiliaries, the same distribution of our cruiser 
forces over the most important trade routes, and 
the same formation of mobile defence forces at the 
most threatened harbours. 

These war plans and war orders are the first 








documents under examination whenever a project | 
of limitation is put forward. The problem set to 
the naval staff may be expressed thus: You have 
prepared these orders on the assumption that 
opponent A, or opponent B, has so many battle- 
ships, cruisers, destroyers, and submarines. Is it 
safe to alter this distribution of squadrons, by 
reducing the number of ships in each, if opponents 
A and B reduce their naval forces to the following 
figures, which are those of the latest limitation plan ? 
The naval staff cannot always give an exact 
and precise answer. The strength of some squad- 
rons, particularly of those entrusted with trade 
defence duties, is not entirely contingent upon the 
enemy’s strength, and mobile defence flotillas are, 
as a rule, little but a residue of weak ships, which 
almost any opponent could crush with a timely 
concentration. Nevertheless, this is the first test 
to which any plan of naval limitation is subjected, | 
and this professional examination of any project | 
for reducing armaments is the connecting link | 
between limitation of naval force and naval security. | 
It is, of course, quite impossible to describe this | 
technical examination, for war orders are, perhaps. | 
the most secret documents in any Government’s | 
possession. But, on the general problem set to the | 
naval staff, there is no secrecy. The naval authori- | 
ties have to decide whether the British Fleet reduced | 
to a certain figure, could still perform its strategical 
duties; this is a question which ordinary persons 
can examine in bulk, though not by items, and this 
examination is, as we have already stated, the 
starting point of every limitation problem. Nobody 
can follow discussions about global tonnage, reduc- 
tion by categories, and the like, unless the main 
outlines of this technical survey of naval security 
have first been drawn and committed to memory. 

The strategical duties which the British Fleet is 
expected to perform are the same to-day as they 
were a hundred years ago. When the Board of 
Admiralty report that the Fleet is ready, they mean 
that it is in sufficient strength to secure the country 
against invasion, to cover the transportation of 
overseas expeditions in support of an ally, and to 
secure the flow of vital trade. At the present 
moment, the Board have to decide whether a 
reduced fleet can perform these duties in certain 
specified circumstances. The implications of each 
of these duties must thus be examined in turn. 








TABLE I.—ReEpPLAcEMENT PROGRAMMES, 1930-1937. 


country were invaded from the sea, there would be 
fierce destroyer and cruiser actions against the 
enemy’s transports and their covering forces, yet 
it none the less remains true that the success or 
failure of the venture would depend, in the last 
resort, upon the strength of the British battle fleet, 
and the strength of the battle fleet supporting the 
invasion. Upon two occasions, once at Geneva, 
and once more recently, the British Government 
have suggested that the battle fleet should be 
reduced, or that less money should be spent upon 
it. What then are the sources or reasons for this 
suggestion ? 

First, and most important, is the question of cost. 
By the terms of the Washington Treaty, battleships 
are replaceable when they are 20 years old. If 
other countries, more particularly the United States, 
replace their battleships as they reach this age 
limit, Great Britain will be committed to the 
following replacement programme :— 

By the year— 

1934, four battleships of the Benbow type: will 
have to be replaced. 

1935, three battleships of the Queen Elizabeth 
type and a battle cruiser will have to be 
repleced. 

1936, the battleships Malaya and Royal Sovereign 
will have to be replaced. 

1937, the battleships Revenge and Resolution will 
have to be replaced. 

1938, the battleship Royal Oak will have to be 
replaced. 

The cost of such a programme is enough to make 
any thoughtful man anxious, first, because it will 
be enormous ; secondly, because it will be imposed 
upon the country in heavy, crushing sums, which 
cannot be distributed over a period of years. By 
the terms of the Washington Treaty, battleships are 
not to exceed 35,000 tons, and so long as the 
Admiralty is under an apprehension that Foreign 
Powers intend to build battleships of this dis- 
placement, they have no option but to recommend 
that Great Britain should do so as well. This, in 
plain language, means that within the next nine 
years, the country will have to pay for 455,000 tons 
of new capital ships, at the average cost of 2001. 
a ton. The total bill will be something like ninety 
million pounds sterling, and this money will have 
to be found in addition to expenditure upon the 
cruiser, destroyer and submarine fleets. 

If this enormous expenditure could be justified 





Great Britain. 


1934— 


' Total Tonnage. U.S.A. 


Total Tonnage. Japan. Total Tonnage. 
| 


Iron Duke | | Florida \ 
Marlborough .. 100,000 Utah 69,650 Kongo | 27,500 
Emperor of India | | Wyoming J 
Benbow | 
1935— | | 
Tiger .. ae | } 
A ao | Arkansas ioe | 
Que en Elizabe th | 111.000 ‘Caine \ 80.000 Hiyei l 56.820 
Warspite és ae | New York { Haruna f 
Barham , “ J } . 
1936— 
0, 53,250 pooonelll \ 55,000 Kirishima | 27,500 
yal Sove | F P 
1937— 
Revenge we za \ Pea Arizona } - . ena 
Resolution a e j 51,500 Pennsylvania f 62,800 Fuso 30,600 
1938— | | | 
Royal Oak ee ee a 29,150 Mississippi 32,000 Yamashiro 30,600 





Defence against Invasion.—If anybody wishes to 
understand what invasion implies, he must first of 
all dismiss. all historical precedents and analogies 
from his mind. Invasions used to be carried out by 
armies which marched and counter-marched through 
an enemy’s country, which seized towns and lived on 
the invaded country. An invading force could, in 
some cases, maintain itself for years after its com- 
munications with the home country had been 
severed. This state of things has disappeared from 
European warfare as completely as the use of bows 
and arquebuses. If a modern invading army is 
to effect anything at all, it must establish a front— 
which cannot be pierced or turned—and it must 
maintain continuous, unbroken communications 
with its own country. The implications of this 
new and more onerous form of invasion will be dealt 
with later ; for the moment, we are concerned only 
with the naval force, which supports or beats off an 
attempt at invasion. 

Now, although it is unquestionable that if this 








on the plea of military necessity, there can be but 
little doubt what the Nation’s answer would be. 
There would be long and heated discussions, 
conducted .in the traditional British manner. One 
party in the State would argue in Press and Parlia- 
ment that Great Britain was endeavouring to 
establish a maritime tyranny, and that if such 
expenditure were sanctioned, every hand would 
be raised against us; the other party would reply 
by tables of the ships laid down abroad, and the 
growth of foreign navies. These discussions would, 
in the end, rouse the Nation’s traditional sense of 
maritime danger, and after much grumbling, and 
much hesitation, the bill would be paid, and the 
fleet would be reconstructed. But can this immense 
expenditure be justified on the plea of urgent 
military necessity ? Obviously, the argument which 
would carry most weight would be that if the battle 
fleet becomes weaker than it now is, or that if the 
units of which it is composed are kept for more 
than 20 years in service, the country will be in 











danger of invasion. This argument can hardly be | 
sustained. No country or combination of countries 
can possibly maintain troops on British soil unless 
they defeat the British battle fleet, and at the present 
moment, such a combination is not a bare practical | 
possibility. The following table will make this | 
point emphatic : | 
Total tonnage of the British battle fleet 566,350 
French battle fleet 194,534 
” ” » Italian battle fleet 89,170 
Excess of British over French and Italian 
fleet tonnage... Bee = ... 283,646 
If the comparison is made in guns instead of in | 
tonnage it becomes even more striking :— 
Taste II. 





” ” ” 





British French | Italian 
battle fleet. | battle fleet. | battle fleet. 





{ 
| 
| 
| 
| 


| 
No, of 16-in. guns .. 18 | Nil | Nil 
Pans sas 100 | Nil | Nil | 
13-5-in.,, ..| 48 30 Nil 
feta...) Nil 48 52 


Great Britain’s enormous excess of combatant | 
force needs very little comment or explanation. | 
There is, as we have said, another possible argu- 
ment: That the country will be in danger if the 
units of the battle fleet are allowed to remain in 
service for more than twenty years. This, however, | 
can be dismissed briefly. If the French Government 
intended to replace their battleships when they were 
twenty years old, they would long ago have made 
provision for substituting new ships for the three 
Dantons, which were completed in 1911. They 
have made no such provision whatever. It is 
true that the Italian Government can wait a little 
longer ; for the Giulio Cesare ships are not due for 
replacement until 1934 and 1935. But the Italians | 
have given no indication that they propose to under- 
take a battleship replacement programme for a 
long time to come. The Admiralty’s latest official | 
return—Cmd. 3277—shows blank entries for France 
and Italy in the battleship columns of the “‘ building | 
and projected ” tables. 

This exhausts the reasons which have influenced 
the Government and the Admiralty to suggest a | 
reduction of battleship strength. But the subject | 
would not have been properly examined if we made 
no mention of a feeling which is steadily gaining | 
ground amongst younger naval officers. The 
feeling may be described as a growing distrust of | 
heavy tonnage. The arguments of those in whom | 
the feeling is strongest may be expressed thus: | 
It matters little or nothing what the displacement | 
of battleships may be, so long as they are the most | 
powerful combatant units afloat. A battle fleet | 
composed as it is at present must necessarily be | 
kept concentrated ; for it is very difficult to see that 
operations in very distant theatres could ever be 
given battleship support unless the battle fleet is | 
numerically stronger than it is at present ; increase 
in numbers is only possible if the size of individual 
units is considerably reduced. Again, a concen- 
trated battle fleet of vessels almost irreplaceable in 
war is generally used very cautiously. The bravest 
and most resolute commander will hesitate to risk 
ships if he knows that their loss will be irreparable. 
It sounds contradictory, yet it is none the less 
true, that the concentration of such enormous 
combatant power in individual ships makes it 
difficult to use them as vigorously as the old fighting 
traditions demand. These arguments will certainly | 
not be advanced during the conference. Indeed, | 
it is doubtful whether they have ever been presented 
to the high officials who will conduct the British 
case. These opinions are nevertheless held very 
strongly by many gifted officers, and it would be | 
improper to ignore them. 

Notwithstanding all the excellent arguments 
which can be advanced in support of a proposal 
to reduce the battle fleet, it would not be easy for 
any British Government to make reductions unless 
the United States Government undertook to make 
equivalent ones. It can hardly be said that this 
country would be endangering its naval security 
by reducing its battle fleet to a strength below that 
of the United States battle fleet ; for unlike parity 
in cruisers, parity in battleships has little strategical 
significance. But equality between the two battle 
fleets has been established by treaty, and the Nation 


| ment on the point is therefore extremely sound, as | cannot be ignored. 
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COLD-ROLLING MILL AT SHEFFIELD UNIVERSITY. 


(For Description, see opposite Page.) 









































Fie. 2. 


ship strength are examined by the Conference, they 
will not be discussed as we have discussed them here. 
A diplomatic assembly dislikes strategical questions. 
It treats them with the greatest delicacy when they 
Invasion problems, which are 
it is asafeguard against a subsequent outburst of | the starting point of all computations of battleship 
strength will certainly not be put upon the agenda 


would think it humiliating if the British battle fleet 
were allowed to drop to a combatant strength 
manifestly below that of the United States. The 
Government’s known wish to secure a general agree- 











panic building. | 
There is practically nothing more to be said upon 

the battleship question which the British Govern- 

ment raised first at Geneva, and more recently in 

its note of invitation to the other Naval Powers. | sein. | 15 in. | 14 in. | 13-5 in. | 12 in. 

We have discussed it at some length because, an | _ eee eee ee ees 

ordinary person might well consider a proposal | 


TaBLE III.—Calibre of Guns in Battleships and 
Battle Cruisers. 





+4 | Number possessed by— 4 
to reduce the British battle fleet, so contrary tO} Great Britain .. ..| 18 | 100 | Nil 48 | Nil 
raditi as » suspicious | U.S.A... a 24 | Nil | 124 Nil 44 
tradition, as to be suspicious. More than once | joan 16 | Nil | 78 Nil Nil 


the public has been very much roused by the fear | + . 
that the considered judgment of the Naval Service on | ~~ ; = Sara 
professional matters was being over-ruled for politi- | of an international conference. Proposals to 
cal expediency. There are no grounds for the least | counter proposals will be presented in an abstract. 
suspicion in the present instance. | statistical form. We therefore give in Tables I and 
But when the British proposals for reducing battle- | JII, figures which may, later on, be useful as guides 
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COLD-ROLLING 


Fig.3. 


130% Appros. Averall.-—--- 


Cotler Speed 
328-645 LPM. 


(1633.8) 


COLD-ROLLING MILL AT THE RE- 
SEARCH LABORATORY, SHEFFIELD 


UNIVERSITY. 

THE new laboratory to be devoted to the study 
of the cold working of metal at Sheffield University, 
formally opened on July 6 by the Master of the 
lronmongers Company, as reported in ENGINEERING, 
on page 54, ante, is equipped with plant equal, if 
not superior, in capacity and efficiency, to any 
similar installation of experimental machinery for 
research work in connection with the cold rolling 
and drawing of metals, either in this country or 
abroad. 

The scientific study of the cold rolling of steel and 
non-ferrous metals has suffered badly in the 
past from the lack of a rolling plant of sufficient 
capacity and power to carry out the necessary 
rolling operations. Such machinery of this type, 
as has previously been installed in technical and 
scientific institutions has usually been limited to 


very small power-driven mills, and in some cases, | 


only hand-power machines are available. 

The rolling plant at the National Physical 
Laboratory is an exception. Here a _ powerful 
rolling mill, capable of hot and cold rolling of metal 
sheets, bars, &e., on a large scale, has been in use 
for a number of years, but this equipment has not 

en specially devoted to the study of cold rolling, 
neither is it of the type generally employed in practice 
for the cold rolling of strip metals. 

Sheffield University is to be congratulated, not 


MILL AT SHEFFIELD 


UNIVERSITY. 
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only on the generous endowment of this Research 
Department by the Ironmongers Company, but also 
in possessing a mill for the cold rolling of strip 
metal, equal in size and power to the most up-to-date 
mills actually employed for the purpose in the leading 
works in the cold-rolled metal trade. In fact, the 
mill installed is more modern and capable of heavier 
work than has, as yet, been installed in many of the 
largest works in this country. 

The responsibility for selecting a suitable mill 
was borne by Mr. Percy Lee, late Master Cutler, 
who placed the order in the hands of Messrs. W. H. A. 
Robertson and Company, Limited, Lynton Works, 
Bedford, who have recently introduced many im- 
portant improvements into the design of these 
strip mills. 

The mill is illustrated by the photographs 
reproduced in Figs. 1 and 2 on the opposite page, 
and by the general-arrangement drawings, Figs. 
3to5above. The rolls, which are 10 in. in diameter 
by 10 in. face, are suitable for cold rolling steel 
and any other metal strip up to 6 in. or 7 in. wide, 
and any thickness from about ~ in. down to the 
thinnest strip usually rolled. 

These rolls are of Hadura alloy steel, made and 
presented to the University by Messrs. Hadfields, 
Limited, hardened to the maximum possible degree, 
i.e., to 95 deg. to 105 deg. scleroscope, and are 
accurately ground and polished. Provision is made 
for cooling the rolls by the internal circulation of 
water, this water being supplied through specially 
designed fittings into a hole bored through the 





| 
| 











greater part of the length of the roll and returned 
through a central tube. 

The main roll frames or housings provide excep- 
tional stiffness and rigidity, ensuring the minimum 
possible spring or stretch under the heaviest loads. 
The roll bearings are lubricated on the flood system. 
The extremely high pressures which are imposed 
on the rolling bearings in a cold mill, coupled with 
the tendency towards increasingly higher rolling 
speeds, has long demanded an improvement in 
bearing design and lubrication, and, as has been 
proved by the many mills equipped with the 
flood-lubrication bearings already in_ successful 
operation in a number of the works in this country, 
the design has completely fulfilled its purpose, as, 
not only has the danger of hot bearings under the 
heaviest pressure and with the highest speeds 
been eliminated, but the loss in power due to 
bearing friction, which may be as much as 90 per 
cent. of the total power applied to the rolls, is 
decreased, and consequently the power consumption 
is reduced to a minimum. 

The bearings themselves are each made in one 
piece, entirely enclosing the roll necks, thereby 
protecting the bearing surfaces from abrasive dust 
or metal particles. The loaded side is lined with 
anti-friction metal, embracing an are of about 
120 deg. The remainder of the bearing forms 
an oil bath, through which a large volume of oil 
is continually circulated at low pressure, ensuring 
the maintenance of an oil film between the bearing 
surfaces. The oil also acts as a cooling agent 
and carries away the heat generated in the 
bearings. Grooves with suitable drains are pro- 
vided at each end of the bore to catch any oil 
which tends to leak out, and to return this to 
the oil reservoir. End covers with felt packing 
rings are also fitted, and leakage is reduced to 
an inappreciable minimum. The low oil pressure 
used also minimises the risk of leakage, and renders 
the system extremely economical in oil con- 
sumption. 

The lubricating oil is contained in a large 
reservoir formed in the mill bedplate casting, 
from which it is pumped by means of a chain- 
driven rotary pump to the distributing pipe on 
the top of the mill housings. From this point 
four branches are taken, one to each bearing, 
which are provided with sight-feed oil cups open 
to the atmosphere. To relieve any excess pressure, 
the supply is regulated to each cup by suitable 
control valves. The glass windows in the cups 
show the oil level, which is normally adjusted to 
remain approximately constant. From these cups 
the oil flows by gravity to the bearings, which it 
enters at a point just below the horizontal centre 
line, leaving at the opposite side at the same 
level and passing through large-bore return pipes 
to the reservoir. Usually, the ends of the return 
pipes are open and the continuity of flow can be 
observed. The oil enters the reservoir through a 
large-area wire-gauze strainer. Strainers are also 


fitted in the sight-feed oil cups and on the suction 
PE . . . . . 
A copper-pipe cooling coil for water circulation 
is fitted in the reservoir to ensure a low oil tem- 
perature even after a long continuous full-load 





run. The bearings themselves are also designed 
for internal water circulation. This provision of 
water cooling for the oil and bearings has been made | 
as a safeguard, and is only used in long continuous 
periods of working. Even in regular commercial 
practice at the highest speeds, very little need for | 
water cooling has been found. - A large-sized cover | 
is fitted on the side of the reservoir in the bedplate, | 
to afford clear access to the oil tank for cleaning | 
when necessary. 

The remaining details of the mill proper are | 
to the makers’ standard design. The rolls are | 
coupled to the pinions by machined square spindles 
with the usual coupling sleeves, these being balanced | 
by spring-supported bearings. The pinions are of | 
special high-carbon forged steel, with double-helical | 
machine-cut teeth, the finest pitch consistent with 
the necessary strength being adopted to ensure 
smooth running. These pinions are fitted in a 
totally-enclosed housing, forming an oil bath for 
the gears, the bearings being of the standard solid- 
bronze type with independent automatic lubrication. 

The driving gear is specially designed to fulfil 
the needs of experimental work, and to provide 
a wide range of rolling speeds. The main driving 
wheel, having machine-cut teeth, is keyed to the 
extended shaft of the lower mill pinion, and meshes 
with a forged-steel pinion of the second motion 
shaft, which is carried in roller bearings in a two- 
speed gear box. An outer bearing, also of the roller | 
type, is fitted to support the outer end of this shaft. | 

The gear box is totally enclosed, forming an oil 
bath for the gears, and contains two pairs of gears 
to give two ratios, viz., 2-35: 1 and 5-42:1. The 
two gears on the second-motion shaft are carried on 
a sleeve, and may be slid into engagement with 
the high- and low-speed pinions alternatively, by 
means of a screw operated by a hand wheel. All 
bearings are of the roller type. The motor is 
connected by a flexible coupling to the first-motion 
shaft in the gear box. 

In order to provide means for complete investi- 
gation of the effect of speed on the cold rolling 
process, it was decided to provide any speed from 
59-3 ft. to 300 ft. per minute. A variable-speed 
motor is employed, which, with the high gear 
ratio, gives rolling speeds from 300 ft. to 131 ft. per 
minute, and with the low gear ratio 59-3 ft. to 
137 ft. per minute. The low limit corresponds 
to the speed which, until very recently, was generally 
adopted for cold-strip mills and the maximum 
speed was intended to be somewhat higher than 
any rolling speed as yet operated in practice for 
cold rolling, either in this country or abroad. 














Actually, we understand that Messrs. Robertson | 
have already installed several mills for brass and | 
other non-ferrous metals, to work at a speed of | 
260 ft. per minute, and have others in hand to | 
work at 300 ft. per minute. For steel strip they | 
have supplied many mills for speeds up to 200 ft. 
per minute and it is reported that, in America, 
some rolls have been worked at 375 ft. per minute. 

The speed range specified is obtained, as stated 
above, by the combination of a variable-speed 
direct-current motor having a speed range of 
570 r.p.m. to 1,260 r.p.m., and the two-speed gear 
box already described. As regards power, the 
motor is capable of developing 50 h.p. at the lowest 
speed, and 120 h.p. at the highest. This affords 
an ample margin of power for the heaviest reduction 
at the highest speeds, as it is'improbable that the 
load will be more than 25 h.p. at the minimum 
speed, and at the top speed 70 h.p. will rarely be 
exceeded. 

Accessories, such as the guides and coiler, are 
of the maker’s normal design for this class of mill. 
The guides are adjustable, and are mounted on 
a hinged table to swing clear when cleaning or 
removing rolls, a screw-operated cleaning press 
being provided to remove dirt or excess lubricant 
from the strip as it enters the rolls and to hold the 
metal flat between the guides. The coiler is 
chain driven and has powerful gearing to apply the 
necessary heavy tension to the strip, an adjustable 
friction device being fitted to allow for the slip. 
The top roll can be adjusted by fine-pitch steel 
screws, of specially large diameter, operated by 
spanners of the ratchet type. Graduated scales are 








fitted to show the roll setting. 
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Generally, the mill, whilst being capable of the 
heaviest and most accurate work with a wide 
range of speeds, has been intentionally designed to 
be as simple as possible, and, apart from the special 
features described, is similar to the usual type of 
cold-strip mill in regular operation in many works 
in Sheffield and other parts of the country. Con- 
sequently, students with experience of working 
the mill in the laboratory would have no difficulty in 
operating the regular type of strip millin any works. 

A spare pair of hardened-steel rolls, presented by 
Messrs. Thomas Firth and Sons, Limited, with an 
alternative set of roller bearings of the self-aligning, 
double-row type, made and presented to the 
University by Messrs. The Skefko Ball Bearing 
Company, Limited, Luton, have also been provided, 
and will make possible very interesting comparative 
tests, and give data on the power consumption 
at various speeds and loads with the two types of 
roll bearings available. The very low friction 
loss with bearings of the roller type will be valuable 
for carrying out accurate trials in which it is im- 
portant to eliminate variable factors, such as 
bearing friction, as far as is possible. It will be 
interesting also to compare the accuracy obtained 
with the rolled strip using the flood-lubrication 
solid bearings and those of the roller type. A 
great deal of the work done will naturally be in 










the direction of metallurgical research, but it is 
hoped by all concerned, both with the design and | 
construction of cold-rolling plant and with the | 
actual production of rolled metal, that the oppor- | 
tunity will be taken of obtaining reliable data on the | 
effect of rolling speed on the power consumption, | 
accuracy, &c. As these questions are still the | 
subject of considerable difference of opinion, an | 
investigation is likely to be of the greatest value | 
to the industry. | 

It will be of interest to record here some of the | 
examples of the work which is being regularly done | 
in practice with mills of the same type and general | 
design as that installed in Sheffield University. 

Standard 10-in. high-speed cold-rolling mills, 
with rolls 10 in. in diameter by 12-in. face, installed 
at the works of the Stourbridge Rolling Mills, | 
Stourbridge, equipped with flood-lubrication roll | 
bearings, rolling mild-steel strip (Siemens-Martin | 
quality), 8 in. wide, reduced from seven ase 
(0-176 in.) to 0-128 in. one pass, a reduction of | 
27 per cent. Two exactly similar mills were 
tested on the same material and taking the same 
reduction. With No. 1 mill, rolling speed 120 f.p.m., 
the horse-power absorbed was 62, and with No. 2 
mill, rolling speed 160 f.p.m., the horse-power 
absorbed was 65. It is remarkable that, with an | 
increase in rolling speed of 33 per cent., the power | 








Fig.42. SECTIONAL PLAN X.X. 
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consumption was increased only about 5 per cent. 
A further test on the second mill, at 160 f.p.m., 
was made with a view to determining the maximum 
reduction per pass which could be made; the 
results obtained were as follows :— 

Test No. 1.—0-049 in. to 0-027 in. (45 per cent.) 


one pass. 
Test No. 2.—0-049 in. to 0-023 in. (53 per cent.) 
one pass. 
Test No. 3.—0-049 in. to 0-018 in. (634 per cent.) 
one pass. 


This test was carried out on Siemens-Martin 
mild steel, ordinary quality, 2? in. wide. The last 
pass did not represent the maximum possible 
reduction, but it was decided not to attempt any 
heavier reduction for fear of damaging rolls which 
were required for regular production. It is interest- 
ing to note that No. 1 mill has since been speeded 
up to work at 200 f.p.m. 

These figures are sufficient to prove that, with 
the modern powerful high-speed mill, the heaviest 
reductions possible can be taken at speeds up 
to 200 f.p.m., and even higher speeds, without 
excessive power consumption, and experience has 
also shown that the degree of accuracy obtained 
is equal to, if not higher than, that obtained from 
slow-speed mills of the older and lighter types. 

As regards the effect of heavy reduction on the 
metal itself, careful tests have been made on 
strip which had been subjected to the drastic 
reductions reported above, and also on other 
strip of the same quality which had been reduced 
by a number of lighter passes with intermediate 
annealing, and it has been found that the ductility 
and other essential physical qualities of the metal 
after final annealing in the same muffle are exactly 
the same. ; 

With the experimental mill described in this 
article, a wider range of comparative tests can be 
made, and the results, studied impartially and 
scientifically, will be of the greatest value to the 
cold-rolling industry. 








OSSES ON AUSTRALIAN RAILWAYS.— —Speaking recently 
in the Legislative Council of New South W ales, Sir 
Allen Taylor, a member of that body, stated that heavy 
losses had been sustained in the past five years by _the 
Australian Railways. During the period from 1925 to 
1929, the loss on the New South Wales Railway syste™ 
had reached 3,900,000/., that on the Victorian Railways 
was 250,000/., the loss on the Queensland Railways was 
7,500,000/., that on the railways of South Australia 
was 6,500,000/., and the deficit on the railway system 
of Western Australia was 60,0001. The capita! cost 
of the railways of the Commonwealth was 310,000,001. 
equivalent to one-quarter of the total Australian nation@ 
debt. Sir Allen added, in conclusion, that it behove 
all classes in the Commonwealth to unite in an endesvour 
to create a better condition of affairs. 
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THE FOREST PRODUCTS RESEARCH]! !0.000-lb. machine is given in Fig. 30 on Plate | : 
LXXIV, and the 60,000-lb. machine is shown in 
LABORATORY. - ; - 
; a | Figs. 31 and 32. The machines are driven by re- 
= (Continued from page 695.) | versing direct-current motors through a conical 
. Motor-driven Testing Machines.—Having dealt | friction clutch and a gear-shift mechanism, with “ENGINEERING” 





with the hydraulic testing machines in use in the | four positions for straining and one for quick setting, | 
department of ‘timber mechanics, we may now refer|and they are furnished with a speed-regulating | 
to some of the other testing machines forming part of | rheostat and a tachometer. The weighing system is | 
the equipment. The motor-driven machines include | balanced on a symmetrical set of levers, keeping 
two by Messrs. Riehlé Brothers Testing Machine Co.,| the weighing table constantly parallel with the 
of Philadelphia, two by Messrs. W. and T. Avery, | straining head for all positions of the steelyard. 
of} Birmingham, three by Messrs. Joshua Buckton | The steelyard is graduated in thousands of pounds 





and Co., of Leeds, and two by Messrs. Samuel 
Denison and Sons, of Leeds. The Riehlé machines 
are of that company’s usual type, working up to 
loads of 60,000 Ib. and 30,000 Ib. respectively, with an 
accuracy similar to that of the English machines, 
but not quite the same sensitiveness. Like all the 
universal motor-driven machines in the hall, the 
crosshead has three straining screws with long 
rotating nuts. The Avery machines work, re- 
spectively, up to 100,000 Ib. and 60,000 Ib., 
and are generally similar in construction, except 
that the poise weight in the larger machine 
8 split into halves, so that the machine may 
be worked to half its capacity when this is 
sufficient for the test in question. A view of the 


and subdivisions are given by a micrometer head 
on the poise-weight lead screw. 

As compound lever testing machines constructed 
by different manufacturers operate as a rule on the 
same principle, it will be convenient, without deal- 
ing more in detail with the Avery machines, to refer 
|to the 30,000-Ib. Buckton machine illustrated in 
Figs. 43 to 46 on this page, as the design of this 
machine is such that its working parts are more 
easily seen. This will be evident from the figures. 
The machine has an upper straining head con- 
nected by three struts to the weighing table. The 
lower straining head, situated between the three 
struts, is carried on three vertical screws which 
are rotated by gearing situated inside the main 








frame. The arrangement of three struts and three 
screws ensures that the straining heads remain 
always parallel and a direct pull or thrust is applied 
to the specimen. Gripping jaws operated by hand- 
wheels, to be seen in the figures, are fitted to each 
straining head. Tensile tests are carried out by 
securing the specimen between the upper and lower 
straining heads, while for compression tests the 
specimen is placed between the lower straining head 
and the weighing platform, which has a machined 
surface to accommodate dies or supports. 

With either tensile or compression tests the 
straining force is applied by the lower straining 
head, and balanced by the weighing table which 
rests on knife edges, and is carried by a system 
of levers which are well shown in Fig. 43, measure- 
ment being made on the upper steelyard. The 
poise-weight is traversed along the steelyard by a 
quick pitch screw actuated by the handwheel 
which can be seen in Fig. 45. A dial indicator 
giving direct readings is driven from a gear wheel 








732 


ENGINEERING. 


[DEc. 6, 1929. 








at the end of the quick-pitch screw. The driving 
gear in the base of the machine runs in oil, and 
gear changes are carried out by the two levers 
shown in Fig. 43. 

There are three straining positions controlled 
by the right hand lever, and one fast setting con- 
trolled by the left-hand lever, which is also used 
for starting and stopping. The rate of strain can 
also be adjusted by means of a speed regulating 
rheostat and tachometer. Fig. 33 on Plate LX XIV 
shows the set-up for a static bending test on one 
of these Buckton machines, of which there are three 
in the laboratory. The equipment also includes two 
10,000-Ib. Denison motor-driven universal machines 
which are illustrated in Figs. 41 and 42 on page 730, 
and Fig. 35 on Plate LXXIV. Fig. 34 on this 
plate gives a view of one of these machines as 
arranged for a tension test perpendicular to the 
grain, while Fig. 35 shows the arrangement for 
a cleavage test. In these machines, the poise 
weight is so divided that a range of 0 to 1,000 lb. 
can be obtained instead of the maximum range up 
to 10,000 lb. The steelyard is graduated in 
hundreds of pounds, and is sensitive to a weight of 
2 oz. on the weighing table. 

Other Testing Machines and Appliances.—A 
special Avery machine for testing glued joints, 
such as those between the plies of wood, is shown 
in Figs. 36 and 37 on Plate LXXIV. It works on 
test pieces l-in. wide and of thicknesses up to 
3 in. The load which can be carried up to 1,000 lb. 
is applied by means of a flow of small lead shot, 
which is stopped automatically when the test piece 
breaks. 

Several alternative machines are used for impact 
testing and similar purposes. Two of these, by 
Mr. A. Macklow-Smith, of London, are on the lines 
of the Hatt-Turner design, and their construction 
is shown in Figs. 38 and 39, on Plate LXXIV. The 
test is applied by the impact of a cast-iron hammer 
or tup, dropped from any desired height on to the 
centre of a transverse test piece. An electro- 
magnet is raised and lowered in a vertical track by 
a small direct-current motor at the top of the 
machine, and carries the hammer up with it until 
it reaches a circuit breaker arranged to release the 
hammer at any desired height from 2 in. to 72 in. 
above the level of the specimen, which rests on 
supports at the base of the machine. According 
to the character of the specimen to be tested, 
hammers of 50, 100 or 200 lb. are used. By means of 
a steel stylus on the side of the hammer a datum 
line is obtained on the chart of a recording drum 
when the hammer is resting on the specimen before 
the test, and the trace of the stylus on the chart as 
the hammer falls during each test gives an auto- 
graphic record of the deflection of the specimen 
for each height of drop, so enabling a stress-strain 
diagram to be constructed to a point beyond 
the elastic limit of the test piece. For other 
purposes an Izod pendulum impact machine is 
used, taking the standard notched specimen, as 
used in impact tests on aircraft material, and 
delivering a blow up to 360 in.-lb. In a modifi- 
cation of the pendulum impact machine by Messrs. 
Denison, known as a toughness tester, the energy 
of the pendulum is transferred to the specimen by 
a stirrup attached to a flexible connection, which 
passes round a drum of the spindle on which the 
pendulum swings. The instrument is arranged for 
five alternative positions of the pendulum bob 
along its arm, and three of the angular displace- 
ments from which the arm is released, thus allowing 
numerous adjustments of the energy in the blow, 
up to a maximum of 1,432 in.-lb. 

Among the general equipment of the shop is a 
small Wallace benck saw, used for cutting discs off 
test specimens for the purpose of moisture deter- 
minations, and also for cutting other cross sections 
required in determining the rates of growth and the 
proportion of summer wood. Two semi-automatic 
Avery balances are provided for weighing the small 
specimens and test pieces. One of these is auto- 
matic, and reads to a centigramme from 0 to 5 gr., 
or with additional weights on the pan can weigh 
up to 2 kg. The other, with a capacity of 11 kg., 
has an automatic range up to 250 gr., and can 
be read by interpolation to a centigram. Two 
sets of calibrating levers, built respectively by 


Mr. Macklow-Smith and the Olsen Testing Machine 
Company, of Philadelphia, have been provided for 
calibrating the testing machines. They have a 
ratio of 1 to 10 and a maximum capacity of 20,000 
lb., 40 standard weights of 50 lb. each being 
used with them. The sensitivity of the machine 
is tested by substituting smaller weights. For 
tests to which they are applicable, notably for 
compression tests on small clear specimens, two 
Lamb extensometers by Mr. Macklow-Smith are 
used, working on a gauge length of 6 in., and 
giving a reflected scale division for a movement of 
0:-0001-in. Where these are not applicable, a set 
of Martens’ extensometers by the same maker is 
used, working on gauge lengths of 2, 4 and 6 in. 
For compression tests perpendicular to the grain 
capstan dial strain indicators, giving 0-001 in. per 
dial division, are found sufficiently accurate. A 
large dial gauge by Mr. Macklow-Smith is used for 
compression tests on pit props and other struts. 
It has a 4}-in. diameter dial, subdivided into 
hundreds, and the hand makes one revolution for 
l-in. compression. The instrument is carried on a 
telescopic stand, by which adjustment can be 
made for lengths of specimens between 3} ft. and 
64 ft. each. For testing the extensometers and 
other strain gauges from time to time, and for 
providing distance gauges at which the reflecting 
instruments are to work, Messrs. R. W. Munro Ltd., 
of London, have supplied a calibrating instrument, 
shown in Fig. 40, on Plate LXXIV. It is essentially 
a vertical dividing engine with a large micrometer 


é : : 1 
head, which with a Vernier reads to wees of an 


inch. The fine adjustments are made by a knurled 
handwheel through a friction drive. It can take 
extensometers at any gauge length up to 12 in. A 
spirit level and levelling screws are provided at the 
foot, and the principal screw thread of the dividing 
head was corrected at the National Physical 
Laboratory. 

A detail of interest is that, to prevent loss or gain 
of moisture, the small test pieces prepared in the 
carpenters’ shop are packed immediately in their 
own sawdust in zinc-lined chests mounted on rubber- 
tyred castors, in which they are conveyed into the 
timber mechanics hall, and stored until wanted for 
tests. 

(To be continued.) 








THE STATE OF THE BRITISH ELEC- 
TRICAL INDUSTRY. 


We have, on more than one occasion, drawn 
attention to the fact that those engaged in the 
British electrical industry periodically indulge in 
introspection ; and have pointed out that this ex- 
ercise results in a mental complex, not unfamiliar to 
students of psycho-analysis. That this indulgence, 
considering the relative prosperity of the industry, 
is supererogatory has also been indicated, though 





we admit that a study of facts and omens is 
| advantageous, if it is carried out over a sufficiently 
| wide field, and necessary, if a close touch is to be 
| kept with the situation. Without receding from 
|our previous position, we therefore welcome the 
publication by the British Electrical and Allied 
Manufacturers’ Association of a survey* into the 
economic position and organisation of the industry, 
which they represent. We also welcome it because 
it contains a great deal of information which, 
though perhaps not altogether new, has never 
before been assembled in one volume, and, 
above all, because we hope it will stimulate other 
bodies with similar aims to conduct appropriate 
investigations into their own branches of activity. 
In this respect it forms an example, which might 
be followed with advantage. 

The keynotes of this monograph are the pre- 
sent position of the British electrical industry 
in relation to home and foreign trade, and how 
that position is, and is likely to be, affected by 
various national and, especially, international 
influences. The treatment is objective, and the 
facts are presented with but little comment. In 
our review of its contents we shall adopt the same 
policy, merely premising that though we agree 





* The Electrical Industry of Great Britain. London ; 
The British Electrical and Allied Manufacturers Associa- 
tion. [2/. 2s. net]. 
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with its general conclusions we do not necessarily 
support every argument and deduction. 

It is axiomatic that the prosperity of the British 
electrical industry mainly depends on the success 
achieved in the export market. We shall there- 
fore turn at once to the examination of its past 
history, present status, and future prospects in 
that field, as set out in the volume under 
review. This market absorbs about 27 per cent. 
of the total output of the industry, and it can- 
not be regarded, in the way that is possible in 
some other countries, as an auxiliary, the price 
of whose produce need bear no strict relation- 
ship to the cost of its manufacture. In other 
words, it cannot be subsidised at the expense of 
the goods sold at home, for to do so would open 
the door to destructive foreign competition. 
Sufficient revenue must, in fact, be obtained from 
it to render it self-supporting. Price, however, 
depends upon the cost of production and this, 
it appears, has on the average increased by 82 per 
cent. since 1913. Of the items of which the 
production cost is made up, moreover, labour has 
risen between 74 per cent. and 116 per cent., 
factory and commercial expenses between 41 per 
cent. and 100 per cent., and taxation by 530 per 
cent., so that the latter now represents as much 
as 4-7 per cent. of the selling price. On the other 
hand, the price of heavy plant on a kilowatt basis 
in 1927 was probably no higher than it was in 
1913, and has since shown a tendency to move 
downwards. As some compensation for this the 
efficiency of labour has increased by 29 per cent., 
owing to the greater use of machinery and in spite 
of the shorter hours worked, while standardisation 
and such improvements as the use of welded steel 
plates instead of castings, have acted as a brake 
upon the rise in material, transport and other 
costs. The finished article, moreover, has a higher 
intrinsic value, the weight of steam turbines having 
fallen from 42-5 Ib. to 13-9 lb. per kilowatt since 
1918, while the output of the largest units has 
increased from 25,000 to 60,000 kw. in the same 
period. The efficiency of these machines has also 
risen by some 38 per cent. 

But the real question, is how these results 
compare with the corresponding data in other 
countries; and examination at once shows that 
we are suffering under a considerable handicap. 
Taking wages as a basis it appears that in 1928 
the British figure was more than twice that in 
Belgium, almost twice that in France, 30 per cent. 
above that in Germany, and about 40 per cent. 
above that in Switzerland. Moreover, Great 
Britain is the only country which adheres with 
any rigidity to the principle of the 48-hour week. 
As regards taxation, the Belgian figure was only 
about 30 per cent. of ours, the Swiss 42 per cent., 
the French 37 per cent. and the German 34 per cent. 
The result is that the production costs in the latter 
country were not more than 84 per cent. of those 
in Great Britain, while the corresponding figures 
for France, Switzerland and Belgium were 73 per 
cent., 81 per cent., and 64 per cent. What makes this 
comparison the more striking is that in 1913 the 
costs in all these countries were on nearly the 
same level. Put in another way, it means that 
British selling prices must be 20 per cent. above 
the German, 40 per cent. above the French, 
25 per cent. above the Swiss, and 50 per cent. above 
the Belgian before the same ratio of profit can be 
earned. 

The difficulties, which prevent the development 
of British export trade are shown by these figures, 
and are accentuated by two other factors. By 
the Dawes plan Germany is allowed each year to 
meet part of her payments on reparations account 
by deliveries in kind. She is thereby provided with 
an important weapon wherewith to increase her 
exports, and to establish a strong position m 
some of the more important European markets. 
During 1929 the value of the electrical equipment 
delivered in this way will amount to 2,200,0001., 
and it has the added disadvantages for us that it 1s 
imported duty free and that under the Young plan 
it can be re-exported. Again, the principle of 
subsidising subsidiary companies, and thus creating 
strong tied-markets in other countries, is being 
actively carried out, both by America and Germany, 
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so that certain fields of activity are becoming 
gradually closed to us. To make matters worse 
the British electrical industry has not been able 
to utilise the financial resources of this country 
for power development overseas to the fullest 
extent, owing to the policy which is adopted by 
the London money market of issuing new capital 
without any restrictions as to how and where it is 
to be spent. The result is that between 1925 and 
1929 24,500,000/. raised in London were invested 
in foreign electrical undertakings, while during the 
same period only 11,048,000/. was issued to under- 
takings under British control abroad, and more 
than half of that sum was raised under the pro- 
visions of the Trades Facilities Act. Not only, 
therefore, has legitimate foreign competition of a 
particularly severe character to be faced, but 
foreign competitors are being provided with the 
resources necessary to carry on their business by 
the British money market, and are thus doubly 
able to prevent us from receiving our fair share 
of the world’s trade. This is a type of procedure, 
which is, in the main, confined to this country. 
Nevertheless, in spite of these disadvantages, the 
position is not desperate. Since 1924, our electrical 
exports have moved steadily upwards, although at 
the moment there are signs of a temporary check. 
The figure in the former year was 16,229,000. 
while in 1927 it was 18,769,000, and in 1928 only 
slightly less. As regards distribution, the Dominions 
take about 65 per cent. of our output; Australia, 
where electrical expansion has been very rapid, 
being the best customer. ‘ In India considerable 
development took place from 1920 to 1922 and 
again since 1925, so that in a few years the market 
in that country may be better than in Australia. 
In South Africa and New Zealand the position is 
not unsatisfactory, and Canada, though dominated 
by American interests, is being slowly reconquered, 
as far as machinery is concerned, though as regards 
apparatus, we are almost completely excluded. 
In South America there is considerable competition 


from the United States and Germany, while in| 


Japan and China the conditions are uncertain. 
Trade with Europe is stationary, though there are 
some indications of improvement. On the whole, 
therefore, for the moment, the position is favourable, 
our competitive strength being greater now than 
it was in 1913, in spite of the unnatural advantages 
enjoyed by other countries, owing to currency 
depreciation, abnormally low labour costs and 
reparations. The explanation is to be found in 
the quality of our products and the enterprise of 
our manufacturers. 

On the other hand, there is every indication that 
our export trade is suspended from the arm of a 
delicate balance, which may at any moment move 
in the downward direction. There are signs that 
we are losing ground, both to the United States 
and to Germany, and that we are not obtaining our 
share of the increasing trade of Europe. As com- 
parative stagnation in electrification exists outside 
the United States, Europe and the Dominions, it is 
in such relatively undeveloped directions that we 
must look for increased trade. The main difficulty 
is to find where potentialities can be most easily 
translated into realities. To solve this problem 
an exact survey of the world’s power resources is 
required and especially of those which can be de- 
veloped by the immediate employment of capital. 
The State could be of assistance in this direction by 
establishing a development fund or by enabling the 


machinery of the Trade Facilities Act to be utilised. | 


For the same reason an extension of power-finance 
is also desirable. 

We have devoted so much space to this important 
survey of the export position that our references 
to the equally interesting investigation of the con- 
ditions at home must necessarily be brief. As 
regards aggregate production, while a few years 
ago heavy plant was the staple commodity, this 
position is being increasingly assumed by the lighter 
equipment. This is shown by the fact that while 
since 1907 the total output of British electrical goods 
has increased by 404 per cent, the output of heavy 
plant has only risen by 300 per cent, in spite of 
the fact that foreign competition in the lighter 
market is keener. At the moment, too, production 
could be increased by 40 per cent. without enlarg- 
ing existing factories, and in one section, that of 


motors, there is over-production, owing to trade 
depression. Consumption has increased by 170 per 
cent. since 1913, production by 190 per cent.,exports 
by 150 per cent., and production for home consump- 
tion alone by 210 per cent. Satisfactory as this 
position is, the home market, equally with the export 
trade, requires stimulation ; and active intervention 
by the electrical manufacturers for this purpose is 
recommended on the grounds that electrification is 
a measure of national efficiency, directly causes 
increased employment of both labour and capital, 
and enables power costs to be reduced. There is 
plenty of scope for development, as the average 
rate of increase in the generating plant installed in 
this country is only 750,000 kw., compared with 
2,500,000 kw. in the United States. Indeed we 
are not more than “ “ half-electrified,” while the 
proportions in the United States and Germany are 
78 and 66 per cent. respectively. In other words 
about 2,508,000 h.p. are required, in order that our 
electrical position may equal that of Germany, 
while full electrification would need 4,058,000 h.p. 
How this deficiency may be made up is analysed 
in detail, special attention being directed to the 
heavy industries, while the advisability of increas- 
ing the demand by the elaboration of a national 
policy is stressed. In this way it should be 
possible to realise a higher standard of economic 
prosperity than at present obtains, and it is from 
this point of view that the work of the Central 
Electricity Board, whose main justification lies 
in the influence it will have on the price of elec- 
tricity, must be tested. This stimulation must, it is 
considered, be applied to industry, transport, 
commerce, shipping, agriculture and domestic service 
and implies a complete rationalisation policy, in 
order to effect a reduction in costs and to bring 
productive capacity more into a line with demand. 
The process of modernisation in the heavy indus- 
| tries, in which electricity will play a large part, 
| should be assisted by State guarantees of capital, 
while as regards the smaller trades an educative 
| campaign, conbined with hiring schemes could do 
much. The price of electricity could also be reduced 
by exploiting the surplus power from the mining 
and iron and steel industries. Such developments 
would not benefit the electrical industry alone, but 
would be a potent means of reducing unemploy- 
ment generally. 

The moral, which is to be drawn from the infor- 
mation collected, in this book, of which we have 
only been able to give the most cursory summary, 
is that though the position of the electrical industry 
is stronger than it ever has been, for continued 
prosperity both more home and more foreign trade 
must be secured. To enable these to be obtained, 
the industry must be supported and assisted by the 
Government, by the money market and by its 
own customers, potential and actual, while the 
short-sighted policy, which may be succinctly 
described as subsidising the foreigner, must be 
abandoned. There is little of selfishness in this 
attitude, for, with the exception of automobiles, 
the electrical is the largest section of the engineer- 
ing industry, and its raw material is mainly the 
finished product of other trades. There is also 
another, if more sentimental, reason. The informa- 
tion given shows that, in spite of great difficulties, 
the industry, ably assisted by its Association, has 
established itself on a sound foundation, and is 
worthy of more praise than it often receives for 
having done so in spite of very grave obstacles. 
We hope therefore the book will be widely and 
carefuly studied and the lessons which it inculcates 
acted upon. 


RESEARCH IN ALBERTA. 


Tue recent research work in Alberta, outlined in the 
Ninth Annual Report of the Scientific and Industrial 
Research Council of Alberta, 1928, has mainly concerned 
fuels, geological and soil surveys,.road material and 
natural gas. The Honorary Secretary of the Council 
is Mr. Edgar Stansfield, chief chemical engineer at 
Edmonton University. 

The fuel division has continued its chemical survey 
of Alberta coals and has tested samples from 288 
|mines. The tendency to slack on exposure to the 
| weather, which is considered characteristic of sub- 
bituminous and lignite coals, is preliminarily estimated 
in the following way. The sample, 1 kg. of lump coal, 
is air-dried for 24 hours in an air current at 30 to 35 deg. 




















C. ; the lumps are then immersed in water for one hour, 
and again air-dried for 24 hours. Screening through a 
wire screen with square openings of }-in. follows, and 
the percentage which passes through the meshes is taken 
as a measure of the slacking. The process may be 
repeated several times on the residue. Sources of error 
in the test are the natural friability of the coal and loca! 
weakening of the lumps by shot firing. Briquettes 
are made with binders of asphalt, asphalt emulsion, 
hard coal tar pitch, sulphite pitch and phosphoric 
acid. This last acid was proposed by T. Nagel. Tried 
in the laboratory together with flour and starch pastes, 
sulphitic liquor and various colloidal materials, it 
proved unsatisfactory as a binder, and phosphoric 
acid alone would have to be used in proportions both 
expensive and liable to cause corrosion. The standard 
test for the ash fusibility or clinkering characteristic 
has been modified. Cones of the ash were formed and 
heated gradually to determine the temperature of 
initial deformation and the softening and the fluid 
temperatures. In the modified test the temperature 
is raised, above 1,000 deg. C., by steps of 25 deg., and 
the changes in the appearance of the cones are noted ; 
this is more easily done than the determination of the 
three characteristic temperatures mentioned. 

Features of direct interest in the geological surveys of 
the Edmonton district and districts further north, near 
Akabasca and the Lesser Slane Lake, are the water 
supply and water power data and the occurrences of 
sands and gravels, coals, oil and natural gas. Most of 
the coal seams so far completed investigated, are not 
thick and the developments are as yet local. This also 
applies to oil and gas, but some gas wells have remained 
productive for two or three years ; products are mostly 
used domestically. A good deal of the gas is highly 
sulphurous and particularly rich in organic sulphur. If 
this sulphur could be recovered by some process similar 
to that of coal-gas purification, considerable quantities 
of sulphur would become available. This problem and 
other methods of utilising of the natural gases are being 
investigated in the Edmonton laboratories. 

As regards road materials, the application of bitumi- 
nous sand products for improving gravel-road construc- 
tion requires further investigation. When gravel and 
emulsion from the bituminous sands are mixed, the 
emulsion does not spread uniformly through the gravel, 
nor over the surface, but breaks up, i.e., separates into 
water and bitumen. The larger sand grains and 
pebbles become covered with water, and are not coated 
with bitumen. This trouble does not arise with broken 
stone, and has been known for some time to the manu- 
facturers of asphalt emulsions for road making, who 
recommend that a minimum of small-sized material 
should be used, and that the stone should be clean and 
free from dust. In their study of the influence of particle 
size, Mr. K. A. Clark and his collaborators found that 
large size particles would not break up an emulsion 
with which they were stirred up for a short time, but 
most small particles of less than 50 mesh, of fine lime- 
stone, silt, clay, soils and also coal, would do so, whilst 
fine sandstone did not have this effect. The breaking 
up might be prevented by previous mixing of the gravel 
with 4 or 1} per cent. (by weight) of kerosene and also 
by heating the emulsion and the gravel to 150 deg. F. ; 
the latter remedy failed, however, with a highly-diluted 
emulsion, and when the gravel was wet. Another 
remedy under trial is a reduction of the time of mixing, 
which in any case should be short, by spraying the 
emulsion on to a falling cascade of gravel. The problem 
is, however, evidently not cleared up any more than 
are the general problems of flotation which are 
cognate surface-tension phenomena. Emulsions play 
an important part in the hot-water process — of 
Messrs. F. A. Clark and S. M. Blair for separating 
the bitumen from the bituminous sand. In this process 
the bituminous sand and about 20 per cent. by weight 
of sodium silicate solution (of 1 or 2 per cent.) are 
mixed and heated. The sand takes up all the solution 
and changes from a black plastic mass into a brown 
granular mixture. This sand is then washed by hot 
water into a large body of hot water in which the bitu- 
men rises as a froth to the surface; it continues to 
collect on the surface when the water is pumped or 
carried away, the plant water behaving like an unstable 
oil-in-water emulsion. This emulsion seems subse- 
quently to change into a water-in-oil emulsion. 








Mizan SampetE Fatr.—The Eleventh Milan Inter- 
national Sample Fair will take place from April 12 
to 27, 1930. The Fair will be held on the outskirts 
of the City, on a site, some 30,000 sq. m. in area, 
previously known as the Piazza d’Armi. France, 
Belgium, Germany, Holland and Switzerland will be 
officially represented, while a Tudor cottage, very 
similar to that erected at the British Empire Exhibition 
at Wembley, has been put up by Great Britian in a 
central position at the Fair. Further particulars 
regarding the Fair may be obtained on application to 
the Secretary-General, British Chamber of Commerce 
for Italy (Incorporated), Via Manzoni 5, Milan, or 
from the General Manager, Milan International Sampe 
Fair, Via Domodossola, Milan, Italy. 
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THE ZEISS UNIVERSAL THEODOLITE. 


THE universal theodolite, for geodetic and tacheo- 
metric surveying, which we illustrate above and 


on page 735, is made by Messrs. Carl Zeiss, Jena, | 


Germany, and the instrument is obtainable from Messrs. 
Carl Zeiss (London), Limited, Winsley House, Wells- 
street, London, W.1. It departs in several essential 
features from the usual types of surveying instruments, 
and its wide range of application, compactness and ease 
of accurate measurements constitute a remarkable 
advance on the earlier forms of Zeiss theodolites from 
which it has been developed. The new instrument 
has already done good service in this country, South 
Africa, the East Indies and elsewhere. Fig. 1 is a 
view of the theodolite mounted on its tripod ready 


REAR VIEW OF [NSTRUMENT. 














for use. Fig. 2 is a back view showing the illumination 
fittings, and further the objective azimuth prism, 
which is capped over the telescope objective for taking 
the azimuth ona star. The optical plummet, one of the 
novel features, by means of which the instrument is 
centred over the station point, on the ground below, 


| or on the roof of a mine road above, is illustrated in 


Figs. 3 and 4. Apart from the tripod and the battery 
case, the whole instrument, which weighs 8} Ib., fits 
into a box measuring 7 in. by 7 in. by 8 in., which is, in 
itself a remarkable example of modern efficient packing. 
The theodolite is provided with a telescope, 5-4 in. long, 
of large aperture, viz., 1-18 in., which secures ample 
light, and gives a magnifying power of 24 diameters. 
There are two glass circles, a horizontal circle, 3 in. in 
diameter, and a vertical circle, 2 in. in diameter. Single 











Fie. 4. Optican PLUMMET ARRANGED FOR UpwaRD OR DowNWARD 


READING. 


seconds are read direct and tenths of a second are 
estimated with the aid of one common optical micro- 
meter and the illuminators. No further accessory 
parts are required. The observer always stands in 
front of the instrument where the eye-pieces of the 
telescope and the micrometer are close together. 
He need not shift his position, nor the position of the 
lamps for the reading of any vernier. 

The instrument rests in the box on a sliding base 
plate of steel, and is clamped by a large screw. Unless 
the screw is fully tightened, a pin in the door of the 
box prevents the latter from being closed. For use, 
the instrument is taken out of the box, lifted from the 
steel base, and placed on the top of the tripod, sup- 
ported by the two plates of a tribrach (seen on the left 
of the box), which carries three foot screws F, see 
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| | | | |index and the next lower division line. In order to 
|_| |_| l | |_| |_| |eliminate errors due to eccentricity of the alidade, 
1] | | | | | | 1 | | 1 | | | which carries the vernier, several reading devices 
A ‘should be provided for every circle. In surveying 
| instruments, there are generally two devices diametri- 
i 9c 6S¢ 8 90| 91 92 cally opposite each other, and the true reading is the 
if V H |mean of the two. Let C in the diagram, Fig. 9, be 
\ | . | r| |the centre of the inner circle, divided into 10 deg. 
\ intervals, D be the centre of the alidade, and I, and |, 
D ‘ T | the indices. Folding the diagram along the horizontal 
50 0 | 10 | diameter so as to make the previously opposed indices 
Z' = 5 s s coincide, the outer arc at the top of the figure will 
‘ sar reversed and will read in the opposite direction. 
(1698.K.) z! FTES) perce | “Pe _ ie 
Z ss 7 : | The reading will be roughly 250 + —--— = 257 deg., or 
‘ x The screws M, and N, clamp the vertical circle and | 2 
iii amas the horizontal circle, respectively, while screws Mz | generally 250 + “2 = a2 deg. Now (a, + dq) is the 





Fig. 5, which is an outline diagram of the photograph | and another not visible in Fig. 5, control the slow | ~. ares 2 ae a 
reproduced in Fig. 1. The two plates of the tribrach are | motion for the circles. The clamp M,, as well as | distance between the division lines 250 deg. and 70 deg. 
connected by spiral springs, and the spring plates the milled head Q of the micrometer drum, are | (difference 180 deg.), and also the distance between 
are clamped down to the tripod head, together with the | in duplicate (front and back) for convenient operation | 240 deg. and 60 deg., for 240 + bb En. = 257 deg. as 
foot screws, by means of a screw. in either position of the telescope in transit readings, | 2 


Before mounting the instrument proper in the 
tribrach flange ring, the frame is exactly centred with 
respect to a station point, either vertically below, or 
vertically above the instrument centre by means of the 
optical plummet. This device, illustrated in Figs. 3 
and 4, consists of a telescope with a special eyepiece, 
the graticule of which is sharply focussed with the 
aid of the diopter scale on the eyepiece, and two 
levels. In ordinary surveying, the station point will 
be below the instrument, and the arrangement for 
this purpose is shown in Fig. 38. | Underground, in 
mines, a point on the roof may have to be viewed, 
and the plummet for this purpose is fitted with a 
movable prism. The arrangements are shown in 
Fig. 4. The telescope is always in the horizontal 
position, but a point can be observed either vertically 
above or below the instrument. ‘ 


The instrument proper is securely clamped to the | bubble is somewhere near the middle of its run, it will 


tribrach by the screw E,, Fig. 5, and can then be carried 


| There is no particular provision for collimation, or before, and so for any two other division lines differing 
‘for the horizontality of the transit axis, as errors of | by 180 deg., irrespective of the indices. 


observations can be eliminated by observing in both How this is realised in the Zeiss instrument is 
itions | explained in the sectional diagrams, Figs. 6, 10 and 11. 

positions of the telescope. | explained in ¢ g » Figs. 6, 

There are three levels. The circular box level G, |The arrangement is the same for the horizontal and 


is used to adjust the tribrach before the instrument | the vertical circles, but we shall confine our attention 

proper is fixed. The transverse tubular bubble level, | to the horizontal circle. The circle divisions are 

prominent in Fig. 2, controls the verticality of the axis, | engraved through the silvering on the outer cylindrical 

|The third tubular level, P, in Fig. 5, for the horizon- | surface of the glass ring d, which is illuminated by 
tality of the index, is fixed to the alidade of the vertical | light passing through the reflecting prisms, ¢, ¢,, ¢, in 

circle; it moves with the telescope after the latter | such a way that only the portions d,, d, (diametrically 

has been clamped. and the bubble is brought to the | opposite one another) appear bright. The rays from 

‘central position by the slow-motion screw N, without | ¢,, ¢2 are directed upwards through the hollow vertical 
disturbing any previously-made bisection. For the | @Xis c, of the instrument through the lens f to the totally 

accurate reading of this level, light is reflected upwards | reflecting prism f,, and further through the prisms /, 

‘through the bubble, by a mirror P, to the reversible |™, and m, to x, falling finally upon the glass plate r 
| prism P,, which the observer watches. When the | 4s magnified images of d,, d,. These images, appear- 
|ing edge to edge, correspond to the divided arcs of 

Fig. 9, but their separating line will be straight. The 
index lines are also marked on r, which forms the dia- 








| appear as in the diagram, Fig. 7, the two parts belonging 





from one station to the other on the tripod. The to the left-hand and right-hand ends, respectively. | 1 . n 
conical base contains, and supports, the horizontal- | When the two ends of the bubble coincide, as in Fig. 8, phragm of the reading microscope. The images are 
circle ring (which is entirely enclosed in a metal case | the levelling will be perfect. | viewed through an eyepiece, the field lens of which 
and protected from dust and moisture), the illumi-| The illumination of the circles, micrometer scales, |is lettered v. The reflecting prism w further directs 
nation devices and the vertical axis (C, in Fig. 6),| bubbles, and graticules is effected by the aid of lamps | the images to the eye of the observer through the tube 
which is a cylinder running in ball bearings. The | and prisms or mirrors indicated by the letters J and K | H,, Fig. 5. ; ; 

circle-reading mechanism is built into the supports |in Fig. 5, and by i and & in Fig. 6. Small 3$-volt| On the paths just described, the rays from d, pass 
for the telescope trunnions ; the telescope also turns | lamps illuminate the circles; the mirrors are simply | through prism m, and the rays from d, through prism 
in ball bearings. To ensure a constant magnification | frosted glass. |m . These two prisms, which are placed next to one 


at all distances, the telescope is made of the anallactic| |The two divided theodolite circles, which are actually | another, represent a plane-parallel glass plate, which 
has the property that an obliquely-incident ray is 


type. The focussing is effected by the milled head H, | glass rings, and the method of reading them, are worthy | ty tl € cit 
controlling a subsidiary lens between the object glass | of particular attention. Although the circle diameters | displaced in a direction parallel to its original path on 
and the eyepiece H,, without any change in the length | are small, viz., 3 in. for the horizontal circle and 2 in. | emerging. The diagram, Fig. 12, will explain this. The 
of the tube, which can thus be made dustproof. The | for the vertical circle, the reading is direct to seconds, | ray YY, falling on the face A B of the plate A BCD, 
ocular is focussed on to the diaphragm circles by turning | and estimates can be made to fractions of a second, as| emerges as ZZ. When the plate is turned about 
the collar H, of the eyepiece, which is provided with | already mentioned, on the following principle: Any | an axis passing through its centre and normal to the 
numbered diopter divisions as in the Zeiss binoculars. | vernier reading represents the distance between the | paper, into the position shown by the dotted rectangle, 
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the emerging ray will be Z! Z!, parallel to ZZ. Thus, 
when the two plates m, and m, are turned in opposite 
directions the images of d, and d, will also appear to 
move in opposite directions, and they can be brought 
into coincidence, and the arc through which the plates 
4- a2 


a 
m have turned, represents “? The arrangements 


for reading the vertical circle are the same for those of 
the horizontal circle, the corresponding glass ring b2ing 
indicated by h in Fig. 6; i indicates the prism, k, 
the reflector, and m, and m, the parallel glass plates. 
The details of the mechanism of the optical micro- 
meter are shown in the diagrams, Figs. 10 and 11, 
which are sections through 5-5 and 6-6 resp2c- 
tively, on Fig. 5. Four eccentric discs, p, to p,, are 
fixed on the axis and turned by the micrometer head p, 
which is indicated by Q in Fig. 5. Four rods, 8, to 8,, 
are connected at one end, to the discs, and at the 
other to the axes wu, to u, by the studs ¢t, to t,; the 
axes u, to u, are fixed to the plates m. The rods pass 
through bearings intermediate between the two sets 
of axes, contact being ensured by the compression 
springs indicated in Fig. 11. The discs p, &c., are so set 
that the pairs of plates m,, ms, and mg m, receive 
opposite inclinations whenever one of the two micro- 
meter heads is turned. This rotation measures “ss 
on a scale which is etched on the outer rim of one of the 
two glass wheels q, and q,, Fig. 11. The upper part of 
this wheel passes through the diaphragm plane, as 
shown in Fig. 6, making the scale visible at the eyepiece 
H,, Fig. 5. The appearance in the eve pieces H, of 
the circles and micrometer scales when all the illumina- 
tors are turned to receive light, will be understood 
from Fig. 13. The windows H, and V,, and a long 
narrow window below them, are visible. The lines in 
window H, relate to the horizontal circle, those in the 
window V, to the vertical circle, and those below to 
the micrometer scale, on which the lower figures (4 and 
5) represent minutes, and the upper figures seconds of 
arc. Readings may be taken to the nearest minute or 
to fractions of seconds. In making a reading, the 
angle (in degrees) nearest the index line is noted, and 
the fraction is estimated to the nearest 10 minutes, 
the remaining minutes and seconds being added from 
the reading of the lower scale. As a rule, the top and 
bottom graduations will not coincide, but appear as 
in window V,; by bringing them to coincidence by 
the micrometer screw Q, Fig. 5, the most accurate 
reading is obtained, which, in this case, is 90 deg. 
35 min. 3 sec., on the horizontal circle. The whole 
reading takes only a few seconds. 

The heads of the clamps and slow-motion screws of 
the two circles are different, so as to be distinguishable 
by touch. With the aid of the head L, Fig. 5, not pre- 
viously mentioned, the horizontal circle may be set 
independently to zero, or to any other position; this 
head is usually covered up to avoid inadvertent move- 
ment. As the lamps form part of the instrument, read- 
ings can be taken in dark passages, which would be in- 
convenient for illumination ; the window not needed 
is darkened at will, and the errors of vernier readings 
at different incidences do not arise. The telescope 
bubble is easily controlled by the milled head N,, 
Fig. 5, and is observed through the prism P, without 
having to look down on it. In mines, where the use of 
a tripod would be inconvenient, the instrument can 
be mounted in a bracket. The special provisions made 
for this purpose comprise adjustable carriers for cent- 
ring above or below the station point, spikes for measur- 
ing the station distances, sighting targets and light 
signals, 





CARDIFF ENGINEERING EXHIBITION. 


Tue fact that we are this year giving only a con- 
densed account of the Cardiff Engineering Exhibition 
does not imply that this, the eighth annual display, is 
less interesting or less important than its predecessors, 
but merely indicates an exceptional pressure on our 
space. Actually, the exhibition, which opened on 
November 27 and closes to-morrow, reflects, as the 
district has learned toe expect, much credit upon its 
organisers, the South Wales Institute of Engineers. 
Not the least useful func tion of territorial exhibitions is 
that they compel, in some sense, a periodical survey 
of the state of local industries and their relation to 
national industries. For example, at the luncheon 
which preceded the formal opening ceremony, the 
President of the South Wales Institute, Professor 
teorge Knox, drew attention to the manufacture of 
refractories, an industry which, although we possess 
some of the finest raw materials to be found in any 
part of the world, he declared to be moribund owing 
to the failure of manufacturers to adopt methods 
adequate for modern requirements of temperature and 
pressure, thereby compelling metallurgists to seek their 
supplies outside the country. 

Again, in the admirable engineering supplement 





these exhibitions, the Head of the Mining Department 


of the South Wales and Monmouthshire School of 
Mines, Mr. R. Richards, made an illuminating com- 
parison of the amount of machinery at the coal face 
used in South Wales and in other parts of the 
country. For example, in the Scottish coalfields as a 
whole, 59 per cent. of the total output, the bulk of 
which is obtained from comparatively thin seams, is 
cut by machines, whereas, in South Wales, where 
mining operations are principally confined to the 
working of thick seams, the amount of coal undercut 
by machinery represents only 8 per cent. of the total 
output. It would seem that it would be advisable to 
extend the use of machines on thin seams before 
waiting for the exhaustion of the thick ones, and it is 
pointed out that the output of machine-mined coal in 
the district is improving annually. The position, as 
outlined above, was then, not necessarily indicative of 
slackness or indifference on the part of the industry to 
improving efficiency. At the same time, it appears 
rather regrettable that the exhibition, for the second 
consecutive time, does not include any examples of 
coal-cutting machines and only a limited number of 
conveying plants. The reason for this was indicated in : 
our account of last year’s exhibition, but perhaps on the 
next occasion up-to-date coal-cutting machines will be 
in evidence. 

The other industry specifically connected with mining, 
namely, that of lighting the coal face, is well represented 
by the exhibits of four firms, Messrs. Ceag, Limited, 
Barnsley ; Messrs. Oldham and Son, Limited, Denton, 
Manchester; Messrs. Thor Lamps and Supplies, 
Limited, 53-55, Tredegar-street, Cardiff; and Messrs. 
The Wolf Safety Lamp Company (Wm. Maurice), 
Limited, Star Works, Park, Sheffield. This last firm, 
perhaps, shows the Jargest number of new features, an 
aspect we usually emphasise in our treatment of exhi- 
bitions. Intensive coal-face lighting without tapping the 
mains is demanded by the increasing use of machinery, 
and the problem has been met by the firm by the produc- 
tion of a portable turbo-alternator driven by compressed 
air which supplies six 40-watt lamps strung on a length 
of protected cable so that they can be distributed along 
the coal face. The connections are made through 
safety-switch explosion-proof couplings. The generator 
may be used as a separate unit, if required, when a 
reflector is substituted for the plug fitting on it. Another 
interesting lamp made by this firm is a safety lamp 
burning spirit in conjunction with an incandescent 
mantle. The necessary pressure is provided by com- 
pressed air obtained by the use of a cycle pump or, 
in ordinary practice, from the compressor plant. 
With the first method, the lamp can be carried by 
the miner and used, all day if necessary, to give a 
light of from 5 to 8 candle power. Using the second 
method, the lamp may be coupled by rubber tubing 
to the air mains and used for intensive illumination at 
loading places, &c., when the candle power is increased 
to 150, or about ten times as much light as has hitherto 
been obtainable from a single lamp. The standard 
Wolf alkaline electric battery miners’ lamp, fitted with 
a firedamp indicator, is also shown. This indicator 
consists of an explosion-screened wire, which is switched 
into the lamp-current circuit when firedamp is sus- 
pected. The bulb itself, by means of a shunt, con- 
tinues to glow feebly, but should firedamp be present 
to the allowable maximum of 24 per cent., the wire 
fuses. The lamp may then be switched on again to 
its full light to enable the miner to make his way out 
of the working. 

Coal treatment is represented by one firm only, 
Messrs. The Clean Coal Company, Limited, Medway 
House, Horseferry-road, S.W.1. A full description 
of the process employed is given on page 705, ante. 
Of ancillary apparatus, the exhibition is probably 
richest in boiler appliances and switchgear. Dealing 
with the first, Messrs. Edward Bennis and Company, 
Limited, Little Hulton, Bolton, show a plant for 
pulverised-coal firing, their air-cooled self-cleaning 
furnace, which we have recently described, and an 
interesting chain-grate stoker having complete air 
distribution control and fuel-siftings recovery device. 
With the increase in size of boilers and their concomitant 
higher ratings, the grate is tending to become un- 
manageable from imperfect burning of the fuel. A 
thin spot in the fire naturally makes undue demands on 
the forced-draught plant, especially when hot air is 
used, and a thick spot results in imperfect combustion. 
In their new grate, Messrs. Bennis have provided means 
for adjusting the air supply to any desired area of the 
grate where a thick or thin spot may develop. This 
can be done, without affecting the general air supply, 
by a system of operating levers at the side of the boiler. 
The levers control the air supply to the particular spot 
desired, as the grate is divided up into sections by what 
virtually amount to both transverse and longitudinal 
partitions underneath it. The actual air-regulating 
device incorporates that for catching the siftings which, 
when fine coal is being burned, often amount to 14 per 


which the Western Mail issues on the opening day of | cent. of the total fuel used. This otherwise wasted 





fuel is dropped at a suitable point into a transverse 
conveyor and taken back to be re-fired. Small ash 
and clinker is picked up during the remainder of the 
travel of the chain grate and is deposited in the ash 
conveyor, so keeping the compartment below the grat: 
clear. Several other important improvements ar 
embodied in this design, such as a new method of 
maintaining correct chain tension. Other firing appli- 
ances were shown by Messrs. The Crosthwaite Engi- 
neering and Furnace Company, Limited, Leeds ; Messrs. 
Chemical Engineering and Wiltons’ Patent Furnace 
Company, Limited, 76, Victoria-street,S.W.1; Messrs. 
Collins Improved Firebars, Limited, 159, Victoria- 
street, S.W.1; and Messrs. Gasified Pulverised Fuel. 
Limited, 4-5, Norfolk-street, W.C.2. 

Of the displays of electrical appliances, Messrs. 
Switchgear and Cowans, Limited, Old Trafford, Man- 
chester, showed their’ internal-isolation switchgear, 
which we described and illustrated on page 674 ante. A 
leading exhibit of Messrs. A. Reyrolle and Company, 
Limited, Hebburn-on-Tyne, consisting of oil-immersed 
isolating switches for ring mains was similarly dealt with 
on page 703, ante, while an account of the automatic 
electric traffic-control equipment shown by Messrs. 
J. H. Holmes and Company, Limited, Newcastle-on- 
Tyne, will be found in ENGINEERING, vol. cxxvii, 
page 689 (1929). A striking exhibit, having special 
interest in view of the increasing use of overhead trans- 
mission lines, was shown by Messrs. Ferranti, Limited, 
Hollinwood. This was an example of the Ferranti 
surge absorber for preventing voltage surges due to, 
say, a lightning discharge, from damaging transformers 
or other station apparatus. Messrs. Brookhirst 
Switchgear, Limited, Chester, showed a large number of 
different types of control gear for both direct and 
alternating currents. The display of Messrs. George 
Ellison, Limited, Perry Bar, Birmingham, had, apart 
from the interest of the circuit-breakers and other 
electrical apparatus comprising it, a special interest in 
being contained in a motor-driven demonstration van 
which was placed at the entrance to the exhibition, 
thus forming an example of a modern method of 
assisting the salesman. 

Instruments of all kinds were well represented. 
Messrs. George Kent, Limited, Luton, had, amongst 
a wide variety of the latest patterns of their well- 
known apparatus, a new portable air meter for the 
detection of leakage in the air mains of underground 
workings, or for the measurement of the air passing 
to any particular district or tool. The instrument is 
very compact and, as it weighs only about 20 lb. and 
is provided with a handle, it is readily portable. 
It is a differential-pressure instrument, without mercury 
or any complicated mechanism, and has inlet and 
outlet pipes for connection to either side of a diaphragm 
orifice in the main. The flow is recorded on a circular 
chart, driven by an 8-hour or 24-hour clock, in decimal 
divisions of the maximum normal flow. A distant 
gas-pressure recorder was also shown for the first 
time. This instrument enables a record of the gas 
pressure in any main or holder to be transmitted 
electrically to a convenient point, however distant. 
The receiving instruments may be either indicators 
or recorders. Messrs. James Gordon and Company, 
Limited, Windsor House, Kingsway, W.C.2, showed, 
amongst other boiler auxiliaries, the Hagan regulator, 
for automatically controlling the fuel and air supplied 
to boiler furnaces in accordance with the steam demand, 
or to gas producers. Accounts of this apparatus, as 
applied to coal-fired boilers, will be found in Enat- 
NEERING, vol. exxiv, page 325 (1927), and vol. cxxv, 
page 382 (1928). 

Messrs. Cooke, Troughton and Simms, Limited, 
Broadway-court, Westminster, S.W.1, had a collection 
of their latest developments in theodolites and levels. 
Amongst the new models was one known as the 
Tavistock theodolite. This instrument is distinctive 
in that the reading of both circles may be effected 
through an internal micrometer by an eyepiece along- 
side the telescope, a method which eliminates the 
necessity of the observer altering his position once 
the telescope is trained on the object. The circles 
are 3} in. in diameter, divided on glass, and it is claimed 
that the instrument will equal in accuracy a 5-in. 
theodolite. The method of packing the Tinstock theo- 
dolite in a metal container is also an unique feature. 

In an industry having peculiar risks in addition to 
those normally attendant on moving machinery, it 
was particularly appropriate to this exhibition to 
find that Messrs. The National “Safety First 
Association, 119, Victoria-street, S.W.1, were dis- 
playing suitable gas masks, goggles, respirators, and 
so forth, as well as different forms of safety clothing. 
machine guards, etc. A new form of protection 
against the serious disease, silicosis, incidental in 
many collieries and quarries where stone drilling 
is carried out, was, however, shown by Messrs. The 
Climax Rock Drill and Engineering Works, Limited. 
4, Broad-street-place, E.C.2. This apparatus, known 
as the Climax Hay dust trap, is the invention 0! 
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Captain Hay, of the Safety in Mines Research Board, 
and removes the dust as it is formed by the drill. 
It is readily fixed in any position in a mine roadway, 
by means of a telescopic self-securing stretcher bar. 
This carries a steel suction tube containing a Venturi 
type ejector operated by a small jet of compressed 
air from the supply pipe, the apparatus being designed 
for use when a hand pneumatic rock drill is being 
employed. A flexible metallic pipe is attached to the 
suction tube, its other end terminating in a domed 
rubber cap, which covers the hole being drilled. The 
cap is provided with a hole just large enough to admit 
the drilling tool. A large filtering and dust-collecting 
bag is attached to the delivery end of the suction tube. 
This bag is made of reinforced flannel, enclosed in an 
outer covering of strong twill canvas, and is provided 
with a spring clip at the bottom for the removal of the 
entrapped dust. The apparatus can be set up com- 
pletely in 4 minutes, and, when once assembled, can 
be fixed in a new position on the same face in half 
a minute. Tests made at Llanbradach Colliery in 
October, using the Kotze konimeter for the dust count, 
have shown the apparatus to be remarkably effective 
in preventing the dust contamination of inbreathed 
air during rock drilling. 

A new device for re-conditioning steel mining tubs 
is shown on the stand of Messrs. The Mansfield Engi- 
neering Company, Limited, Hucknall. Anyone familiar 
with the rough usage to which mining tubs are sub- 
jected, usage not infrequently the cause of bent tubs 
jamming in the cage and involving loss from delay in 
repairs and dislocation of traffic, will recognise the 
utility of this apparatus. It consists of a hydraulic 
ram mounted on one arm of a cast-steel U-shaped frame, 
very similar in appearance to the well-known portable 
riveter. The whole machine weighs approximately 
7 ewt., and is suspended by means of a wire rope and 
two small pulleys. It is effectively. balanced and 
requires only a small amount of effort to raise it when 
putting it into position over the side of a tub. The 
ram acts inwardly, that is, towards the gap of the 
frame, and its action in flattening a bulged tub will 
be apparent. For a dented tub, both. arms of the 
frame are placed inside the tub, and the ram is extended 
through a hole in the free arm by means of a plunger 
of suitable length. The action of the ram is 
then an expanding one instead of a compressing 
one. It is similarly used for getting rid of a corner 
twist. 

Various methods for the conditioning of boiler feed 
water are illustrated by different firms. One of these 
methods, viz., that of the electric—but not electrolytic 
—treatment exhibited by Messrs. The New Oscilloscope 
Company, Limited, 3, Grosvenor-gardens, 8.W.1, has 
been described previously, as also has the colloidal 
process developed by Messrs. Filtrators, Limited, 
Astor House, Aldwych, W.C.2. A newer process, how- 
ever, was in evidence on the stand of Messrs. H. 
Lauritzen, 18-21, Charterhouse-square, E.C.1. This 
is also a colloidal process in which the organic matter 
is introduced into the boiler water in the form of 
brick-like slabs also containing soda. No apparatus 
is required, but if after cleaning a boiler the slabs are 
introduced into it in a definite proportion, and there- 
after added to the feed water, it is claimed that no 
deposition of scale will occur. Continued treatment, it 
is stated, will also change old scale into a readily- 
removable form. The results of tests of this method, 
both as applied to land and marine boilers, would seem 
to render it worthy of investigation. The problems of 
lubrication are dealt with by two firms. The pro- 
ducts of Messrs. W. B. Dick and Company, Limited, 26, 
Grosvenor-gardens, S.W.1, are well known, but it 
may be mentioned that the firm’s display, in the 
present case, is specially adapted to illustrate the 
lubrication of prime movers. Messrs, Econoil, Limited, 
Ninian Park, Cardiff, demonstrated the value of 
colloidal graphite as a lubricant, in oil in their Econoil 
series and in water in Aquagraph. 

In concluding, one aspect of the exhibition, 
namely, its educative effect, may be touched upon 
by a reference to the stand of Messrs. British Ropes, 
Limited, 32, Cavendish-square, W.1. A collection 
of material, such as the varied display of wire- 
rope sections shown by this firm, is bound to be of 
service to the mining student or the general engineer, 
because in an exhibit of this nature it is possible to 
illustrate a whole range of manufactures, and useful 
comparisons may be made as to the manner in which 
different requirements are met. A striking exhibit 
indicating the magnitude of modern bridge con- 
struction, was a section of wire rope which the firm had 
supplied for the Newcastle and Sydney bridges. Though 
this rope was used for erection purposes only, no less 
than 47 miles of it was needed, a weight of some 1,858 
tons. The rope consists of 217 wires, and has an 
external circumference of 8} in., with a breaking load 
of 365 tons. We have only been able to refer to about 
half the firms exhibiting but most of the remainder 
showed already well-known material. 


THE LATE PROFESSOR CHRISTOPH 
EBERLE. 


Tue death of Professor Eberle, who, we regret to 
record, succumbed after a short illness at Darmstadt, 
on September 30, will be a serious loss to his 
colleagues and his many students, who held him in 
high regard as an eminent and most lucid and pains- 
taking exponent of thermo-technical problems, and a 
pioneer in this important branch of applied science. 
Christoph Eberle was born in December, 1869, at 
Oberauerbach, in the Bavarian Palatinate. He 
studied in Munich and Darmstadt, having worked 
for a time in the shops of the Dingler Maschinen- 
fabrik, of Zweibriicken, and became assistant at the 
Technical High School in Karlsruhe. In 1901, the 
Bavarian Steam Boiler Revision Society invited him 
to Munich to organise the scientific activities of 
this body. Having been engaged in design work in 
various factories in Germany and the Balkan States, 
he was, during the war, appointed director of the newly- 
created central department for heat technics at Berlin. 
In 1921, he accepted the appointment in which he 
remained till the end, as professor of thermal economy 
and steam boiler technics at the Technical High School 
of Darmstadt. There his ability as organiser and teacher 
found full scope. He founded a technical heat institute 
and a gas institute, and his great popularity and 
conscientiousness twice secured him election to the 
rectorship of the college. 








THE ROYAL METEOROLOGICAL 
SOCIETY. 


THE opening meeting of this Society for the present 
session was held on Wednesday, November 20, in the 
Society’s Rooms at 49, Cromwell-road, South Kensing- 
ton, Sir Richard Gregory, LL.D., President, being in the 
Chair. The two papers, of which brief abstracts are 
given below, were read and discussed. 

The Physical Conditions. Controlling Visibility 
through the Atmosphere, by M. G. Bennett, M.Sc. 
In this paper a theory was developed to show how the 
visibility of an object is affected by the optical proper- 
ties of the matter suspended in the air between the 
observer and the object; this theory received experi- 
mental verification from a series of special observations 
carried out at Leafield and Cranwell. The theory 
may be briefly described thus: The visibility of any 
(large) object is a function of its brightness, and its 
contrast with the background. When dispersed matter 
is introduced between the observer and object, the appa- 
rent values of these variables are modified, and thus 
the visibility is altered. The modification is the result 
of three different processes, the relative importance of 
which depends on the circumstances. These processes 
are, screening or absorption, glare or superposition 
of scattered light, and diffusion or reduction of 
definition. The experimental work was a matter of 
determining the data involved in this theory, so that 
certain conclusions could be drawn, which could be 
tested in practice. As an example of such conclusions, 
the following may be quoted: It was deduced that the 
obscuring power of a cloud of opaque (carbon) particles 
was mainly due to screening, whilst that due to water 
drops was due to diffusion. This should result in a 
certain difference between the falling off of visibility of 
an object as an observer recedes from it in a dry dusty 
atmosphere, as compared with a humid clean atmos- 
phere. This difference was satisfactorily verified by the 
observations at Leafield. 

The Electric Charge on Rain, by Thora C. 
Marwick. This paper described the method used to 
measure the electric charge on rain and gave the results 
obtained over a period of several months. These are 
briefly as follows :—Thunderstorm rain showed ‘a high 
positive charge per cubic centimetre. Of the total 
quantity observed, 94-6 per cent. was positively charged. 
Non-thunderstorm rain showed a lower charge per cubic 
centimetre and a lower percentage of positively-charged 
rain, viz., 79-5 per cent. Hail and rain mixed showed a 
large excess of negatively-charged drops, 39-4 per cent. 
of the total quantity being positively charged. The 
charge per cubic centimetre was approximately the 
same as for non-thunderstorm rain. 








THE WaTER SuppLy oF CALGARY, ALBERTA.—The 
Calgary City Council, Alberta, Canada, has at present 
under consideration the construction of a new reservoir 
just outside the City limits, the source of supply selected 
being the Elbow river. * A new filtration plant in the 
pumping station, new supply and distribution mains, and 
other improvements are also contemplated. If approved. 
the construction will extend over a period of two and 
a half years, after which an ample supply of filtered 
water will be available for a population of 200,000. The 
proposed dam would be 60 ft. high and 800 ft. long on the 
crest. The surface area of the reservoir created would 
be 900 acres, and the capacity, 3,600,000,000 gallons, 
equivalent to a ninety days’ supply for 200,000 persons. 
The total cost of the new water system would be in the 





neighbourhood of 3,770,000 dols. 


THE ARGENTINE GOVERNMENT. 

Messrs. Werf Gusto, Firma A.F. Smulders, of Schie- 
dam, Holland, have recently built a large trailing suction 
dredger, of which we give illustrations on pages 738 
and 742, for the Argentine Government, intended for 
work on the Bars of Punto Indio. 

This dredger, shown on her trials in Fig. 1, is, we under- 
stand, the largest of its kind, and has a length between 
perpendiculars of 99 metres (325 ft.); a breadth, 
moulded, of 16 metres (52 ft. 6 in.); and a depth, 
moulded, of 7 metres (23 ft.). The suction pipe is in 
the centre of the vessel. The propelling machinery 
consists of two sets of triple-expansion steam engines, 
driving two propellers, and the four main boilers are 
placed in the after part of the vessel, whilst the main 
pumping machinery is placed forward. 

There are two separate hoppers, arranged amidships, 
one to port and the other to starboard, whilst the two 
longitudinal bulkheads amidships form a well for the 
main suction pipe. Numerous watertight bulkheads 
are fitted in order to provide the necessary rigidity 
and to ensure the safety of the vessel. 

The accommodation for captain, dredge-master, 
officers and engineers is arranged aft, partly in the 
*tween-decks and partly in a deck-house. The crew’s 
quarters are forward in the tween decks. The fore- 
part of the vessel contains, moreover, a hold for large 
spare-parts, ropes, and general deck-stores, whilst an 
insulated and refrigerated store room is also located in 
the fore-part of the vessel. The quarters are roomy 
and well ventilated, in view of the hot climate in which 
the vessel will have to work ; the fore and aft decks are 
laid with teak. 

The bridge is placed amidships, and extends the full 
breadth of the vessel. On this bridge a wheel house is 
provided, built of teak, and containing the steering tele- 
motor and compass, engine-room telegraphs and tele- 
phones and speaking tubes, as well as all controls for the 
manipulation of the hydraulic system in connection 
with the lifting gear of the suction tube and the opening 
and closing of the valves of the delivery pipes on the top 
of the hoppers, and all valves in connection with the 
suction arrangements and water service at the bottom of 
the hoppers. Automatic draught indicators and dials 
showing the depth of the suction pipe below water level 
are also fitted here. This arrangement enables the 
dredge-master to control the whole dredging operations 
from one central point, and has proved to be highly 
satisfactory, having contributed very considerably to 
the great output and capacity of this type of dredger 
in actual service. Above the steering house is a teak 
house, containing the chart-room and a room for the 
wireless operator. 

The main hoppers, which have an aggregate capacity 
of 2,000 cub. m. (2,610 cub.yds.) are closed at the bottom 
by a double row of strong doors, of heavy steel plate, 
lined with wood, and working on hinges fastened to the 
sides of the hoppers. The doors, when closed, press 
at the centre of the hopper against a hollow centre 
keelson, which constitutes the hopper suction pipe. 
Each door is raised by three chains, fitted with 
stretching screws and connected to equalising gear, in 
order to ensure equal loads on all chains. The main 
chains are connected to longitudinal shafts, running 
along continuous gangways on top of the hoppers. 
The longitudinal bars are connected to hydraulic gear, 
placed forward, and the arrangement makes it possible 
to handle each pair of doors separately, or any number 
of them together, quickly and easily. 

The suction pipe is arranged in a strong girder frame 
and connected to both sides of the centre well by means 
of a strong cast-steel double elbow joint, with double 
bearings. Special arrangements are made for a water- 
tight connection to the internal piping. The lower part 
of the tube is fitted with an interchangeable suction 
mouth-piece of very robust construction, one of which 
is shown in Fig. 2. Four different sizes of mouth- 
pieces are provided for dredging materials of different 
density, viz., light mud, sand, and clay, whilst arrange- 
ments are also provided for reducing the inlet open- 
ing of the mouth-pieces. The latter is connected 
to the pipe by means of a strong hinge, in such a 
manner that the hinge bolts will break if a heavy ob- 
struction is encountered, and the mouth-piece will then 
turn over and be protected from damage. Along the 
top of the tube a high-pressure water-service pipe is 
fitted, connected to the mouth-piece by means of a 
flexible steel pipe. This supplies a water-jet for use 
when dredging in stiff clay. Water chambers are 
fitted along the whole length of the suction tube, 
spaced at intervals around the tube. These consist of 
channel sections fixed to the tube and in communication 
with the interior of the suction tube, in order that water 
may be forced through holes into the suction pipe 
so as to facilitate the handling of stiff clay. 

The suction pipe is raised by means of a double- 
cylinder steam winch shown in Fig. 3, page 742. This 
is provided with double steel cables, the ends of which 





are connected to buffer springs, for taking up shocks 
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which might occur during trailing, in order to prevent 
excessive stresses on the lifting cables. The winch 
is controlled from the navigating bridge by means of a 
telemotor gear. A system of levers, working on a dial 
in front of the bridge, indicates the depth of the lower 
part or mouth of the suction tube below the water 
level. The total dredging depth is 15 m. (49 ft.). 

The two main suction pumps are of the four-bladed 
centrifugal type. They are built of cast steel, and 
lined internally with manganese-steel wearing plates. 
Kither pump is directly driven by a triple-expansion 
engine with cylinders 400 mm., 660 mm., and 1,100 
mm. (15? in., 26 in., and 43} in.) in diameter, and 
a stroke of 700 mm. (27} in.), developing about 
900 ich.p, at 140 r.p.m. 

The pumps, which may be seen in Fig. 5, on page 742, 
have been designed for a total capacity of 6,000 cu. m. 
(7.848 cu. yds.) of sand or clay per hour, and were 
filling the hopper within 15 minutes during the trials. 

A system of piping and valves permits the main 
dredging pumps to draw the dredged material from the 
hoppers through the hollow keelsons, and to discharge 
it either overboard at the side of the vessel, into a 
floating pipeline, or directly on land through a vertical 
pipe with a ball joint on the deck directly above the 
pumps. 
system at a distance of 500 m. (547 yds.), and a height 
of 8 m. (26 ft.) above water-level. For forcing the 
material to a distance o: 1,400 m. (1,532 yds.) arrange- 
ments have been made to work the pumps in series, one 
of them acting as a suction pump and the other as a pres- 
sure pump. Each of the above-mentioned methods of 
pumping may be arranged for merely by opening and 
closing appropriate sluice valves in the suction and dis- 
charge pipes, the manoeuvring of these valves being 
done from the service platform above the main deck, 
as shown in Fig. 4, page 742. In order to deliver the 
dredged material into the hoppers, four delivery pipes 
are provided over the hopp»rs, fitted with hydraulic 
sluice valves at intervals, as shown in Fig. 3, in order 
to ensure an equal and regular filling of the hoppers. 

A large centrifugal duplex pump is also placed in 
the forward engine room, having a capacity of 11,000 
litres per minute (2,420 gallons per minute), at a pres- 
sure of 4-5 kg. per square centimetre (64 1b. per 
square inch). This pump, of which the two chambers 
work in series, is driven by a set of vertical compound 
engines, and supplies the water to the main suction 
pipe and mouth, as described above, and to the bottom 
of the hoppers, by means of pipes and valves which are 


controlled from the deck. The high-pressure water sup- | 


ply for the extensive hydraulic installation on deck is 
provided by four steam hydraulic pumps, two of which 
are placed in the forward engine room, the other two 
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Material can be discharged on the latter|mm. (18} in.) ; 
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being on the service 
platform above deck ; 
the latter are exclu- 
sively provided for the 
opening and closing of 
the hopper doors. 

The main pumping 
engines and the centri- 
fugal water pumps are 
equipped with centri- 
fugal governors, to 
ensure regular working 
and to prevent racing 
of the engines. 

The vessel is pro- 
pelled by twin screws, 
driven by means of two 
sets of triple-expansion 
engines, developing 
900 i.h.p. each at 100 
r.p.m. They are shown 
in Fig. 6, page 742. 
They have cylinders 
of the following dia- 





meters : — H.P., 465 
LE, 
790 mm. (31 in.); 


L.P., 1,300 mm. (51} 
in.), and a stroke of 
750 mm. (294in.) The 
exhaust steam is led to 
a separate condenser 
with a centrifugal 
circulating pump and ; 
a vertical duplex air pump of the Weir Monotype | 
system. The total cooling surface is about 180 sq. m. | 
(1,040 sq. ft.). | 

A smaller auxiliary condenser is also placed in the | 
aft engine room, having a cooling surface of about | 
70 sq. m. (750 sq. ft.); this takes all the exhaust | 
steam from the auxiliary machines in the engine | 
rooms and from the winches on deck. This condenser | 
is provided with a separate set of air- and circulating | 
pumps. For the supply of boiler feed, the following | 





vertical type with automatic regulator, two auxiliary 
pumps, and two self-starting injectors. 

The draining of all the compartments of the vessel | 
may be done bythe two auxiliary pumps in theaft engine | 
room, the main circulating pumps, two steam ejectors, | 
one forward and one aft, and a Downton pump on | 
deck. 

The vessel is lighted throughout by electricity, the | 
current being generated by means of a steam-driven | 





Fia. 2. 








Suction Moutu-PIEcE. 


dynamo, placed in the aft engine room. For work- 
ing by night, the deck is lighted by an ample number 
of fixed lights and by two lamps of 1,000 candle 
power each, which are suspended from the masts, 
whilst a searchlight is fitted on top of the chart-house, 
arranged in such a manner that its beam can be con- 
trolled from the steering house. 

There are four single-ended boilers of the usual 
marine type, having a total heating surface of about 
1,100 sq. m. (11,840 sq. ft.), and a working pressure of 
12 kg. per square centimetre (170 lb. per square inch). 
The boilers are arranged for either coal or oil firing. 

The oil fuel is fired on the White system, with 
the usual arrangements for pre-heating the fuel, fuel 


| pumps, &c. The total bunker capacity for oil fuel 
lis about 650 tons. 


The two side bunkers in the 
boiler space have a total capacity of about 350 tons of 
coal. 

Double bottoms under the forward engine room, aft 
and fore peak, are arranged as feed-water tanks, having 
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a total capacity of about 250 tons. The double bottom 
tank under the fore-hold is used for the fresh water 
for the crew. 

A vertical auxiliary boiler of the Cochran type is 
also placed in the boiler room. This boiler, having a 
heating surface of about 41 sq. m. (441 sq. ft.), with a 
working pressure of 8-5 kg. per square centimetre 
(120 lb. per square inch), supplies the steam for part 
of the auxiliary engines, such as refrigerating engines, 
electric-generating set, &c., when the main boilers are 
not working. The auxiliary boiler is also arranged to 
burn either coal or oil fuel. 

Besides the large hoisting steam winch for raising 
and lowering the suction pipe, already mentioned, 
other winches are provided on deck. These include a 
steam windlass on the fore deck, for working the anchors. 
This windlass is further provided with two cable drums 
on the extended main shaft for hauling and veering 
the two heavy bow cables, in case dredging operations 
are carried out when the vessel is anchored, instead 
of trailing. The windlass is also provided with 
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rudder quadrant, is placed in a steel house on the aft 
deck and controlled by telemotor gear from the navi- 
gating bridge or by a controlling shaft from top of the 
house aft, whilst a hand steering gear is also fitted in 
this house, in case of emergency. 

The whole of the ship and the machinery, with the 
exception of the refrigerating machinery, hydraulic 
pressure pumps, air-pumps, steering gear and steam 
dynamo, has been constructed at the builders’ yard 
and workshops at Schiedam-Rotterdam, and has been 
classified under the highest class of the Bureau 
| Veritas. 
| <A series of trials, which has been made with this 
dredger on the River Maas and in the harbour near 
| Rotterdam, has proved that the vessel and plant 
|come well up to the stipulated requirements. The 
vessel left some time ago, under her own steam, for her 
| destination, Buenos Aires, and is reported to be work- 
|ing quite satisfactorily, an output of 11,000 cub. m. 
| (14,400 cub. yds.) per hour being easily maintained. 
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two warping heads, and two cargo winches of the usual | 
type are placed near the masts, one forward and | 
one aft. The main mast is provided with a 10-ton | 
derrick, and the aft mast with en derrick. On the | PUMP. 
aft deck are placed two steam winches with drums for| IN ENGINEERING, vol. exxvii, on page 754 (1929), 
the aft dredging wires, identical with those on the wind- | we described the Hele-Shaw Beacham air motor. By 
lass forward and serving the same purpose. The star- | slight alteration and simplification, the same mechanism 
board winch is, moreover, provided with a cable lifter | as there described has now been converted into a highly- 
for the aft anchor. effective oil pump, of which a number have been sup- 
The steam-steering gear, working directly on the! plied by the makers, Messrs. Greenwood and Batley, 
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MESSRS. GREENWOOD AND BATLEY, LIMITED, ENGINEERS, LEEDS. 
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Limited, Albion Works, Leeds, for circulating the oil 
in transformers. 

As is well known, centrifugal pumps are very ineffec- 
tive under conditions in which the Reynolds’ number 


vd\ . , 
(- ) is small. They are, accordingly, seldom used for 
; : 


pumping oil, the viscosity of which may be 100 times 
that of water. Where the quantity of oil to be handled 
is small and efficiency of relatively minor importance, 
as in the forced lubrication and cooling of journals, 
the gear pump has proved satisfactory, but the type is 
not suitable for general service, and reciprocating pumps 
have to beemployed. The ordinary patterns, however, 
cannot be coupled directly to even a slow-speed electric 
motor. The pump to which we are now referring, 
however, can be so coupled, and we reproduce in 
Fig. 1 a photograph in which the pump is shown 
mounted on the same bedplate as its motor. 

The rated output of this unit is 1,000 gallons of oil 
per hour, but under test it has delivered 1,200 gallons 
per hour, the delivery pressure being 120 lb. per square 
inch and the speed 720 r.p.m. Overall efficiencies 
of more than 90 per cent. have been recorded, and 
the volumetric efficiency is also very high, a figure 
of 97 per cent. being obtained when the delivery 
pressure was 120 lb. per square inch and the suction 
lift 25 ft. With viscous oils, a vacuum of 28 in. 
has been observed on closing the pump inlet. The 
high volumetric efficiency is attributed, in part, to the 
fact that, since the cylinders rotate with the driving 
shaft, the flow of oil into them is assisted by the 
centrifugal forces developed. Moreover, since the oil 
is thus kept pressed up against the pistons, any air 
which may enter the cylinder is displaced in the 
opposite direction, that is to say, towards the axis of 
rotation. Hence, when the delivery port is uncovered, 
this air is immediately expelled through it, on the 
instroke of the piston, and cannot form a pocket below 
the latter. 

Sections through the pump are shown in Figs. 
2 and 3. There are, it will be seen, three cylinders 
bored in a block C, which is integral with the driving 
shaft. This cylinder block rotates round the central 
valve V, which contains the suction passage S and the 
delivery passages O. As the cylinder block rotates, 
each of these passages communicates, in turn, with 
the interior of the cylinder, through a port slotted in 
the cylinder head. 


2 





The pistons P are of the trunk type, and are provided 
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with gudgeon pins which extend through slots in the 
cylinder walls and engage with the gunmetal slippers 
GG. These move in circular slots which are eccentric 
to the axis of the driving shaft. Hence, as the latter 
rotates, carrying the cylinder block round with it, the 
pistons are moved in and out. The stroke, it may be 
noted, is very short. The slots in which the slippers 
move are cut in the two rings F; and Fe, which are 
mounted on ball bearings, as shown. These fit on to 
spigots which are eccentric to the driving shaft. The 
rings, therefore, can move round freely, and, hence, 
under no conditions can the friction of the slippers be 
more than is required to carry round these ball-mounted 
rings, which, in point of fact, rotate nearly in unison 
with the cylinder block. Hence the relative motion of 
the slippers GG in their grooves is very small, and since 
the whole casing is flooded with oil, they are, moreover, 
most thoroughly lubricated. The results of tests made 
at the makers’ works are plotted in Figs. 3 and 4. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date of 
each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Wagon Wheels and Axles.—The supply of 100 pairs of 
railway wagon wheels and axles. The South African 
Railways and Harbours Board; January 16, 1930. 
(Ref. No. A.X. 8862.) 

Oil-Engine Driven Electric Generators.—The supply 
and delivery of crude-oil engine-driven electric-generating 
sets. The South African Railways and Harbours Board ; 
January 16, 1930. (Ref. No. B.X. 5926.) 

Kerb and Channel Plant and Concrete Mixer.—The 
supply and delivery of one kerb and channel-making 
plant and concrete mixer for use therewith. The 
Stores Department, City of Johannesburg, South Africa ; 
January 4, 1930. (Ref. No. A.X. 8866.) 

Tramway Equipment.—The supply of tramway cars, 
rails and tramway equipment generally. The Munici- 
pality of Teneriffe, Canary Islands; January 14, 1930. 
(Ref. No. A.X. 8872.) 





Complete Iron and Steel Plant.—The construction, at 
Pretoria, South Africa, of a complete blast-furnace and 
open-hearth plant, including cranes, auxiliaries, electrical 
equipment, chimneys and buildings, also a rolling-mill 
department, comprising blooming mill, rail and structural 
mill, medium structural mill, plate mill, merchant and 
rod mill, soaking pits and ali auxiliaries. Further 
information may be obtained from The South African 
Iron and Steel Industrial Corporation, Limited, Pretoria 
or Johannesburg, or from the committee of consulting 
engineers of the Corporation, c/o Messrs. The Inter- 
national Construction Company, Limited, 56, Kingsway, 
London, W.C.2. Tenders close on April 12, 1930. 








TECHNICAL ScHOOL EQUIPMENT IN CANADA.—Autho- 
rity has recently been granted for the raising of a loan 
of 495,000 dols. for the purpose of erecting new school 
buildings and extensions, and for the equipment of a 
technical school in Western Canada. United Kingdom 
firms interested in this matter, as offering possible oppor- 
tunities for the supply of technical school or other equip- 
ment, may obtain further particulars on application to 
the Department of Overseas Trade, 35, Old Queen street, 
London, 8.W.1, quoting Reference ‘No. C.X. 3161. 


110,000-Kw. TuRBINE FOR THE ForD WoRKS AT 
Forpson.—A steam turbine of a somewhat remarkable 
type is being constructed by the General Electric Co. for 
the power station of the River Rouge plant of the Ford 
Motor Co. The most striking feature of the unit is the 
reversion to the use of vertical shafts which, originally 
introduced by Curtis, were subsequently abandoned for 
the horizontal pattern which is more accessible and 
simplifies the problem of cooling the generator. In the 
present case, the floor space available was very restricted, 
and by the vertical arrangement it has been found pos- 
sible to install the whole set on a floor space measuring 
57 ft. 6 in. in length by 23 ft. in extreme breadth. The 
overall height above floor level will be under 21 ft., and 
the output more than 4 kw. per cubic foot of space 
occupied. The total weight of the machine will be some 
900 tons. The above figures are those sent to us by the 
makers but, in the absence of details, seem difficult to 
reconcile with further data also given, according to which 
the high-pressure turbine and generator will be mounted 
directly on top of the low-pressure turbine and generator. 
Possibly, however, the floor level referred to above may 
be many feet above the base of the machine. The initial 
steam pressure is to be 1,200 lb. per square inch, with a 
total temperature of 725 deg. F. On leaving the high- 
pressure section, the steam will be withdrawn from the 
turbine and reheated to 550 deg. F. The designed 
vacuum is 29in. The speed will be 1,800 r.p.m., and the 
generators will deliver 60-cycle current at 13,800 volts. 
The air coolers will, it is stated, be integral with the 
generators, the heat losses in which will be utilised for 
teed heating. To provide the condensing water required, 
atunnel 3} miles long and 15 ft. in diameter is to be 
constructed between the River Rouge and the Detroit 


River. This will deliver some 600,000,000 U.S. gallons | Argen 


per 24 hours. 


ENGINEERING. 





BOOKS RECEIVED. 


The Teaching of Mechanical Drawing. By RANDOLPH 
Puitrie HoEtscHeR. New York: John Wiley and 
Sons, Incorporated. London: Chapman and Hall, 
Limited. [Price 12s. 6d. net. ] 

L’ Industrie Miniére. Ses Principes Fondamentaux, ses 
Bases Economiques. By Grorce Moreau. Paris: 
Gauthier-Villars et Cie. [Price 25 francs. ] 

Die Industrielle Warmeiibergang fiir Praxis und Studium 
mit grundlegenden Zahlenbeispielen. By Dr.-Inc. 
ALFRED ScuHack. Diisseldorf: Verlag Stahleisen 
G.m.b.H. [Price 18-50 marks.] 

Ministero dei Lavori Pubblici Servizio Idrografico. Ufficio 
Idrografico del Po, Parma. No. 12, Part III. Fiwme 
Tanaro. Livellazioni di Precisione per il Rilievo 
Altimetrico dei Corsi d’Acqua. Rome: Provveditorato 
Generale dello Stato Libreria. 

Wasserkraftanlagen. Vol. I. Allgemeines und Stau- 
werkes. Vol. Il. Werkwasserleitungen und Entwerfs- 
grundlagen. By Dr.-Ina. FELIx Bunpscnu. Leipzig : 
Walter de Gruyter and Company. [Price 1-50 marks 
each volume. ] 

War Department. Corps of Engineers, United States 
Army, and United States Shipping Board. Port 
Series No. 1. The Port of Portland, Maine. (Revised 
1927.) [Price 35 cents.] No.6. The Ports of Galveston, 
Houston, Texas City and Corpus Christi, Texas 
Part I. The Port of Galveston, Texas. (Revised 1928.) 
[Price 50 cents.] Part II. The Port of Houston, 
Texas. (Revised 1928.) [Price 35 cents.] Part ITI. 
The Ports of Texas City and Corpus Christi, Texas. 
(Revised 1928.) [Price 30 cents.] Washington : 
Government Printing Office. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Business in Cleveland 
pig-iron is very quiet, but ironmasters are in a strong 
statistical position, merchants having little iron to offer, 
and fixed minimum quotations are firmly adhered to. 
The bulk of the Cleveland iron output is conveyed directly 
in molten state for use at producers’ own consuming 
departments. The make converted into pigs is well taken 
up by home needs. Thereis practically no export business 
passing. A little Midland iron is still being used on Tees- 
side, but supplies from abroad are not being received. 
Continental pig is, however, invading the Scottish market, 
largely to the exclusion of Cleveland brands. No. 1 
Cleveland is 75s. ; No. 3 g.m.b., 72s. 6d.; No. 4 foundry, 
71s. 6d.; and No. 4 forge, 71s. 


Hematite-—East Coast hematite values continue to 
advance slowly but steadily. Producers have quite 
good order books and are not desirous of making furiher 
contracts at current rates. Home and Continental users 
are still in the market, but they hesitate to follow the 
upward movement. Continental hematite makers are 
cutting prices in markets abroad. The cost of local 
brands is in the neighbourhood of 80s. per ton. For 
December supply, ordinary qualities are quoted at 79s., 
but 81s. is realised for delivery over the first quarter of 
next year. 


Foreign Ore.—There is practically no business in foreign 
ore. Consumers have long contracts arranged, and 
sellers have little to offer except for delivery well ahead. 
Nominally market rates remain on the basis of best rubio 
at 24s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke of 
good average quality is easy at 23s. 6d. delivered here. 


Manufactured Iron and Steel.—Manufactured iron and 
steel quotations are well maintained, with the exception 
of prices for sheets, which have suffered a further half- 
crown reduction, lowering black kinds to 91. 17s. 6d. 
and galvanised corrugated sorts to 12/. 12s. 6d. Common 
iron bars are 10/. 15s. ; iron rivets, 11/. 10s.; packing 
(parallel), 81. PF gpsgens (tapered), 102.; steel billets 
(soft), 61. 178. 6d. ; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 8/. 2s. 6d.; steel rivets, 11l. 5s. ; 
steel ship plates, 8/. 12s. 6d.; steel angles, 8/. 2s. 6d. ; 
steel joists, 8/. 2s. 6d.; and heavy sections of steel rails, 

108. 


Imports of Iron and Steel.—There were 11,085 tons of 
iron and steel imported to the Tees last month, compared 
with 13,496 tons for November last year and 5,048 tons 
for the corresponding pre-war month of 1913. Pig-iron 
unloaded last month was 1,389 tons, against 2,349 tons 
@ year ago and only 10 tons in November, 1913; crude 
sheet bars, billets, blooms and slabs, 7,332 tons, against 
7,618 tons a year ago and 3,132 tons in November, 1913 ; 
and plates, bars, angles, rails, sheets and joists, 2,364 tons, 
against 3,529 tons a year ago and 1,906 tons in November, 
1913. 

Tees Iron and Steel Shipments.—Shipments of iron and 
steel from the Tees during November were 81,801 tons, 
or 15,063 tons less than in the previous month. The total 
comprised 21,518 tons of pig-iron (14,128 tons coastwise 
and 7,390 tons abroad), 3,513 tons of manufactured iron 
(747 tons coastwise and 2,766 tons abroad), and 56,770 
tons of steel (18,695 tons coastwise and 38,075 tons 
abroad). Scotland was, as usual, the largest buyer of 
pig-iron, taking 4,850 tons; while Belgium received 
2,765 tons; Denmark, 2,425 tons; France, 2,235 tons ; 
and Germany, 2,065 tons. The Union of South Africa 
was the princi customer for manufactured iron, 
taking 1,500 tons. The chief purchasers of steel were : 
India, 8,571 tons; Union of South Africa, 6,055 tons ; 
tine, 5,885 tons; Australia, 4,504 tons; Gold 





Coast, 2,281 tons ; and Japan, 1,288 tons. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—In view of the fact that conditions in 
the local staple trades are of a conflicting character, it 
is somewhat difficult to gauge the actual trend of events. 
The general opinion is that a revival, though slow, is 
developing. Signs of such a movement are not wanting. 
In the raw and semi-finished steel trade the demand 
continues at a fair level except in acid steel, where 
old-standing weakness still prevails. Though the call for 
basic steel is still considerable, the gross output shows a 
slight falling off. The latest quotations are as follow :- 
Hard basic billets, 7/. 12s. 6d. to 91. 12s. 6d.; soft basic 
billets, 7/.; Lincolnshire foundry iron, 76s.; Siemens 
acid billets, 92. 10s.; Derbyshire foundry iron, 73s. 6d. ; 
Derbyshire forge iron, 69s. 6d. ; Crown iron bars, LII. ; 
iron hoops, 12/.; steel hoops, 9. 15s. to 101. 5s. ; soft 
wire rods, 87. Foundries producing heavy cast iron and 
composite pipes are fairly well employed. Iron and steel 
works machinery is a weak section. Makers of railway 
rolling stock report difficulty in booking orders owing to 
keen foreign competition. Orders for locomotive boilers 
have been received, and will enable plants to keep work- 
ing at a fair capacity for some time to come. A 23,000- 
h.p., hydro-electric turbine has been completed by a local 
firm for New Zealand. The total weight of the turbine is 
between 170 and 180 tons. A turbine of similar dimen- 
sions is expected to be ready for despatching during the 
next few weeks. Good business is being done in electrical 
apparatus, motor-car steel, aeroplane steel, stainless steel 
and rustless iron. Cold-rolled steel is a good line. 
Though the present demand for agricultural and garden 
implements is on a low level, distributors are beginning to 
show signs of placing orders for the coming season. 
South Yorkshire Coal Trade.—The demand for most 
classes of fuel has tended to increase, with the result that 
prices, on the whole, show an upward tendency. The 
tonnage of industrial fuel despatched for home con- 
sumption is higher, while overseas requirements show 
expansion. The house-coal market is more lively. A 
movement towards increased purchases has developed. 
A fair amount of activity prevails in the distribution of 
all classes of cokes. There is a steady run on steel- 
making coke, while blast furnace sorts are firm. Foundry 
and furnace coke are strong, both on home and export 
account. Considerable business is being done in gas 
coke at 25s. to 26s. f.o.b. Quotations: Best branch 
hand-picked, 26s. 6d. to 28s.; Derbyshire best brights, 
21s. to 23s. ; Derbyshire best house, 20s. 6d. to 21s. 6d. ; 
screened house, 18s. 6d. to 20s.; screened house nuts, 
16s. 6d. to 18s.; Yorkshire hards, 15s. 6d. to 17s. ; 
Derbyshire hards, lds. 6d. to 17s.; rough slacks, 9s. 
to 10s. ; nutty slacks, 7s. 6d. to 8s. 6d. ; smalls, 3s. to 5s. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 
The Coal Trade.—With an improvement in shipping 
supplies, coupled with a filling up of colliery stems, loading 
operations at the Welsh docks are on brisker lines than 
has been the case for some weeks past. Shippers and 
colliery owners are anxious to clear commitments before 
the Christmas holidays and, in this endeavour, they have 
been assisted by a satisfactory arrival of tonnage to take 
cargoes. The result is that for the first time for some 
weeks boats are waiting their turn to load, despite the fact 
that shipment operations have been accelerated. At the 
same time stocks of coal have been diminished, and sellers 
of Monmouthshire large have advanced their prices by 3d. 
er ton, best Black Veins now commanding 18s. 6d. to 
18s. 9d., Western Valley large, 18s. 3d. to 18s, 6d., and 
Eastern Valley large, 17s. 9d. to 18s. 3d. Dry large coals 
are fully booked up and practically unobtainable for 
loading this year, while dry nuts are nominal at 31s. to 
32s. 6d., owing to the absence of free supplies. Smalls, 
too, are scarce and difficult, and are usually unobtainable, 
except in conjunction with large. Shipments as cargo 
foreign in the past week amounted to 546,740 tons, which 
was 90,000 tons more than in the preceding week, and the 
highest weekly aggregate since the end of July. 
Egyptian Railway Contract.—Offers were opened yester- 
day in connection with the inquiry of the Egyptian 
State Railways for tenders for the supply of 165,000 
metric tons of large coal, delivered at Alexandria over the 
first five months of next year. It was found that 
Messrs. T. Beynon and Company, Limited, of Cardiff, 
had offered to supply the full quantity, in Welsh large coal, 
at 288, 44d. per metric ton, which was 1s, 43d. below the 
rice secured by Messrs. Wm. Milburn and Company, 
imited, and Messrs. Pyman, Watson and Company, in 
May last, for 180,000 tons. The present lowest tender 
submitted was 27s. 4d. for American unscreened coal, 
and the highest 30s. for Westphalian coal. It is, however, 
confidently expected that the order will be placed for 
Welsh coal. On one occasion during the last twelve 
months north-country coal was offered at more than 
3s. per ton below the lowest price submitted for W elsh 
coal—usually Monmouthshire large—but the Monmouth- 
shire coal was preferred. There is, therefore, good reason 
to believe that the order will come to South Wales. 
Trading Loss of 114,560l. in Three Months.—The 
official audit for the South Wales coal trade, for the three 
months ended October, shows a trading loss of 114,560/., 
equal to 2-43d. per ton, compared with 191,1112., or 
4-04d. per ton, in the previous quarter. The percentage 
of the 1915 standard rates of wages is 5-49 per cent., but 
as the minimum is 28 per cent. on these rates the owners 
are again called upon to meet the difference. During 
the quarter the pithead price was raised by 2}d. per ton. 
Compared with a year ago the output was raised b) 
1,256,000 tens, to 12,126,000 tons, and foreign cargo 
exports by 1,070,000 tons to 6,326,000 tons. 
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NOTES FROM THE NORTH. 


Gtascow, Wednesday. 

Scottish Steel Trade.—No change of any note falls to 
be recorded in connection with the Scottish steel trade, 
and business is quiet all round. Consumers continue 
to buy sparingly, and although plant is being kept 
moving much as in recent weeks, the outlook is far 
from reassuring. Inquiries do not hold out much 
promise of any revival in the near future, and ship- 
building requirements are gradually getting fewer. 
Overseas business is poor. In the black-sheet trade 
order books are very well filled at present, but mostly 
for light sheets. The demand for the heavier gauges is 
somewhat poor, and competition is keen, while the 
same conditions prevail in the case of galvanised sorts 
for the overseas markets. Prices are unchanged and are 
as follow :—Boiler plates, 10/. 10s. per ton ; ship plates, 
8l. 12s, 6d. per ton; sections, 8J. 2s. 6d. per ton; black 
sheets, } in., 9. per ton; galvanised corrugated sheets 
(No. 24 gauge), 137. 2s. 6d. per ton, all delivered at 
Glasgow stations. 


Malleable-Iron Trade.—The position in the West of 
Scotland malleable-iron trade has not changed, and a 
very dull state prevails. The depression which has 
existed in the trade for some considerable time shows no 
signs of lifting, and there seems little prospect of much 
change for the better this year now. The re-rollers of 
steel bars are still quiet, and the Continental competition 
is as keen as ever. Prices are as follow :—‘ Crown ” 
bars, 10/. 5s. per ton for home delivery and 91. 15s. per 
ton for export; re-rolled ‘steel bars, 7/. 15s. per ton, 
either for home delivery or for export. 

Scottish Pig-Iron Trade.—The pig-iron trade of Scotland 
is very dull this week, and the current output is more 
than ample for all requirements. Consumers are buying 
only in small quantities at the moment. Hematite is 
rather slow, and foundry grades are likewise. The 
following are the market quotations :—Hematite, 80s. 
per ton-delivered at the steelworks ; foundry iron, No. 1, 
78s. 6d. per ton, and No. 3, 76s. per ton, both on trucks 
at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, November 30, amounted to 703 
tons. Of this total, 597 tons went overseas, and 106 
tons coastwise. During the corresponding week of last 
year, the figures were 765 tons overseas and 42 tons 
coastwise, making a total shipment of 807 tons. 


Shipbuilding Contract.—Messrs. William Denny and 
Bros., Limited, Dumbarton, have received an order from 
the London, Midland and Scottish Railway Company, to 
build a passenger steamer for service on the Clyde. She 
will be of a new design, embodying entirely fresh features 
and should prove of great service to the travelling public. 

Scottish Shipbuilding.—The shipbuilding returns from 
the different Scottish districts for the month of November 
are not at all encouraging. Not only was the total out- 
put the smallest for any month this year, but it was 
much below the average for the month of November. 
The following are the details :— 


Vessels. Tons. 

The Clyde or iia a ae 9 18,648 
The Forth _... ses ae sete 2 5,179 
The Tay roe ale oe al 1 1,463 
The Dee and Moray Firth ... See 2 * 928 
Total 14 26,218 


The Clyde figures give some little indication as to the 
falling-off in production which is fast overtaking the 
industry. The year, to date, has been a fairly good one, 
but the booking of new tonnage in recent months has 
not been too good, with the result that there are now 
many empty berths. During the past month only 
some 11 new contracts were reported, and at least half-a- 
dozen of these were for small craft. The Clyde output 
for the year, to date, is 189 vessels of 477,161 tons, 
against 180 vessels of 555,260 tons for the corresponding 
period of last year. The outlook for the industry is not 
very bright, as owners are not inclined to place orders for 
new tonnage until they see some prospect of improve- 
ment in the freight market. 








PERSONAL.—On page 434 ante we referred to the forma- 
tion of the organisation named Messrs. British Toledo 
Scales, Limited, to take over the sales and service facilities 
of Toledo scales. We now learn that the service organisa- 
tion has been extended to cover all types and makes of 
scales, Particulars may be obtained from Dept. E.G.3, 
British Toledo Scales, Limited, Bush House, Aldwych, 
London, W.C.2.—On account of the increasing demand 
for electric resistance furnaces for industrial purposes, 
Messrs, Electric Furnace Company, Limited, of 17, 
Victoria-street, London, S.W.1, have formed, and will 
be the sole proprietors of, a subsidiary company named 
Messrs, Electric Resistance Furnace Company, Limited, 
which will deal with this branch of their activities—An 
extensive addition is being made to the factory of Messrs. 
Merryweather and Sons, Limited, Greenwich-road, 
London, 8.E.10. The new buildings will have a frontage 
of 200 ft., and will be completed early in the new year.— 
Messrs. 8S. G. Flagg and Company, Limited, have pur- 
chased the business and stock of Messrs. T. P. Jones, 
Atlas Tube Works, Farringdon-road, London, E.C.1, 
and are transferring the business to their premises at 
72 and 75, Turnmill-street, London, E.C.1.—As already 
announced in ENGINEERING, Messrs. British Brown- 
Boveri, Limited, are transferring their offices, on Decem- 
ber 7, from Trafalgar House, Waterloo Place, to 56, 
Victoria-street, London, S.W.1.—Messrs. Sargent and 
Lundy, Ine., have removed their offices from 72, West 
Adams-street, to 20, North Wacker Drive, Chicago, 
Illinois, U.S.A. 





NOTICES OF MEETINGS, 


INstITUTION OF MECHANICAL ENGINEERS.—To-night, 
7 +p.m., Storey’s-gate, S.W.1. Informal Meeting. 
“* Diesel Engine Developments,” introduced by Mr. W. A. 
Tookey. South Wales Branch : Tuesday, December 10, 
6.30 p.m., Swansea. ‘‘Some Features of Municipal 
Accounts and Finance and their Bearing on Cost 
Accounts,’ by Mr. R. A. Wetheral. London: Friday, 
December 13, 6 p.m., Storey’s-gate, S.W.1, “‘ Bearings 
for Line Shafting,’”’ by the late Professor G. F. Charnock, 
read by Mr. F. Wigglesworth. 


JUNIOR INSTITUTION OF ENGINEERS.—-To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘‘ The Demolition of 
Lambeth Bridge,” by Mr. A. .B. Gowring. Friday, 
December 13, 7.30 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2. Presidential Address: ‘*‘ Some 
Engineering Difficulties and How They were Overcome,” 
by Sir E. W. Moir. . 

INSTITUTION OF MUNICIPAL AND County ENGINEERS. 
South Western District : Saturday, December 7, 2.30 p.m., 
The Castle, Exeter. ‘‘The Local Government Act, 
1929,” by Lieut.-Col. E. J. Stead. Northern Ireland 
District Meeting: Wednesday, December 11, 6.45 p.m., 
Municipal College of Technology, Belfast. ‘‘ Town 
Planning,”’ by Mr. R. B. Donald. 


MINING INSTITUTE OF ScoTLAND.—Saturday, Decem- 
ber 7, 3 p.m., Royal Technical College, Glasgow. ‘‘ Recent 
Progress in Underground Conveying,’”’ by Mr. 8. Mavor. 
*“* Some Notes on Colliery Blasting Practice,” by Mr. J. E. 
Lambert. ‘‘The Lochaber Water Power Scheme and 
its Geological Aspect,’’ by Mr. B. A. Peach. 


Institute OF British FouNnDRYMEN.—Lancashire 
Branch : Saturday, December 7, 4 p.m., College of 
Technology, Sackville-street, Manchester. ‘‘ Nickel in 
the Iron Foundry,” by Dr. A. B. Everest. West Riding 
of Yorkshire Branch: Saturday, December 7, 6.30 p.m. 
Technical School, Bradford. ‘“‘The Future of the 
Foundries in Great Britain with Special Reference to 
Continuous Casting,’’ by Mr. A. 8. Beech. Lancashire 
Branch, Burnley Section: Tuesday, December 10, 7.15 
p.m., Technical College, Burnley. ‘‘ Machinery and 
Plant Used in Manufacture of Textile Castings,’’ by Mr. 
J. Pell. Birmingham, Coventry and West Midlands 
Branch: Friday, December 13, 7.30 p.m., Chamber of 
Commerce, New-street, Birmingham. ‘‘ Modern Steel 
Castings,”” by Mr. F. J. Hemming. Middlesbrough 
Branch: Friday, December 13, 7.45 p.m., Cleveland 
Technical Institute, Corporation-road, Middlesbrough. 
‘*Some Notes on the Behaviour of Dissolved Gases in 
Cast Iron,” by Mr. J. E. Hurst. Sheffield and District 
Branch : Friday, December 13, 7.45 p.m., Albany Hotel, 
Fargate, Sheffield. ‘‘Coal Dust and Facings in the 
Foundry—Some More Practical Experiments,” by Mr. H. 
Winterton. East Midlands Branch: Saturday, Decem- 
ber 14, 6 p.m., University College, Nottingham. ‘‘ Pro- 
duction of Castings for Internal-Combustion Engines, 
by Mr. A. L. Key. Newcastle-on-Tyne and District Branch : 
Saturday, December 14, 6.15 p.m., Neville Hall, New- 
castle-on-Tyne. “The Future of the Foundries in 
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Great Britain, with Special Reference to Continuous 
Casting,” by Mr. A. S. Beech. Wales and Monmouth 
Branch : Saturday, December 14, 6.30 p.m., Technical 
College, Newport. ‘‘ Steel Making,” by Professor C. A. 
Edwards. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 


December 9, 7 p.m., Victoria-embankment, W.C.2. 
Informal Meeting. Discussion on ‘‘To Earth or Not to 
Earth,” by Mr. W. R. Rawlings and Mr. T. C. Gilbert. 
North-Eastern Centre: Monday, December 9, 7 p.m., 
Armstrong College, Newcastle-on-Tyne. ‘‘ The Analysis 
and Measurement of the Noise Emitted by Machinery,” 
by Mr. B. A. G. Churcher and Mr. A. J. King. Thursday, 
December 12, 6 p.m., Joint Meeting with British Section, 
Société des Ingenieurs Civils de France. ‘‘ The Elec- 
trical Plant and Network of the Société Electrique de 
la Sidérurgie Lorraine,” by Mr. L. A. E. Sekutowicz 
and Mr, A, Evain. 

InstITUTE OF METALS,—Scottish Local Section : Mon- 
day, December 9, 7.30 p.m., Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. ‘‘ Melting Furnaces,’’ by Mr. G. L. Cassidy. 
North-East Coast Local Section: Tuesday, December 10, 
7.30 p.m., Armstrong College, Newcastle-on-Tyne. 
‘** Nickel in Non-Ferrous Foundry Alloys,” by Mr. W. T. 
Griffiths. London Local Section: Thursday, December 
12, 7.30 p.m., Society of Motor Manufacturers and 
Traders, Limited, 83, Pall Mall, S.W.1, Joint Meeting with 
Institute of British Foundrymen. ‘‘ Metal Melting by 
Electricity,”” by Mr. D. F. Campbell and Mr. W. S. 
Gifford. Birmingham Local Section : Thursday, Decem- 
ber 12, 7 p.m., Chamber of Commerce, New-street, 
Birmingham, Joint Meeting with Birmingham Metallur- 
gical Society and Staffordshire Iron and Steel Institute. 
* Die Casting,” by Mr. A. H. Mundey. She Local 
Section : Friday, December 13, 7.30 p.m., The University, 
St. George’s-square, Sheffield. ‘‘ Physical Testing,” by 
Professor F. C. Lea. 

INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tues- 
day, December 10, 5.30 p.m., Royal Society of Arts, 
John-street, W.C.2. ‘The Engineer in Relation to 
the Petroleum Industry,” by Mr. J. Gillespie. 


INSTITUTION oF CIvIL ENGINEERS.—Tuesday, Decem- 
ber 10, 6 p.m., Great George-street, S.W.1. ‘* The 
Locomotive and Bridge Oscillation,” by Professor W. E. 
Dalby. Wednesday, December 11, 6 p.m. Informal 
Meeting. ‘‘The Heating of Buildings by Electricity 
off Supply Mains, with Special Reference to the Problem 
of Heat-Storage and Off-Peak Loads,’ by Mr. A. H. 
Barker. Birmingham and District Association: Thurs- 
day, December 12, 6 p.m., Chamber of Commerce, 





New-street, Birmingham. ‘‘ Experimental Solution 
of Practical Hydraulic Problems with Special Reference 
to the Use of Models,”’ by Capt. H. W. Coultas. 

ILLUMINATING ENGINEERING Socrety.—Tuesday, 
December 10, 6.30 p.m., Home Office Industrial Museum, 
Horseferry-road, S.W.1. Discussion on ‘ Problems in 
Illuminating Engineering.” 

INSTITUTE OF MARINE’ ENGINEERS.—Tuesday, 
December 10, 6.30 p.m., 85-88, The Minories, E.C.3. 
Presidential Address, by Engineer Vice-Admiral Sir 
R. Dixon. Thursday, December 12, 6.30 p.m., 
Graduates’ and Students’ Meeting. Address by Mr. 
J. R. Douglas, ‘‘ What is Expected of a Junior Engineer 
on Joining his First Ship.” 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Coventry 
Centre: Tuesday, December 10, 7.30 p.m., King’s 
Head Hotel, Coventry. “The Relative Safety of 
Mild and High-Tensile Steels under Alternating and 
Pulsating Stresses,”” by Dr. B. P. Haigh. 

SWEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
December 10, 7.30 p.m., 198, West-street, Sheffield. 
“The Spalling and Disintegration of Refractory Mate- 
rials,” by Mr. A. T. Green. 

INSTITUTE OF FuEL.—Wednesday, December 11, 
6 p.m., Chemical Society, Burlington House, Piccadilly, 
W.1. “The Coal Burning Art as Applied to Steam 
Production,” by Mr. W. D. Wylde. 

INSTITUTION OF PRODUCTION ENGINEERS.—Luton, 
Bedford and District Section : Wednesday, December 11, 
7.30 p.m., Royal Hotel, Mill-street, Luton. ‘‘ Progess 
in Manufacturing Methods,’’ by Mr. J. H. Garnett. 

INSTITUTION OF ENGINEERS IN CHARGE.—Wednesday, 
December 11, 7.30 p.m., St. Bride Institute, Bride-lane, 
E.C.4. ‘“‘ Pumps and Their Selection for Various 
Duties,’’ by Mr. E. B. Tait. 

Farapay Socrety.—Wednesday, December 11, 8 p.1n., 
Northampton Polytechnic Institute, St. John-street, 
E.C.1. Joint Meeting with Electroplaters’ and Depositors’ 
Technical Society. ‘“‘The Effect of Addition Agents 
upon the Conductivity, Cathodic Polarisation and 
Grain Size of Deposits obtained from the Cell : Cu/CuSO,, 
H,SO,/Cu,” by Mr. B. Clark and Mr. E. O. Jones. ‘‘ The 
Electro-Deposition of Silver from Argentocyanide 
Solutions,” by Mr. 8. Glasstone and Mr. E. B. Saniger. 


Royat Socrety or Arts.—Wednesday, December 11, 
8 p.m., John-street, Adelphi, W.C.2. ‘‘ Overheads and 
other Factors Influencing Road Transport Costs, from 
an Engineers’ Viewpoint,” by Major C. Wheeler. 

Roya AERONAUTICAL Socrety.—Thursday, Decem- 
ber 12, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘‘The Development of Materials for 
Aircraft Purposes,’’ by Dr. W. Rosenhain. 

Society or CHEMICAL INDUSTRY: CHEMICAL ENGI- 
NEERING Group.—Thursday, December 12, 6.30 p.m., 
The University, Bristol. Joint Meeting with Bristol 
Section. ‘‘The Treatment of Flotation Concentrates 
Preparatory to Zinc Smelting,” by Mr. 8. Robson. 

Optica Socrety.—Thursday, December 12, 7.30 p.m., 
Imperial College of Science and Technology, South 
Kensington, S.W.7. ‘The Insensitivity and Personal 
Equation Errors of Optical Settings,” by Mr. J. Guild. 
Exhibits and Demonstrations by Messrs. A. Hilger, 
Limited, Mr. C. Brown, and Messrs. C. W. Dixey and 
Son. 

INSTITUTION OF WELDING ENGINEERS.—Thursday, 
December 12, 7.45 p.m., Caxton Hall, Westminster, 
S.W.1. “The Fusion Welding of Unfired Pressure 
Vessels,” by Mr. L. W. Schuster. 


DigsEt ENGINE Users Assocration.—Friday, Decem- 
ber 13, 3.30 p.m., Caxton Hall, Westminster, S.W.1. 
“A Form of Coupling for Geared Diesel Engines for 
Land and Marine Purposes,” by Mr. W. Grose. 


INSTITUTION OF ENGINEERING INSPECTION.—Friday, 
December 13, 5.30 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2. ‘‘ The Trend of Development in 
Railway Signalling,” by Capt. B. H. Peter. 

INSTITUTION oF LocomMoTIVE ENGINEERS.—North- 
Eastern Centre: Friday, December 13, 7 p.m., Hotel 
Metropole, Leeds. ‘‘ Safety Valves,” by Mr. W. Har- 
greaves. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
December 13, 7.15 p.m., Engineers’ Club, Albert-square, 
Manchester. ‘“‘ Electric Furnaces for Steel Melting,” 
by Mr. N. R. Davis and Mr. C. R. Burch. 





Tue Late Mr. W. 8S. ABsBott.—We regret to note the 
death, on November 30 last, at his home, The Patch, 
Branksome Park, Bournemouth, of Mr. William Suther- 
land Abbott, who spent many years of his active life 
in Brazil, where he was engaged in railway construction. 
He was born on November 30, 1855, and was articled 
to Messrs. J. and W. Dudgeon, of Millwall, in 1870. Upon 
completing his articles, in 1876, he was for a year in the 
shops of the London and South Western Railway, and 
afterwards entered the drawing office of Messrs. Appleby 
Brothers. Mr. Abbott first went out to South America in 
1880, in which year he superintended the erection and 
fitting up of the workshops of the Great Western Railway, 
Pernambuco, Brazil. Later he was appointed assistant 
engineer on the construction of the Alagoas Railway, 
Brazil, and continued to be connected with this line 
for many years. He was afterwards locomotive superin- 
tendent and assistant resident engineer, and eventually 
became general manager and resident engineer of the 
Railway. A former student member of the Institution of 
Civil Engineers, he became an associate member on 
December 1, 1885, and was elected to full membership 





on November 19, 1898. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 


TrLrcraPuic | “ ENGINEERING,” WESTRAND, 
ADDEESS LONDON. 
TELEPHONE NuMBER—TEMPLE BAR 3663 
(2 lines). 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it oan be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 





For the United Kingdom.....................6 £3 5 0 
For Canada— 
Thin paper copies .................c0 £2 18 6 
Thick paper copies.....................0. £3 3 0 
For all other places abroad— 
Thin paper copies ....................0+ £3 3 0 
Thick paper copies....................:0+ ia. 7% 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
eommunicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words.;: When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Poston Thursday. In consequence 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of publication. 


All accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
N.S.W. T. Willmett and Company, Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Limited, 91-93, Queen-street, East. 

DENMARK, Copenhagen: Kaat-Jensen and Company, Vester 
Farimagsgade 22. 

EDINBURGH: John Menzies and Company, Limited, Rose-strect. 

FRANCE, Paris: Ricour, Chevillet et Cie. 22, Rue de la Banque. 

GERMANY: Hermann Fromm, Liitzowstrasse, 84, Berlin, W.35. 

GLASGOW: William Love, 221, Argyle-street. John Menzies and 
Company, Limited, West Nile-street. 

HOLLAND, Rotterdam: H. A. Kramer and Son, Limited. 

Inp1A, Calcutta : Thacker, Spink and Company. 

Bombay: Thacker and Company, Limited. 

ITALY: U. Hoepli, Milan. Anonima Libraria Italiana, Torino 
and any post office. 

JAPAN, Tokio: Maruzen Company, Limited, and all branches. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER : John Heywood, Limited, 143, Deansgate. 

NEW ZEALAND: Gordon and Gotch, Limited, Wellington, 

: Auckland and Christchurch. 

Norway, Oslo: Cammermeyer’s Boghandel, Carl Johans Gade, 
41 and 43. 

SouTH AFRICA: Central News Agency, Limited. Head Office— 
Johannesburg; and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban and various branches and book- 
stalls throughout South Africa. Wm. Dawson and Sons 
(South Africa), Limited, 29, Long-street, Capetown. 

TASMANIA : Gordon and Gotch, Limited, Launceston, Hobart. 

UNITED StaTEs, New York: For subscriptions, The International 
News Company, 131, Varick-street. For advertisements, 
J. 8. Allan, 80, Church-street. 
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THE ADMINISTRATION OF THE 
ROAD FUND. 


THOSE of our readers who have not forgotten 
Willans’ Law will be aware of its value in keeping 
the mind concentrated on essential issues, and a 
similar rule would be very acceptable for dealing 
with the transport question. At the present time, 
it is unusual to open a newspaper without finding 
one or more articles dealing with this subject, but 
it is rarely indeed that the essential issues are set 
out. While in no way wishing to minimise the 
importance of good roads as a factor in national 
prosperity, it is at least arguable that there has 
been a tendency to over-emphasis in this direction 
in recent years. Between 1920 and 1927, the last 
year for which full details are available, the total 
expenditure on roads has exceeded a total of 
340,000,000/., and it is probably only because the 
major portion of this cost has fallen on the rates 
that it has not created any appreciable disquietude. 

It is impossible to reach any consensus of opinion 
about whether our annual expenditure on road con- 
struction and maintenance has reached the point of 
extravagance, but those who favour the present lavish 
scale can at least point to the enormous develop- 
ment in traffic which has accompanied the policy. 
Quite apart from the increase in touring cars, of which 
the numbers on the roads have nearly quadrupled 
in the past seven years, the number of motor-cycles 
was more than doubled in the same period, while 
commercial vehicles have increased from 135,000 to 
305,744. Itis hardly too much to say that the bulk 
of these increases is directly attributable to improved 
road facilities. Of the figures mentioned, those 
referring to commercial vehicles are the most 
important, since they represent a large diversion 
of goods and passenger transport from the railways 
to the roads. The figures in themselves are, how- 
ever, somewhat misleading, as they do not take 
account of a marked increase in the average load 





per vehicle. A traffic flow in excess of 175,000 tons 








per week is now common on many provincial roads, 
and credit is due both to the vehicle designer and 
to the road constructor for the fact that these roads 
are standing such loads, upon the whole, without 
unduly rapid depreciation. 

Owing to the partial failure of certain of the 
new arterial roads to withstand, for any length of 
time, the traffic conditions to which they have 
been subject, there is a rather wide impression that 
road construction has not, in general, kept pace 
with traffic demands. This idea is the more 
mischevious in that it may be said to contain a 
grain of truth. The vast majority of the new roads 
have been made over ground that has never been 
consolidated, and not a few have been carried for 
considerable distances over newly-made ground. 
In such cases, the subsoil has naturally settled and 
flowed to some extent under the vibratory forces 
of passing traffic, with, in some areas, extremely 
local, and in others widespread, failure of the road 
surface. In discussing this matter, it is to be 
remembered that little previous experience was 
available of the effect of modern high-speed traffic 
on newly-laid roads, and even where it was sus- 
pected that the effects would be somewhat detri- 
mental, no practicable method could have been 
suggested for consolidating miles of subsoil in 
advance. Deliberately the traffic was allowed to 
perform this essential function, and against the 
grievances of private motorists may be set the 
advantages of opening the roads to traffic at the 
earliest possible date. Once the subsoil is consoli- 
dated, we imagine that complaints of rapid destruc- 
tion will be comparatively rare, but, as a matter of 
fact, road engineers are by no means satisfied to 
allow matters to take their natural course in this 
way. 

The behaviour of the subsoil forms the subject of 
active research on the part of the Ministry of Trans- 
port, together with investigations on the effect of 
temperature variations, the impact effect of various 
types of vehicle, and the conditions which give rise 
to skidding. None of these investigations is yet 
completed, but some interesting interim results are 
recorded in the Report on the Administration of the 
Road Fund for the year 1928-29. In view of the 
extent to which concrete forms the basis of modern 
roads, the investigations carried out on the Barnet 
By-pass are of particular interest. When this road 
was constructed, two experimental sections were 
laid in concrete, and six observation bases were con- 
structed alongside these to support a level. At the 
same time, seatings for the level staff, consisting of 
stainless-steel plugs, were let into the surface of the 
roadway. These sections have been open to traffic 
since August, 1927, and during the year 1928-29, 
observations of levels have been taken ; examina- 
tion of samples of concrete, taken from portions of 
the road which have failed, has been carried out ; 
and the surface has been under continual inspection 
for the purpose of recording the development of 
cracks. Observations of levels have led to the 
conclusion that the slope of the whole area of the 
ground adjacent to the road is continually changing. 
In addition, an undulatory movement of the concrete 
along the axis of the road itself has been observed, 
and the fact that concrete slabs curl has been con- 
firmed, the corners moving relatively to the middle 
from time to time. The latter action is, of course, 
due to atmospheric temperature variations, and it is 
probable that such variations also play their part in 
the two former movements. No doubt further ob- 
servations will reveal the relative importance of tem- 
perature and moisture on the movements of the road 
and subsoil, and also the part played by the slope of 
the ground. It is probable that consolidation pro- 
ceeds for a considerable period after the road has 
been opened, and further observations may be ex- 
pected also to throw light on this point. 

As regards cracking, it has been found that this 
is very pronounced at the acute corners of the | 
unreinforced slabs where the transverse joints make 
an angle of 60 degrees with the kerbs. Where top 
reinforcement has been employed, fractures at 
such corners have not occurred. The slabs 
employed on the experimental sections vary in 
width, and it has been found that those 10 ft. wide 
have not developed so many transverse cracks as 





those 15 ft. wide, while in slabs 30 ft. in width there 








is a marked tendency for cracks to develop longi- 
tudinally, approximately on the crown of the road. 
The materials employed for the concrete were tested 
before use by the National Physical Laboratory, and 
examination by inspection, and by mechanical tests 
on samples taken from slabs which have failed, do 
not throw any light on the causes of failure. Tests 
are being carried out in collaboration with the 
Laboratory on the factors affecting the strength of 
concrete. Among the preliminary results reached, 
it has been confirmed that for a particular set of 
conditions of mixing, the strength of the concrete is 
a function of the ratio of water to cement, and is, 
to a considerable extent, independent of the ratio 
of total aggregate to cement, providing that the 
ratio of water to cement does not fall below a 
critical value. Below this critical value, there is a 
sudden decrease in the strength of the resulting 
concrete, and the reduction in strength is much 
greater for a small reduction of the water-cement 
ratio below the critical value than for a corresponding 
increase above that value. For the machine-mixed 
hand-moulded cubes used in the experiments, the 
critical values of the ratio were approximately 
0-4, 0-51 and 0-56 for 4 to 1, 6 to 1, and 7 to 1 
mixes respectively. 

In view of the number of accidents which can be 
directly attributed to skidding, the investigations 
carried out under this head are of particular interest. 
The majority of skids are undoubtedly due to lack 
of skill on the part of the driver, but when this 
factor has been eliminated, the responsibility must 
be shared between the vehicle designer and the road 
designer. The former is hardly to be blamed for 
any defects that his vehicle may have from this 
point of view, as the various factors in the design 
of a vehicle which give rise to skidding have hitherto 
been little understood, and experiments are exceed- 
ingly difficult to carry out. Even as regards the 
coefficient of friction between the tyre and the road 
surface, actual road tests would appear to be almost 
essential, as such factors as camber, roughness of 
surface, and the presence of water, oil, or other 
foreign matter on the surface, are almost impossible 
to simulate effectively in the laboratory. The 
determination of the point at which skidding will 
occur is almost, in fact, the determination of a 
critical state. As already mentioned, the investiga- 
tions carried out by the Ministry of Transport in 
conjunction with the National Physical Laboratory 
are not yet completed, and from what we have said 
it appears likely that they must extend over several 
years, to arrive at results having any general 
application to vehicle design. Some results have, 
however, been obtained on the measurement of 
resistance to skidding offered by various road 
surfaces under different atmospheric conditions. 
The experiments were carried out on the motor- 
cycle combination described in our columns some 
time ago (see page 4, ante), and the more important 
results obtained were given in the same article. 

As regards the impact of vehicles on highways, 
this research was commenced in 1926-27, and has 
for its object the investigation of the damage done 
to roads by the impact of the wheels of vehicles. 
The first stage in the investigation consisted of the 
design and construction of measuring instruments 
and a test vehicle. It was found that the existing 
portable vibration indicators were not suitable for 
such high frequencies as occurred with wheels having 
certain tyre equipment, and the work this year 
has, therefore, consisted mainly in the design and 
construction of suitable indicators. The report 
states that knowledge appears to be lacking on the 
amplitude and frequency of the vibrations in the 
road surface measured some distance away from the 
point where the blow is delivered to the road, and 
of the impact causing the vibrations. Considera- 
tion was given to the possibility of measuring the 
impact of the wheel on the road at the actual 
point of impact, but it was later decided to obtain 
the measurement by means of suitable apparatus 
mounted on the vehicle. This decision involved 
the measurement of the linear acceleration of 
each wheel of the vehicle in a vertical direction, and 
the instrument first employed for this purpose 
was abandoned on account of hysteresis and zero 
creep. The construction of an alternative form 
of instrument is now in hand. 
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THE BARTON NUISANCE CASE. 
THOSE who enjoy the subtleties of the law may 
be advised to study the long-delayed judgments 
given in the House of Lords on Thursday, November 
28, in the action of Farnworth versus the Manchester 
Corporation. The plaintiff, it may be recalled, is 
a farmer, claimed damages and an injunction for 
the nuisance caused by the sulphurous fumes and 





noxious matter emitted from’ the chimneys of the 
Barton generating station. In the early stages of | 
the litigation, the defendants, who owned the | 
station, admitted that a nuisance had been caused, | 
and thereafter the whole case turned on the 
interpretation of the various Acts involved. 

To make the points at issue clear, it is necessary to 
summarise the law on the subject. Prior to 1899, 
electric power stations were erected under the 
authority of Provisional Orders and Confirming 
Acts, and these almost invariably contained a clause 
making the undertakers responsible for any nuisance 
caused by them. In that year, the Electric Lighting 
(Clauses) Act, 1899, was passed to obviate the con- 
tinued repetition of certain provisions, including 
the nuisance clause, in subsequent orders. The 
result was that these provisions were automati- 
cally incorporated in all subsequent orders or 
“special”? acts, unless they were specifically ex- 
cepted. The Barton station was erected not under 
a Provisional Order, but under the Manchester 
Corporation Act, 1914, and the principal point at 
issue was whether this measure was a “ special” 
act or not. If, as the plaintiff contended, it was ; 
then the Corporation was liable for nuisance. If, 
however, the station was specially authorised by 
an Act of Parliament and the emission of fumes 
was a necessary consequence of its operation, 
the defendents were not liable. Naturally, the 
Corporation held the latter view. In this they 
were upheld by Mr. Justice Talbot in the court of 
first instance, by Lord Justice Sankey and Lord 
Justice Lawrence in the Court of Appeal, and by 
Lord Sumner and Lord Blanesburgh in the House 
of Lords. On the other hand, Lord Justice Scrutton, 
in the Court of Appeal, and Lord Dunedin in the 
House of Lords, held that the Act of 1914 was a 
**special’’ act. The reason given by the latter 
for this decision was that the Act, by authorising 
the erection of a station, also authorised supply 
‘* with an area.” In other words that the elec- 
tricity generated therein must be used somewhere 
else. If this had been all the Corporation would 
we suppose have won the day, but there remained 
the other point: Whether the Corporation had 
taken all reasonable precautions to avoid the 
nuisance. Mr. Justice Talbot said they had, and 
was supported by Lord Justice Lawrence in the 
Court of Appeal. But Lord Justices Scrutton and 
Sankey held they had not, and all three lords, in 
the House of Lords, agreed with them. The short 
result, therefore, is that the Corporation have lost 
their case, and are now liable to damages for 
nuisance after a period of one year from the date of 
the order giving effect to last week’s judgment. 
There having been so great a difference of opinion 
among the judges, it seems a pity that the Cor- 
poration did not stick to their contention that 
there was no nuisance. The consequent dialectic 
might have made even better reading. 

We do not propose to deal in any detail with 
the arguments which led up to this decision except 
to protest against the opinion expressed by Lord 
Dunedin that the Corporation will now sit with 
their hands folded, and that other municipalities, 
when arranging for a generating station, will try to 
get the necessary authority by an omnibus Act, 
which will contain no nuisance clause. The fact 
is that engineers, for technical, rather than legal, 
reasons, have for some time been earnestly search- 
ing for ways and means of solving both the grit 
and the sulphurous fumes problem. The former, 
of course, has already been overcome, and the 
latter, as is amply indicated by the report on the 
Battersea station, which we published on page 716 
of our last issue, is, we are glad to see, in a fair 
way to being successfully dealt with. The investi- 
gations summarised in that report were under- 
taken not in response to newspaper agitation, but 
because it was realised that it would be absurd to 





work for the abatement of smoke from domestic 
and industrial chimneys, and at the same time to 
produce it in concentrated form elsewhere. Since 
the legal position is.so uncertain this is doubly the 
correct policy to pursue, and it is gratifying that 
the the London Power Company have found a 
way out of the difficulty by a less tortuous path 
than litigation and the construing of obscure 
enactments provide. 








NOTE. 
THE PRESERVATION OF TIMBER. 


AtrHougH for many years past it has been cus- 
tomary to employ protectively treated wood for 
railway sleepers, telegraph poles, fencing posts 
and piles, there has been no very general movement 
to extend the practice of timber preservation to 
other wooden articles and structures. The gradual 
depletion of our forests, however, and the increasing 
cost of the raw material have caused attention to 
be turned more and more to means of protecting 
timber against rot and the attacks of insects, 
and so increasing its useful life. In fact, a fair 
proportion of the work of H.M. Forest Products 
Research Laboratory at Princes Risborough is 
concerned with these problems. For some time 
past the feeling has been gaining ground that an 
association, the main objects of which would be to 
spread knowledge concerning wood preservation 
and to investigate all possible methods of timber 
protection, would have the effect of bringing together 
the many interests involved. Consequently, Sir 
Harold Boulton, of Messrs. Burt, Boulton and 
Haywood, Limited, and Sir James Calder, of Messrs. 
Calders, Limited, both of whom are timber mer- 
chants, took the initiative of calling a meeting at 
the Metropole Hotel, Northumberland-avenue, 
London, W.C.2, on December 3 to discuss the 
formation of a Wood Preserving Association. The 
meeting was attended by representatives of the 
Forestry Commission, the Forest Products Research 
Laboratory, the several schools of forestry, the 
General Post Office and other Government Depart- 
ments, the railway groups, the timber trade, 
estate-owners’, building and surveying organisations, 
the Institutions of Civil and Electrical Engineers, 
the Royal Institute of British Architects, and 
the Corporation of Trinity House. Mr. Leslie 
Wood was elected chairman, and, after a brief 
speech, in the course of which he mentioned that a 
Wood Preserving Association having a large member- 
ship already existed in the United States, he called 
upon Sir Harold Boulton to address the meeting. 
Sir Harold stated that the scope of the proposed 
Association would not be merely limited to creoso- 
ting. Knowledge covering any type of wood 
preservative for any particular purpose would be 
disseminated. He also recalled that some twenty 
years previously it had fallen to his lot personally 
to persuade the great Canadian railway companies to 
put a stop to the great waste of their timber 
resources by seriously taking up creosoting. Sir 
James Calder, who followed, paid a tribute to the 
benefit he had received through his membership of 
the American Wood Preserving Association, and 
added that the proposed Association would deal 
with the subject on a scientific basis. Another 
speaker, Lord Clinton, stated that care would be 
taken that there should be no overlapping between 
the work of the projected Association and that of 
the scientific bodies already concerned in timber 
research. He therefore proposed that a Wood 
Preserving Association be formed, and that a 
provisional committee be set up to draft rules and 
submit them to a further meeting. After several 
other speeches had been delivered, Lord Clinton’s 
resolution was put to the meeting and carried 
unanimously, and it was decided to appoint a 
provisional committee comprising representatives 
from the creosoting industry, the railway groups. 
the General Post Office, the timber trade, estate- 
owners’, architects’ and building organisations, the 
Tar Distillers’ Association, the Wood Distillers’ Asso- 
ciation, the Mining Association of Great Britain, the 
Electrical Power Engineers’ Association, the British 
Engineering Standards Association, the Forest 
Products Research Laboratory, the Institution o! 
Civil Engineers, the Cable Makers’ Association. 
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the Empire Forestry Association, and various 
bodies representing marine interests. Power was 
given to the committee to elect additional 
members. 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN extraordinary general meeting of the Institu- 
tion of Mechanical Engineers was held on Friday last, 
November 29, at Storev’s-gate, St. James’s Park, 
S.W.1l. The President, Dr. Daniel Adamson, 
occupied the chair. 


New MemBer or Councit. 


No minutes of the previous meeting were read, | 
but prior to the opening of the subject for the even- 
ing, it was announced that Mr. Davjd E. Roberts 
had been appointed a member of the Council to 
fill the vacancy caused by the death of Professor 
G. F. Charnock. Mr. Roberts would retire at the 
next annual general meeting and would be eligible 
for re-election. 

Power-PLant Test REsvtts. 


An open debate on ‘‘ The Registration of Reliable 
Tests of Power-Plant Machinery,” was initiated 
by Mr. R. H. Parsons, who said there existed a 
need for some official registration of machinery. 
This would give manufacturers due credit, and would 
protect them from unfair competition, while it would 
furnish designers and others with unimpeachable 
data. A new organisation, directed by competent 
and reliable men, and deriving its income from 
fees charged for registration and the sale of its 
records, would be required. A properly authenti- 
cated test afforded the only possible means of 
demonstrating that a machine or plant was capable 
of doing what its makers had claimed for it. The 
usual tests had their limitations. The results from 
them could be incorrectly applied to inappropriate 
cases through the ignorance of enthusiastic sales- 
men and the apathy of buyers. This might result 
in unfair competition. Properly authenticated 
tests could not be misapplied. The code of the 
Heat Engine’s Trials Committee already provided 
a basis for the proper testing of power plants, and 
work on similar lines could be, if officially carried 
out, officially registered. The members of the con- 
trolling committee might be nominated by the 
councils of the leading institutions and trade associa- 
tions concerned with power-plant machinery, but 
no person professionally connected with the manu- 
facture of such machinery would be eligible. The 
committee would assume full responsibility, as 
Lloyd’s or other inspecting companies did. A 
national committee would be all that could be aimed 
at to begin with. An international one might follow. 

Mr. W. M. Selvey thought Mr. Parsons had some- 
what unduly stressed the improper use of tests in 
commercial practice. He himself had carried out 
many tests on behalf of purchasing firms and found 
that, for the Jast five or six years, all such plants 
had justified the manufacturers’ claims. He was 
also of opinion that the magnitude of the operation 
of testing a power plant had not been realised. For 
example a test recently carried out on a 25,000 
kw. plant required many weeks of preparation and 
necessitated the use of some 50 observers, duly 
organised into groups with five superintendents of 
the highest class drawn from both the manufacturers’ 
and customer’s staffs. Such tests were costly, but 
accuracy had to be paid for. Mr. Parsons’ proposed 
organisation would need to be, he continued, on the 
scale of the National Physical Laboratory. 

Mr. C. D. Gibb agreed that the subject was of 
great importance, as test results formed a sound 
basis for new design. The testing code of the Heat 
Engine Trials Committee had been referred to, 
personally, he would prefer that of the International 
Electro-Technical Commission. He thought that 
the results certified by those consulting engineers, 
who to-day almost specialised in testing, would be 
accepted by the world as readily as results certified 
by a committee. Again, an initial test needed to be 
Supplemented by others made at the end of one 
and five years service. 

Mr. I. V. Robinson considered that one objection 
to the registration of tests proposed lay in the con- 
stantly changing conditions of modern practice 
which would need frequent revision of codes. There 
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was, for example, the change made under the 1926 


Act, when stations were grouped into two classes, 
those running under good load conditions and the 
‘“‘peak-load”’ stations. He could not agree with 
Mr. Parsons as to the personnel of the suggested 
committee, as the proposal put forward seemed to 
exclude most of those with expert knowledge of 
power-plant machinery. 

Mr. B. Pochobradsky was of opinion that the 
proposal seemed based on exceptional cases rather 
than on an established need. After some comments 
on the uses of tests he suggested that a new organisa- 
tion could only be run efficiently by the very men 
who were engaged in testing to-day, as they alone 
possessed the necessary qualifications to make the 
results of value. As these men were employed by 
manufacturing firms, the result would be a stale- 
mate. The proposed registry, moreover, appeared 
likely to contain tests of exceptional plants rather 
than of average performance, and would not there- 
fore represent the true state of progress, 

Mr. W. A. Tookey said that the discussion so far 
had touched upon large turbine-plants, but internal 
combustion engine tests would need consideration. 
He disliked the proposal of a supervising engineer 
forwarding a secret report of a test to the Committee. 
At the same time he thought there was room for 
improvement in testing small plant, made on pro- 
duction lines, in the maker’s works. Probably some 
part of Mr. Parsons’ proposal could be realised by a 
certificate from some controlling body that a manu- 
facturer had proper equipment and staff to make 
accurate tests to a definite code. 

Mr. H. L. Guy said that the code suggested in 
the paper as a test basis, viz., the Heat Engines Trials 
Code was already out-of-date when it was pub- 
lished, owing to rapid development in power station 
design in the interim. Subsequent discussion 
at international conferences had produced the 
significant result that the only point agreed upon 
was that it was impossible to codify in detail the 
tests of the very complicated apparatus now put 
into power houses. He criticised adversely the 
composition of the suggested committee. There 
was a danger that, by excluding really expert men, 
an inaccurate and badly conducted test would 
receive a spurious hall-mark of accuracy. 

Mr. W. H. Patchel! said he felt somewhat respons- 
ible for the introduction of the subiect, as, after 
reading an article on it by Mr. Parsons, he had 
suggested to the President that the Institution 
ought to take an interest in any proposal for the 
formation of a Test Bureau. Both the paper and 
the discussion, however, had departed from the 
original intention which was that of considering 
tests on a wider basis than that of power plants 
only. Mr. Patchell continued by outlining the 
history of the Heat Engine Trials Code, and con- 
cluded by observing that he thought it would pay 
any commercial firm to have their plant properly 
tested. 

Mr. S. A. Smith asked whether a statement of 
Mr. Parsons’ to the effect that buyers would form 
their opinion of the credibility of a firm’s promises 
by comparing them with the performance officially 
recorded, meant that the test thus recorded guaran- 
teed efficiency or not. 

The President, in commenting upon Mr. Parsons’ 
presentation of the subject, said tests as now made 
were, he supposed confidential, and were carried 
out for the information of those who paid for 
them. It was an open question whether any con- 
siderable number of firms who might pay for tests 
by the suggested committee would consent to 
have the results published, or even to have them 
made known to the committee by the supervising 
engineer. 

Mr. R. H. Parsons made a brief reply. It 
had been stated that much more testing was carried 
on than the public was aware of, that many men 
were employed in such work and much money 
was spent on it. Surely, if this were the case, 
it would be better to have all the results collected 
and tabulated as would be done with a registration 
committee, than to let all the dearly-bought 
knowledge remain unknown and inaccessible. He 
thought that the adverse comments on the con- 
stitution of the suggested committee were based 
on a misunderstanding. All he intended to convey 


was that manufacturers should not be allowed to 
supervise tests of rival plants. He was of opinion 
that it was not impossible to get a spurious hall- 
mark on a test to-day; the proposed committee 
should at least make it more difficult. 

The Secretary then announced that an informal 
meeting would take place this evening at 7 o’clock, 
when a discussion on “‘ Diesel Engine Develop- 
ments ’’ would be introduced by Mr. W. A. Tookey. 
The next general meeting would take place on 
Friday, December 13, when a paper on “ Bearings 
for Line Shafting,” by the late Prof. G. F. Charnock, 
would be presented by Mr. F. Wigglesworth for 
discussion. 


THE ENGINEERING AND POWER 
CONFERENCES IN TOKYO. 


(Continued from page 715.) 








THE Conferences, of which we gave a pre- 
liminary account last week, closed officially on 
Thursday, November 7, and the overseas dele- 
gates subsequently dispersed—some immediately 
to return to their home lands and some to visit 
other parts of Japan. The Government provided 
liberal facilities, including free railway passes, to 
any part of Japan, Manchuria and Korea, and 
municipalities all over the land were prepared 
to welcome the members of the Congress. It is 
doubtful if ever such wide-open hospitality has 
been given to a body of engineers. In the numerous 
speeches which were heard during the closing days 
of the Congress a strong note of anticipation of 
political power was sounded by many engineers. 
The Japanese have made it very clear that they 
recognize their emancipation from an ancient 
menace of subjection as being due to technical 
science, and are gradually realizing that the engineer 
is really the master who may lead civilization into 
a new way of living. Great emphasis was placed 
on the fact that an engineer, President Hoover, is 
actually the head of one of the foremost nations, 
and if appearances are not to be mistaken, there 
would seem to be many of the younger nations 
who look forward to a state in which mechanical 
science (in a wide sense) will predominate as a 
social factor. These remarks may seem rather 
apart from the subject of the Congress, but there 
can be little doubt that the psychology of the 
occasion was of great importance. The Japanese 
hosts, hospitable and gracious as they may be, have 
a very definite aim, which is naturally to use the 
talent of the world to advance their nation, and 
it cannot but be important that they should regard 
this Congress as of definite assistance in their 
programme. 

A retrospect of the technical work of the Engi- 
neering Congress is possibly a little disappointing. 
On the whole, the discussions have been insufficient 
and inconclusive. Opposed views have been pre- 
sented without much advance towards reconcilia- 
tion, and as far as the non-Japanese members are 
concerned, the main result has been in the oppor- 
tunity for personal contact and the discovery of 
rival conceptions. This inconclusiveness may be 
attributed to insufficient experience and research 
in some cases, but has also been partly due to the 
very brief time available for studying the papers 
and to the overwhelming social activity which has 
accompanied the function. There were no less than 
ninety-one social engagements, and while no mem- 
ber found it possible to attend all these, most 
have made a gallant effort to be present at as many 
as’ possible. 

The World Power Conference was more successful 
in arriving at fairly definite standpoints. In this 
connection, the attention of the overseas members 
was forcibly drawn to the very great extent to 
which electrical energy is now being utilized in 
Japan. The country is seamed with high-tension 
lines from the hydro-electric plants in the central 
hill ranges, supplemented by thermal plants on the 
coasts. The Edison jubilee of the electric lamp 
was celebrated recently with great fervour in Japan, 
and it is asserted that 95 per cent. of the lighting 
in Japan is electric. In Tokyo itself a most lavish 
use is made of electric light, and the great amount 
of overhead linework is depressingly in evidence. 





Another interesting feature was the great extent 
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to which Japanese engineers contributed papers. 
Some of these were compilations, many were | 
academic, but a very good proportion were really | 
informative. It would be quite impossible for such | 
a large programme to be executed without providing 
much useful experience, and the final volumes of | 
papers and discussions, which are promised next 
summer, will undoubtedly contain much valuable 
matter, though with it some digests of comparatively 
little original value. 

Our previous article carried events as far as 
November 3. On the seventh day (Monday, 
November 4), the sectional sittings were resumed, 
and continued until the ninth day. The whole 
programme was thus carried out, and every paper 
in both the Congress and the Power Conference 
received at least mention, if not discussion. | 
Numerous lectures, some of them illustrated, were 
also given, while visits of inspection occupied those 
who were not at particular sectional meetings. The 
principal social events during these three days were 
a luncheon given by the Associated Civil Engineering 
Societies of Japan, a party at the Imperial Theatre, 
a tea party given by H.I.M., the Emperor, at which 
his representative attended, and the farewell dinner 
and ballon November 6. On the tenth day (Novem- 
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such praiseworthy energy from the time of the 
Opening Session. On this occasion of the closing 
of the Congress, I desire to convey to you the 
expression of my sincere appreciation of your 
sustained labours. 
Message from President Hoover. 
Tokyo, November 7, 1929. 
His Excellency 
Baron K. Furvicul, 
President, the World Engineering Congress, 
Tokyo. 

EXCELLENCy,—It is my agreeable duty to convey 
to the World Engineering Congress the following 
message from the President of the United States : 

“T take this occasion to send my greetings to 
the World Engineering Congress and to send 
my compliments to the members of the Congress 
on the accomplishments of this meeting. It is 
particularly gratifying to the engineers of the 
world that this meeting has been held in Japan 
as a recognition of the splendid progress and 
development of the science of engineering which 
has been attained by the Japanese nation. This 
meeting has marked a new step forward in the 
science, and has demonstrated the effectiveness of a 
generous interchange of information between the 





ber 7), the closing ceremonies were held, that of the 


engineers of the various countries who are all work- 


Congress being in the House of Peers, and that of | ing for the advancement of their profession.” 


the Power Conference in the Peer’s Club. Both 


were well attended. 
In regard to the Congress, in all, eighty-three | 


meetings were held; 460 overseas delegates and 
members attended, and 2,400 Japanese members. 
The overseas delegates were accompanied by over 
300 guests, mostly ladies. Students and the public 
were admitted to the sectional meetings by tickets. 

Prior to the closing ceremony of the Congress, 
a business meeting was held, at which the following 
resolutions were passed, followed by a vote of 
thanks to the Japanese Government and to the 
private hosts of the Congress, proposed by Dr. 
Sperry, and supported by representatives of all the 
national delegations : 

Resolution No. 1.—That the Delegates of the 
Various Nations be requested to explore the situa- 
tion, with a view of ascertaining the opinion, in 
their own Countries, as to the advisability and 
practicability of bringing forward for action some 
plan aiming at World Engineering Federation : 

And that this subject should have a place allotted 
to it at the next World Engineering Congress. 

Resolution No, 2.—Whereas it is understood that 
the Netherlands Royal Institute of Engineers is 
willing to take the lead in the investigation of 
certain irrigation questions of international im- 
portance : 

Be it resolved that this Congress favours an 
international investigation, to be carried on under 
the auspices of said Institute Division Netherlands 
East India, for report to the next World Engineer- 
ing Congress on the following questions : 

What subsidies, direct or indirect, are paid by 
various Governments to secure the construction 
of large irrigation and flood control and drainage 
works and with what justification ? 

Resolution No. 3.—That the attention of Engi- 
neering Societies in the various countries partici- 
pating in the Congress be directed to the importance 
of a full understanding of hydrostatic uplift, 
internal stresses and other factors affecting the safety 
of dams, and that the American Society of Civil 
Engineers be requested to invite the co-operation 
of the committee on Dams of the International | 
Navigation Congress, also the World Power Con- 
ference and the Engincering Organisations of the 
other countries represented at this Congress, in 
a study of this problem. 

At the closing ceremony messages were received 
from H.I.H. Prince Chichibu and President Hoover. 
The latter was of interest as the President of the 
United States was partially instrumental in inaugur- | 
ating the Congress, and had received a special 


Very respectfully, 
Epwin L. NEVILLE, 
Chargé d’ Affaires ad interim. 

A farewell address was given by Baron Furuichi, 
which was followed by addresses of thanks by the 
national representatives. Mr. R. L. Ranken 
(Delegate of the Government of N.S. Wales) spoke 
for the British delegates. 

The proceedings in regard to the Power Conference 
followed similar lines. At the business meeting 
the following resolution was passed for reference to 
the International Executive Council :— 

On the Report of Section B as proposed by the 
Delegation. 

(a) The Conference considers it necessary that the 
regular statistical accounts of all the power plants, 
as well as all statistical data concerning the energy 
supply and its distribution, should be organised in 
each country participating in the World Power 
Conference. 

(b) In order to facilitate exchange of mutual 
information between the countries concerning their 
respective experiences, and likewise with the purpose 
of comparing the results, it is desirable that all such 
statistical data whould be obtained in a special 
form fixed for all countries. 

(c) The various data which have to be included in 
the international form of such statistical account 
shall not have many items, but each of them should 
be given precise definition and determination by the 
World Power Conference in order to avoid any 
| misunderstanding. 

(d) In order to introduce the aforesaid suggestion 
into the proceedings of the World Power Conference, 
the World Power Conference should request the 
National Committees of all the countries partici- 
pating in the World Power Conference to elaborate 
this question for the next meeting of the World 
Power Conference, taking all the peculiar condi- 
tions of each country into consideration. All these 
subjects have to be discussed in a special committee 
appointed by the World Power Conference for such a 
purpose. 

All further details for effecting such a measure 
are to be left in the hands of the International 
Executive Council. 

The closing ceremony was presided over by 
Baron Furuichi. A message of congratulation from 
His Imperial Highness, Prince Chichibu, was re- 
ceived, and addresses of thanks were delivered, Sir 
Richard Threlfall speaking on behalf of the British 
members. A luncheon between the two closing 
meetings was given by the Chairman to the Sessions 





Committee of the Power Conference, Dr. M. Kamo, 


telegra > opening c mv. | . y er 
elegram at the opening ceremony | at which Mr. F. Wakeham spoke very appreciatively 


The messages were as follows : 


Telegraphic Message from H.I.H. Prince Chichibu. | had received. 


of the generous treatment which the British members 
On the following day the overseas 


It affords me much pleasure to know that the | members commenced to disperse, many beginning 
World Engineering Congress has completed its | a long series of visits to works, &c., in different parts | overcome one of the greatest objections to motor 
programme and attained very considerable results, | of the country. 


thanks to the efforts which you have exercised with 


(To be continued.) 





[DEc. 6, 1929. 
THE CYCLE AND MOTOR-CYCLE 
SHOW AT OLYMPIA. 

Tue 1929 Motor-Cycle Show, which opened at 
| Olympia on Saturday last, is of particular interest 
in view of the almost unique position occupied by 
the British motor-cycle trade. In very few other 
industries has foreign competition been so success- 
fully met in our home markets, and such a_ healthy 
balance of exports over imports established. In 
1928, motor cycles and parts to the value of 17,238). 
were imported, and the export figure for the same 
year was 3,785,972l. The corresponding figures for 
the first 10 months of this year are: Imports, 14,103/. 
and exports, 3,600,464/. It is probable, therefore, 
that the final figures for this year will be even better 
than those of last. Before the war, the chief com- 
petitor with the British motor-cycle industry was 
America, both here and abroad. The gradual per- 
fecting of the medium-size and lightweight types of 
|machine by our manufacturers, and the steady re- 
' duction of prices, are responsible for their present 
| ascendancy over the American machines which, until 
| recently, were all of the large multi-cylindered type, 
| having engines between 750 c.c. and 1,200 c.c. capa- 
city. As it is now possible to buy machines having 
cylinder capacities of not more than 350 c.c., which 
| are not only reliable and reasonably quiet, but are 
capable of speeds greatly in excess of actual require- 
| ments, the chief raison d’étre of the big machine has 
disappeared in just the same way as it has done in 
the motor-car world. The two leading American 
manufacturers have realised this position, and are 
now producing small, single-cylinder machines ; no 
serious competition need, however, be expected from 
these. The declinein the United States home market, 
which has resulted from the enormous production 
of cheap cars, may also be partly responsible for the 
lack of effective competition from this quarter. 

The position as regards the Continent is somewhat 
different ; there, the popularity of motor cycling is 
mainly a post-war development, and, consequently, 
Continental design is only now beginning to reach 
the same standard as British, and it is, therefore, 
not to be expected that their products will find 
a ready market in this country. The position, 
however, is somewhat different from the point 
of view of our export trade. We have repeatedly 
expressed the opinion that it is only a matter of 
time before Continental manufacturers would make 
a serious effort to capture a larger share of the 
world’s trade, and, in this connection, the figures for 
motor-cycle production in France are highly signi- 
ficant. Production in that country has increased 
from 25,000 in 1925 to 115,000 in 1928, the latter 
figure being only 5,000 less than our own output 
in the same year. In addition to this, it is 
rumoured that one of the largest car makers in 
Italy is laying down plant for the continuous 
production of motor cycles. 

There are five foreign manufacturers represented 
at Olympia. Of these five, two, the F.N. and 
the Alcyon, are the only single-cylinder machines 
exhibited having unit construction for engine and 
gear box, and the last-named is also one of the only 
two having a shaft drive to the rear wheel. As far 
as can be judged by external appearances, these two 
machines are at least equal in quality of design and 
workmanship to those of British manufacture, and, 
by virtue of their unit construction, are excep- 
tionally neat in appearance. Two other foreign 
manufacturers exhibit machines with four-cylinder 
power units of large capacity. These machines 
can, of course, only appeal to a limited market. 
The advantages of an engine producing an even 
torque are evidently not considered by the public 
to outweigh the disadvantages of higher cost and 
| greater complication, as can be seen by the failure 
| of the twin-cylinder engine to compete, numerically, 
with the single-cylinder engine. 

So far as the great majority of exhibits are con 
cerned, there are no appreciable changes in price and 
very little in design. What changes there are are a! 
‘in the nature of detail improvements, such as chro 
| mium plating for bright parts, improved mudguard= 
| and brakes, and, most noticeable of all, greater silence. 
The attempts to secure greater silence, and thus 

















| cycles, by the fitting of improved and larger silencers. 
‘ have had the result of making the mechanical nois' 





fr 
of 
or 
an 
ha 
ba 


sir 
to 
mi 
me 


red 
ap 
du 


th: 
ens 
of t 
ma 
To’ 
for 
out 


res) 
and 
is I 





DEc. 6, 1929.] 
created by the engine and drive more obtrusive. 
As a result, it is now general practice to enclose 
the valve gear as far as possible, and to substitute 
a complete chain case for the chain guard on the 
primary chain. Rear-chain cases do not appear 
to be popular, since even the makers of the Sunbeam 
motor-cycle, who have been their greatest advocates, 
are exhibiting several models in which only a light 
guard is fitted along the top run of the final chain. 
Engine manufacturers have also turned their atten- 
tion to the task -of modifying cam contours in an 
effort to obtain more silent operation, and one maker 
is showing an engine in which the valve rockers are 
directly actuated by a face cam. 

There appears to be a vogue among motor cyclists 
for what are known as “ two-port” engines, by 
which is understood engines having two cored ex- 
haust ports inclined one to each side of the front 
down tube of the frame. Several advantages are 
claimed for this design. In the first place, greater 
power due to more efficient scavenging ; and in the 
second, better cooling for the exhaust valve and 
guide, the housing of which is placed directly in the 
air stream ; thirdly, improved silencing, due to the 
use of two exhaust pipes and two silencers ; and 
lastly, improved appearance. The last appears to be 
the preponderant reason since, if more than one 
engine on view is examined, it will be found that 
although the two exhaust pipes are led away 
from the head on either side of the frame, one 
of these merely communicates by a branch pipe 
with the actual exhaust port, so that its chief 
effect is apparently to impair the cooling of the 
cylinder head. The advantage claimed in respect 
of improved scavenging is rather dubious; it has 
been the experience of some designers that, owing 
to the absence of a direct passage for the exhaust 
gases, turbulence occurs in the space between the 
two ports, with consequent loss in efficiency. It 
may be mentioned, in this connection, that the 
fastest model produced by the A.J.S. firm has a 
single-port engine. 

Except in the case of machines with two-stroke 
engines employing the petroil system of lubrication, 
and a further limited number using a forced feed 
dependent on crankcase suction, the employment 
of some form of mechanical pump is now universal, 
and many engines are shown in which the lubrication 
is on the dry-sump principle. Positive mechanical 
lubrication is not, however, in general, extended 
to the overhead valve gear, valve guides and valve 
rockers being left to the mercy of the owner for 
their oil supply. There are, however, exceptions 
to this. A separate lead is provided on the 
Ariel motor cycle to supply oil from the crankcase 
to the inlet-valve guide. It has also become general 
practice to carry the oil supply in a separate tank 
from the fuel, the position most favoured for the oil 
tank being below the saddle. 

As regards frame design, the general use of 
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such as riding position, steering, weight and 
appearance, and is able to take performance and 
reliability for granted. It is rather to be regretted 
that the public demand for high speed capabilities 
and rapid acceleration should have forced manu- 
facturers to concentrate to such an extent upon 
the overhead-valve type of engine. The balance of 
qualities is not by any means all in favour of the 
overhead-valve engine, as has been proved in the 
case of motor-car engines. The difference in effici- 
ency between an overhead-valve engine and one 
having side valves and a well-designed type of 
turbulent head is very slight, whilst on the 
score of quietness, cheapness, and neatness of 
appearance the latter undoubtedly scores. Very 
few of the side-valve engines that are on view 
are fitted with detachable cylinder heads, ex- 
ceptions being the 495-c.c. Matchless, the engine 
of the F.N. motor-cycle mentioned above, and 
those of the Indian and American Super-X. machines. 
It is probable, however, now that motor-cycles 
have nearly reached the limit. of possible speed, 
that there will be a reversion, in some measure, to 
the older type of engine. 

Reputable British manufacturers are naturally 
very reluctant to spend their money in attempts to 
market any machine of unorthodox character, in 
which they differ greatly from makers on the Conti- 
nent, who have relatively less to lose by so doing. 
The influence of the hire-purchase system may be 
partly responsible for this, since it is to be expected 
that anyone undertaking to buy a machine for which 
he will continue to pay for a period of months or 
even years, will be very unlikely to choose anything 
in the least like an experiment. One of the 
machines exhibited, however, is decidedly un- 
orthodox. The machine in question is the Match- 
less “‘ Silver Arrow,” made by Messrs. H. Collier 
and Sons, Limited, 44-45, Plumstead-road, S.E.18. 
This machine appears to have a very good chance of 
success, as, although very original, it is anything but 
unpractical. The chief interest of the design centres 
in the engine, which is of the air-cooled twin-cylinder 
type of 400 c.c. capacity, and is stated to have 
an output of 16 brake horse-power at 4,500 r.p.m. 
The two cylinders are cast in one, their bores being 
set at an included angle of 26 deg. The cylinder 
head is detachable, and is common to both cylinders; 
the valves are arranged side by side in the cylinder 
block, and are actuated through non-rotating, 
large-diameter tappets by a car-type camshaft 
driven by spiral gears from the main shaft. The 
engine is very similar to that of a light car in appear- 
ance, an effect which is enhanced by the use of a 
ribbed exhaust manifold and a carburettor bolted 
directly to the cylinder-block casting in which the 
induction pipe is coned. The magneto is driven 
directly from the camshaft and is disposed to the 





rear of the engine. Lubrication is on the dry-sump 
principle, the oil being carried in a separate pressed- 


a sloping top frame member, and of the saddle | steel oil tank and circulated by a crankshaft-driven 
tank, has the effect of bringing the two top|oil pump. Asimple type of rear springing is fitted, 


frame members very close together; also it is 


the rear frame being hinged behind the gear box and 


often the case that the lower tube is cranked | pivoting against the action of two coiled compression 


or upswept in some way to give extra clear- 
ance to the cylinder head. This arrangement 
has evidently suggested the use of the “steel 
backbone” which is adopted on some of the 
B.S.A. and P. and M. models, and consists of a 
single I-section steel forging. There also appears 
to be a tendency, particularly in lightweight 
machines, to use plain or ribbed pressed-steel 
members whenever possible. 

One very striking feature of the exhibition is the 
really remarkable degree of conventionality in 
appearance which has been achieved. This is partly 
due to the very wide use of proprietary components, 
a system which has very great advantages. More 
than 70 per cent. of the machines exhibited use 
engines of one of four makes, and gear-boxes of one 
of twomakes. The most widely used enginesarethose 
manufactured by Messrs. J. A. Prestwich, Limited, of 
Tottenham, N.17, who also supply a large number of 
foreign manufacturers ; in fact, two-thirds of their 
output is exported directly, apart from engines which 
are exported assembled in complete machines. One 
result of this state of affairs is that specifications 
and prices are so similar that an intending purchaser 
is left to determine his choice largely upon details 





| springs mounted beneath the saddle. The main pivot 
| bearings are of the Silentbloc type, and conse- 


quently do not require lubrication. An interesting 
feature is the provision of hand-operated friction 
dampers for the rear frame guides; these can be 
adjusted whilst the machine is in motion so as to 
vary the springing to suit the road surface. The 
design is well thought out, and should be free 
from the tendency to sidesway, which was respon- 
sible for the failure of most of the early spring frames. 








Hypro-Evectric PowER IN CANADA.—The increased 
demand for electrical power in Toronto and Western 
Ontario is indicated by the fact that Messrs. The Gatineau 
Power Company, Limited, have just arranged for the 
transmission, to the Hydro-Electric Power Commission of 
the Province, of an additional 20,000 h.p. from the 
Paugan Falls plant on the Gatineau river, 35 miles north 
of Ottawa. The Gatineau Power Company is now 
delivering 182,000 h.p. to the Ontario Hydro-Electric 
Power Commission, which figure constitutes an increase 
of 76,000 h.p. during the past twelve months. The 
Paugan Falls plant is the largest installation on the 
Gatineau River. It has a designed capacity of 272,000 h.p., 
and generators are now installed to deliver 204,000 h.p. 
Inclusive of the Chelsea and Famers’ Rapids plants, 
the total installed capacity on the Gatineau river is 
436,000 h.p. 





747 


DOCK-ENTRANCE RECONSTRUCTION 
WORKS.* 


H.M. Dockyard, Devonport. Widening of No. 5 
Basin Entrance. 
By G. 8. Jacos. 

THe Keyham extension to H.M. Dockyard, Devon- 
port, which was completed in 1907, provided, among 
other works, a closed basin (known as No. 5 basin), 
of 34 acres, with a uniform depth of 32 ft. 6 in. at 
L.W.O.8S.T. A direct entrance to this basin was 
provided to allow direct access for ships between the 
river and the basin. The entrance was 95 ft. wide at 
cope-level, with 1l-in-12 battered walls. The total 
depth from cope to sill was 55 ft., which allowed 
32 ft. 6 in. at L.W.O.8.T. The walls and sill were 
constructed of concrete faced with granite. The 
length of the side walls, that is, the distance between 
the copes of the river and basin walls, was 611 ft. 
The entrance was equipped with a sliding caisson, 
capable of travelling on inclined ways into a caisson- 
camber on the north side, and also with three emergency 
stops for ship caissons. 

From experience gained in the war, it was found 
essential, in order to provide against under-water 
attack, to increase materially the beam of all warships. 
Owing to this alteration in the design of capital 
ships, it was not possible for ships of this class to 
enter No. 5 basin, and it was therefore decided, in 1924, 
to increase the width of this entrance from 95 ft. to 
125 ft., but to retain the existing depth of sill. The 
work was done by rebuilding the south wall of the 
entrance and extending the caisson-camber inside the 
caisson dams, after a spare caisson had been placed in 
each of the outer ship-caisson stops. After the entrance 
had been pumped out, the whole of the work, with the 
exception of the removal of the outer portion of the 
old wall on the south side, was carried out in the dry. 

The new south wall and the necessary extension of 
the sill, which were constructed in an open trench 
69 ft. deep, excavated at the back of the old wall, 
were begun in November, 1925, and were carried out 
concurrently with the extension of the caisson-camber, 
which was dealt with in a similar manner. The exten- 
sion of the granite stops and ways for caissons was 
dealt with by cutting openings through the existing 
wall at sill-level. On the completion of the new south 
wall and the extension of the camber, the removal of 
the old south wall inside the caisson dams was carried 
out for a width of 80 ft. and to the full depth of the 
entrance. The outer portions of the old south wall were 
removed in the wet after the new caisson had been 
placed in position, and the first ship passed through 
the widened entrance in March, 1928. The total cost 
of the work was 131,0001. 

Reconstruction of a Graving-Dock Entrance with 
a Single-Leaf Gate, at Hebburn-on-Tyne. 
By James Mircue.t, M.Inst.C.E. 


The work referred to involved the demolition of the 
entrance of a masonry graving-dock, and the building 
of a new entrance in concrete. The riverward end of 
the dock had, for some time previous to the carrying out 
of the works, shown signs of failure, and trial-borings 
indicated that it was founded on river-silt, whereas the 
main portion of the dock was founded on boulder-clay. 
As a consequence, the new entrance was founded 
throughout on pitch-pine bearing piles. Designs had 
been prepared, and tenders obtained, for the reconstruc- 
tion and enlargement of the dock, but only the works 
above mentioned have so far been carried out. 

A single-skin dam, formed of interlocking steel piles 
61 ft. long, was constructed outside the dock-entrance. 
The piling was supported by timber strutting bearing 
against the old masonry, and by an external bank of 
clay, and an internal one of earth. A timber gantry 
was formed along the river side of the cofferdam, partly 
for stiffening purposes and partly as a protection 
against the danger of collision from vessels. It was 
also used as a quay for handling the cargoes of the 
barges, &c., used in conveying plant and materials for 
the works. The steel piling extended for 219 ft. along 
the river frontage, and was returned landwards for 
about 112 ft. at each end. Trouble was experienced, 
owing to a tendency of the piling to depart from the 
vertical and overhang in the direction of driving. This 
was corrected by driving tapered piles. 

There is a continuous line of sheet piling along the 
river-front of the new entrance, which necessitated 
a considerable amount of changing of struts to allow 
the piles to be driven, the deepest trenches having 
13 frames of timber. Even where there was no sheet 
piling, it was not always possible to arrange the struts 
to give room for the whole of the piling operations 
without changing their positions. Owing to this and 
other causes, there was a considerable amount of 
distortion of the timbering in the deepest trenches, and 
when the steel piling came to be withdrawn, it was 








* Abstracts of papers read before the Institution of 
Civil Engineers on Tuesday, December 3, 1929. 








ENGINEERING. 








[DEc. 6, 1929. 


1,200-H.P. DIESEL-COMPRESSED-AIR LOCOMOTIVE. 








found that, along a considerable portion of the dam, | 
| usual two-leaved variety of gate, the single-leaf form 


the piles were bent to a fairly uniform curve, having 
a versed sine of about 1} ft. 
1 :2:3 mixture reinforced with steel at a few special 
places. The dock is filled through a culvert lined with 
cast-iron pipes, and carrying, at its inlet end, a cylin- 
drical equilibrium-valve of a type specially suited to 
this class of work. ‘The valve is easily handled, 
gives an entirely unobstructed waterway of the full 
capacity of the culvert, and is unlikely to get out 
of order. 

Owing to the facts that only the entrance of the dock 
has been reconstructed, and that the existing pumping- 
plant is to be continued in use, certain temporary works 
were necessitated. On account of the low level of the 


The concrete used was of | 





new portion of the dock floor, part of the water would | 
be beyond the lifting capacity of the existing pumps. A | by means of cranes, but, in this instance, the rise and 


10-in. centrifugal pump was therefore installed in the 
existing pump-well. The keel blocks at the new 
portion of the dock were supported on large portable 
concrete blocks, incorporated with which was a false 
sill. This sill was provided to prevent the possibility 
of bringing a ship into the dock having a draught such 
as might overturn some of the keel blocks. The deck 
area of the concrete blocks is sufficient to provide 
room for working at, or inspecting, the stern end 
of a vessel. Temporary fendering prevents entering 
vessels from striking the projecting end of the old 
west wall of the dock at its junction with the new 
work. 

The dock-gate is « single-leaf one, of Box’s improved 
type, and it has a horizontal hinge, by means of which, 
when open, it folds flat down on the river-bed, being 
supported in a level position by two reinforced-concrete 
rest pillars. Pipes alongside the dock-entrance clapping 
posts direct jets of high-pressure air across the faces of 
the meeting timbers, while the gate is being closed, to 
displace floating bodies that might otherwise become 
jammed between them. The gate is a cellular riveted 
structure of mild steel, and is the largest gate of this 
type yet constructed. +. certain number of the com- 
partments act as buoyancy chambers, and thus reduce 
the loads on the hollow quoin, the rest pillars, the gate 
itself, and the operating gear. The remaining com- 
partments are open to the river, and the water in them 
rises and falls with the tide. The heel-post extends 
beyond the edge of the gate at each end, in a cylindrical 
form, and the projecting ends have steel ferrules shrunk 
on them. These ends extend within plummer-blocks, 
bolted to the dock-sill, which prevent the gate from 
being lifted out of the hollow quoin by any accident, 
such as excess of buoyancy. By closing two emergency- 
valves, the water in the Hooded compartments may be 
drained into the dock, and the gate then becomes 
sufficiently buoyant to float; when the caps of the 
plummer-blocks are raised, the gate may be readily 


| 
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removed for painting or repair. Compared with the 
has several advantages. 

The gate was erected at the makers’ works, and was 
then conveyed by rail, in suitable sections, and riveted 
up complete in the bottom of the dock, at its inner end. 
The compartments were tested separately under water- 
pressure, and, to ensure their tightness, a special 
cement-putty was injected into the seams, after the 
caulking of the plate-edges had been completed. 
The hollow quoin is of cast iron, in 11 pieces, the 
various lengths being machined to shape, and having 
spigot-and-faucet bolted joints. It is held in place 
by holding-down bolts, embedded in the concrete of 
the dock-sill. 

Gates of this type have hitherto been put into place 


fall of the tide was utilised for the purpose. Owing 
to the confined space within the cofferdam, and the 
necessity for clearing the overhanging copings of the 
entrance walls, it was necessary, when floating the gate 


| into its place, to ballast it with water and to reverse 


the direction of its natural inclination to the vertical 
by means of external buoyancy tanks, temporarily 
fastened to it by wire ropes. To facilitate the floating- 
in operation, the cofferdam struts opposite the sill 
were replaced by special struts, each framed in one 
piece and bearing against the front of the new sill. 


| These struts were lifted out by cranes to allow the 


gate to pass, and were replaced after the first testing 
of the gate in place. Pipes were embedded in the sill 
by means of which the water between the gate and the 


| cofferdam, and below the level of the sills of the dam 


sluices, could be run into the dock and dealt with by 
the dock-drainage pump. This facilitated the testing 
of the gate and reduced the cost of pumping. After 
the completion of the testing, the pipes were plugged 
with concrete. Before the work of floating the gate 
into place was undertaken, a model of it was made to 
the scale of } in. to 1 ft., and tank experiments were 
made with it. Calibrated india-rubber cords were 
usec for testing the pull required by the various tackles 
proposed to be employed. The tests confirmed calcula- 
tions, and demonstrated the feasilibity of the proposed 
operations. 

The gate is lifted and lowered by presses, actuated 
by oil under a pressure of 1,400 lb. per square inch, 
their motions being controlled by a variable-stroke 
pump driven by an electric motor. To start the gate 
while it is being opened, and also to act as buffers 
while it is being closed, there are two smaller presse3, 
in which the oil pressure is 700 lb. per square inch. 
A separate variable-stroke pump drives these presses, 
both of the pumps being keyed to the same spindle as 
the electric motor. The operating levers of the gear 


are interlocked, so that the motions necessary for | 











lowering and lifting the gate must be made in proper 
sequence. This gear is self-contained and very smooth 
in operation, and, by its means, the gate can be held 
positively in any desired position. When closed, the 
gate is held rigidly in position, quite independently of 
the lifting and lowering gear, by locking-keys, and it 
affords a straight roadway across the dock-entrance, 
upon which considerable loads may be conveyed by 
rail or otherwise. 


1,200-H.P. DIESEL-COMPRESSED-AIR 
LOCOMOTIVE FOR THE GERMAN 
STATE RAILWAYS. 


In two articles, which were published in ENGINEER- 
ING last year,* some information was given of the steps 
which were being taken by the German State Railway 
authorities to standardise the number of types of steam 
locomotive, and about the experiments which were being 
made with locomotives using high-pressure steam, 
turbines and pulverised coal, with a view to increasing 
fuel economy and to lessening the country’s dependence 
on external resources. Investigations, with the same 
object, have also been undertaken into the employment 
of electric traction, as well as into the use of the Diesel 
engine, not only for local and suburban traffic and 
shunting operations, but for main-line working. As 
regards the latter, a project for a direct-driven 1,000-h.p. 
locomotive, using the engine, which bears his name, 
was worked out by Dr. Diesel in 1908, while since the 
war a number of other designs employing electric, 
mechanical, hydraulic and compressed air transmis- 
sion between the engine and the road wheels have been 
developed. 

Among the latest of these is the 1,200-h.p. locomotive. 
which is illustrated on this page. The mechanical 
portion of this unit was built by the Maschinenfabrik 
Esslingen A.-G. of Esslingen, while the Diesel engine 
and compressed air transmission, with which it is 
equipped, were manufactured by the Maschinenfabrik 
Augsburg-Nurnberg, of Augsburg, Germany. As will 
be seen the locomotive is of the 4-6-4 type, and corres- 
ponds fairly closely in external appearance with the 
electric locomotives, which are now in use in the Halle 
area. The Diesel engine is mounted in a central 
compartment with a driving compartment at each end, 
while the cooling water is passed through one of two 
radiators, the action of which is assisted by a fan. 
These radiators are placed immediately in front of th: 
driver’s cabs. Further ventilation is provided throug! 
louvres in the roof of the engine compartment. 





* See ENGINEERING, vol. cxxvi, pages 332 and 45 
et seq. (1928). 
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The power developed by the engine is utilised for 
driving an air-compressor. The compressed air thus ob- 
tained is passed into a heater, through which the exhaust 
gases from the engine are led, and is then transmitted 
to the locomotive cylinders, which are placed out- 
side the frames at one end. In this way compressed 
air is used instead of steam for driving purposes, distri- 
bution and control being effected through valve gear of 
the Walschaerts type in the ordnary way. The wheel 
and connecting-rod arrangements are the same as those 
used on German standard locomotives of similar type. 
The object of the interposition of the compressor between 
the Diesel engine and the wheels is to enable the 
former to be run at its most economical rating, while 
the combination offers advantages over both the steam 
and electric locomotive on the score of fuel economy, 
readiness for service, and freedom of action. About 
21 cub. m. (4,640 gals,) of fuel oil are carried, and the 
engine can be run for some 1,000 km. (625 miles) 
without re-fuelling, as compared with about 200 km. 
(125 miles) for the standard German steam locomotive. 
The frames are constructed according to the standards 
of the State Railway Department, and the wheels are 
fitted with Knorr compressed air brakes. 

We understand that the locomotive recently under- 
went its acceptance trials with satisfactory results, 
hauling a 233-tontrain up the Geisling bank, the gradient 
of which is 2-3 per cent. and on which there are numer- 
ous curves, at a speed of 20 km. (12-5 miles) per hour 
without assistance. It is stated that a still heavier 
load could have been carried, and that the engine was 
easy to drive and control. 








LABOUR NOTES. 


In his considered reply to the application of the 
engineering trade unions for an advance of 8s. per 
week in the wages of time workers and an equivalent 
increase of piecework prices, Sir Allan Smith, chairman 
of the Management Board of the Engineering and Allied 
Employers’ National Federation, dealt with all the 
points submitted by the men’s representatives at the 
conference in June. The argument that real earnings 
were lower than in 1914, was not, he said, borne out by 
the facts. Allowing for the increase in the cost of 
living, they were for time workers 109-1, for payment 
by results workers 109-2, and for all classes 114-4. 
The industry was not any more able, he added, to pay 
increased wages than in June. Comparing 1927 and 
1928, its earning capacity had not been increased by 
one-half per cent. The balance over manufacturing 
costs was just about 3} percent. In respect of exports, 
we were still about 50,000,000/. ahead of Germany, but 
our machinery exports were less, and that concerned 
engineering more intimately than the general fund of 
exports. 





“We have to compete,” Sir Allan went on to say, 
‘with prices that are lower, the difference ranging 
from 23 per cent. to 40 per cent.; competition is 
becoming keener; new competitors are in the field ; 
old markets are being lost and there is increased com- 
petition in those that remain. Foreign countries are 
manufacturing for themselves as well as for abroad ; 
the Colonies are becoming more self-supporting ; 
the Dominions are sending their orders to Germany and 
America in very large amounts. Municipalities in 
this country are getting their gear from Switzerland and 
Germany ; foreign tenders are being used to depress 
home prices below the remunerative stage. Our costs 
are higher than those of our competitors, and our 
hours are, in the main, less. Our taxation is higher ; 
Fair Wages clauses apply in this country and do not 
apply to our competitors. Longer, even impossible, 
credits are being demanded in exchange for the granting 
of orders. Political pressure is now compelling us in 
some cases to send our manufactures abroad in a 
partially finished stage, so that they may be finished 
in the purchasing country even although we have con- 
tracted to deliver the finished article. Cartels are 
again in operation, and preferences are being given 
to local manufacturers irrespective of price, and tariff 
walls are being raised against us which we cannot break 
through.” 





All these external difficulties, Sir Allan pointed out, 
had their effect on home competition which was now 
becoming desperate. There was not enough work to 


go round, and in order to keep their factories going | 


employers were cutting each other’s throats, so to 
speak, in order that workpeople might be maintained 
in employment and markets retained against a day of 
improvement. At the June conference, Sir Allan re- 
minded his hearers, Mr. Brownlie had quoted the Prime 


Minister and the President of the Board of Trade as : 


saying that they were anxious to help industry— 
to foster it at home and revive it abroad. What had 
actually been done or projected was to incur commit- 
ments, chiefly on account of social services, amounting 
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to 141,200,0001., which was equivalent to a total 
representing roughly an additional 3s. on the Income 
Tax. ‘* These and other similar conditions,” Sir Allan 
said in conclusion, “‘ have been before us when we 
gave consideration to the application. . . . . 
We did not come to any conclusion ourselves; we 
referred it to our Associations so that they might make 
their determination and tell us exactly what they 
thought. I have never seen a reply in the whole course 
of my connection with the Federation that had such a 
degree of unanimity; and the opinion which is unani- 
mously expressed is this: that while the state of 
affairs in connection with industry remains in the 
condition it is, we do not see that it would be right 
or proper that we should impose any additional burdens 
by way of an increase of wages.” 





On November 25, 1929, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain was 1,285,500. Of these, 947,800 were 
wholly unemployed, 260,900 were temporarily stopped, 
and 76,800 were persons normally in casual employ- 
ment ; 991,300 were men, 33,300 boys, 230,600 women, 
and 30,300 girls. Of 1,273,531 on the registers on 
November 18, 1929, 942,520 were wholly unemployed, 
254,713 were temporarily stopped, and 76,298 were 
persons normally in casual employment : 983,304 were 
men, 33,966 boys, 225,720 women, and 30,541 girls. 
The number of unemployed persons on November 26, 
1928, was 1,395,505, of whom 1,104,618 were men, 
38,191 boys, 220,251 women, and 32,445 girls. 





Addressing a conference of the Communist Party 
of Great Britain at Leeds, on Saturday last week, 
Mr. J. R. Campbell said that an aspect of the present 
situation in industry was that the proportion of unor- 
ganised workers to organised workers was growing, 
which meant that as a strike wave was developing a 
greater proportion of workers than previously were 
outside the direct influence and control of the reformist 
trade union machine. Those workers were not non- 
unionists or backward elements in the traditional 
sense, but were militant workers who had been dis- 
gusted with the theory and practice of bureaucracy 
and were prepared to struggle forward under a militant 
leadership. That rising wave of struggle was leaderle s 
if the Communist Party did not intervene and guide it. 
Other organisations, the Labour Party, the trade 
unions, and so on, were seeking to sabotage the struggle, 
and from that they could conclude that this strike 
movement was a weak point in the seemingly imposing 
idealistic front of the Labour and trade union bureau- 
cracy. 

‘In the mining and other industries,” Mr. Campbell 
went on to say, ‘‘ we see Labour working feverishly 
to close the gaps in the State arbitration machinery 
to give it a compulsory character, and, in co-operation 
with the trade union bureaucracy, to evolve a complete 
scheme for the legal shackling of the working-class 
struggle against capitalist rationalisation. While this 
struggle was developing, their party had been weaken- 
ing. They had wasted precious months. It was only 
recently that they had seen the necessity of coming 
out and creating direct leadership. From now on 
they should have definite plans as to what industries 
and factories they were going to operate in, and con- 
centrate on training their members for strengthening 
activities already begun. Every party worker must 
join the Minority Movement, and they must set up 
committees of action and factory committees. The 
first industry in which there are tremendous prospective 
signs of a struggle is the mining industry. We cannot 
expect at a given date, say the end of this year or early 
next spring, to have a sufficient network of committees 
of action all over the coalfields automatically to call 
a 100 per cent. mining strike. Our strength must 
be utilised to organise committees of action to organise 
partial strikes and to broaden them as we can. We 
must concentrate on those districts where the employers 
are making wage cuts, and broaden the light on a 
national scale. There are three districts which are 
important: South Wales, Durham and _ Scotland. 
The next industry where the struggle is becoming 
intense is the railway industry. In the next six months 
we must make a tremendous campaign there, setting 
up committees of action and driving ahead for a stop- 
page on a section at any rate, seeking to broaden it 
in the course of the struggle.” 


Mr. J. A. Newrick, assistant secretary of the Iron 
and Steel Trades Confederation’s Approved Society, 
who was recently appointed by the Minister of Health 
to be vice-chairman of his Consultative Council on 
Approved Societies work, has now become chairman 
of that body. The Council is entrusted with the duty 
of advising the Minister of Health on National Health 
Insurance matters. 








Under new disciplinary regulations promulgated by 
the Commissariat of Labour of the Soviet Union, any 
worker who disobeys orders is punishable with repri- 
mand or dismissal at the discretion of the management. 
This applies also to a worker who refuses: (a) To do 
his work ; (6) to carry out temporary duties suitable 
to his qualifications for a period not exceeding fifteen 
days; or (c) to do work other than his usual duties, 
but involving similar or inferior qualifications, entrusted 
to him for a period not exceeding one month, in order 
to avoid a stoppage of work or deterioration of 
machinery or materials, or if the transfer is necessitated 
by deterioration of materials due to the fault of the 
worker himself. A worker who threatens or insults 
the technical and administrative staff is punishable 
with reprimand or dismissal. An assault on technical 
or administrative staff gives rise to immediate dismissal 
and legal proceedings. 





If a worker fails on three occasions, and without 
valid reason, to carry out the amount of work laid down 
either by the collective or individual labour contract 
or by the joint committee of the undertaking in 
execution of the collective contract, he is punishable 
with dismissal. The same applies to a worker who, 
through his own negligence, causes an excessive pro- 
portion of throw-outs, or fails to keep in good condition 
machinery entrusted to him. A worker who, without 
permission, removes instruments, materials or manu- 
factured articles, or appropriates them, is punishable 
with reprimand for the first offence, and dismissal for 
a subsequent offence. A worker who, through negli- 
gence, damages machinery, manufactured articles, 
&e., belonging to the undertaking is punishable with 
reprimand or dismissal. If the damage is due to 
misconduct, the penalty is immediate dismissal. 


In the Swiss Canton of Vaud there are more than 
200 apprentices who are unable to follow any course 
of training owing to their remoteness from centres 
of population. In order to give these apprentices an 
opportunity to acquire vocational training, experi- 
ments have been made since 1927 in courses of training 
by wireless. The Council of State of the Canton 
recently decided definitely to introduce this new 
means of vocational education. Wireless apparatus 
will be installed in all villages which are unable to 
organise any course of vocational training. All 
apprentices within a radius of five kilometres will be 
required to attend these broadcast courses. The 
local authorities are to place suitable premises at their 
disposal. 


The Vocational Training Department of the Rou- 
manian Ministry of Labour has decided to examine 
the possibility of training workers by means of the 
cinema. For this purpose, the Department will make 
a collection of educational films, which it will obtain 
from the representatives of German and French film 
firms in Bucharest. These films will then be distri- 
buted among the training centres. The Ministry has 
also approached the International Institute of Cinema 
Education in Rome for the same purpose. 


It is officially announced that the Trade Boards 
Advisory Council have decided to test the views of the 
trade unions on the question of Trade Boards, in order 
to facilitate the formulation of a clear trade union 
policy on the subject. A sub-committee has been 
appointed to conduct the necessary enquiry. The 
members are :—Mr. A. Hayday, M.P., Mr. J. Halls- 
worth, and Miss Annie Loughlin for the Trade Union 
Congress General Council, Mr. W. Elger for the Scottish 
Trade Union Congress, Miss D. M. Elliott for the 
General and Municipal Workers, Mr. H. H. Elvin for 
the National Union of Clerks, Mr. A. Henderson for 
the Transport and General Workers, Mr. W. A. Robin- 
son for the Distributive and Allied Workers, and Mr. 
J.J. Mallon. Mr. Hayday is chairman, and Mr. Mallon 
secretary. All the unions concerned are to be asked to 
submit a statement of their views, and where it appears 
that written statements may profitably be amplified 
by oral evidence, such evidence is also to be invited. 





Among the points with which the enquiry will 
specially deal are :—The effect of Trade Boards on 
wage levels in the trades concerned ; the connection, 
if any, between Trade Board operations and union 
membership ; a comparison as regards wage rates and 
trade union membership between trades for which 
Boards are in operation, and similar trades to which 
the Acts have not been applied ; the extent to which 
trade unions have been able to negotiate, in trades 
for which Boards exist, wage rates above the minimum ; 
cases in which employers have refused to negotiate 
with unions on the ground that they have already 
negotiated rates on the Trade Boards; the extent to 
which Trade Board rates have been (1) successful in 
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helping to establish rates in other trades; (2) a 
hindrance in securing rates superior to Trade Board 
rates; how, if the Trade Boards were withdrawn, 
the unions would propose to maintain the existing 
rates, and as to whether any alternative machinery, 
and if so, what, is proposed; whether, under the 
Trade Boards, the workers have tended to be out of 
touch with the work of the Boards and of the unions 
on the Boards, and how far it is desirable and possible 
for the trade unions to become more effective and 
prominent in Trade Board activity ; whether an exten- 
sion of the Trade Board system to other trades is desir- 
able, and, if so, to which trades and for what reasons. 





If, as a result of this enquiry, it is decided to be 
necessary or desirable to retain the Trade Board method | 
of regulating wages in trades which are insufficiently | 
organised for the operation of the normal negotiating | 
machinery of industry, the sub-committee will proceed | 
to consider what alterations in the existing law and its | 
administration should be proposed to the Minister of | 

| 
| 
| 


Labour. The unions will, of course, again be con- 
sulted. Itis hoped, as matters stand, that the evidence 
obtained will enable the committee to formulate a 
policy on the general principle. 


| 
In its report to the forty-ninth annual Convention, | 
the Executive Council of the American Federation of | 
Labour expressed satisfaction at the growing practice 
of granting holidays with pay to workers, and hope that | 
this practice would continue to make progress by means | 
of collective agreements and legislation. | 
| 








LAUNCHES AND TRIAL TRIPS. 


‘“* Kurra.”’—Single-screw cargo motorship;  single- 
acting, four-stroke cycle Harland—B. and W. engine, 
supplied by Messrs. J. G. Kincaid and Company, Limited, 
Greenock. ‘Trial trip, November 16. Main dimensions, 
330 ft. by 47 ft. by 30 ft. 3in. Built by Messrs. Harland 
and Wolff, Limited, Govan, for the Moss Line, Limited. 


** THALUN.”’—Non-propelled steel light vessel for 
service at Baragua Flats, Burma. Launch, November 18. 
Main dimensions, 114 ft. by 24 ft. 6 in. by 15 ft. The | 
lighting apparatus is of 50,000 candle-power and is 
triple flashing. Built by Messrs. Sir W. G. Armstrong, 
Whitworth and Company (Shipbuilders), Limited, New- | 
castle-on-Tyne, for the Government of India. 


‘‘ Jo TayLor,”’—Single-screw cargo steamer; triple- | 
expansion engine. Launch, November 18. Main dimen- | 
sions, 407 ft. by 53 ft. 9 in. by 36 ft. 3 in. Built by | 
Messrs. Sir W. G. Armstrong, Whitworth and Company | 
(Shipbuilders), Limited, Willington Quay-on-Tyne, for 
Messrs. Eros Steamships, Limited. 


“ SUKHODAYA.”’—Twin-screw armoured gunboat for 
river estuary and coast-line patrol service; triple- 
expansion engines supplied by Messrs. R. and W. Haw- 
thorn, Leslie and Company, Limited, Newcastle-on- | 
Tyne. Launch, November 19. Main dimensions, 173 ft. | 
by 37 ft. by 15 ft. Armament, two 6-in. guns, one forward 
and the other aft, and four 3-in. guns amidships. Built 
for the Siamese Royal Navy by Messrs. Vickers-Arm- 
strongs, Limited, Barrow-in-Furness. 


* CRAWFORD ELuts,’’"—Fruit-carrying steamer ; triple- | 
expansion engines. Launch, November 19. Main 
dimensions, 290 ft. by 40 ft. by 25 ft. 6 in. Built to the 
order of Messrs. Helmer Staubo and Company, for the 
Hav Company, Oslo, Norway, by Messrs. Swan, Hunter 
and Wigham Richardson, Limited, Wallsend-on-Tyne. 

* RANcCAGUA.”’—Twin-screw oil-tank steamer ;_ triple- 
expansion engines. Launch, November 19. Main 
dimensions, 378 ft. by 49 ft. 9 in. by 27 ft. 3 in. Built 
by Messrs. Sir W. G. Armstrong, Whitworth and Com- 
pany (Shipbuilders), Uimited, Newcastle-on-Tyne, for | 
tne Chilean Government. 

* TekouRA.”’—Steel screw trawler. Launch, No 
vember 19, Main dimensions, 135 ft. by 24 ft. 9 in. by 
l4ft.7in. Built by Messrs. Cochrane and Sons, Limited, 
Selby, for owners at Milford Haven. 


** BRIMANGER,”’——-Twin-screw insulated-cargo motor- | 
ship; single-acting, four-stroke cycle, enclosed trunk 
piston Diesel engines supplied by Messrs. J. G. Kincaid 
and Company, Limited, Greenock. Trial trip, November 
11 and 12. Main dimensions, length, 415 ft., beam, 
54 ft. 6 in., deadweight ca ‘rying capacity, 8,500 tons. 
Built to the order of Messrs. Westfal-Larsen and Com- 
pany, A/S, Bergen, Norway, by Messrs. Sir W. G. 
Armstrong, Whitworth and Company (Shipbuilders), 
Limited, Walker-on-Tyne. 

** MARKLAND.”’——Twin-screw cargo steamer specially 
built and equipped for the transport of paper rolls ; 
triple-expansion engines. Launch, November 20. 
Main dimensions, 338 ft. by 53 ft., by 30 ft. Built by 
Messrs. Earie’s Shipbuilding and Engineering Company, 
Limited, Hull, for Messrs. the Mersey Shipping Company, 
Limited, Liverpool, Nova Scotia, Canada. 

* GLENDENE.’-—Grain-carrying steamer; _ triple-ex- 
pansion engines. Trial trip, November 21. Main dimen- 
sions, 400 ft. 3 in. by 52 ft. 6 in. by 27 ft. 2 in. Built 
by Messrs. William Gray and Company, Limited, West 
Hartlepool, to the order of Messrs. the Glendene Shipping 
Company, Limited, Cardiff. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal Markets.) 
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Norte.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “‘ fine foreign ” and ‘‘ standard” metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 
plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 lb. ‘The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal! 
lines represent 1/. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 


Trin Ore iv Ucanpa.—-According to a note issued by ; equipped with chain-grate stokers of the Underfeed 
H.M. Eastern African Dependencies’ Trade and Infor- | Stoker Company, Limited. The Hagan system, installed 
mation Office, 44 tons of tin ore were shipped from| by Messrs. James Gordon and Company, Limited, 
Bukakata, Uganda, during August, making a total | Windsor House, Kingsway, London, W.C.2, will control 
shipment of 225 tons for the period January to August. both fuel and air supply in accordance with the steam 
‘ demand. The air supply will be controlled from & 

a sensitive master regulator by means of suitable dampers 

Contracts.—Messrs. Vickers-Armstrong, Limited, | at the forced and induced-draught fans. The fuel supply 
Vickers House, Broadway, Westminster, London, S.W.1, | will be similarly controlled from the master regulator b) 
have received an order from Messrs. T. L. Duff and Com- | regulating the speed of the stoker motors.—Messrs. 
pany, Glasgow, for a small fast passenger steamer.—| Bramco (1920) Limited, St. Nicholas-street, Coventry. 
The Hull Corporation Electricity Department has | have just supplied the 25th of their 22-h.p., four-cylinde: 
adopted a complete system of Hagan automatic boiler} Mercury industrial tractors to the London, Midland 
control for its five Clarke Chapman boilers, which are! and Scottish Railway Company. 
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THE INTERNATIONAL STEAM- 
TABLE CONFERENCE.* 


Tue International Steam-Table Conference, con- 
vened by the British Electrical and Allied Trades 
Research Association, which met in London last July, 
was attended by the following physicists and engi- 
neers :—America: Dr. Harvey N. Davis, Dr. Dickin- 
son, Prof. J. H. Keenan, Mr. George A. Orrok, and Mr. 
Nathan §. Osborne. Great Britain: Prof. H. L. 
Callendar, F.R.S., Mr. G. S. Callendar, Prof. W. <A. 
Dalby, Mr. H. L. Guy, Mr. I. V. Robinson, Mr. F. 
Samuelson, and Dr. G. G. Stoney, F.R.S. Germany : 
Dr. H. Hausen, Prof. Dr. M. Jakob, Geheimrat Prof. 
Dr. O. Knoblauch, Dr. W. Koch, and Geheimrat Prof. 
Dr. R. Mollier. Czechoslovakia : Dr. J. Havliéek, and 
Prof. Miskovsky. 

Following a description of the apparatus and methods 
used by the different investigators, a discussion took 
place as to the form in which the final recommenda- 
tions of the Conference should be submitted. As a 
result it was agreed to draw up, in skeleton form, a 





small table of the properties of steam, in which the 
entries would be mean figures (based on the experi. | 
ments made in all countries) supplemented by toler- | 
ances of agreed magnitude. It was recognised that, in 
some parts of the table, the necessary tolerance might 





be relatively large, due probably to the different types 
of apparatus used by the various investigators giving 
results departing systematically from the results of 
other investigators. 

A small Committee was, therefore, appointed to 
consider this proposal in detail and prepare the desired 
skeleton tables. This Committee consisted of the 
following :—America : Dr. Harvey N. Davis, with the 
assistance of Prof. J. H. Keenan. Great Britain: Mr. 
G. S. Callendar. Czechoslovakia: Prof. Miskovsky. 
Germany: Dr. M. Jakob, for saturated steam, and 
Dr. H. Hausen for superheated steam. Mr. I. V. 
Robinson of the British delegation was appointed 
Chairman of this Committee. 

Scope of Skeleton Tables: It was decided by the 
Committee, as regards the saturated-steam table, to take 
eight temperatures varying by steps of 50° C. to 350° C., 
and to determine for each temperature the following 
properties :— 

Saturation pressure. 

Specific volume of the liquid. 
Specific volume of the vapour. 
Total heat of the liquid. 

Total heat of the vapour. 

For the superheated steam table it was decided to 
take a number of pressures varying from 1 atmos- 
phere up to 250 atmospheres and to tabulate, for tem- 
peratures varying by intervals of 50° C. or 100° C., the 
specific volume and total heat of the steam. 

Units and Conversion Faciors: In these skeleton 
tables the following units are used :— 











= | Unit. | Symbol. 
| | 
Length ..| Metres ss i? “se | m 
Specific volume Cubic metres per kilogramme m*/kg. 
Pressure ..| Kilogrammes per square cen- kg/cm.? 
timetre | 
Temperature Degrees centigrade .. eal °C. 
Total heat International _ kilo-calories, kcal/kg. 


which, by definition, equals 
1 kilowatt hour 


860— 





In any international comparison of physical data, 
an element of doubt is introduced by the small differ- 
ences in the basic units employed in each country, and 
it was appreciated by the Committee that the units 
to be employed would have to be considered carefully 
and stated clearly. Their recommendations are herein 
detailed and their raison d’etre briefly explained. 

Pressure Conversion Factor: In obtaining the con- 
version factor for pressure per unit area from the metric 
to the F.P.S. system and vice versa, the following have 
been assumed as basic figures :— 

1 pound = 453-5924 grammes 
l inch = 2-54000 cm. 
Yith these values— 

| kg. per sq. cm. = 14-223334 Ib. per square inch. 

In connection with this point it should be noted that 
the metric equivalent of the inch employed is inter- 
mediate to the British and American legal values. 
These values are :-— 

American : 1 inch = 2-540005 cm. 











British : l inch = 2-539996 cm. 

The American value is based upon the definition that 
the metre is 39-37/12 of a foot, whilst the British value 
is the result of latest comparison of the standard metre 
and standard yard, this comparison having been made 
im 1922-4. This slight difference has no appreciable 
effect upon the pressure conversion factor as, if calcu- 
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lated upon the respective metric equivalents, this would 
be :— 
British: | 14-223329 lb. per square inch. 
American : 14- 223340 Ib. per square inch. 

The adopted value 14-223 is, therefore, accurate to 
five significant figures on either the British or American 
basis, and has been used for the preparation of these 
tables. 

In considering the relation between the pound and 
the gramme, expressed above, the value of “‘ g” does 
not enter into the calculation beyond ensuring that the 
same value is used throughout. It is, however, desired 
to record that the standard value of 980-665 cm. per 
sec. per sec. has been used. 

Specific-Volume Conversion Factor: Based upon the 
equivalents previously quoted for the inch and the 
pound, the factor to obtain cubic metres per kilo- 
gramme from cubic feet per lb. is :— 

(iz x 2-54)9 
0-453592 x 106° 
This is equal to 0-0624279, and the value of 0-06243 
has been used as being sufficiently accurate. So that we 
have :— 

1 cubic foot per pound = 0-06243 cubic metre 
per kg., or reciprocally— 

1 cubic metre per kg. = 16-0184 cubic feet per pound. 


Heat Units: Before the appointment of the Com- 
mittee, the Conference considered carefully the units 
in which the total heat was to be recorded. It was felt 
to be very desirable that the adopted unit should be 
one which would avoid any complication due to the 
variation in the acceleration of gravity in various parts 
of the world, or the variation of the specific heat of 
water with temperature, and also that it was desirable 
to avoid a definition which involved a change in the 
value of Joule’s equivalent with each improvement in 
calorimetric technique. It was pointed out that eiec- 
trical units were independent of both “g” and “J,” 
that they were known accurately within very narrow 
limits and were internationally accepted and that, there- 
fore, it would be very desirable to secure the general 
acceptance of a thermal unit defined in terms of the 
watt-hour. This unit, the kilo-calorie, should actually 
not differ very greatly from the heat units used up to 
the present time and should be obtained from an 
electrical unit by means of a conversion factor which is 
easily remembered. A unit defined by the heat equiva- 
lent of an international kilowatt-hour divided by 860 
meets these claims, and it was accepted by the Con- 
ference as a basic unit for these tables and it is recom- 
mended that it should be designated as the international 
kilo-calorie. The international kilo-calorie differs from 
the kilo-calorie used up till now in various countries 
by less than plus or minus 0-05 per cent. which is an 
insignificant amount. It has, however, the great 
advantage of being independent of the determinations 
of the electrical heat equivalent which differ slightly 
from one another. In his work, Prof. Callendar has used 
the mean calorie with a value of 4-185 Joules. The 
German investigators have used the 15° C. calorie with 
a value of 4-184 Joules whilst the American investiga- 
tors have used the new Bureau of Standards value for the 
mean calorie, viz., 4: 1876 Joules, whereas the unit (kilo- 
calorie) as defined above has a value of 4186 Joules. 

International Temperature Scale: The Conference 
adopted the international temperature scale which, 
as is well known, is determined by the temperature of 
the ice point, the temperature of ebullition of water 
under a normal metric atmosphere and the boiling 
point of sulphur 444-60° C., also under a normal metric 
atmosphere. 

Definitions: (a) Saturated Pressure at 100° C.: 
On the internationnl temperature scale, a tempe- 
rature of 100° C. is defined as the temperature of 
the vapour of distilled water in ebullition under a 
pressure equal to a normal metric (physical) atmos- 
phere. This, in turn, is defined as the pressure corre- 
sponding to a column of mercury, 76 cm. in height 
under standard gravity conditions, 1.e.,¢g = 980-665 cm. 
per sec. per sec., andat0°C. The density of mercury 
at 0° C. being 13-5955 grammes per cu. cm., the normal 
physical atmospheric pressure is 1033-258 or say 
1033-3 grammes per sq. cm. Thus the saturation 
pressure at 100° C. is defined as being 1-0333 kg. per 
sq. cm. under standard gravity conditions. This is, 
therefore, not an agreed value but a definition, and as 
such needs no tolerance. 

(b) Heat of Liquid at 0° C. : The one other definition 
that has to be mentioned is the total heat of the liquid 
at 0° C. It has always been the custom of all investi- 
gators and authors of Steam Tables to define the total 
heat of a liquid or vapour as the heat content in excess 
of that contained by the liquid at 0° C. and saturation 
pressure. This latter content is, therefore, zero by 
definition. 

Compilation of Skeleton Tables: Dealing now with 
the actual determination of the figures to be inserted 
in the skeleton Tables, each delegation calculated from 
the determinations of its own members some or all of 








the figures required for the Tables and these were then 
compared carefully. In deciding upon the figures to be 
inserted in the skeleton Tables, based upon the various 
national proposals, due consideration was given to the 
method in which the figures had been determined. 
More weight was attached to the figures which were the 
result of direct experiment than to those which were 
merely an extrapolation from other work. The figures 
thus inserted in the Table did not represent a mechanical 
averaging of the national figures, but were the result 
of a very careful consideration of the relative values 
of the different proposals. In this way, the figures 
given in the Table and the tolerances attached to each 
figure were obtained. These values were unanimously 
accepted by the Conference as representing the first 
stage in their deliberations. Since the conclusion of 
the Conference, each delegate has verified or corrected 
the figures submitted in the Committee, and the skeleton 
Steam Tables attached hereto are based upon the 
confirmed figures. 

Further Investigations : Those figures for which it 
has been found necessary to allow a comparatively 
large tolerance were recognised as presenting special 
difficulties and requiring further detailed experimental 
investigations. It is hoped that, as a result of this 
further investigation, the figures may be varied at a 
later Conference so that the range of national values 
for any one figure may be reduced, and consequently the 
tolerances also reduced. In addition, at such further 
Conferences values for a larger number of pressures 
and temperatures may be inserted. With this step by 
step method of improving the skeleton Table and reduc- 
ing the tolerances, it is hoped that it may be possible, 
in a comparatively short time, to get a skeleton Table 
which is accurate within very small margins and 
accepted by all recognised authorities. The Com- 
mittee and the Conference were quite clear that, on 
account of the method employed in setting up the 
skeleton Tables, the values adopted for the total heat 
and for the specific volume might not be thermodyna- 
mically consistent in the strict scientific sense, since, 
according to theory, all other values can be derived 
from only two quantities of state, (for instance tem- 
perature and pressure), if a perfectly correct equation 
of state is available. It is also possible that, for given 
values of the pressure and temperature, the values of 
the specific volume and total heat in the Tables might 
contradict each other. By the choice of large toler- 
ances, however, such a contradiction should be prac- 
tically excluded. Should, in the meantime, any 
nation represented at the Conference, or, it is hoped, 
others not so represented, desire to produce further 
Steam Tables, these should be so calculated that they 
give values for any property in the Steam Table coming 
within the range of tolerances given for that property 
in the skeleton Tables, as there would be considerable 
doubt as to the accuracy of any figures falling outside 
this range of tolerances. It has been felt desirable 
that some explanation should be given of the methods 
used in arriving at the figures given in the skeleton 
Tables, as the idea of a tolerance in regard to the pro- 
perties of steam is novel but is well suited to the present 
circumstances. 

Once more it is desired to call attention to the fact 
that the Conference has been confined to those physi- 
cists and engineers actually connected with the research 
work into the properties of steam and invitations were 
not extended to others who, although closely interested 
in the use of Steam Tables, are not actually carrying 
out such research work. 

SKELETON STEAM TABLES. 
Saturated Steam. Saturation Pressure, kg./em.2 Assumed 
Mean Values and Tolerances. 


| 
Mean Values. | 


| | 


9 > > 
a: Tolerances, 


0-00001 
0-0001 
0-0000 


50 0-1258 


| | 
0 0-00623 | 
100 0333 


0-002 
0-01 
0-05 


150 4°8% 
200 15- 
250 40- 


0-1 
0-1 


87- 
168 - 


300 } 
350 


Is] 


Saturated Steam. Specific Volume of Liquid, m*/kg. 
Assumed Mean Values and Tolerances. 


too Mean Values. Tolerances, 
| 

0 | 0-00100 0-00000 

50 | 0-00101 0 -00000 

100 0-00104 0-00000 
| | 

150 0-00109 0-00000 

200 } 0-00116 0-00000 

250 0-00126 0-00001 

300 0-00142 0-00001 


350 0-00179 | 0-00003 
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Saturated Steam. Specific V. 


olume of Vapour, m*/kg. 

















EN 


GINEERING. 


[DEc. 6, 1929. 





Properties of Superheated Steam. Specific Volume of 





Properties of Superheated Steam. Total Heat of Vapour, 



























































Assumed Mean Values and Tolerances. Vapour, m®/kg. Pressure 50 kg./em.2 Assumed Mean International keal/kg. Pressure 25 kg./em.2 Assumed 
—_—— a Values and Tolerances. Mean Values and Tolerances. 
‘Temperature ‘ a ! 
r : Mean Values. Tolerances, + : . | 
°C. | Te rae, Mean Values. Tolerances, +. ae Mean Values. | Tolerances, +. 
0 206-4 | 0-1 os = 
50 12-06 | 0-01 300 0-0465 0-0004 300 719-8 1-5 
100 1-674 0-001 400 0-0591 0-0004 400 774-4 | 1-5 
450 0-0645 0-0004 450 800°5 | 1-5 
150 0-393 0-001 500 0-0698 0-0004 500 827-7 3-0 
200 0-1270 0-0006 550 0-0749 0-0005 550 853-8 | 2-5 
250 0-0501 0-0002 —" 
300 0-0218 | 0-0005 Properties of Superheated Steam. Specific Volume of | Properties of Superheated Steam. Total Heat of Vapour, 
350 0-0089 0 -0002 Vapour, m®/kg. Pressure 100 kg. /em.2, Assumed Mean International kcal/kg. Pressure 50 kg./em.2. Assumed 
a Se Lae £ = a Values and Tolerances. Mean Values and Tolerances. 
Saturated Steam. ‘otal Heat of Liquid, International 7 
= /kg. economical — = wtsaail asic —e Mean Values. Tolerances, + Spengeetate, Mean Values. Tolerances, 
en. | Mean Values. Tolerances, en pe ds 7 (may eas 
Y. 400 0-0271 0-0004 300 : 2°5 
ces ee 450 0-0305 0-0004 400 2-6 
500 0-0334 0-0004 450 | s6 
0 0 0 550 0-0361 0-0005 500 $40 
50 | 49-95 0-0 550 | 5-0 
100 | 100-04 0-02 a : ti | . 
naen : Properties of Superheated Steam. Specific Volume of 
150 150-93 0-03 Vapour, m®/kg. Pressure 150 kg./em.2 Assumed Mean| Properties of Superheated Steam. ‘Total Heat of Vapour 
200 20: 0-04 V * ! : A Oey 
250 259-5 0-3 alues and Tolerances. International kcal/kg. Pressure 100 kg./em.2 Assumed 
Mean Values and Tolerances. 
300 321-8 1-0 Tuenen : , ; z 
350 403-7 | 2-0) re magne, Mean Values. Tolerances, +. 
se A aS eas : | —_ ain mets, Mean Values. Tolerances, +-. 
Saturated Steam. Total Heat of Vapour, International 400 0-0162 0-0003 | eee oe 
kcal/kg. Assumed Mean Values and Tolerances. 5 -0190 0-0003 
450 0-015 8 
annie See te  sceepentactas Sage AK ae = R .n919 f 400 741-7 3-0 
500 0-0212 0-0004 450 776-5 “i 
Ps + 90-0236 -0005 f : 3: 
iniaiilaiin: nie RATES 550 0-0232 0-00 bd | bie 7 
C. Mean Values. | Tolerances, - | 550 | 840 | 5-0 
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Properties of Superheated Steam. 
Vapour, m*/kg. Pressure 200 kg./em.2, Assumed Mean 


Specific Volume of 











Properties of Superheated Steam. Total Heat of Vapour, 








0 | 595-4 | 1-3 , 
50 618-5 1-0 Values and Tolerances. International kcal/kg. Pressure 150 kg./cem.2 Assumed 
100 | 639-2 0-5 Mean Values and Tolerances. 
150 656-0 ~~ se’ Saee Mean Values. Tolerances, + 
200 667-5 2-0 . Tempers 2 . 
250) 870 eure | | paleo a mage, | Mean Values. | Tolerances, +. 
| | | | 
‘ oe 400 0-01028 0-00005 —————— basteneeae eee ares = 
oie tl ? 450 0-01312 | 0-00025 | 
? | r F 500 0-01512 0-00035 400 | 713-9 3-0 
= - —-—— 550 0-01673 0-00045 ped Lidge 3-0 
Properties of Superheated Steam. Specific Volume of | — _ 35 939. | + fe 





832-0 | 


y 3 /L. yp > . Pa 2 v7 > > ° ’ ~ ~ 7, 
Vapour, m/kg. Pressure 1 kg./em.*. Assumed Mean Properties of Superheated Steam. Specific Volume of 


























Values and Tolerances , 3 » 5 2 
i rq. ssure 28 -g./em.2 Assumed Mean a 
- Vapour, ae [keg Pressure 50 kg. jem Ass is Properties of Superheated Steam. Total Heat of Vapour, 
Nl Values and Tolerances. : ys 
Temperature, | i - International kcal/kg. Pressure 200 kg/cm.2 Assumed 
C. Mean Values. Tolerances, 1 | l Mean Values and Tolerances. 
; sie * Rai | Mean Values. | Tolerances, +. | = 
100 0-003 Donne, | Mean Values. | Tolerances, 
200 0-004 ; . | | 
300 0-005 400 0-00636 0-00005 pe ene Sees ees ee ee oe ee 
: : 450 0-00940 0-00015 | j 
400 0-005 500 0-01136 0-00030 400 | 676-0 | 2°5 
450 oak 550 0-0130 0-0004 450 736-0 | 4-0 
500 0-005 a 500 784-0 6-0 
550 | 3-868 0-005 550 823-0 8-0 


Total Heat of Vapour, 
Assumed 





| Properties of Superheated Steam. 
- International kcal/kg. Pressure 1 kg./em.’. 
Mean Values and Tolerances. 


Properties of Superheated Steam. Specific Volume of 
Vapour, m3/kg. Pressure 5 kg./em.*. Assumed Mean 
Values and Tolerances. 


Properties of Superheated Steam. 
International kcal/kg. Pressure 250 kg. /cm.?. 
Mean Values and Tolerances. 


Total Heat of Vapour, 
Assumed 











Temperature, 
oC, 


200 
300 
400 
450 
500 | 
550 


Vapour, m3 /kg. 


Mean Values 





Properties of Superheated Steam. 
Pressure 10 kg./em2? 


Values and Tolerances. 


Tolerances, +. 


0-0006 
0-0006 
0-0006 


0-002 
0-002 
: 0-002 


Specific Volume of 
Assumed Mean 





Temperature, 
c. 


Mean Values. 


Tolerances, + 





200 0-210 0-0002 

300 0-2631 0-0003 

400 )-3125 0-0003 

450 (+3367 0-0003 

500 0-3604 0-0004 

550 | 03846 0-0004 
Properties of Superheated Steam. Specific Volume of 


Vapour, m*/kg. Pressure 25 kg./em.* 


Values and Tolerances. 


Assumed Mean 





Temperature, 
C. 


Mean Values. 





300 

400 | 
450 } 
500 | 


550 


0-1011 
0-1224 
0-1327 
0-1426 
0-1523 


Tolerances, 


0-0003 
0-0003 
0-0003 
0-0003 


| 
| 
ie 
| 
| 
| 
| 
| 
| 
| 0-0004 


Temperature, 
C. 


100 
200 
300 


400 
450 
500 
550 


Properties of Superheated Steam. Total Heat of Vapour, 


Mean Values. 





9-4 0-1 

7) 1-0 

+3 1-5 

| 783-4 | 1°5 
807-7 1-5 

832-6 1°5 

858-0 2-0 


| 








International keal/kg. Pressure 5 kg./em.2. Assumed 
Mean Values and Tolerances. 
ie Mean Values. Tolerances, + 


Properties of Superheated Steam. 
International kcal/kg. 
Mean Values and Tolerances. 


| 
| 
| 
| 


| 
| 
| 
| 





1-5 
2-0 
2-0 
807-0 2:0 
831-6 2:0 
857-5 | 2-0 


| 








Total Heat of Vapour, 
Pressure 10 kg/em.2 Assumed 








Temperature, 
"C. 


Mean Values. Tolerances, --. 








Tolerances, +. — 


Te ere a 
Tempe — Tolerances, --. 








| Mean Values. 
| 
| 


400 622-0 4-0 
450 712-0 6-0 
500 769-0 8-0 
550 812-0 10-0 








THe Late Mr. H. Nosre.—We regret to have to 
record the death, on November 21 last, at his home, 
The Cedars, Low Fell, County Durham, of Mr. Harry 
Noble, chairman and managing director of Messrs. 
Noble and Lund, Limited, The Northern Machine Tool 
Works, Brewery Lane, Felling-on-Tyne. Mr. Noble, 
who was born in 1860, served his engineering apprentice- 
ship with a firm of machine-tool makers at Keighley. 
He afterwards took up an appointment with Messrs. 
J. and F. Butterfield and Sons, of Keighley, and eventually 
rose to the position of chief draughtsman. After spending 
some time in the Central Marine Engine Works of Messrs. 
William Gray and Company, Limited, West Hartlepool, 
he moved to Newcastle-on-Tyne, and, in 1886, entered 
into partnership with Mr. Pearson Lund in the establish- 
ment of a machine-tool manufacturing business at Forth 
Banks. The works were subsequently transferred to 
Felling-on-Tyne, and, in 1899, the business was formed 
into a limited-liability company with Mr. Noble as chair- 
man and managing director. At the commencement, the 
works were chiefly engaged in the manufacture of smatl 
lathes and band-sawing machines, but, mainly owing to 
Mr. Noble’s progressive policy, extensions were made from 
time to time enabling the manufacture of much larger 
equipment to be carried out. During the war, Mr. Noble 
was a member of the Tyne and Wear Board of Manage- 
ment of the Ministry of Munitions. He was a member 
of the North-East Coast Institution of Engineers and 
Shipbuilders for over 40 years, having been elected in 
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729°5 2-0 
780-0 2-0 
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AUTOMATIC OXYGEN-JET CUTTING MACHINE. 











positions of the arm is effected by a weight-loaded 
jockey pulley. The driven wheel of the arm traverse 
is provided with a crank handle for manual operation. 

The head carrying the jet has a rotating spindle, the 
lower end of which carries a sliding arm capable of ad- 


AUTOMATIC OXYGEN-JET CUTTING 
MACHINE. 
| 


Many of the oxygen-cutting machines we have | 
described from time to time in these columns have been 
primarily designed for work on mass-production lines, | justment in a horizontal plane. This provides means for 
that is, for automatically cutting contoured pieces from | circle cutting, the radius of the circle ranging from as 
the flat with the burner guided by a template, though, | small as desired to as large as the arm fitted permits. 
no doubt, they can be otherwise utilised. The machine | Rotation is effected by a worm-gear drive at the top 
illustrated in the accompanying figure is, on the other | of the spindle, motion for which is obtained from a 
hand, chiefly intended for miscellaneous shop work on | keyed shaft along which the worm slides. Hand opera- 
such jobs as would otherwise require hand forging,| tion is also provided for. It should be noted that 
slotting, milling, or shaping. It is of the slide-rest type, | the rate of movement of the various parts, that is, 
and is sold, in this country, by Messrs. The Premier| the feeds, is variable within a wide range. The 
Steel Tube Company, Limited, 15-19, Kingsway, | gear box, which is fully enclosed, and is seen in 
W.C.2, and is known as the Premier automatic torch- | the figure between the jet and the column, is provided 
cutting machine. The head carrying the burner has} with a friction drive. The element on the motor 
a longitudinal traverse of 6 ft. 6 in., a cross traverse | shaft is caused to move across a friction disc, which 
of 2 ft. 10 in., and a vertical movement of 12 in., and | device enables the speed to be varied within very 
as the work tables, of which there are two, are carried | fine limits. A graduated disc under the control handle 
on small trollies, with vertical adjustment, running on | permits the machine to be set rapidly to operate at 
rails, very long cuts can be made by returning the | any desired speed. A trip lever enables the operator 
burner to its starting point and running a new portion | to reverse any of the motions without diverting his 
of the work under it. These work tables are not shown | attention from the work. Another feature of the 
in the figure. The machine, as illustrated, is automatic | control is the grouping of all the gas valves and 
in the sense that movement is provided by power, | Pressure gauges on a single board. ; 
though there is also hand control, and when a template | The jet is of the three-pipe pattern, i.e., with a 
or former is employed, hand control must be used ex- | combined oxygen and acetylene duct for heating up, 
clusively, or special gear fitted. The power is provided | and a single pipe for the cutting oxygen. A range of 
by an electric motor of }-h.p., of the completely- | nozzles of various diameters is provided for different 
enclosed type. | work, and when parallel cutting is required, a special 

As will be seen from the figure, the whole mechanism | arm carrying a jet at each of its ends may be 
for manipulating the jet is carried on a long saddle. | fitted tothe head. Work such as locomotive connecting 
This runs on a double table, 10 ft. in length, with | rods may be thus cut out from both sides at once. The 
machined double slides. The table may be eitherin the | maximum distance apart of the jets is 12} in. The 
form of a casting, or of a pair of rolled channels suitably | speed of cutting varies with the thickness of the material. 
spaced. A rack is attached to the underside of one of the | Actual figures are:—on a locomotive connecting rod, 
slides, and with this engages a small pinion attached to | 4 in. thick, 2 in. per minute, and cutting circular discs 
the spindle of the handwheel seen at the bottom of|from material 6 in. thick, 1 in. per minute. The 
the column. This provides the manual traverse of the | maximum depth of cut is 12 in., with the standard 
saddle. The power traverse is effected by a chain | nozzles ; with special nozzles a thickness of 24 in. may 
drive from the gear box. The column is attached to | be handled. This machine, like other oxygen-jet cutting 
the saddle by a swivelling base, which can be locked in | machines, is a very economical tool in that it saves 
any position should it be more convenient to work | the time and labour spent on forging and rough machin- 
with the horizontal arm at any other angle to the bed|ing operations, but a special degree of accuracy is 
than a right angle. The column is provided with/| claimed for it from the utilisation of the slide-rest 
double slides carrying the saddle of the horizontal arm, | principle, while the unrestricted table arrangements 
the vertical adjustment of which is effected by a leading | and the range of movement of the jet would appear to 
Screw and the handwheel at the top of the column. | render it particularly suitable for general use. 
os construction of the arm will be clear from yd - 
illustration. The head carrying the jet is attached to a ae een 
saddle traversed either by co or . power, the latter | - a + EHICLES IN FInLAnD.—H.M. Consul at 
helen hh at chk melita ‘Wes ania delew: el elsingfors has reported to the Department of Overseas 

g the most usual metho Pp Trade in London that 23,177 motor cars, and 10,546 
taken from the gear box by the round belt seen near | motor lorries and omnibuses, were registered in Finland 
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‘THE WORLD ENGINEERING CON- 
| GRESS IN JAPAN. 

(Continued from page 726.) 
| Bretow we give further summaries of papers 
| presented at the World Engineering Congress held 
|recently in Japan. In the papers selected for treat- 
| ment on this occasion will be found many by Japanese 
|authors, giving interesting information regarding 
| developments in their country. 
| 
| MARINE ENGINEERING. 
In a paper “ On the After-War Development of the 
| Ships of the Imperial Navy,” Constructor Vice-Admiral 
| Yuzuru Hiraga, D.Eng, outlined the progress of the 
| Japanese Navy from the time of the wars 1894-1895 
|and 1904-1905 until the present date. Though pre- 
| viously the principal Japanese warships had been all 
| built in Europe or America, Japanese designers and 
| builders were learning the technique of naval con- 
| struction from the ships, and during the latter of these 
| wars had begun designing and constructing capital 
ships in the country. In the interval before the out- 
| break of the world war they had made great strides, 
| designing vessels which were among the most powerful 
| of their day. The Kongo, for instance, built by Messrs. 
| Vickers Limited, carried 14-in. guns, while other Powers 
| mounted only 134 in., and two similar ships were built 
|in Japanese yards. Both during the world war and 
| afterwards the Japanese Navy was therefore always in 
a position to provide for its own requirements, both in 
design and construction. 
| In meeting the requirements of the Washington 
| Congress, Japan had to curtail largely the great ship- 
building programme on which she was engaged. This 
necessity, however, was the less disagreeable to her 
because the rise of prices, as applied in particular to 
ships of great dimensions, had already forced on the 
Government the need for some form of economy in 
naval construction, and it had therefore been glad to 
be able to turn its attention to obtaining the desired 
| practical results by means of smaller vessels in various 
| Ways. 
| An account of merchant shipbuilding, which began 
|in Japan in 1895, was given in a paper on “ The Recent 
Development of the Mercantile Shipbuilding in Japan 
and Other Matters Relating to It,’ by Messrs. Yukio 
Yamamoto and Kaname Inouye, of the Mercantile 
Marine Bureau of the Department of Communications 
For several years Japanese merchant shipping had been 
the third largest in tonnage of all countries, and though 
shipbuilding had not kept pace with the merchants’ 
demands, the number of yards for building ships of 
1,000 tons gross and upwards was more than four 
times as large in 1928 as it was in 1913, and other 
facilities, such as dry docks and experimental tanks, 
had also greatly increased. The Government by appro- 
priate fiscal measures was giving the industry all 
possible support consistent with the interests of the 
shipping trade. Wages, which had more than doubled 
during the war, had risen by 1928 somewhat further, 
while the hours of work had decreased, though even 
then the rates were considerably lower than those in 
the other chief shipbuilding countries. As against this, 
the difficulty of obtaining continuous supplies of 
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materials made it often impossible to use labour 
efficiently. 

Mr. Hyo Hamada in a paper on ‘“ Developments in 
Diesel Engine Shipbuilding in Japan,” gave particulars 
of all Diesel-engined merchant vessels over 100 tons 
gross launched or under construction up till the end of 
1928. Small oil engines had been used in Japan for 
small fishing boats and harbour launches since about 
1905, and some 15,000 fishing boats were now driven 
by them. The introduction of Diesel engines, on the 
other hand, scarcely went back more than ten years. 
Though the vessels were all built in Japanese yards, 
a large proportion of the engines were European. 
Japanese makers, however, had now gone into the 
manufacture, and in some instances into the design 
of these engines, and had produced one of the two 
16,000 h.p. Diesel engines in the Japanese Mercantile 
Fleet, with results stated to be fully as satisfactory 
as those of the European engines supplied to the sister 
ship. There were a number of plants making Diesel 
engines in Japan, and some of them were making land 
as well as marine engines. 

A paper on a “Ship’s Log and Speed Indicator” by 
Mr. Seizo Shimuzu described an instrument by which 
the speed of a ship was indicated accurately on a uni- 
form scale. The indication was derived from the pres- 
sure difference between the two ends of a Pitot tube 
projecting from the bottom of the ship as near as 
possible to the ship’s turning centre, the one end being 
acted on by the static pressure of the water and the 
other by the kinetic pressure. This difference was trans- 
mitted to a suitably shaped buoy floating in mercury 
in an enclosed vessel, an electrical current or potential 
difference varying in accordance with the rise or 
fall of the buoy. By suitable arrangements these 
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indications could be integrated, and indicated directly 
the distance travelled by the ship. Experiments were 
described by which the accuracy of the method had 
been verified. . 

Constructor-Captain R. Hodzumi gave a “ Description 


of the Life Saving Devices for the Crews of Submarine | 
One of these consisted | 


Boats in the Japanese Navy.” 
in substituting high-pressure air chambers for air | 


floor space they had provided. -Within ten days of the 
extinction of the fire an Imperial rescript defined the 
bases to be adopted for reconstruction, and six months 
later the methods by which the work was to be carried 
out had been laid down. At the outset it had been 
insisted strongly in some quarters that the programme 
should be limited to laying out a few of the principal 
thoroughfares and parks, and that the necessary land 


pumps in diving, which among other advantages| should be purchased, as had been usual theretofore 


enabled work to proceed in weather in which the pump | with all public improvements. 


The ultimate decision 


method would be inapplicable. Several methods were | of the Government and the Municipality, however, 


described of locating the sunk boat, and others for com- | 
municating with it, and for supplying air and liquid food | 
for the crew. In the Japanese submarines every hatch 
was so arranged as to make an escape trunk, which, 
furnished with watertight covers at top and bottom, 
formed a lock through which a number of the crew, 
clad in life jackets, could escape, the divers then closing 
the top covers, blowing the water out of the lock by 
compressed air, and enabling more of the crew to 
escape in the same way. Various designs were de- 
scribed of the equipment to be worn while escaping, to 
increase the chance of the men rising safely to the 
surface. The author proposed the use of a special 
diving bell for hauling a sunken submarine quickly 
above water involving the use of an ex-service sub- 
marine as a counterweight, to prevent the salvage ship 
from heeling, and economise power. 

: Professor Herbert L. Seward in a paper on “ Marine 
Engineering and Design,” drew attention among other 
matters to results which had been obtained with turbo- 
electric drives. He mentioned incidentally that the 
United States Congress had set aside a fund of 
25,000,000 dols. for the purpose of developing the 
application of Diesel engines to the government 
merchant-marine vessels, and pointed out that no such 
sum had been applied for experimental work in the 
development of steam plant. 

An allied subject was discussed by Mr. Katsutada 
Sezawa in his paper on “ Wave Resistance of a Sub- 
merged Body in a Shallow Sea.” This described the 
earlier part of a mathematical investigation on which 
the author was engaged, with the object of determining 
the relation of the resistance of a submerged moving 
body to the depth of the sea and of the immersion of 
the body. Among other results it appeared that for each 
velocity, the wave resistance of the body was a mini- 
mum at a certain depth of the sea, a result which 
might be of some importance in selecting the course 
of a submarine boat in a shallow sea. The present 
results related only to a two-dimensional problem, a 
submerged horizontal cylinder moving perpendicularly 
to its axis. 

EARTHQUAKES AND BUILDING PRACTICE. 
_ Mr. Teikichi Ibe, in a paper on “ Building Legislation 
in Japan,” said that until the City Building Act of 

1919, Japan had no enactment that could be called a 
building law, though the City of Osaka issued a series 
of regulations for the control of buildings, which 
formed the first example of such enactments, and were 
followed by similar action in other municipalities. 
The City Building Act was the first general treatment 
of the subject by the Legislature. In principle it 
applied to all cities, but in practice it was found 
that for the time being it could only be applied to the 
six largest. Among other matters this Act provided for 
a system of zoning, separating residential, commercial 
and industrial districts, and prescribing regulations as 
to the nature and construction of buildings in each. 
In many respects it laid down principles of construc- 
tion, and it also distinguished between districts in 
respect of the extent to which their buildings had to be 
fireproof. A number %f particulars were given as to 
the classes of matters to be regulated, and an appendix 
included a selection of clauses of the City Building 
Act and of the regulations made by Imperial Ordinance 
for enforcing the Act. ; 

_ The Congress would have disappointed the expecta- 
tions of its visitors if it had failed to exhibit the remark- 
able progress which Japan has made in engineering 
during little more than the present century. The 
papers contributed by Japanese engineers have cer- 
tainly io! failed to do this, but no single achievement 
has shown the technical and «.dministrative genius of the 
Nation, no less than its more] force, so strikingly as the 
manner in which it has dealt with the catastrophe of 
the earthquake of 1923. This was the subject of several 
papers, and perhaps both the extent of the calamity 
and the manner in which it was met are best shown in 
a paper by Mr. Toshiro Kasahara ‘“‘ On the Reconstruc- 
tion Works of Tokyo, with Special Reference to Land 
Adjustments.” 

In the Cities of Tokyo and Yokohama about 
100,000 people were killed, and property of more than 
500,000,000/. value was destroyed. Tokyo contained 
358,000 houses, some 36,000 of which were destroyed 
by the mere shock, but the resulting fire, which burnt 





for two days and two nights, destroyed nearly two- 
thirds of all the houses and over three-fourths of the 


was that the public facilities and utilities should be 
reconstructed throughout the whole area, and that the 
City should be replanned and its thoroughfares realigned, 
so as to introduce facilities for traffic and sanitary con- 
ditions which had been wanting in many or most parts 
of the destroyed area. The owners and leaseholders 
of land were to be allotted other plots, as nearly as 
possible corresponding in situation and shape to what 
they had enjoyed before, but somewhat smaller in 
size. 

Their contribution to the expenses undertaken by 
the State and the Municipality was to be that they 
were to submit to a reduction of size of area of their 
site, if it did not exceed ten per cent., though for any 
further reduction they were to receive compensation. 
This in principle was the land adjustment, to which 
the title of the paper referred, and the plan to which 
the work was to be carried out included the provision 
of temporary buildings, i.e., portable and folding huts 
for those who had nothing more suitable, to-be occu- 
pied successively by the inhabitants of each section 
while the reconstruction was going on, and until their 
new homes had been erected and they had moved into 
them. 

Facilities for obtaining building funds and technical 
advice were given by the Government, and while in 
some zones it was forbidden to erect buildings that 
were not fireproof, the Government provided a subsidy 
for those that were. The adjustment plan required 
the removal of some 203,000 houses to new sites. The 
author stated that this had been done by July of this 
year, and that the road, bridges, canals, sewerage, 
and the vast variety of other public utilities that were 
included in the plan were to be completed by April of 
next year. Without elaboration or comment they claimed 
that no city in the world had ever attempted to lay 
out a reconstruction plan on a scale so gigantic as this. 

A paper by Mr. Isami Hiroi on the “ Prevention of 
Damage to Engineering Structures Caused by Great 
Earthquakes ” dealt with the studies that a Special 
Committee of nearly a hundred members, appointed by 
the Civil Engineering Society of Japan, had pursued for 
fully three years in regard to the consequences of the 
earthquake. They embodied a closer study of the 
effect of this earthquake on engineering structures 
than had been made on the occasion of any previous 
earthquake, and reports embodying the results had been 
printed in three large volumes, from which the present 
paper had been prepared. It dealt separately with 
what had occurred to the water supply, sewerage, gas 
works, railways, maritime works, hydro-electric works, 
road, bridges, and buildings. Under each heading 
details were given, in the light of which it was 
pointed out that much could be done to avoid serious 
damage by earthquake to engineering structures in 
the future. Closer study of the damage might bring 
out still further useful facts, but for economic more 
than for technical reasons it would hardly be possible 
to make all engineering works entirely safe against 
destructive earthquakes. 

A special study of damage to buildings was presented 
by Professor Tadashi Taniguti, in a paper on ‘“‘ Seismic 
Action and Damage in Relation to the Character 
of Building.”” The destructive force of an earthquake 
shock on a building was due to the inertia of the mass, 
measured by the mass and the acceleration. This 
force was applied at the base, and was propagated 
upwards through the structure according to its flexi- 
bility or rigidity. In the neighbourhood of the epi- 
centre of the earthquake both its vertical and _hori- 
zontal components would be effective, but the vertical 
component diminished directly as the square of the 
distance from the epicentre, and some way off would, 
therefore, be negligible. Such was the case both at 
Yokohama and Tokyo, which were respectively 40 km. 
and 70 km. away from tne epicentre. The horizontal 


component, by which most of the mischief was done | 


in this shock, gave accelerations varying in different 
situations from 0-1 g to 0-59, and these figures were 
quoted to give a general idea of the seismic intensity 
in question. 

Professor Taniguti gave a number of examples 
relating the type of construction to the extent of the 
seismic acceleration, and discussed the forces under 
which failure would occur. In particular he examined 
the various theories by which the failure of rigid framed 
steel or reinforced concrete buildings were explained, 
not only in the present but in the San Francisco earth- 
quake, and the circumstance that, in buildings from 





three to nine storeys high, the most severe damage 
seemed to occur at the second or third storey. On the 
basis of his own investigations he suggested another 
theory, and supported it by reference to the results 
both of calculation and of experiment. 

Professor Ziro Takenaka described a ‘“‘ New Earth- 
quake-Proof Socket Joint of Cast Iron Pipe for Water 
Mains,” a matter of the utmost consequence in earth- 
quakes, in view of the need for hydrants to deal with 
any subsequent fire. As a result of a series of experi- 
ments a form of joint with lead packing was devised, 
the strength of which increased with the increase of 
the straining speed, and which in appropriate dimen- 
sions was regarded as earthquake-proof. 


Civiz ENGINEERING. 


The Director of the Bureau of Construction of the 
Japanese Government Railways presented a ‘‘ Report 
of the Construction of the Tanna Tunnel.”” This work 
was begun in 1918, and one-fourth of the whole length 
still remains to be excavated, although the advantages 
anticipated from its completion were such as to make 
it desirable at any cost which might be necessary. It 
was a double-track tunnel 25,614 ft. long, and, with the 
line in which it occurs, was estimated to cost 65,000,000 
yen. The geological formations through which it had 
to run included numerous faulted zones, some of which 
were filled up with soft clay and loose rock. In parts 
solfataric clay was also found, which at times could 
absorb water and rush out in the form of mud. There 
was, in addition, a large amount of seepage. Accord- 
ingly, the whole of the work had had to be conducted 
under very exceptional difficulties, and from the time it 
was started, in the spring of 1918, it was subject tu a 
succession of accidents. There were repeated floods, in 
many places accompanied by a softening of the ground 
into which the tunnel was being driven, with serious 
increase of earth pressure and ultimate collapse. When 
the work was started it was expected to proceed at 
such a rate as to be completed in 1925, but almost from 
the outset there had been a series of faults, floods and 
collapses, met with inexhaustible resource and _ perti- 
nacity by one method after another. There was reason 
to hope that the worst ground had now been passed, 
though what remained was still likely to be difficult. 

A paper by the Director of the Improvement Section 
of the Department of Railways dealt with ‘ Ventilation 
of Railway Tunnels, mainly about the Ventilation of 
the Higashiyama Tunnel.” This structure was nearly 
2,000 m. long, with a gradient of 1 in 150. Only in 
two months of the year was the direction of the wind 
such as to clear the smoke and gas out of the tunnel. 
Artificial ventilation had therefore been provided, 
consisting essentially of an electrically driven ventila- 
ting fan. The paper gave dimensions and_ speeds, 
together with an estimate of operating costs after taking 
credit for avoiding the necessity of periodically removing 
sand and exchanging and screening ballast gravel, 
but without any conjectural allowance for the absence 
of attack by sulphurous gases on the track material 
and tunnel structure. The conclusion submitted was 
that, though economically disadvantageous, the cost 
of operation was offset by the improved health of the 
workers and the greater comfort of travellers. 

Professor V. E. Liachnitzki, in a ‘‘ Review of Scien- 
tific and Technical Investigations on Harbour Struc- 
tures in the U.S.S.R.,” described the Russian organisa- 
tion for hydrological works, with some of the methods 
employed, and urged the desirability of co-ordinating 
hydrological investigations when made on _ waters 
common to more than one country. 

In a paper on “The Relation of the Material to 
Method of Dredging in the Whangpoo River and 
Yangtze Estuary,” Dr. Herbert Chatley, Engineer-in- 
Chief to the Whangpoo Conservancy Board, Shanghai, 
described the principles regulating the selection of 
dredging plant for use on various materials and in 
different circumstances, and gave particulars both of 
their application in the Whangpoo practice and of 
the principal conditions to be satisfied in specifying 
the construction of a dredger at a distance from the 
port of use. In the Whangpoo, bucket dredgers 
discharging into steel mud lighters, to be towed to a 
mud pump, were used for major work. For riparian 
dredging, grab dredgers were used, as being more 
convenient for traffic, owing to their shorter moorings 
and ability to work up against a wharf, though in 
costs and other respects they were not so satisfactory. 
The spoil from the grab dredgers was liquefied at the 
mud pump by injecting as much as eight times its 
volume of water, and the mixture was pumped through 
a 28-in. pipe line into large dyked-in settling basins, 
the surplus water from which passed over a weir into 
the river. Each standard barge carrying some 350 cub. 
yards (say 500 tons) of mud, was towed by a tug of 
about 300 indicated horse-power at an average speed 
over the bottom of about 4 knots, working out for 
the 5 sea miles of transport and return of empties at 
about 2 indicated horse-power hours per cubic yard 
transported. To that should be added from } indicated 
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horse-power hour to over 1} indicated horse-power hours 
per cubic yard, according to the stiffness of the material, 
for dredging the spoil in buckets of 23 cub. ft. capacity 
from a depth of, say, 40 ft. below water level, and 
dumping it in the barges at the rate of 12 to 16 bucket- 
fuls per minute. A further 2 indicated horse-power hours 
was taken by the mud pumps, which lifted the spoil and 
eight times its volume of water to about 22 ft. above 
lowest low water level, and forced it about 2,000 ft. 
away at a velocity of about 10 ft. per second. The 


power required by the grab dredgers for digging and | Stock,” by Mr. K. Asakura. 











concrete it was suggested that they might have advan- | been wonderfully successful, but had proved the most 
tages when applied in plates of rectangular cross- | economical method of guarding against snow trouble. 
section, but that further experiment and experience, A paper on the “ Development of Power Signalling 
were necessary before they could be recommended and Interlocking ’’ was presented by the Communica- 
for more general adoption. tion Section, Bureau of Electricity, of the Japanese 
z aes We _ | Railway Department. To begin with the manual 
RAILWAY OPERATION AND MAINTENANCE IN JAPAN. | lock system was used in various forms, the Hall 

A number of papers on the operation and maintenance automatic block system being first introduced in 
practice in force on the Japanese railways were presented, | 1904 between Iidamachi and Nakano. This comprised 
among which was one on ‘ Development of Rolling | disc type signals and was controlled by direct-current 
From this it appeared track-circuits. In 1917, a similar system using sema- 


dumping into barges was about the same. Thus, for | that at the time the railway companies were taken over phore signals and controlled by alternating current 


dredging, transporting and pumping ashore a cubic 


by the Government in 1912, there were 2,340 loco- track-circuits was completed on the Tokyo suburban 


foot of mud, about 54 indicated horse-power hours were | motives in use, of 190 different types, though since that circular line, while later on automatic semaphore 


required, or say, 7 indicated horse-power hours, includ- | time standardisation had enabled the number of the signals of the three-position upper-quadrant type were 


ing auxiliaries, which when in operation might absorb 
about 30 per cent. of the power taken by the main 
engines. Variations in the Whangpoo material 


called for machines with a considerable range of | 


cutting power, and their appropriate selection was 
necessary to obtaining satisfactory results. 


CEMENT AND REINFORCED CONCRETE. 

Mr. Mitsuzo Fujii, the Technical Director of the 
Asano Portland Cement Company in Tokyo, read a 
paper on “ Die neueste Entwicklung der japanischen 
Portlandcementindustrie.”” The first Japanese Portland 
cement factory, started in 1870 at the request of the 
Minister for Industry, was sold to Mr. Asano in 1882, 


and has now become the largest cement factory in | 


Japan, with a capital of over 10,000,000/. sterling 
(106,000,000 yen). By 1927 the Japanese cement 
industry as a whole had taken the fourth place among 
producing countries, and there appeared reasons to 
expect continued increase. The country was well 
provided with raw material, and in 1928 93-5 per cent. 
of its productive capacity was employed. Through the 
adoption of technical improvements and the most 
modern types of plant, the quality of its normal cement 
had been increased considerably without correspond- 
ing increase of cost. In 1928, for instance, two- 
thirds of the works used waste-heat boilers. The 
improvement in ordinary Japanese cement had been 
so great as to fulfil almost all technical requirements 
as well as the high-quality cements. The weather in 
Japan enabled work to be done throughout the year, 
and with its small present consumption of cement per 
head of population and its large resources in raw 
materials, its cement industry had very high prospects. 
Its trade organisation did not amount to a formal 
cartel in respect either to price or output, but in recent 
times circumstances have led to a good understanding 
among producers. 

Professor Tokujiro Yoshida, in a paper on “ Effect 
on the Compressive Strength of Concrete of the Order 
of Charging Materials into the Mixer,’’ described a 
series of experiments he had made on the subject. 
The object of mixing concrete was first to coat every 
particle of cement with water so as to make a paste, 
then every particle of sand with the paste to make 
mortar, then to coat every particle of gravel with 
mortar, and finally to distribute the materials uniformly 
throughout the entire batch. Experiments were made 
on a concrete 1:2:4 by volume, using a batch of 
about 0-1 cub. m. The materials were mixed in a 
drum mixer with interior blades, with a capacity of 
0-2 cub. m. and running at 22 r.p.m. Batches were 
mixed with 50, 65, 70 and 90 per cent. of water respec- 
tively, reckoned on the weight of cement. The 
materials were mixed in nine different orders, a much 
longer time than usual being allowed after each addition, 
making a total time of 14 minutes for the mixing 
operation. With every proportion of water except 
55 per cent., the highest strength after 28 days was 
obtained with the water added first. In most of the 
tests the next best result was got by charging all the 
material together and mixing for the minute and a half. 
The mean figures for all proportions of water showed 
a compressive strength after 28 days of 153 kg. per 
square centimetre with the water charged first, and 
151 with the materials all charged together, as against 
figures varying from 101 to 141 in the other ways. 

In a paper on ‘‘ Die Entwicklung und Bedeutung der 
hochwertigen Baustihle im Eisenbau und_ Kisen- 
betonbau,” Prof. Willy Gehler, of Dresden, described 


a number of the alloy steels which had been tried for, 


certain building and reinforced concrete purposes 
during the present century, including those introduced 
since 1928 with additions of silicon, manganese, 


copper and chromium. The last type of these steels | 


combined the advantages of very economical pro- 
duction with high tensile qualities and no loss in 
ductility, enabling loads higher by 50 or even 60 per 
cent. to be carried than with the standard German 
steel used for building purposes. This steel moreover 
had considerable resistance to corrosion, in particular 
to rust. The paper also gave the results of a number 
of experiments, throwing further light on the properties 
of the materials and their application in practice. 
With regard to their use in the construction of reinforced 





latter to be reduced. At the end of 1928, the rolling installed on a number of sections of the main line. In 
stock consisted of 3,979 steam and 99 electric loco- 1925, the ordinary signals between Shinawaya and 
|motives, together with 9,976 passenger vebicles; Yokohama were replaced by those of the colour light 
| 927 electric cars and 65,393 freight wagons, the average type, and these had now been adopted as standard. At 
| capacity of the latter being 12-8 tons. Foralong time the beginning of the present year, 609-7 km. (379 miles) 
'the 4-4-0 locomotive was the commonest passenger of double track and 53-8 km. (33-4 miles) of four -line 
| type, but in 1911 the 4-6-0 and 4-6-2 types were intro- | track had been equipped with 1,599 colour light signals. 
| duced for express ser-ices, and since 1923 the 2-8-2' The automatic signals were only used between 
|type had been the standard for freight service on the stations, the home and starting signals at the latter 
|main lines. For eighteen years all new locomotives , being still of the manual type. The latter were fitted 
|had been equipped with Schmidt superheaters, the with locks, which in turn were controlled by relays 
| present practice being to make the area of the latter worked from the automatic system. The actual 
|more than 33 per cent. of the evaporative heating signals and points were often operated electrically 
surface. The closed type of feed water heater was now through deck levers, even in the outlying districts, 
in general use and the Walschaert’s valve gear had while at many busy stations power interlocking 
also been extensively employed. Diesel locomotives plant was installed. This was either of the electro- 
of the geared and electric types were being considered pneumatic or the electric type. A detailed description 
for secondary lines, and, on branches where the traffic of the various equipment in use was given in the paper. 
was light, the petrol-engined rail-car was being Froma paper on ‘* Development of Railway Electrifi- 
employed. The main line in the neighbourhood of | cation in Japan,” presented by the Bureau of Electricity, 
Tokyo was electrified on the 1,500-volt direct-current |it appeared that electrification in that country was 
system in 1925. Of the 69 locomotives used 59 were of ; undertaken either to relieve the traffic congestion or 
14 different types. Steps were, therefore, taken to to improve the service in the neighbourhood of Tokyo 
secure the co-operation of four leading Japanese firms, | and Yokohama, and that 255-7 km. (158 miles) of 
with the result that a 4-6-6-4 articulated express | main line had now been converted. A further 530-km. 
locomotive with an output of 1,350 kw. had been | (329 miles) were either being converted, or work on 
built. them would shortly be begun. In addition, 2,750 km. 
In 1919 a new standard for passenger rolling stock | (1,780 miles) of local line out of a total mileage of 
was adopted, the car body being at first of timber, | 5,940 km. (3,691 miles), were operated by this method. 
though since 1927 steel had been employed. As regards | Of this, 1,025 km. (634 miles) had been converted from 
freight cars a capacity of 15 tons had been adopted | steam, while the remainder had been worked electri- 
as standard for both the covered and open types since ' cally from the beginning. 
1915, while those of the latter pattern, which had been Between Yokohama and Kernizawa a distance of 
built since 1927, had a capacity of 17 tons. Standardi- | 11-15 km. (7 miles), there was a gradient of 66-7 per 
sation of all rolling stock parts had been effected to a cent., and the line was originally operated on the 
considerable extent and included boiler tubes and Abt system, the journey occupying 70 minutes. As 
fittings, lubricators, valves, brakes, tyres, bolts, rivets, there were 26 tunnels on this section, great incon- 
springs and wheels, axles, window glass, &c. The venience was caused both to the passengers and train 
vacuum brake was gradually being discarded in favour | staff, and in 1912 it was, therefore, decided to adopt 
of the Westinghouse air brake on both passenger electric traction, especially as the traffic was rapidly 
vehicles and freight cars. Automatic couplers of the increasing. The direct-current system with 600 volts 
American type were used. The narrow gauge of | on the third rail was used, and three locomotives were 
1,067 mm. (3 ft. 7 in.), on which the Japanese system employed on each train. The population of Tokyo 
was originally laid, proved a great disadvantage as and the neighbourhood had risen from 529,542 in 
the traffic grew. In 1917, therefore, it was decided to , 1917 to 1,212,640 in 1927, while the number of passen- 
adopt the standard gauge, and to carry out the neces- | gers using the suburban lines had increased by 22 per 
sary widening and alterations to the rolling stock at the | cent. per annum during the last five years. Consider- 
same time. able stimulus was, therefore, given to this method of 
A paper on “‘ The Method of Rolling Stock Repair on | working, and 101-3 km. (62-8 miles) of line had been 
the Japanese Railways”? was read by Mr. O. Yam- converted. Most of this was operated on the direct- 
ashita, in which it was stated that, as a result of better | current overhead system at 1,500 volts, though 1,200 
organisation, the time taken for the general repair of | Volt pressure was also employed. The former pressure 
each locomotive had been reduced from the 41-6 days had now been adopted as the standard, but the best 
at which it stood seventeen years ago to 6-6 days in figure to use on the city lines was still open to question. 
1927, while corresponding reductions from 19-2 to 7-1| The equipment of the lines operating at 1,500 volts 
days and from 7 to 0-68 days had been made in the | Was dealt with in a paper by the Director of the Power 
case of passenger stock and freight cars respectively Section. The Tokyo district lines were supplied from 
since 1919. Repairs were carried out at 21 main and 17 substations, with a total capacity of 136,800 kw. 
5 branch shops. Each shop was responsible for the Four of these were arranged to feed both the main 
repair of the engines and passenger stock stationed in | line and city sections. On the feeder side all the 
its territory, while in the case of freight cars a certain | Stations were operated in parallel, but alternate stations 
proportion of the total was assigned to each according | Obtained their energy from two different sources. 
to its capacity. ‘The procedure followed was that Rotary converters were generally used, but there was 
generally familiar to railuay engineers, and had One mercury arc rectifier. Six of the stations were 
for its objects the most efficient utilisation of the automatically controlled. There were two or three 
floor space, the simultaneous execution of every stage | 325 sq. mm. (0-5 sq. in.) feeders from each sub-station, 
of the work and the application of piece-work. one of which was connected to the trolley wire every 
In a paper on “ Maintenance of Track and Operation 0-4 km. (0-25 miles). The second feeder was con- 
in the Regions of Heavy Snow Fall on the Japanese nected to the first through an automatic section 
Railways,” submitted by the Chief of the Bureau of switch Overy 1-6 km. (1 mile), the latter being 
Maintenance and Improvement, it was mentioned that S¢t to trip when the voltage fell below 55) or 
the annual expenditure on this service amounted to the ae exceeded some value between 1,000 
5 per cent. of the total annual maintenance. This and 2,000 amperes. These switches re-closed ane 
work was necessary in four different regions, and during ™&tically when the voltage again rose above 850. 
the last ten years an average of 169 men per kilometre Feeders from adjacent sub-stations and for the up and 
| had been employed for this purpose in the first, 180 in down lines were connected together at the stations, 
| the second, 153 in the third, and 11 in the fourth, Mach- 8° @8 to reduce the voltage drop, any defective line 
|ine and push ploughs of various patterns, and totalling being cut out by high-speed circuit breakers. The 
92 in all, were also used and operated on a regular OVeThead equipment was of the compound catenary 
service. In addition, such protective equipment as | tYPée, the main catenary being of stecl and the pa 
snow sheds and fences were erected where necessary, “@ry catenary of copper. In station yards or where 
while widening works or even a re-location of the line | there was danger from contact with bridges, or other 
had often been found effective and economical. In | tTuctures, the former was insulated both from the 
many cases plantations had been established for use in latter and from earth. 
conjunction with fences and sheds, and had not only | (To be continued.) 

















FOR AGRICULTURAL WORK. 


Ir the design of the vertical petrol engine recently 
introduced by Messrs. Bamfords, Limited, of Uttoxeter, 
be examined, it becomes evident that the makers 
have considered the problems involved ab initio, 
rather than adopting the facile course of copying 
existing models already on the market. As a result, 
the new engine embodies a number of original features 
which should tend to the advantage of the user, the 
keynotes of the design being simplicity and accessibility. 
We illustrate the engine in Figs. 1 to 4, on this pag». 
It is made in three sizes, developing, respectively, 3, 4, 
and 5 brake horse-power at 600 r.p.m., and it can be 
supplied in each size as either a stationary or portable 
model, and either hopper or tank cooled. 

The engine is intended primarily for agricultural 
work, and as will be clear from Figs. 1 and 2, the working 
parts are effectively protected from the dust created in 
such operations as grinding, chaff-cutting, or wood 
sawing. The main frame is made in two pieces, hinged 
together in the plane of the crankshaft, and as the whole 
of the moving parts are carried on the upper portion, 
or cylinder block, this portion can be hinged over to give 
access to the crankshaft and timing gear without 
disturbing the valve or ignition timing. As will be 
clear from Fig. 2, when the upper part is hinged over, 
the piston can be withdrawn without difficulty. The 
cylinder head is also detachable, to facilitate de- 
carbonising and to give ready access to the valves. 
Turning now to the detailed construction, it will be seen, 
from Fig. 3, that the combustion space is of simple 
hemispherical form with an entire absence of pockets. 
The valves, of nickel steel, are located in the head, the 
exhaust valve being vertical and the inlet valve inclined. 
They are operated by a single overhead lever, actuated 
by a push rod, the latter extending to the timing gear in 
the crankcase through the space between the water 
jacket and the wall of the main frame. The magneto is 
mounted on the side of the engine, and is of the Wico 
type, operated by an eccentric and laminated-spring 
drive. The drive for the timing gear and magneto is 


ingeniously arranged to incorporate a small number of | 
parts. The arrangement is shown in the lower part of | 


Fig. 3, from which it will be seen that the half-time 


wheel is bolted to a flange on the valve cam, the two | 


parts running on a hollow stud. One of the bolts is 
extended to pass through a hole in a short arm, formed 
on the end of a spindle passing through the stud. At its 
outer end, the spindle carries the eccentric for operating 
the magneto, as shown in Fig. 4. 


The cylinder bore is finished by grinding, and the | 
piston, of cast iron, is also ground. The piston is | 


fitted with two gas rings at the top, and a scraper ring 
at the bottom. The connecting rod is a drop forging, 
the big end being fitted with an adjustable die-cast 
white-metal bearing. The gudgeon pin is of the floating 
type, and is case-hardened and ground. The crank- 
shaft is a drop forging, heat-treated and ground, and the 
main bearings are of die-cast white metal, and are 
adjustable. One of the timing-gear wheels is of steel 
and the other of cast iron, both being cut from the 
solid. The cam is of steel, and is case-hardened. An 
unusual feature of the engine is that the fuel tank 
is of annular form and surrounds the top of the 
water tank. This arrangement, which can be seen on 
the hopper-type engine in Fig. 1, effects a considerable 
economy in space, as will be clear from the illus- 
tration. The governor is mounted on the inside of one 
of the flywheels, as shown in Fig. 2, and is directly 
connected to the throttle. A Solex carburettor is fitted 
as standard. In conclusion, it may be mentioned 
that the makers were successful in securing one of the 
silver medals, awarded at the last Royal Show by the 
Royal Agricultural Society for this engine, as well as 
several other awards. 


METALLOGRAPHY.* 
By Dr. G. Mastne. 


Many problems of structure of metals, namely, the 
nature of the individual crystals, their arrangement, 
and their state of stress, cannot be solved by means 
of the microscope, but can now be investigated by 
the help of X-rays which reveal to us the nature 
of the basic lattice upon which the crystal structure 
is built up. The space lattice, or elementary cell, 
must, therefore, be considered as being within the 
realms of metallography, the natural boundary of 
which is, to-day, the atom. The minute structure of 
the atom is outside metallographic discussions at 
present, for although we can effect changes in the 
space lattice of metals by alloying, mechanical treat- 
ment, &c., we cannot yet alter the structure of the 





* Paper read before the Institute of, Metals, Diissel- 
dorf, Germany, on Tuesday, September 10, 1929. Abridged. 
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atom. Perhaps this statement is not quite accurate, 
as a change in the space lattice must necessarily, 
in some way or another, imply a certain amount of 
change in the structure of the atom, and when we 
can measure this change, consideration of the minute 
structure of the atom will come within the field of 
metallographic discussion. 

Metallography can be divided into two parts, viz. 
chemical metallography, which deals with the relations 
of the metals to one another (alloying), and physical 
metallography, which is concerned with the behaviour 
of metals and alloys under varying physical conditions, 
especially plastic deformation. The problems and 
methods of research in these two branches differ widely 
from one another, and it is difficult to say which is 
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the more important branch. The physical branch 
deals with the general principles of the metallographic 
structure of metals, and, on this account, may be 
considered as the basis on which is built the chemical 
branch dealing with the combinations and structural 
changes caused by other metals. Historically, how- 
ever, the science has developed otherwise, as it was 
found to be possible to study the structure of alloys 
by the aid of the theory of heterogeneous equilibria 
without touching deep physical questions. As this 
theory has been developed during the course of the 
last fifty years and applied with success to numerous 
systems, it may now be considered to be fully worked 
out theoretically. Consequently, to-day the largest 
amount of theoretical interest is shown in the study 
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of®the physical side of metallography. From the 
practical point of view, however, the chemical side 
is the more interesting, and I assume that those who 
are concerned with the technical problems of metal- 
lography will confirm my opinion that problems of 
alloying, of the correct choice of already known alloys 
for special purposes, and the best method of producing 
new alloys, are of the greatest importance to the 
practical man. The preparation of an alloy is still 
the easiest and most efficient method of obtaining 
the desired properties, and must always precede 
other means of producing the result, such as thermal 
treatment. 

The systematic science, by the aid of which we 
survey alloy systems and study their inter-relationships, 
is the science of constitution based on the principles 
of heterogeneous equilibria, and its results are sum- 
marised in the equilibrium diagram. In reviewing, 
then, the methods of metallography, we have first 
to consider those used in the construction of this 
diagram. It must always be borne in mind that the 
laws of heterogeneous equilibria are based upon, 
and are just as well established as, the classical laws 
of thermodynamics. This fact is often, unfortunately, 
overlooked, not only in Germany but also in England, 
and equilibrium diagrams are still occasionally pub- 
lished which are in direct contradiction to the phase 
rule. Such diagrams, it should be emphasised, are 
equivalent to setting up a type of perpetual motion. 

Although the theoretical bases of equilibrium 
diagrams can now be considered to be completely 
stabilised, our experimental methods of investigating 
alloy systems cannot be said to be in any way perfect. 
The following facts illustrate this point: in spite of 
much research, many binary systems have not yet 
been completely elucidated—for example, the chrom- 
ium-manganese system; the diagrams of several 
important systems, e.g., that of copper and tin, which 
have been frequently investigated, are still being 
modified in minor details by further research; and, 
finally, the working out of a complete diagram, to the 
last detail, entails an enormous amount of work. This 
last point applies particularly to the aluminium-zinc 
system, which has been the subject of numerous 
careful researches, and, in the early days, was productive 
of many erroneous results. In my own practical 
experience, especially with antimony-tellurium alloys, 
I have often found it difficult to construct a satisfactory 
diagram from theoretical considerations based on the 
results obtained by the usual methods. Obviously, in 
ternary systems, the relationships are still more com- 
plex, and I cannot look at a ternary diagram of, for 
example, certain aluminium alloys without feeling a 
certain amount of doubt about its accuracy when all 
parts of the system have not been very carefully 
explored ; in these cases such a diagram loses a great 
deal of its interest for me. In these complex systems 
it is much more inadmissible to make constructions 
which have no theoretical support or are in direct 
contradition to theory than to make those which have 
at least some theoretical basis. 

In what manner do our methods of research into the 
constitution of alloys fall short of perfection? In the 
first place, the accuracy of the measurements is insuffi- 
cient. The following illustration shows how this 
inaccuracy can render useless any theoretical conclusions 
arrived at as the result of experimental work. Let x 
and y in Fig. 1, on this page, represent, for example, 
the temperature and chemical potential of an alloy, the 
curve, ab, showing change of potential with temperature 
for one phase, and cd that for another phase. The two 
phases are then in equilibrium only at the temperature 
at which the potentials of each are the same—i.e., at the 
point e, where the two curves cut one another. Let us 
assume that the accuracy of the measurements of x and 
yis small. Then, instead of the two curves ab and cd 
we should have two strips, as shown by the shaded lines, 
which are more or less broad, according to the accuracy 
of the measurements. In the case illustrated, there 
may seem to be then a second intersection of the lines 
at the point f, and the diagram then assumes an entirely 
different complexion. 

Let us now consider the measurement of some 
properties which are used in determining the constitu- 
tion of alloys. The measurement of temperature by 
the aid of thermocouples may be said to be sufficiently 
accurate nowadays, if carefully carried out. Frequently, 
however, temperatures are measured by means of a milli- 
voltmeter, with an internal resistance of 200 ohms to 
300 chms, and a scale extending to 16 millivolts. Such 
measurements are not sufficiently accurate for modern 


work, for, when using a platinum-platinum rhodium | 
couple, the subdivisions are 10 deg. apart, and the | 


average accuracy does not exceed +1 deg. Again, 
€rrors are introduced by the friction of the needle in its 
bearings, by the tension of the spring, and by the 
hecessity of gently tapping the instrument, all of 
which render it unsuitable for taking cooling curves. 
All these errors are avoided by using a mirror galvano- 
meter, which is so sensitive that it can be made with an 
internal resistance of 1,000 or more ohms. 





The second most important magnitude for the 
construction of an equilibrium diagram is the composi- 
tion of the alloy, without an exact knowledge of which 
accuracy in measurement of its properties is useless. 
The composition of an alloy may change during 
melting, owing to volatilisation of its constituents, to 
reaction with the surrounding atmosphere, and to 
reaction with the material of the crucible. The two 
first-named sources of error are the least dangerous, as 
they can be subsequently determined by analysis and 
allowed for. Absorption of gases by the metals is a 
much more difficult problem, as the absorbed gas may 
influence the behaviour of the alloy. By reaction with 
the crucible walls, not only is the composition of the 
alloy altered by changing the proportions of the 
constituents present, but foreign metals are taken up 
from the crucible, so that, strictly speaking, the alloy 
becomes a member of a complex polynary system, and 
measurements of its properties are therefore uncertain 
and inexact. 

To-day, it is possible to overcome almost completely 
all these difficulties by improved technique in melting 
the alloys in a vacuum or in an inert-gas atmosphere. 
Further, during the last 20 years, methods have been 
evolved, chiefly by Podszus, for the production, from 
almost all oxides, of ceramic masses which can be cast 
into crucibles free from all impurities. Unfortunately, 
this work has not attracted the attention it deserves 
among a wide circle of investigators. It is obvious, 
therefore, that determinations of other properties, which 
in modern times have become important for the 
establishment of the constitution of alloys, can now be 
made with greater accuracy; this statement particu- 
larly applies to the determination of changes of length 
(Chevenard’s dilatometry and its modifications) and 
electrical conductivity. 

However, the greatest difficulty in determining the 
constitution of alloys does not lie in the individual 


Fig.1.SCHEME OF THE INFLUENCE OF THE 
PRECISION OF MEASUREMENTS ON- 
THEIR EXPLANATION. 
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measurements, which, with the necessary care, ‘can 
now be made with sufficient accuracy, but in the slow- 
ness with which equilibrium is established. 

The basis of our knowledge of an alloy system is the 
ideal” equilibrium diagram, to which alone the laws 
of heterogeneous equilibria can be applied, and which 
alone can be controlled and explained theoretically. 
The so-called “ technical’? diagram naturally has its 
uses, as it shows the state of the alloys under practical 
conditions; but, until the ideal diagram has been 
definitely established, no certain value can be attached 
to the technical diagram. This follows from the fact 
that the deviations from the ideal diagram are depen- 
dent on the slowness of the reactions in the alloys, 
which can vary not only with the different alloys of 
the series, but also with alteration of the conditions, 
eg-, of purity. Any unintentional or unnoticed 
change in the conditions will, therefore, alter the 
contour of the technical diagram, and unless the ideal 
diagram is known it is not possible to attach the correct 
significance to, or to control, these variations. 

Let us first consider the ideal diagram. The most 
important requirement, and the most difficult to fulfil 
in the study of the constitution of alloys, is the attain- 
ment of a perfect thermodynamical equilibrium, without 
which the greatest accuracy in the measurements of the 
individual properties is useless. On this account, all 
those methods are unsatisfactory which depend on a 
certain rate of change in the state of the alloy; this 
excludes, in the first place, all thermal methods, which 
are, however, of great value in obtaining a preliminary 
idea of the system, owing to the ease and rapidity with 
which they can be carried out. In place of these 
methods, modern technique involves measurements 
of the physical properties, especially the electrical 
conductivity, at different temperatures. Conductivity 
measurements were first proposed by Zemzushnii, 
improved by Honda, and systematically studied by 
|Grube and his students in Germany. The results 
| obtained, we know, are equivalent to those obtained 
| by thermal methods, but conductivity measurements 
| are independent of the rate of cooling, and we can wait 
| before taking a measurement until equilibrium is 
| established at any particular temperature. 
| In some alloys, the resistance to internal change is so 
great that prolonged heating at a definite temperature 





does not suffice to bring about a state of equilibrium, 
and it is generally necessary, therefore, to adopt special 
means of attaining this state rapidly. One method of 
effecting this is to subject the alloy to plastic deforma- 
tion prior to heat-treatment. Another method is that 
adopted by Genders and Bailey to establish the 
boundary of the « phase in the copper-tin system. 
These investigators determined this boundary at low 
temperatures by quenching the alloy (e.g., that con- 
taining 61-5 per cent. of copper) from a temperature at 
which it consisted of pure 8 at about 900 deg. C., and 
then annealing at different lower temperatures. After 
this treatment, the alloy became homogeneous « in 
one hour. With less efficient quenching, such that 
small amounts of « crystals were precipitated, a much 
longer time of heating was required to remove the last 
traces of 6. 

An alternative method has been employed in the 
Research Laboratory of Siemens und Halske for the 
investigation of systems containing a solid-solution 
field which becomes narrower with fall of temperature, 
and has been used satisfactorily for determining the 
boundary of the « phase in the beryllium-copper 
system. This method comprises the determination of 
the electrical conductivity of different beryllium-copper 
alloys after various thermal treatments. In Fig. 3, 
on page 758, the thick line shows the conductivity 
of wires quenched from 750 deg. C. The values for 
alloys containing less than 1 per cent. of beryllium 
have been extrapolated on the assumption that the 
specific resistance of the alloys increases linearly with 
increasing beryllium content. The limits of solid 
solubility of beryllium in copper (« phase) are shown 
in Fig. 4; the dotted lines represent the earlier 
results of Osterheld, and are not correct; at 750 
deg. C. the saturated solid solution contains 2 per 
cent. of beryllium. The thick line in Fig. 3, repre- 
sents the .conductivity of the « phase containing 
less than 2 per cent. of beryllium. After heating at 
various low temperatures and then, quenching again, 
the conductivity increases, owing to the decompo- 
sition of the solid solution with precipitation of the 7 
phase. We obtain, for different annealing temperatures, 
a series of values which could be arranged with sufiicient 
accuracy on a series of straight lines, the points of 
intersection of which with the thick line representing 
the conductivity of the solid solution, gave the composi- 
tion of the saturated « crystals at the various tempera- 
tures. 

This method of determining the saturation limits of 
a solid solution is not new and has often been employed 
in this way, but I would like to point out the following 
interesting facts: The curve showing the conductivity 
values for 400 deg. C. bends downwards for alloys with 
1 per cent. and 1-5 per cent. of beryllium, so that the 
point for 1 per cent. of beryllium lies on the thick line, 
indicating that the precipitation of the second crystal 
phase has not yet, or has only just, begun, in spite of 
the fact that the solid solution is supersaturated to the 
extent of about 0-25 per cent. of beryllium. A similar, 
but smaller, supersaturation is shown by the alloy with 
0-5 per cent. of beryllium. It is clear that, with these 
two alloys, the supersaturation is too small and the 
reaction too slow to cause precipitation to take place 
at the normal rate. Our method for the determination 
of the a phase boundary, therefore, does not consist 
simply in looking for a kink in the conductivity curve 
of alloys with a composition near to the saturation 
point, which in the above case would have led to 
erroneous results being obtained at 400 deg. C., but in 
working with alloys which are highly supersaturated, 
and in which, therefore, the precipitation of the new 
phase takes place more readily, owing to the presence 
of a larger number of nuclei which accelerate precipita- 
tion by diffusion, as is shown by the closely agreeing 
values obtained for the conductivity at the higher 
concentrations. 

It is obviously essential that, in order to use this 
method, the curve of the property under examination 
should show the sharpest possible deflection at the 
point corresponding with the limit of solid solubility. 
In many cases, the conductivity curve fulfils this 
condition, but in other cases, especially where the 
solid solubility of the added metal is high, another 
property, e.g., the density, the thermal dilatation, 
which, with accurate measurements, gives good results, - 
or the lattice constant, must be studied. Glocker 
has found the last-named method to be valuable in 
certain cases. 

The objection to the above indirect methods of 
determining constitution is that the same purpose 
would be served by direct microscopic examination 
of sections cut from alloys which have been tempered 
for a sufficiently long time, but, in order to do this, 
the composition of the alloys must be as close as 
possible to the limit of solid solubility. The copper 
alloy with 1 per cent. of beryllium, Fig. 4, was 
tempered for 72 hours at 400 deg. without any 
precipitation being perceptible by an increase in 
the conductivity compared with that of the super- 








saturated state; in the microsection, a minute crystal 
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of could be detected at the boundary of an « crystal. 
Thus, even with prolonged heating, it is never certain 
that, in alloys the composition of which is in the 
neighbourhood of the saturation limits, the reluctance 
to attain equilibrium will be overcome. Again, in 
the temperature range in which the new phase separates 
in a finely-divided form, e.g., during ageing, micro- 
scopic examination cannot yield any satisfactory 
results, and a physical method must be employed. 
Besides the establishment of theequilibrium diagram, 
there is another problem in connection with alloys 
which has already been occasionally treated, and 
which requires to-day more and more a systematic 
investigation—that is, the behaviour of alloys not in 
thermal equilibrium. This does not refer to the 
establishment of the “technical” diagram in the 
true sense of the word, which would comprise the 
study of the reactions that ensue with normal rates 
of cooling; it refers to the study of those extreme 
cases of reactions in solid alloys the state of which is 


far removed from equilibrium, e.g., quenched alloys, | 


and especially those which undergo ageing. Here the 
theoretical principles are still very obscure. 

Let us consider the case illustrated in Fig. 5, where 
a homogeneous phase A is converted into another 


homogeneous phase B during cooling. Let us assume | 


that an alloy is cooled from the temperature x deg. 


to temperature y deg. in such a way as to prevent | 


any conversion of A into B taking place; decompo- 
sition of A then takes place at y deg. What are the 
laws which govern this ; and what is the composition 
of the B crystals thus formed ? Does decomposition 
take place without change ef concentration, contrary 
to the general law, or have the crystals of B which 
are first formed a composition corresponding with 
that of the saturation limit ? What is the mechanism 
of the breakdown of the remaining A crystals, and how 
are they transformed into B? Again, if the decompo- 
sition has begun with slight undercooling, what is 
the composition of the B crystals which are first 
formed ? 

None of the above questions can be answered with 
certainty at present, but that a theoretical answer to 
all is of the greatest importance can immediately be 
seen when we consider the mechanism of the hardening 
of steel and of ageing phenomena in alloys. Almost 
everybody makes the mistake of assuming that the 
principles of the ordinary equilibrium diagram can 
be applied to these cases without further discussion. 
To me it seems impossible to treat such reactions, 
which take place for the most part very rapidly, and 
in any case differ widely in their mechanism from 
equilibrium reactions, by methods governed by the 
laws of heterogeneous equilibria. 

An especially instructive example illustrating this 
point is the fact that the heat evolved during the 
formation of martensite under extremely rapid cooling 
is double the normal heat evolution. This behaviour 
has long been known, but has recently been systematic- 
ally reinvestigated by Wever in the Kaiser-Wilhelm 
Institut fiir Eisenforschung at Diisseldorf. Fig. 7 shows 
diagrammatically, for a steel containing a few tenths of 
1 per cent. of carbon, the relation between the pearlite- 
transformation temperature and the rate of cooling, 
as determined by the evolution of heat on the cooling 
curve. With very rapid rates of cooling, during 
which the steel remains for a long time in the martensitic 
state, a second feeble thermal effect is observed at 
about 300 deg—line cd. By the laws of equilibria, 
the line cd should indicate a new phase change, on 
which a theory of the mechanism of quenching at 
extremely rapid rates could be based. Actually, 
however, the explanation is probably quite different, 
and Wever assumes it to be as follows: The y to « 
transformation whch begins at higher temperatures, 
and is detectable thermally at the temperature of 
the line ab, does not proceed to completion owing 
to the sluggishness of the reaction involved. With 
rapid cooling, the linear rate of transformation falls 
so rapidly that the reaction comes practically to a 
standstill, until the temperature of the line cd is 
reached, when the retardation disappears, probably 
owing to the formation of numerous nuclei, and the 
reaction completes itself with considerable velocity, 
even when the linear velocity of crystallisation has 
become extremely small 

Although this explanation is theoretically possible, 
it is as yet impossible tc prove its truth, but in any 
case it will be seen that the laws of heterogeneous 
equilibria, including the phase rule, are not directly 
applicable to the considezation of processes which 
take place so rapidly. As another example, let us 
return to the case of the copper-beryllium alloys, 
referring to Fig. 4. At low temperatures, 7 crystals 
must separate from the supersaturated « crystals for 
the alloy to reach a state of equilibrium. Strictly 
speaking, we cannot say whether the nuclei which 
first separate have a composition corresponding with 
that of the y crystals in the equilibrium state, as the 
precipitation takes place with considerable under- 
cooling at a point far removed from the equilibrium 


stage. Only as the result of exhaustive researches— 
e.g-., by means of X-rays—can this point be definitely 
cleared up. 

Let-us now turn to a consideration of physical 
metallography. From a theoretical point of view, the 
greatest interest in this branch is centred in the relation 
between plastic deformation and heat-treatment on 
the one hand, and the properties, especially the mechani- 
cal properties, on the other. This is also the principal 
| practical problem when material with definite proper- 
| ties has to be obtained by suitable heat and mechanical 
|treatment. The values of the desired properties are 
fixed by the needs of the moment—that is to say, the 
problem to be solved is the determination of the 





| Fig.3. CONDUCTIVITY OF THE Be-Cu ALLOYS 
ANNEALED AT DIFFERENT TEMPERATURES 
AND QUENCHED IN WATER 





30 


15 


10 





(1619.6.) +: 2 3 


“ENGINEERING” 


Fi ig. 4.BERYLLIUM-COPPER EQUILIBRIUM DIAGRAM 
sides! Sk ie es fie 1 ne ia sa 


\ sid 
1000 + \\> Liquid Es 








S 

S 

Ss 
T 


& 
$ 
S$ 
T 
D 

! 





a 
Ss 
Ss 
1 oR: 
1 


1) 
Ss 
—) 

T 
l 


Temperature , Degrees Centigrade 
$ 
S 
i 
~ 
n 

















Pe i oe oe ee oe a 
Oo1ZSEAESCTESMUNAS 
Concentration —per Cent Be 


“ENGINBERING* 





& 
~) 
—) 


(1619.¢ ) 


Fig.5.SUPERCOOLING 
WITHOUT GERMINATION 

















Temp. 








Rate of Cooling 


(619.6) “ENGINEERING” 











(619.0) Co 
“ENGINEERING” 

behaviour of the metal under the conditions of practice. 
This kind of material testing, in which the conditions 
of the test are made to resemble as nearly as possible 
those under which the metal will be used in actual 
practice and in which the correlation of the results 
| of the test with definite physical magnitudes is avoided, 
|we may call technological testing, in contrast with 
| physical testing, in which well-defined physical pro- 
| perties of a metal are measured. For example, when 
we study the behaviour of a metal during corrosion 
we usually try to employ conditions which correspond 
with those occurring in practice ; thus, in investigating 
the corrosion of condenser tubes, we work preferably 
|with the actual condenser tubes and with water 
velocities such as occur in actual use. The results of 
such tests are complicated functions, not only of the 
different properties of the metal, but also of the con- 
ditions of the test. It is obvious that such a test has 
a purely empirical value, and no rational conclusions 
can be drawn from it as to the behaviour of the material 











! 
| under other conditions, or as to the effect of varying 


the metallurgical treatment. To obtain a deeper in- 
sight into the behaviour of the metal, the physical and 
chemical properties must be investigated. With a 
knowledge of these properties, which are constants of 
the material, the behaviour of the metal under other 
conditions, and after different metallurgical, thermal, 
and mechanical treatment, may be established. 

The development of rational metallography, there- 
fore, progresses from the purely technological to the 
precise scientific side, and only in this manner can we 
expect any important advances to be made in our 
knowledge, Tensile tests are intermediate between 
these two aspects of the subject. The standard test- 
piece and the simplified method of applying the load, 
which deviate greatly from practical conditions in 
order to obtain results of more general validity, have 
a certain scientific value. On the other hand, the 
properties determined by the tensile test—namely, the 
elongation, reduction of area, and breaking strength— 
have a poorly defined physical meaning, and, on this 
account, the test possesses, to a certain degree, a techno- 
logical character. A perusal of recent discussions on 
the plastic deformation of, and cohesion in, metals 
will show how extraordinarily difficult is the treat- 
ment of this subject. 

In the field of physical metallurgy we must therefore 
attempt to work only with well-defined magnitudes, 
the measurement of which has an exact physical 
character. The technique of physical measurements 
has several peculiarities. The physicist selects his 
apparatus and experimental conditions with extreme 
care, in order to measure the property under investiga- 
tion as exactly as possible and with the smallest amount 
of interference, and he subjects his results to an exact 
mathematical treatment and criticism, calculating, when 
necessary, the limits of accuracy of his work, so that 
his experimental results have a greater degree of cer- 
tainty than would be obtained without this purely 
mathematical and logical criticism. 

An especially beautiful example of the results which 
may be expected from experiments carried out under 
well-defined physical conditions is the work of Taylor 
and Elam on the plastic stretching of single crystals ; 
these investigators succeeded in expressing quanti- 
tatively the internal mechanism of stretching and slip 
by measuring all the changes that occurred in the 
shape of the test-piece during stretching and applying 
exact geometrical laws to the results. Another fine 
example of this type of work is the investigation 
of recrystallisation phenomena by Glocker and his 
collaborators. It is well known that all rolled metals 
possess a fibrous structure—that is to say, that the 
crystallites are definitely oriented as a result of the 
mechanism of slip. A well-known consequence of this 
structure is that the circles in Debye photographs are 
not uniformly black throughout, but exhibit numerous 
black spots. If the orientation of the crystallites of 
the rolled metal were absolutely uniform, only black 
points would appear in the photograph instead of the 
elongated strips of maximum blackness. Glocker and 
his collaborators, however, have succeeded, by studying 
the flow of metals during rolling and by conducting 
rolling tests under well-defined conditions, in obtaining 
a much cleaner fibrous structure in the rolled metal. 

To sum up, for physical metallography it is necessary 
to work on a systematic, methodical, and strictly 
exact physical basis, and not in the usual technological 
manner. This requirement is often very difficult to 
fulfil, especially when a technical problem is to be 
investigated. It must, however, always be borne in 
mind, and every effort should be made to follow it, 
since only in this way can we hope to make further 
advances in the science. 








THE THAMES FerRY STEAMER “ Witt Crooks.’’—The 
paddle ferry steamer Will Crooks, the first of two Thames 
ferry steamers being built for the London County Council, 
was launched on November 20, by Messrs. J. Samuel 
White and Company, Limited, East Cowes, Isle of Wight. 
The vessel, which is to convey passengers and vehicles 
across the Thames at Woolwich, is of the flush-deck type 
and has a large deckhouse amidships for passengers. ‘lhe 
top of the deckhouse forms the deck for carrying vehicles, 
the maximum weight allowed being 100 tons. Passengers, 
to the number of 1,000, can be accommodated. The v essel 
has a length, between perpendiculars, of 171 ft. 7 in., a 
breadth, moulded, of 44 ft., and a depth, moulded, otf 
7 ft. 6 in. The deck machinery comprises one capstan 
fitted forward for working cables, and one capstan att for 
warping. The propelling machinery consists of two inde- 
pendent sets of simple condensing engines, driving the 
port and starboard wheels respectively. Each engine has 
two opposed and inclined cylinders, 33 in. in diameter 
and having a piston stroke of 36 in., operating a single 
crank. Steam is supplied by two boilers of the gunboat 
type operating at a pressure of 50 lb. per square inch, 
and fitted with superheaters. The boilers are 9 ft. / 10. 
in diameter and 17 ft. 6 in. long, and each is fitted with 


twofurnaces. The auxiliary machinery includes an electric 
generator, three feed pumps, two feed heaters and ‘ilters, 
one general-service pump, and two combined circulating 


and air pumps. 
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THE HAMS HALL GENERATING 
STATION OF THE BIRMINGHAM 
CORPORATION. 


(Continued from page 666.) 
Cootine Towers. 


CONTINUING our description of the new Hams 
Hall generating station of the Birmingham Corpora- 
tion.{mention may next be made of the two cooling 
towers, which are employed for reducing the tem- 
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and Partners, Limited, of 36, Victoria-street. 
London, S.W.1. 

The employment of reinforced concrete, instead 
of timber, for cooling-tower construction has the 
obvious advantages of giving a longer life and 
complete immunity from fire risk. The use of the 
hyperbolic elevation facilitates construction, since 
it is possible to erect the structure as a shell 
without introducing beams or stiffening of any 
kind, in spite of the fact that the height of the 





759 


continuous from one lower apex of the triangular air 
openings, which are clearly visible in Fig. 21, to the 
next, the consequence being that the weight of the 
tower and the vertical component of the wind 
stresses are distributed more uniformly than would 
otherwise be the case, the maximum pressure on 
the ground not exceeding 2 tons per square foot. 
Figs. 21 and 23 also indicate that the air required 
for cooling purposes is drawn in through a large 
open space surrounding the whole of the base of the 
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Fie. 21. 


perature of the sewage effluent used for condensing 
purposes. These are built of reinforced concrete, and, 
as will be seen from the views given in Figs. 19 and 
21 and the drawings reproduced in Figs. 23 to 28, 
Plate LXXV are circular in plan and hyperbolic in 
elevation, while their capacity is much greater than 
that of any other towers that have yet been con- 
Structed. In fact, while the largest unit previously 
built has a maximum hourly circulation of 1,250,000 
gallons, the corresponding figure for these towers is 
5,000,000 gallons, the capacity per square foot at 
ground level being 200 gallons per hour, as against 
110 gallons per hour for the former. They were 
erected by Messrs. Joshua Henshaw, Limited, of 
Liverpool, to the designs of Messrs. L. G. Mouchel 








Fie. 20. 








BasEe or Cootrna Tower. 


maximum diameter is 168 ft. It may be added 
that the shell is designed so as to give a maximum 
strength to resist wind pressure, and the working 
stresses from this cause have also been reduced to a 
minimum. 

Each tower is designed to work efficiently with 
a circulation varying from 1,500,000 gallons to 
5,000,000 gallons per hour, but the normal flow 





will be 2,666,666 gallons, the effluent being cooled 
from 92 deg. F. to 75 deg. F. when the wet bulb 
temperature is 52 deg. F. and the relative humidity 
80 per cent. As will be seen in Figs. 23 and 24, 
each tower is mounted on a_reinforced-concrete 
ring, which transmits the load to a mass-concrete 
foundation formed in good ground. This ring is 





towers above the pond level is 210 ft., and that their | tower, and that this space is only broken. by : 


—— 





INTERIOR OF Cootina TowEr. 





Fie. 22. Main ConprEnser. 


number of diagonal columns, which support the 
shell. The hyperbolic shape of the latter ensures 
that the draught is evenly distributed over the 
whole of the interior of the tower, while the circular 
plan prevents any inequalities from being caused in 
this draught owing to the proximity of other towers. 
Finally, the effect of widening the top of the tower 
is to reduce the speed of the saturated air at the 
outlet, and thus to conserve any moisture that may 
be condensed at this point. 

An unusual feature, which has enabled the 
number of towers employed to be much reduced, 
is the sub-division of the internal water troughs, 
shown in Fig. 20, so that portions of each tower 
can be put out of action without affecting the 
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remainder. This is facilitated by leading the hot 
effluent into a channel, visible in Figs. 19 and 21, 
which surrounds the outside of the towers at a 
height of about 35 ft. above the pond level. From 
this channel, the effluent flows through a number of 
openings in the tower into a series of radial troughs, 
shown in Fig. 20, whence it falls over earthenware 
cups and spraying hurdles in the usual way. 

Each tower is placed over a separate rein- 
forced-concrete pond, which measures 195 ft. by 
191 ft. by 9 ft. 6 in. deep, and has a capacity of 
1,736,600 gallons. The two ponds are isolated from 
each other and from the suction culvert by means 
of penstocks. The troughs for the discharge and 
distribution are, like the towers, of reinforced 
concrete. Weirs are provided in each pond, to 
enable the amount of water cooled to be measured. 
Three 5-in. vertical pumps, manufactured by Messrs. 
The Pulsometer Engineering Company, Limited, of 
Reading, are used to extract the effluent from the 
flume. This effluent is first passed through rotary 
copper-gauze screens, and is then discharged, either 
straight into the ponds under the towers or into a 
sump. The water in this sump is extracted by 
three vertical pumps for ash sluicing, or alternatively 
effluent for that purpose can be taken direct from 
the pond. 


CONDENSERS AND STEAM AUXILIARIES. 


Dealing next with the auxiliary equipment on 
the steam side of the station, it will be convenient, 
if not altogether logical, to begin with the main 
condensers. These were manufactured by Messrs. 
Hick, Hargreaves and Company, Limited, of Bolton, 
and their general arrangement is shown in Figs. 29 
and 30, Plate LX XV, while a view of one of them 
is given in Fig. 22. Each condenser has a cooling 
surface of 45,000 sq. ft., and is designed to maintain 
a vacuum equivalent to an absolute pressure of 
0-98 Ib. per square inch with the barometer at 
30 in., when the set is carrying a load of 30,000 kw. 
and the cooling water temperature is 75 deg. F. As 
regards mounting, the condenser is bolted directly 
to the exhaust flange of the turbine which it serves, 
and is carried on springs. 

Sewage effluent is supplied to each condenser by 
two 21l-in. vertical Lonovane pumps, which are 
driven by 400-h.p., 440-volt direct-current motors. 
These pumps were manufactured by Messrs. Mather 
and Platt, Limited, of Manchester, while the motors 
are of the General Electric Company’s make. Each 
pump is capable of delivering 15,170 gallons of 
water per minute. When operating at full load, 
however, the two sets in combination are required 
to give 26,500 gallons per minute, this lower output 
being obtained by slightly reducing the speed of 
the motor. Continuity of supply is ensured by 
connecting one of the pump motors to the auxiliary 
yenerator on the main alternator shaft, and the other 
to the house-service ’bus bars. With the above flow, 
the water friction drop across the condensers is 
estimated to equal a head of 6-5 ft. 

Referring to Fig. 31, Plate LXXV, which is a 
diagram of the feed-heating arrangements at Hams 
Hall, it will be seen that the condensate is with- 
drawn from the condenser by the extraction pumps 
through a drain-mixing box, where it is mixed 
with the make-up water and the drains from the 
various heaters. These extraction pumps, which 
are provided in duplicate for each condenser, are of 
the vertical-spindle double-impeller type, and are 
driven by 57-5 h.p. direct-current motors, alter- 
native supplies to which are arranged in the manner 
already described for the circulating pumps.. These 
pumps have an output of 625 gallons per minute 
against a head of 130 ft., and discharge through the 
Kjectair heaters, drain coo'ers and the low-pressure 
heater, marked L.P. on the diagram, to the hot- 
well tank. The drain coolers are connected in 
series and are designed to deal with the hot drains 
from the high, intermediate and low-pressure 
heaters on their way to the drain-mixing box. 
The latter is arranged immediately below the 
condenser. The air ejectors were also supplied by 
Messrs. Hick, Hargreaves and Company, and each 
is capable of dealing with the air at full load and of 
passing the whole of the condensate from one 
condenser. After passing the heaters and drain 
coolers, the condensate is heated to a final tem- 





perature of 208 deg. F. in the low-pressure heater, 
by means of steam which is extracted from the 
main turbine at a pressure of 15-6 lb. per square 
inch absolute, at normal rating. 

An examination of the diagram, Fig. 31, will 
show that, from this point, the condensate can be 
delivered to the feed pumps in one of two ways: It 
can either be passed from the low-pressure heater 
to the top of the feed tank, whence the duplicate 
suction-feed mains and the de-aerator are supplied, 
or to the de-aerator via the condensate mains, and 
thence to the feed-pump suction. In the latter 
case, the feed tank acts merely as a surge tank. It 
will also be noticed that there is a separate feed 
tank for each main set, and a third, or reserve, 
tank, which is common to both. The supply of 
water to these tanks is governed by two float- 
valves, the higher of which controls the direct soft- 
water supply. Should this supply, which normally 
amounts to 5 per cent. of the total feed, fail or be 
curtailed, the second valve will operate when the 
water has fallen to a lower level and admit a supply 
from the town mains. Water can be admitted in 
a similar way to the reserve tank, which, when 
required, can be coupled directly to the feed-pump 
suction main. A supply is thus ensured under the 
most difficult conditions. As already stated, during 
normal operation, the make-up water is admitted 
to the bottom of the condenser at a point near 
the drain-mixing box, through a float valve in the 
feed tank. It is thus heated with the condensate 
as it passes through the various heaters. 

The de-aerators were manufactured by Messrs. 
Hick, Hargreaves and Company, Limited, and are 
of the internal-jet atomiser type, with vertical 
sprays. They are designed to deal with 616°5 
gallons of water per minute, and to reduce the oxy- 
gen content of the condensate from 0-15 cub. cm. to 
0-05 cub. cm. per litre. In the event of an exces- 
sive demand being made on the reservoir at the 
bottom of the de-aerator, the loaded non-return 
valve, shown on the diagram, Fig. 31, operates 
and admits water from the feed tanks to the suction 
ranges through a by-pass line. 

Three feed pumps are provided, two of which are 
electrically driven while one is steam operated. 
These pumps all have a maximum output of 50,000 
gallons per hour, and deliver water against a 
pressure in the feed range of 480 lb. per square inch. 
The electrically-driven pumps were manufactured 
by Messrs. Mather and Platt, Limited, of Manches- 
ter, and are of that firm’s well-known Plurovane 
design, a special feature of which is the slight, but 
continuous, fall of pressure which is obtained from 
no load to full load at constant speed. This 
enables the pumps to be operated in parallel and, 
it is claimed, ensures freedom from water hammer 
and surging. Each pump is coupled to a 440-h.p., 
400-volt three-phase motor, and runs at a speed 
ranging from 1,372 r.p.m. to the maximum deter- 
mined by the slip at a particular load. An 
interesting feature of this part of the installation 
is the use of a Ruggles-Klingeman regulating 
device for obtaining automatic pressure regulation. 
As is well known, owing to the allowance that has 
to be made for frictional losses in the heaters, 
valves and ranges, the pressure developed by the 
feed pump at full load is usually in excess of the 
boiler pressure. These losses decrease as the load 
falls, and, under such conditions, there is therefore 
a considerable pressure rise in the feed range, which 
leads to difficulties in regulation. The regulators 
mentioned have therefore been fitted, so as to 
maintain a practically constant pressure in the 
feed range at all loads. They consist essentially 
of a pressure diaphragm, one side of which is con- 
nected to a point close to the boiler-feed inlet, 
while the other side is fixed to a spring-controlled 
lever arm, the outer end of which operates a series 
of linkages. These linkages, in turn, control the 
movement of a step-by-step regulator in the circuit 
of a }-h.p., 400-volt reversible three-phase pilot 
motor, which operates a 13-contact rotor regulator 
in the circuit of the 440-h.p. motor driving the feed 
pump. In this way, the speed of the latter can be 
varied between 1,372 r.p.m., and the maximum 
speed of the motor corresponding to the slip at a 
particular load. The pilot motor is connected to 


so that it is cut out when the latter is out of circuit. 
The motors driving these pumps were manufac. 
tured by Messrs. The General Electric Company, 
Limited, and are mounted on an extension of the 
pump bedplate. They are generally of standard 
type, and are provided with enclosed ventilated slip 
rings. There is no brush lifting or short-circuiting 
gear. They are controlled by a draw-out switch in 
the stator circuit, which is fitted with the usual 
tripping devices, and by a liquid starter in the rotor 
circuit. It may be mentioned that most of the 
motors used in driving the other auxiliary plant 
were also manufactured by the same firm. 

The steam-driven pump was supplied by Messrs. 
G. and J. Weir, Limited, of Cathcart, Glasgow, and 
has the same output as the electrically-driven 
pumps against a pressure of 480 lb. per square 
inch, when supplied with steam at a pressure of 
350 lb. per square inch and a temperature of 
700 deg. F. The pump has been specially designed, 
so that, when controlled by the feed-line pressure at 
a point near the boilers, it gives an identical output 
curve to that of the motor-driven sets. All three 
units can therefore be run in parallel. 

The feed pumps deliver the water through the 
intermediate and high-pressure heaters, and thence 
through a Venturi meter to the duplicate feed main, 
control being effected by Cope feed regulators on 
each boiler. Both the intermediate and_high- 
pressure heaters on each set consist of two heaters 
in series, with a total heating surface of 2,570 sq. ft. 
They are of all-steel construction, their working 
pressure being 480 lb. per square inch. They are 
designed to maintain a final temperature of 311 deg. 
F. under maximum rating conditions, when supplied 
with extracted steam at pressures of 98 lb. and 
44-5 lb. per square inch absolute, respectively. Anti- 
flooding devices are arranged in the steam space, 
so that, in the event of a burst tube. the water is 
automatically by-passed. 

As shown on the right of Fig. 31, the heat cycle 
of the two house generators is superimposed on the 
main system, but does not form an essential part 
of it. The condensers on these sets were also 
manufactured by Messrs. Hick, Hargreaves and 
Company, Limited, and are designed to maintain 
a vacuum equivalent to 0-98 Ib. per square inch 
with the barometer at 30 in., when supplied with 
cooling water at a temperature of 75 deg. F., 
the load on the turbine being 1,875 kw. The 
circulating water for these condensers is supplied 
by three sets of 8-in. steam-driven Lonovane 

umps, each of which is capable of delivering 
2,310 gallons per minute. Each circulating pump 
is driven in tandem with an extraction pump. by 
a back-pressure turbine of Messrs. Hick, Hargreave's 
manufacture. Each of these units is capable of supply- 
ing the whole of the circulating water, and can be 
worked in conjunction with either of the condensers. 
The condensate, after withdrawal from the con- 
denser, passes through the surface interheater, and 
after-heater of the ejector, and thence through an 
exhaust-steam heater, in which the heat of the 
exhaust from the turbines driving the pump sets 
is utilised, and through the common condensate 
main to the hot well. A common exhaust main is 
provided for both the main and house sets, 50 that 
any surplus steam from the auxiliary heater can 
be used in the low-pressure heaters of the main sets. 


(To be continued.) 
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The Technical Papers of Ariya Inokuty, Professor of 
Mechanical Engineering in the Imperial University 
of Tokyo, Japan. Tokyo: The Memorial Committee, 
The Society of Mechanical Engineers. 

To show their admiration and respect for the late 

Professor Inokuty and to commemorate the invalu- 

able services which he rendered to the advancement 

of mechanical engineering in Japan, his student~ 
resolved to perpetuate his memory in three ways, 
first, by holding a meeting at which engineers who 
were once his students gave commemorative lectures 
on the subjects in which he was specially interested ; 
second, by the presentation of a bronze bust of the 
Professor to the Imperial University of Tokyo ; and, 





the switch in the stator circuit of the main motor, 


third, by the publication of a volume containing ° 
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selection of Professor Inokuty’s technical papers, 
together with the memorial lectures delivered in 
his honour. It must be admitted that the steps 
taken in this way constitute a very practical and 
enduring testimony to the memory of the late 
Professor, who had such a distinguished career, 
and who for 45 years was closely identified with the 
cause of engineering education in Japan. He made 
scientific research his life’s work, and also produced 
a number of useful inventions, one of which for 
improvements in centrifugal pumps proved highly 
successful and has been put on a manufacturing 
basis on an extensive scale in Japan. 

The handsome volume which has recently been 
issued by the Memorial Committee, contains a 
portrait of the Professor, and with the exception 
of a preface in Japanese characters, is printed en- 
tirely in English. Thirty-nine papers dealing with a 
wide range of subjects have been selected from 
Professor Inokuty’s writings, including his theory 
of the centrifugal pump published in 1904, and of 
the “forced vortex ” centrifugal pump which he in- 
troduced about the same time. Some of the articles 
are of a very simple character, such as “‘ Experiment 
on the Strength of a Bolt and Nut,” and “ Formule 
for Helical Springs,” which no doubt have been in- 
cluded to show his powers of clear exposition as a 
teacher. On the other hand, the papers on “ Inter- 
polation,” “The Method of Least Squares,” and 
“ Approximation to an Integral by a Parabola of 
the Fourth Degree” exhibit mathematical ability 
of no mean order. A number of papers were read 
before the Society of Mechanical Engineers of Tokyo, 
with the formation of which he was intimately 
associated, and others were published in engineering 
journals in Europe and America. He carried out 
much scientific research in hydraulics, of which he 
had an exhaustive knowledge, and in the strength 
of materials and structures. An examination of this 
work, which was obviously quite original so far 
as Professor Inokuty was concerned, does not, how- 
ever, reveal anything which has not already been 
dealt with in Europe in perhaps somewhat different 
form. Nevertheless, the book constitutes a striking 
testimony to the work of one of the greatest of the 
native scientists and teachers who have yet arisen 
in Japan, and it serves to show in an admirable 
manner the wonderful development in the theory 
and practice of engineering which has taken place 
in that go-ahead country. 

The book is well produced, and will be regarded 
as a welcome addition to the reference library of any 
public institution fortunate enough to possess a 
copy. 


Practical Geometry and Engineering Graphics. By W. 
Asppott, B.Se., A.M.I.Mech.E. Blackie and Son, 
Limited. [Price 10s. net.] 

Tus book provides an excellent course in practical 

geometry for engineering students who have already 

received some instruction in elementary plane 
geometry, graph plotting and the use of vectors. 

Throughout the book, the illustrations and worked- 

out problems are arranged on the right-hand page, 

with the accompanying subject-matter on the page 
opposite, thus greatly facilitating cross-reference. 

The matter is grouped in two parts, dealing with 

plane geometry, and with solid or descriptive geo- 

metry, respectively. In Part I, considerable atten- 
tion has been given to engineering graphics, and 
particularly to the applications of graphical differen- 
tiation and integration. The fundamental proposi- 
tions of graphic statics are also included and illus- 
trated by a number of examples of a thoroughly 
practical character. The author states quite truly 
that in dealing with engineering problems of a 
practical nature, the use of graphic methods of 
computation is often justified, especially when 
analytical methods prove unduly laborious, and 
the results obtained are as accurate as the data 
warrant. Velocity and acceleration diagrams for 
various types of mechanism, valve gears, &c., are 

very clearly treated, and Part I concludes with a 

most useful reference to harmonic analysis and 

Fournier's theorem. 

The carlier chapters in Part II are designed to 

Temove the difficulties experienced by students 

when meeting with three-dimensional geometry for 
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first accustomed to think in space by working out 
exercises in orthographic and isometric projection 
of solids, before proceeding to problems of the 
straight line and plane, traces and intersections of 
planes, &c. In the latter and succeeding sections 
a most useful device has been adopted in the form 
of a pictorial or perspective sketch to enable the 
student to visualise the nature of the problem and 
the method of its solution. Numerous problems are 
given, many of which are taken from actual prac- 
tice, on the projection and sections of solids, inter- 
sections and development of surfaces, tangent 
planes, projection of shadows, &c. 

The examples which bear directly on the text 
number about 600, and have the merit of being 
original. The figures are in every case well drawn, 
and are beautifully clear. A large number of ques- 
tions set by various examining bodies are given at 
the end of each section to furnish additional practice 
for the student. The book is well got up, and 
may be safely recommended as giving a remark- 
ably clear exposition of the subject with which it 
deals. 


Memoirs and Addresses of Two Decades. By Dr. J. A. 
L. WADDELL, Consulting Engineer. Edited by Frank 
W. SKINNER, Consulting Engineer, Easton, Pa. Mack 
Printing Company. 1928. 

**SmaLt have continual plodders ever won” may 
possibly have been true in medieval conditions. 
It may be noted, however, that within less than a 
generation from the date on which Shakespeare 
penned the line, a striking illustration of the value 
of the plodder was given by Henry Briggs and Adrian 
Vlacq. These two computers prepared the logari- 
thmic tables which form the basis of practically 
every set nowin use. It was the grit and persistence 
of these two men which brought to fruition the 
brilliant inspiration of Napier of Merchiston. Every 
computer owes a debt to these “hod men” of 
science, to use Huxley’s term, and Dr. J. A. Waddell 
has a similar claim on the structural engineer, for 
facing the drudgery involved in his highly informa- 
tive and painstaking papers and treatises on bridge 
work. In these, special stress has been laid on the 
economic questions involved, but there is also in- 
cluded in his publications much invaluable advice 
on general questions of design, the fruit of a long 
experience, during which the author has been re- 
sponsible for the construction of bridges to the value 
of millions of dollars. 
Dr. Waddell’s papers’ were contributed in the 
first instance to different engineering societies, and 
many were subsequently incorporated into his 
treatises, but there were others dealing with a very 
wide range of subjects, which it has been thought 
worth while collecting into one volume, thus saving 
those interested, the tiresome task of hunting out 
any particular reference required, in the proceedings 
of perhaps a dozen different technical societies. 
The selection has been made by Mr. F. W. Skinner, 
who has prefaced each with a well-written foreword. 
In some ways, perhaps, the volume, which runs to 
over 1,100 pages, might have been improved by a 
more liberal use of the editorial blue pencil. Thus 
the papers on military bridging and on “ Bats, 
mosquitoes and dollars,” might well have been 
omitted. In the first case, Dr. Waddell wrote the 
paper under protest, well aware that he had no ex- 
perience in this particular matter, whilst the second 
paper consists of a contribution to a work by Dr. 
C. A. R. Campbell, on a subject too much apart 
from the rest of the memoirs to fit well into the 
scheme. As noted in the general preface, there is 
not a little duplication, necessary possibly in the 
original but not altogether so, we think, when the 
papers are brought together. 

The ground covered in this collection of papers is 

exceedingly wide. The book is, in fact divided 

into eleven sections, dealing, amongst other matters, 
with the engineering profession, technical education, 
engineering literature, alloy steels, contracts, and 

China. Dr. Waddell was born at Port Hope, 

Ontario, Canada, in 1854, his father being an 

Ulsterman, and to this ancestry is perhaps to be 

attributed the readiness of pen and speech, which is 

one of his most noteworthy characteristics. This 
gift is no small asset to a consulting engineer, if 


> 





the first time. With this end in view, they are 








backed by reasonable professional proficiency, 


and it is noteworthy that in his papers dealing with 
the training of engineers Dr. Waddell lays great 
stress on the value of clear and elegant English, 
and even advocates a course in oratory. 

Graduating from the Rensselaer Polytechnic 
Institute in 1875, Dr. Waddell, after some months 
work in a drawing office, obtained field experience on 
surveys of the Canadian Pacific Railway. His 
first experience in bridge work was unfortunate, ill- 
health compelling him to leave an erecting job after 
only a month’s service. Shortly afterwards he 
became an assistant at the Rensselaer Polytechnic 
Institute, from which he was appointed to the chair 
of Civil Engineering at the Imperial University in 
Tokyo, where he spent four years. Here he was most 
successful as a teacher, but his criticisms of certain 
bridges built to British designs in Japan gave rise 
to a somewhat heated controversy. The truth of 
the matter seems to have been that at the date 
in question some British designs were exceedingly 
bad, but so it must be admitted were many 
American designs. As Dr. Waddell says on page 649 
of the volume under review, the most amusing 
part of the controversy which arose, was that both 
sides were wrong, though neither suspected it 
at the time. A page or two previously he states 
that looking back on some of his own earlier designs 
made forty years ago, he finds it strange that he 
did not realise the enormous faults in many of the 
details. At that date we believe American engi- 
neers generally overrated the importance of the 
strain sheet, whilst many British engineers used 
exceedingly crude methods of proportioning their 
structures. This was remarkably exemplified in the 
widening of the Grosvenor Road railway bridge. 
by Sir Charles Fox in 1866. In this structure there 
was a most extravagant waste of metal. Never- 
theless this bridge, which could never have passed the 
scrutiny of American engineers, is carrying to-day 
without any sign of distress, loads fully double of 
what were contemplated by its designer. The tran- 
sition to more rational methods of proportionment 
led here, as in America to over-reliance on the strain 
sheet, an error which culminated in the Tay Bridge 
disaster, whilst in America failures were far from 
infrequent, amongst them being that of the Mis- 
souri River Bridge, for the design of which one of 
the most eminent American engineers of the day 
was responsible. Failures of small spans were more- 
over constantly occurring in the United States 
at the time Dr. Waddell penned his criticisms. 
There was, however, some excuse for these acci- 
dents, in the fact that the Americans had to choose 
whether they would have cheap railways or no 
railways, and very wisely accepted the first of the 
two alternatives. This involved the cutting down of 
bridge weights to a minimum, with consequent 
rapid deterioration of the structure. An interesting 
instance of this is given in the present volume, where 
Dr. Waddell states that in 1895 he had to adopt 
mixed steel and timber bridges on a railway line 
from East Omaha to Council Bluffs. These cost 
75 per cent. to 80 per cent. as much as all-steel 
bridges would have done, but had naturally a very 
much shorter life. 

Returning to the United States Dr. Waddell joined 
the Phoenix Bridge Company ; but as the import- 
ance of the old principle that joint should, wherever 
possible, be stronger than the body of the member, 
became more firmly impressed on his mind, Dr. 
Waddell found increasing difficulty in securing 
contracts for the firm, and after five years struggle 
resigned, to practice as a consultant. It was not 
in fact, until about 1890 or a little later that 
American bridge engineers began to recognise the 
importance of rigidity. Mr. George H. Thomson 
was, we believe one of the first to be convinced of 
this, and was followed by Mr. George Morison whose 
paper on the Memphis bridge gave rise to a very 
interesting discussion before the American Society 
of Civil Engineers in 1893, to which Sir Benjamin 
Baker made a valuable contribution. 

On the Quebec bridge disaster, Dr. Waddell rather: 
suggests that Mr. Cooper left matters to an inex- 
perienced assistant and that the accident would not 
have occurred had Mr. Cooper himself prepared the 
design. It must, however, be noted that the 
adequacy of the bracing of the strut which failed 
was challenged by the shop-men, and that the 
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matter was definitely submitted to Mr. Cooper who 
said he had gone into the question and that: the 
bracing was all right. 

Following this disaster much excellent work was 
done in America in testing and examining standard 
designs of structural details, with the result that 


|a small hole be drilled through a tension member, | experiments, designed to secure an adequate founda- 


the stress at the edge of the hole may be three | tion for his deductions. 

times the average value. Now the American} Some excellent advice is given by Dr. Waddell 
Railway Engineering Association suggest 18,000 Ib. | on technical book writing. He maintains that the 
per square inch as the nominal working stress on | scope and limitations of a proposed treatise should 
steel. Since the metal is sure to have holes through | be settled at the outset, and a list of chapters 





in many cases these were found to be seriously | it, such a nominal stress may imply a real maximum 
defective. It is only of late years that it has been | stress of 54,000 lb. per square inch, which is in 
possible to regard American practice in the design | excess of the elastic limit of most of the steel used 
of bridge trusses as the equal of the best work | for bridge work. | 
elsewhere. Dr. Waddell clearly would not assent to| Again he claims that formule of the Pencoyd type | 
this, but whilst some very bad designs of structural | give an actual representation of impact effects. This, 
steel work have emanated from Europe, such as the | of course, is not now accepted, and, in fact, formule 
Embabeh bridge at Cairo and by the Panama cranes, | of this type really make a provision for fatigue ; 
which collapsed under test, there is no evidence of |in the existence of which, however, Dr. Waddell 
superiority of the best American practice over the | expresses unbelief. Had Dr. Waddell had experi- 
best on this side of the Atlantic. In fact, it may | ence of engine work, he would, we feel sure, have 
be questioned whether the actual strength of the | realised long since that fatigue is a very real pheno- 
new Quebec bridge is as high a proportion of its|menon and that the elastic limit of a material is 
calculated strength as the corresponding ratio for | little or no guide to its endurance under alternating 
the Forth bridge. The “K” bracing adopted in | stresses. 

the former structure is most ingenious and has| There is in short not the slightest evidence that 
some exceedingly good points, but experience | the safety of a structure is in any way dependent 
during the Great War showed very conclusively, /on the elastic limit of the material used. There 
that trusses with double inter-section web members | have been repeated cases of failure of material which 
withstood injuries which would undoubtedly have | has had its elastic limit raised by heat treatment. 
caused the collapse of any singly triangulated struc-| It is only a few months since suspension bridge 








ture. We note that in his project for a bridge| cables for which such material had been used, | 


made out, weeks, if necessary, being spent on this 
preliminary and systematic work. Well would it 
be, if the author of the ordinary text book or tech- 
nical treatise adopted this course. Nevertheless, 
it may safely be said that in no great creative work 
was such a rule followed. Maxwell, for example, 
would never have penned his great T'reatise on 
Electricity and Magnetism, had he attempted to 
follow this systematic procedure. Where, however, 
no serious demand is made on an author’s insight 
and imagination, there is no excuse for slipshod 
and illogical arrangement of the subject matter, 
which in such case is merely a proof of laziness. 
No reproach of this kind can be brought against 
Dr. Waddell. His papers on the economics of 
bridgework took over four years to compile, and 
this thoroughness and industry have been very 
evident in other of his fields of activity. Thus, 
when entrusted with the design of the superstructure 
for the Chicago elevated railways, he got out com- 
plete estimates of cost for thirteen possible types 
of construction. The compilation of his papers on 


at Havana, Dr. Waddell himself adopted double | proved wholly untrustworthy. A still more striking | contracts and on specifications, must also have 


inter-section bracing. example of the unreliability of a high elastic limit | 


involved much thought and heavy labour. His 


In the matter of suspension bridges America | as a gauge of safety is afforded by the recent failure, | treatises should be on the shelf of every construc- 
unquestionably leads, and there is little prospect | in the “‘ bomb proof,” of a heat-treated disc intended | tional engineer, and will prove invaluable even 


of any serious challenge to her position in this|to be used in a high-speed rotor. The treated | 
regard for many years to come. Moreover, during | material had a high elastic limit, a micro-struciure | 
the construction of the Philadelphia-Camden | which was thought almost ideal, and passed satis- | 
suspension bridge much magnificent experimental | factorily the notched bar test. Nevertheless, the | 
work was done, the results of which are of great | disc flew to pieces when subjected to the usual | 
value also to designers of other types of structure. | overspeed test. On the other hand it has frequently | 

The practical notes and information contained in | proved impossible to break, in the bomb proof, | 
Dr. Waddell’s books and papers are of great interest | discs of ordinary medium steel even although | 
and value, the more so in that much of the matter | the calculated stress attained exceeded by 30 per | 
is of a character hardly to be found elsewhere. We | cent the ultimate strength of the material as shown | 
have for example decailed instructions for the} by an ordinary tensile test. 
guidance of the Resident Engineer, and excellent | In one of the essays reproduced in the volume, | 
advice backed by illustrative examples on the pre-| under review Dr. Waddell deplores the small | 
paration of specifications and the arrangement of | influence of the engineer on public affairs. We fear, | 
contracts. On some points, however, it would ‘however, that this is, and will remain inherent in | 
seem that the author has hardly kept up to date, | the very nature of things, and that the lawyer and, | 
and hence some of his statements are demon- | politician will rule us to the end of time. The latter | 
strably in error. He asserts, for example, that} are in the habit of assuming their premises, and, 
no properly designed bridge ever has any of its | arguing logically from them, profess more confidence 
metal stressed to anything like the elastic limit. | in the accuracy of their conclusions than even a very | 
Evidently the fact has been overlooked, deduced by | experienced engineer would do in a corresponding 
theory and proved by actual experiment, that, if! case, though he may have spent months in expensive 








although as we have suggested they may be open to 
criticism in certain regards. : 

Dr. Waddell has always shown generous apprecia- 
tion of the work of his assistants, and he lays it 
down as a rule for the guidance of principals, that 
when an assistant becomes worth more than it is 
practicable to pay him, a better post should be 
found him elsewhere. 








Income-TAx HanpBoox.—A pamphlet of 20 pages 
entitled, Income Tax Up to Date, by Mr. H. J. Gully, 
has been published by The Financial News, 20, Bishops- 
gate, London, E.C.2._ The book gives, in condensed and 
readable form, the rules and regulations for the current 
income-tax year, ending April 5, 1930. The price ot the 
pamphlet is 9d. 


Coat-MrvgE ACCIDENTS IN THE UNITED States.—During 
the twelve months ending June 30, 1929, the lives lost 
in coal-mine explosions in the United States totalled 
139, as against 342 during the previous year. Stone 
dusting is stated by the United States Bureau of Mines 
to have played an important part in limiting some ot! the 
explosions which occurred. 
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THE WELLAND SHIP CANAL.—VIII. 


Tux southernmost section of the Welland Ship 
Canal is No. 8, and as already noted comprises the 
original Sections Nos. 8 and 9, which, in the first 
place intended to be separate, were merged into one 
in 1923. The section extends from Station No. 1294, 
the end of Section No. 7, to deep water in Lake 
Erie, and embraces the end of the canal on land, 
and the channel and harbour work necessary to make 
Port Colborne suitable for the large size vessels 
and increased traffic expected to be attracted to it 
when the Ship Canal is finished. The opportunity 
has also been taken to improve the approach, by 
widening, deepening and extending the channel, 
and by providing additional protection by the 
construction of a new breakwater on the west side. 
This greatly facilitates the entrance of ships to the 
harbour in south-west gales. 

This section is shown in the plans, Figs. 186a and 
186b. Section No. 7 terminates close to the point 
where the Ship and present canals, after following the 
same alignment for some time, diverge for the last 
ume, the new alignment cutting out a bad curve on 
the present canal known as Ramey’s Bend. The 
last lock of the Ship Canal is situated in the course 
of this short cut. This is Lock No. 8, rendered 
hecessary on account of the fluctuation in the level 
of Lake Erie. From the fork at the end of the 
section to the north end of the lock the sides of 
the canal are concrete-faced rock. The lock has 











a length of 1,380 ft. between inner gates, and | 





TS 7 
Fig. 186.b. HAM LI | 
BH I) { | 
| i 
All) | 
(JRE HH 
1. ¥. i {RR i ol \ 
\ ie (1K i 
ual —— Hi i }) i 
a i ‘LL i al 
ce S| 2 \ 
3) 
: | COLBORNE 
g| \= 
X% :| ~ sg = —— NG —_ Yy \L= 
Ge, 5 vo” eevarone = i at 
@s 7 Z eg t 2 
Ke a] ————} “? 
= MA 
4 1 7 mitcine eo bg — 
is — West Side Woe 
“oo > |. st, Side of Welland Ship Cana FccZZ 
s 1450 1440 —~14, 70 ae _— = 
—1 + | Canal Grade FE 3 z (0s) "ieee 2 Z 
oe 0 Low Water Level El. 568-0 1470, 7 
a . 
| be East Side of Ship Channel = oS \"\7 ” 
SS ee \ — oe? 
S » iow 
% ~~ ; 
% \ 
a a NS 
2 
oe ’ 
% Vv \ \ CI 
= N \ 
-“~ 1 ~ 
\ 
’ i 
(1667. B “ENGINEERING” 


at Main Street, Humberstone, the present canal 
round Ramey’s Bend serving as a supply channel. 
For a distance of 1,000 ft. north of the old locks at 
Port Colborne, the new and old channels are open 
one to the other, and this will permit shipping 
drawing 14 ft. to dock anywhere between the old 
locks and the new supply weir. The old guard lock 
structure and supply weir have not been destroyed, 
but the gates and valves haye been removed, and 
| the locks closed to navigation by the erection of 
| fixed girder end spans of Ship Canal bridges. 

The supply weir to be located at Humberstone will 
serve as a combined bridge and weir. The weir 
will consist of a structure providing ten openings 
: _ SHIP each 15 ft. wide, closed by Taintor valves, 15 ft. by 

0 |CANAL 14 ft. in height, with provision on both sides for 
stop logs for use when unwatering for repairs, &c. 
| It will be built into rock, to which it will be bonded 
| by means of anchor rods. The valves will be 
| worked by electric motors. The permanent road 
| bridge at this point will consist of a reinforced 


a usable length of 1,355 ft. between these points. | On¢tete deck carried on the weir piers. 
It is one of the longest structures of its kind, and| Slightly south of the old guard lock structure, the 
has an overall length, exclusive of approach walls, | new canal will have a somewhat greater width on 
of 2,015 ft. It is off-set to the east of the canal| the east side of the centre line than on the west, a 
centre line, so that should traffic require it, it may | continuous dock wall extending on the former side 
be duplicated in the future and the whole be central | from about Station No. 1373 to No. 1399. Along 
with the canal itself. Beyond this again the canal | this stretch, the east wall of the present canal has 
sides are of concrete-faced rock. The Ship Canal | been set back, necessitating a number of important 
joins up again with the present canal at about | alterations to the layout of railway tracks, &c. 
Station No. 1354, but only some distance beyond | For this length the wall of the present canal is 
that point do the alignments of the two actually | retained on the west side. Shortly beyond the 
converge. The two channels finally run together | station last mentioned, the channel turns from due 
between Stations Nos. 1373 and 1390. north and south a few degrees towards the west, 
Between Stations Nos. 1354 and 1373, the new | and this alignment is followed to the end of the 
and old channels run side by side, due to the presence | former western breakwater at Station No. 1438, 
on the latter, just west of Station No. 1368, of two | in which stretch the channel is gradually widened to 
old guard locks, one built for the second canal, and | 500 ft. This width is maintained from this point to 


the other for the third or present canal. These are | deep water, the alignment to the end of the extension 
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| contained in one structure, as shown in the enlarged | of the western breakwater swinging again a degree 


plan, Fig. 187. The structure also embodies two | or two to the west. The main or old western break- 
supply channels, one open and one covered, which | water extends practically west and east, i.e, it is 
form by-passes round the locks from the south to | at right-angles to the old approach channel and 
the north end, where a supply weir of four sluices | roughly parallel with the shore. The harbour has 
furnishes water to the summit level of the present | for many years also been protected by a breakwater 
canal. The purpose served by these provisions in | on the east side lying roughly north-east and south- 
the past will be discharged on the Ship Canal by | west. The worst gales are from the south-west, 
Lock No. 8, and by a new supply weir, both these | and to improve the protection afforded by the main 
are at Humberstone, about } mile further north| western breakwater, the extension previously 
than the old structure, and the change has therefore | mentioned, has been made 2,080 ft. in length and 
the effect of increasing the harbour area and wharfage | branching off from the old structure at about 1,000 
at Lake Erie level to a considerable extent. The/| ft. from the west breakwater entrance-block and 
new supply weir will be located in the present canal | lying approximately north-west and south-east. 
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There are three bridges on Section No. 8, and in 
addition the fixed bridge to which reference has 
been made in connection with the supply weir, 
as well as fixed girder bridges at the present guard 
lock structure. The first bridge, No. 19, over the 
new Ship Canal is at Lock No. 8. It is a road bridge 
of 80-ft. span of the rolling lift type, intended 
to take the traffic on the Chippawa Road—Main 
Street, Humberstone, across the Canal by a slight 
diversion. This bridge is situated at the north 
end of the lock structure. The next bridge is 
No. 20, situated at the north end of the guard lock of 
the present canal. It carries the Canadian National 
Railway’s single-track line from Buffalo, N.Y., to 
Goderich, over the Canal, and is a vertical lift struc- 
ture of 220 ft. span, similar, generally, to bridges of 
this character previously referred to. The last bridge 
on the canal, No. 21, is a highway structure about 
300 ft. south of the railway bridge just mentioned. It 
is intended as the main highway connection between 
the portions of Port Colborne to the east and west of 
the Canal, and is a vertical lift structure with a road 
width of 30 ft., and two 5-ft. footpaths. This is 
almost the heaviest bridge on the Canal, being 
only exceeded by the double track vertical lift 
bridge (No. 10) referred to on page 11, ante, in 
connection with Section No. 4. 

Both the two last bridge structures on the Canal 
are continued across the present canal guard lock, 
the road bridge requiring reinforced concrete spans 
across the two lock chambers and across the supply 
weir by-pass, while for the railway bridge the 
present swing bridge will be adjusted to suit, and 
will remain fixed. 

Among the other work involved in Section No. 8 
has been the rearrangement of power cables, &c., 
and the provision for crossings for such services. 
Close to Bridge No. 21, are conduits for cables, 
gas and water services, and in continuation on 
the west side, three reinforced concrete spans will 
be arranged across the old locks and supply weir 
channel. The conduit structure at this point con- 
sists of a concrete monolith let into the rock on either 
side of the Canal and measuring, in one case, 40 ft., 
and in the other case 50 ft. wide by about 17 ft. 
on the centre line. These provide for a number 
of vertical rectangular shafts side by side, communi- 
cating with ducts, &c., under the waterway. The 
latter are accommodated in concrete, laid in a trench 
cut in the rock 6-ft. deep and 35 ft. wide. Taking 
these in order of position, on the outside are shafts 
and series of ducts for the Welland Ship Canal 
supply cables. Next is a similar arrangement for 
power cables. Next to these are two 4-in., one 
6-in., and four 8-in. gas pipe lines laid throughout 
in concrete, and adjacent to these are two 12-in. 
water mains laid also in concrete. Flanking these, 
again, is a series of ducts with shafts for telegraph 
and telephone lines, while outside these is a set 
of shafts and ducts at present spare. 

For the purposes of the contracts, Section No. 8 
was divided into three parts, known respectively as 
the Land, Harbour and Lake Divisions. The Land 
Division extended from the north end of the Section 
to Station No. 1370-5, but included work in the 
dry further south. The limits of the Harbour 
Division were from Station No. 1370-5 to No. 1438, 
opposite the ends of the eastern and western break- 
waters, while the Lake Division extended south of 
this to deep water. 

Work on Section No. 8 was not started before 
the war, and the alignment was only finally decided 
upon in 1922 and 1923. As already explained, 
the trace chosen runs practically straight on from 
Station No. 1250, cut iing out Ramey’s Bend, and 
keeping for the whole of the rest of the dis- 
tance on the east side of the present canal, until 
the Lake Division is reached where the align- 
ments coincide in the channel to deep water. 
After the preparation of drawings and _ specifica- 
tion, tenders were invited at the end of November, 
1923, and the contract was placed on a unit-price 
basis with Messrs. A. W. Robertson, Limited, of 
Montreal, at the end of February, 1924. This 
firm employed three main sub-contractors, one 
for the land work, a second for the harbour work, 
and a third for the construction of cribs and super- 
structure for the harbour work and breakwater 
extension. 
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| Early in 1924, these firms quickly collected | blast, sufficed to break up the rock to a size capable 
plant to the value of 1,200,000 dols., in order to! of being handled by the shovels. If this plan had 


press on with the work, this plant being added to 
from time to time subsequently. On the Land 
Division, excavation progressed rapidly in the first 
two years, both earth stripping and rock excavation 
being carried on simultaneously. During 1924, 
311,624 c. yds. of rock and 392,000 c. yds. of earth 
were removed, and in 1925, 1,041,873 c. yds. of 
jrock and 341,129 c. yds. of earth. The figures for 
| 1926 were less, being 486,503 c. yds. of rock and 
191,825 c. yds. of earth. In the two following years 
the quantities were again much reduced, the material 
being taken from inaccessible points and portions of 
the work which could not be attacked until after 
the removal of ramps, &c. At the end of 1928, 
2,032,808 c. yds. of rock, and of earth 961,523 c. yds. 
had been dealt with. There remains to be taken 
out a certain amount of earth and rock in the fork 
or Y-formed by the Ship and present Canals, be- 
tween Stations Nos. 1354 and 1356. This will not 
| be removed until the cofferdams for the weir at 
| Main Street, Humberstone, have been constructed. 
| In the first year, two steam shovels were employed 
| and carried the work down to El. +-563, but early in 
| 1925 one of the largest machines in the country, a 
6-yd. Bucyrus revolving shovel, was brought in. 
This machine was capable of loading cars 70 ft. 
above the bottom of the cut it was making. Starting 
at Station No. 1294, it worked down a 5 per cent. 
ramp, taking out a cut to final level 100 ft. wide on 
the east side of the work, carrying this through to 
the north end of the lock pit. In the lock pit the 
cut made extended to the full width required, while 
south of the lock again the machine carried through 
another cut 100 ft. wide on the east side, as far as 
Bridge No. 20. Here it was turned round, and 
working north, the whole of the excavation on the 
west side was carried out in one cut. Between 
April and December, 1925, this machine loaded up 
464,000 c. yds. of material. It was operated in two 
ten-hour shifts per day and loaded on the average 
1,158 c. yds. per shift. Excavation proceeding in 
the lock pit is illustrated by Fig. 189, on page 765. 

Drilling was done well in advance, following 
stripping as quickly as possible. Air was supplied 
by an Ingersoll-Rand duplex compressor, 29 in. by 
21 in. by 18 in., of a capacity of 2,600 c. ft. of free 
|air per minute, installed east of Station No. 1350. 
| From this point a 7-in. main ran north to Station 
No. 1294 and south to No. 1375. The compressor 
was direct driven by a 500-h.p. synchronous motor, 
and compressed to 100 lb. per sq. in. 

The drills used were of two types: Canadian 
Ingersoll Rand X70, mounted on tripod, and a 
newer drill, Canadian Ingersoll Rand S80. Both 
are regular anvil block drills in which the striking 
is done on the head of the steel and at no time 
| does the steel lift. In the former type, rotation of 

the steel is effected by ratchet; in the latter, by 
|an independent air motor. During 1925, the X 70 
{type drilled 59,825 lin. ft. in 4,621 hours, or on 
| the average 13 ft. per hour; the S 80 type drilled 
| 164,913 ft. in 9,385 hours, or an average of 17-6 ft. 
|per hour. The latter type thus proved the more 
| efficient, this being mainly due to the different 
/mounting. This drill was mounted in a frame 
| which made it only necessary to change steel on 
'an average every 5 ft., compared with the tripod 
| pattern, with which a change was required every 
|2 ft. This advantage made itself felt particularly 
|in the case of deep holes. The average for all 
drilling was 15-3 ft. per hour. 
ithe S 80 type doubled the record achieved by 
the other pattern, the two rates being 22-1 ft. 
and 11-2 ft. per hour, respectively. The drills 
| were of 1}-in. hexagon hollow steel, splayed at 
the bit to drill a 2-in. diameter hole. The cored 
|hole was } in. diameter. Compressed air was 
| forced down this to clear the drilling. Close drilling 
was carried on along the sides of the channel, 
the central area being drilled at 10-ft. centres 
| for blasting. No shot holes were closer than about 
30 ft. to the sides. 80 or 90 of the central holes 
| were blasted at one shot, shattering 8,000 yards 
;or 10,000 yards of rock, including that in the 
|non-drilled area extending to the sides. Prior to 
each blast two or three adjacent lines of holes 
|were heavily sprung and this, with the main 











In close drilling, | 
_ end, and steel sheet piling was driven to rock between 





not been adopted most of the holes would have 
been lost through warping, due to the main blast. 
On the basis of yardage removed, springing took 
4 lb. of 60 per cent. or 70 per cent. dynamite, 
and the main blast ? Ib. of 40 per cent. dynamite, 
making a total of rather more than 1 lb. of explosive 
per cubic yard of rock. Fig. 188 on page 765 
illustrates some of the drilling work, close drilling 
proceeding on the right when this view was taken. 

Most of the rock was disposed of in the large 
dump referred to in our last article (page 670 ante) 
on the east side of the south end of Section No, 7 
where a trestle 5,700 ft. long and 27 ft. high was 
constructed. One winter, material was taken to 
the area north of the elevator dock, but this 
required the laying of tracks through the streets 
of the town and a trestle across the present canal 
guard locks. This area could therefore only be 
utilised after navigation had closed, and had to 
be abandoned before it re-opened in the following 
spring. 

The unwatering of the cut from which the above 
excavation was taken out, entailed a good deal 
of work. At the north end, at about Station 
No. 1355, water entered the cut in large quantities 
through fissures in the rock, a continuous flow of 
1,000 gallons per min. necessitating the installation 
of two 8-in. centrifugals in 1924. In the autumn of 
that year the cut was flooded a little further south 
by heavy rains, submerging three shovels for a 
week. In order to cope with anticipated seepage, 
a sump was excavated opposite Station No. 1303, 
connected with the prism by means of a tunnel. 
At this sump a centrifugal, capable of dealing with 
2,500 g.p.m. against a 60-ft. head, was installed in 
1924. Although the seepage at this time was 
relatively moderate in amount, the blasting and 
pumping were held locally to be responsible for 
wells in Humberstone going dry. In 1925, the 
seepage was beyond the capacity of the original 
12-in. pump, and a 14-in. pump was added, the 
combined capacity being then 6,500 g.p.m. In 
1926 both these units had to be operated. As one 
pumping point entailed draining the water all 
through the chamber of Lock No. 8 from points 
south of this, it was determined in the summer of 
1926 to install a 16-in. 6,000-g.p.m. pump on the 
southern part of this work at Station No. 1350, 
so that the lock concrete work should not be 
interfered with. These arrangements sufficed subse- 
quently except in the case of specially deep founda- 
tions, where the water had first to be dealt with by 
small portable units, disposed as required. 

On one subsequent occasion further trouble arose 
from severe weather. In December, 1927, a strong 
south-west gale raised the lake level at Port Colborne 
to such a height that the cofferdam to the south 
of this stretch was overtopped, and the prism, as 
shown in Fig. 190 on page 766, and the lock were 
flooded. At the time the lock structure was 
nearing completion, and the timber unwatering 
gates at the south end were being installed, but 
not in place. No serious damage resulted, but work 
was suspended for the season, though the water 
was removed within a week. 

Further south, excavation was carried on behind 
the former east harbour timber crib wall. While 
this was in progress water broke through in July 
1925, at Station No. 1385, flooding the whole cut 
then made. To cope with this situation, a length 
was left unexcavated, to act as a dam, at the north 


the old line of cribs and the line of the new wall. 
Work proceeded behind this, but in September 
the west slope moved in, displacing the piling and 
again flooding the cut. Sheet piling was then driven 
along the face of the old east wall from Station 
No. 1378 to No. 1386, and from this point to 
Station No. 1390 piling was driven behind the old 
wall. The cut was then again unwatered, but in 
November trouble once more arose, due to the east 
side moving forward into the excavation. Piling 
was therefore driven to rock to enclose the whole 
site of the new east wall, work being resumed inside 
the braced enclosure formed, the rock being 
stripped by a large drag-line, and, after blasting. 
removed by a small derrick travelling along the 
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Fig. 189. ExcavaTIoNn 


top of the pile enclosure. This enabled the work 
to be pushed on, and this stretch of gravity wall 
vas completed by November, 1926, after which 
ills the piling was pulled and this part flooded, 
enabling the excavation work remaining in front of 
the new wall to be completed by dredging. For 
unwatering the main trench while the above opera- 
tions were proceeding, two 10-in. pumps were 
installed in 1925. The sheet-pile enclosure was kept 
iry by a 3-in. duplex pump. 








oF Pit ror Lock No. § 


Fig. 191 on page 767, shows the excavation for this 
gravity section inner harbour wall, with concreting 
trestle in place. Fig. 192 is a view of the back of 
the wall a little further north and Fig. 193 shows 
the wall face at the north end and close to the sites 
of bridges Nos. 20 and 21. 

Of the total length of this stretch of wall, 1,227 ft., 
a length of 953 ft. was built inside the piling 
enclosure. At the north end this wall consists for 





DRILLING IN PRoGREss ON SECTION No. 


the lower part of 5-ft. concrete facing anchored to | 


8. 


rock, the upper part taking the form of gravity 
section. As the rock dipped towards the south, 
the height of the facing becomes reduced and that 
of the gravity form increases, till at the southern 
extremity the wall is of full gravity section, with 
rock facing carried still lower in a trench, to provide 
for further deepening of the channel in the future. 
Beyond this point the wall is extended by means of 
crib work referred to later. 

It will be convenient at this point to complete our 
account of the work on the Land Division, the chief 
feature of which is, of course, the large guard Lock 
No. 8. We have already mentioned the excavation 
work for this. Concreting operations were com- 
menced in the middle of 1926, at first confined 
to the east side owing to the presence of the tracks 
| leading to the large north dumps. The next season 
| saw Lock No. 8 completed except for some 20,000 
|e. yds. at the south end. Fig. 194 on page 774, 
| shows the state of the work in May, 1927. Fig. 195 
| depicts conditions in November, 1928, when the 
| whole was finished, save for the top 10 ft. of two 
| monoliths, work on which was interfered with by 
construction plant. These were finished early in 
|the current year. The whole of the upper east 
| entrance wall was completed in 1928, as was also 
| the corresponding wall on the west side, extending 
to the junction with the present canal. Work 
progressed also in 1928 on the lower entrance walls, 
which have also since been completed. 

We have already referred to the timber unwater- 
ing gates, which after preparation at the Port 
Weller workshops were assembled at Lock No. 8 
at the close of 1927. They were completed and 
placed on their pintles in October, 1928, and when 
closed the area south was allowed to fill, lake 
level being reached in February of this year. 
Erection of the steel gates commenced at the south 
end of Lock No. 8 in August, 1928, and was con- 
tinued subsequently except for a period in January 
of this year when the lock was flooded by heavy 
rains. At the end of March this year, all the gates 
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were erected, and were moved on to their pintles | progress was slow and the date of completion had 
before July last. Fig. 196 shows the timber gates | to be considerably extended. Originally scheduled 
closed in the distance and service gates in the fore- | for May, 1928, the bridge was not finished till May, 
ground nearing completion. This view was taken | 1929. The movable span was pushed on early so as 
in May last. The towers of the two lift bridges | to make it possible to change the railway back to 
Nos. 20 and 21 can be seen in the distance. |its proper alignment, so that excavation work in 
Owing to the harbour on one side and the summit | the prism might continue unchecked. The span 
level extending to Lock No. 7, 16 miles distant | was available for use, temporarily as a fixed struc- 
on the other, Lock No. 8 has to be furnished with | ture, by August, 1928, and the railway was at once 
adequate unwatering plant. This consists of three | changed over to it, the erection work then being 
main centrifugal 24-in. pumps with vertical spindles, | concentrated on the towers and approaches. 
driven by electric motors of 225 h.p.capacity,andone| The neighbouring highway Bridge No. 21, was 
5-in. sump pump driven by a motor of 15 h.p. The | the subject of a contract let in March, 1928, the 
pumps will run at 550 r.p.m. and 900 r.p.m., respec- | date of completion being put at the end of May, 
tively, the large pumps delivering 27,000 g.p.m. each, | 1929. Although .at first work proceeded slowly, 
and the small pump 400. The building for the | better progress was subsequently attained and the 
permanent unwatering plant was completed by the | bridge was actually finished and tested on May 31, 
Department of Railways and Canals in 1927, the 1929. In order to complete excavation work at these 
pumping units being installed at the site in 1926. | points, itwas found necessary in the winter of 1926-27 
The motors and electric gear were completed in 1927, | to build a temporary highway bridge across the 
and when wiring was finished in May, 1928, the north end of the present canal guard lock structure, 
plant was ready for test as soon as the lock was and the regular highway bridge was temporarily 
flooded. We may add that Lock No. 8 was placed closed. When excavation had been completed 
in commission on September 16, last. Fig. 197 | to the south, a temporary trestle bridge was built 
illustrates this event. On the same date the two | across the Ship Canal prism connecting direct with 
old guard locks at Port Colborne were put perma-/| the old permanent bridge; this enabled the tem- 
nently out of commission. porary diversion to be removed in time for the 
As regards Bridge No. 19 at the north end | opening of the navigation season. Since the closing 
of Lock No. 8, the substructure of this is incor- | of the old guard locks, referred to above, the fixed 
porated in the lock structure as in other cases. | span for Bridge No. 21 has been completed across this 
The east and west abutments of Bridges Nos. 20) old structure. This enabled Bridge No. 21, to be 
and 21 were completed with the parts of the inner opened for vehicular traffic on September 30. 
harbour walls at these points in 1927-28. The 
assembly of the steel work for Bridge No. 19 was 
commenced in June, 1927, and, with the counter- 
weights, was finished in December, the electrical 
equipment being completed soon afterwards, though SAFETY IN MINES RESEARCH BOARD. 
for the time there was no eiectricity supply. When) Tue seventh annual report of the Safety in Mines 
power became available early in 1929, the final Research Board,* covering the year 1928, which has 
adjustments were made and acceptance tests "ecently been published, contains much interesting 
satisfactorily passed. The temporary trestle ™&tter concerning the varied activities of this body. 
helen cae iihamiied dine them meneniegs The new laboratories at Sheffield were completed, 
— afi: : é ‘ - and most of the laboratory work had been transferred 
At the site of the large vertical lift Bridge No. 20, | there by the time of the formal opening by the Prime 
the railway track had first of all to be diverted | Minister, Mr. Baldwin, on October 11, 1928. A 
from its alignment over the present canal, temporary description of the new building was given in EnGr- 
abutments for this purpose being built in the early | NEERING, vol. exxvi, page 506 (1928). 
parts of 1925. In the same season the bridge} Two new buildings have been erected at the research 
was moved from its proper position to this tem- | Station at Buxton, one for research on mining explo- 
porary one, and the railway diversion was completed. | Seventh Annual Report of the Safety in Mines Research 





(To be continued.) 























sives, the other for testing mining machinery, such 
as coal-cutters and conveyors, in gassy atmospheres. 
In the former, each of the two “shot ”’ rooms is readily 
opened to the air, over the roof and on one side, just 
before the shot is fired. Strong rooms are provided 
alongside for housing the recording instruments, with 
narrow slits in the wall to facilitate observation. The 
second new building is now in use to test whether fire- 
damp can be ignited by the sparks or heating effect 
produced by the picks of a mechanical coal-cutter 
striking against hard rock. The main chamber, which 
is gas-tight, is filled with an explosive mixture of fire- 
damp and air and houses the coal cutter. The smaller 
chamber alongside gives protection to the observer. 
Various kinds of hard rock from coal seams have been 
used for experiments; an ignition of firedamp has 
been obtained with one of these samples cemented to 
the floor shortly after it was struck by the coal-cutter 
picks. 

The gob-fire chamber was seriously damaged by an 
explosion of gases which had diffused to the air course 
from a fire in the inner chamber. After repairs had 
been effected, safety releases were fitted to the air 
course to supplement those already fitted to the inner 
chamber, and proved adequate during the several 
experimental fires made during the year. 

A hundred feet of the 4-ft. diameter gallery was 
destroyed by a coal-dust explosion in the course of an 
experiment in which 500-ft. length of gallery was 
used with two restriction rings introduced near the 
firing point, and which reduced the diameter of the 
gallery by 8 in. Coal dust was spread % in. deep in 
the tube and ignited by a charge of gunpowder fired 
electrically. Four experiments were carried out 
under the same conditions. Flame travelled through- 
out the gallery in the first three experiments, but 
the pressure was quite low. In the fourth, flame 
travelled more rapidly, and 60-lb. per square inch 
pressure was recorded by the manometer 400 ft. from 
the point of ignition; the remaining 100 ft. was 
destroyed. The walls of the gallery were of 3-1n. 
steel, hence the importance in the development of 
violence of the factor of turbulence introduced by slight 
obstructions in the path of the explosion is clearly 
demonstrated. Further, since it was only in the last 
of the series of four experiments intended to be identical 
that great violence was obtained, it is obvious that only 





a slight alteration in the manner of development of a 
coal-dust explosion can profoundly affect its ultimate 
violence. 

Another addition to the Buxton Research station 
commenced during the year is the driving of a tunne! 
through the hill-side ; the tunnel will be 700 ft. long and 
8 ft. wide. Demonstrations of coal-dust explosions 
in this gallery with natural walls will not only resemble 





The contract for Bridge No. 20 was let in 1927, and Board, 1928. London: H.M. Stationery Office, Adastral 
false work was erected at the site soon after, but | House, Kingsway, W.C.2. Price 1s. net. 





mining conditions more closely, but will also be more 
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Fie. 191. 


ExcavaTION For Gravity Section, East HarBpour WALL. 








Fie. 192. 








Back OF GRAvITY SEcTION, East HarBourk WALL. 








Fig. 193. NortTHern END 


convincing to the parties of miners who visit the station 
than those in the steel galleries would be. Again, the 
destruction of the 4-ft. steel gallery, already men- 
loned, shows the necessity for fuller knowledge of the 
effects of incidental underground conditions, of a 
nature which could scarcely be obtained in a steel tube. 

Although detailed reports of the work carried out 
during the past two years in the 4-ft. diameter gallery 
at Buxton have not yet been published, indications of 








oF East Harsour WALL. 


some of the results obtained have been given in the 
annual reports for 1926 and 1927. Two series of 
investigations have been completed, viz., one on the 
relative inflammability of different coal dusts, and 
another on the effect of small percentages of firedamp 
on the inflammability of coal-dust. The results of 
experiments carried out at Eskmeals showed that the 
amount of volatile matter which a coal contains gives 
a rough measure of the relative inflammability of its 


; dust, as determined by the amount of incombustible 
dust required to be added to it to suppress its 
inflammation. 

When work was commenced with the 4-ft. diameter 
gallery at Buxton, experiments were made to check 
this result with a number of the coals previously 
employed at Eskmeals. There was, however, a differ- 
ence in the conditions of experiment, the Buxton 
gallery being constructed with pressure-tight joints 
which afforded no release of pressure along its length. 
This was found to diminish considerably the ease of 
propagation of a coal-dust explosion. Hence, to 
ensure propagation throughout the 325 ft. of gallery 
used, a more powerful means of ignition had to be 
adopted than had been used as “standard” at 
Eskmeals. In consequence of this, the results are not 
directly comparable. Thus, at Eskmeals, the amount 
of incombustible dust required to prevent propagation 
of flame by the Silkstone coal was about 45 per cent., 
whereas with the more powerful ignition at Buxton 
about 65 per cent. has been necessary. However, 
the relative results for different varieties of coal are 
the same in both sets of experiments ; the proportion 
of incombustible dust which is necessary to render the 
coal dust. incapable of propagating flame is propor- 
tionate to the content of volatile matter in the coal. 

Another important factor is the effect of the presence 
of firedamp in the air. Experiments carried out in 
1914 did not indicate any increase of incombustible 
dust as being necessary owing to the presence of small 
quantities of firedamp in the air. Repetition of these 
experiments at Eskmeals in the 38-in, gallery confirmed 
the results with regard to the non-propagation of flame 
by a mixture of equal parts of incombustible dust and 
Altoft’s Silkstone coal-dust, when as much as 44 per 
cent. of firedamp was present in the air. It was found 
that, under experimental conditions where given pro- 
portions of firedamp were required which necessitated 
gas and pressure-tight packing of the tube joints, 
pure Silkstone coal dust would not propagate flame 
the length of the gallery even when 3 per cent. of 
firedamp was present. Experiments in the 38-in. 
diameter gallery were not made with pure coal dust, 
but only in the 7}-ft. diameter gallery, where gaps at 
the joints of the boiler shells, of which it was made, 
afforded release of pressure along its length, which 
thus facilitated flame propagation. When these 
experiments were resumed at Buxton in the pressure- 
tight 4-ft. diameter gallery, a powerful means of 
ignition had, as already stated, to be employed to 
ensure continued propagation of flame with pure coal- 
dust, and with mixtures of coal dust and incombustible 
dust without the presence of firedamp. 

The effect of firedamp, up to 4 per cent., on the 
amount of incombustible dust required to prevent 
inflammation has been determined for a number of 
different coal dusts. It is of interest to note that, 
whereas with coals of high volatile matter content (35 
per cent. or over) each 1 per cent. of firedamp in the 
air necessitated an increase of about 5 per cent. to 
prevent ignition, with the low-volatile coals the 
effect of firedamp was greater. Thus, with coal from 
Gorllwyn, with 13-4 per cent. of volatile matter, the 
effect of each 1 per cent. of firedamp had to be neutral- 
ised with about 10 per cent. of incombustible dust. 
Although it has been established that the volatile 
content of a coal gives a rough measure of the inflam- 
mability of its dust, there are, nevertheless, a number 
of exceptions. Researches by the Board made to 
ascertain the character and properties of the compo- 
nents of coal, so as better to understand its behaviour 
on inflammation as a dust cloud, or on spontaneous 
combustion, have proved that these reactions are 
chiefly dependent on the character of the ulmin con- 
stituents. Ulmins form 70 per cent. or more of the 
coal and their properties largely determine the character 
of the coal as a whole; the inflammability of a coal 
dust depends mainly on the reactivity of the ulmin 
constituents. 

Experiments have been conducted with relation 
to the ignition of firedamp by electricity spontaneously 
generated in a cloud of dust. In recent experiments 
at Buxton, a small ventilating fan, delivering into a 
metal air pipe, 1 ft. in diameter and 12 ft. long, 
insulated from earth, was allowed to draw in coal dust 
at the intake. In dry weather, with a very dense 
dust cloud, a high charge was gathered by the air pipe, 
and sparks could be drawn from it which ignited 
firedamp. 

In connection with the spontaneous combustion 
of coal, a number of experiments have been carried 
out with the object of determining whether, in the 
absence of firedamp, an explosive mixture can be 
produced behind a stopping by the gases distilled 
from heated and burning coal, and ignited by flame 
from the burning coal. One such experiment is 
described in the report. It was found that an hour 
and a quarter after the fire had been started in the 
gob-fire chamber, the atmosphere of the waste became 





explosive and remained explosive, or nearly so, until 
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an ignition occurred two hours later. Flames from 
the explosion shot through the pressure releases at 
the top of the chamber a distance of 15 ft. into the 
air; the pressure releases worked satisfactorily, and 
the chamber was undamaged. 

The testing gallery for coal-mining explosives has 
been transferred from Rotherham to Buxton, so that 
close touch may be kept between those engaged 
on testing and on experimental work. New laboratories | 
for the researches on explosives have been erected at | 
Buxton during the year, which have been designed | 
more especially for the photographic study of the | 
phenomena occurring when a charge of explosive is | 
fired. The effect of stemming, as indicated by the 
photographic records obtained, is to reduce the amount 
of flame and to lower the speed of the compression 
waves. There has been considerable diversity of | 
opinion in the past, as to whether the detonator should | 
be placed at the outer end of the last cartridge 
or elsewhere. Although this practice has been 
recommended by manufacturers, it has also been | 
contended by some shot-firers that in this position | 
the detonator may be easily pulled out of the cart- | 
ridge before the shot is fired. Experiments, however, | 
confirm the manufacturers’ recommendation. When | 
a solid explosive is detonated, the chemical reaction | 
travels at very high speed through the explosive, 
producing gas and a very high pressure: the maximum | 
speed is reached when the explosion has travelled | 
a short distance along the explosive. Since the 
greatest explosive effect in a shot should be at the 
back of the hole, the detonator is most advantageously 
placed in the outer end of the last cartridge. It has 
been found that this method is less liable to cause 
ignition of firedamp by the hot gases from the 
explosive. 

As regards accidents from falls of ground, research | 
work has been continued under Professor Dixon at the 
Imperial College of Science and Technology. The test- | 
ing of props, including various types of steel props 
and release devices, has been continued. Investigation 
into the causes of winding-rope deterioration has also | 
been continued under Professor Dixon. Samples of 
practically all winding ropes which failed in service 
during the year have been examined, and personal 
investigations were also made by a member of the 
staff at most of the pits where breakages occurred. 
Since the deterioration of a winding rope is usually 
found to be most severe near the capping, it is desirable 
to renew the latter every three months, despite the 
fact that six months is allowed by the Coal Mines Act, 
1911. If not less than 6 ft. of rope be cut off each time, 
the worst part of the rope will be removed, and the 
positions of other parts, which have been in positions 
where deterioration is most likely to occur, will be 
changed. The pieces cut off will enable information 
to be obtained as regards the progress of deterioration— 
information which cannot otherwise be made available. 
If broken wires are found inside the piece cut off 
it is a sign of danger. Thus, in four cases, in the exam- 
inations carried out by the Wire Ropes Research 
Committee, it was found advisable to warn colliery 
managers that the condition of the rope had become 
dangerous. 














British STANDARD SPECIFICATION FOR TAPER PIns.— 
The British Engineering Standards Association has just 
issued a specification, designated No. 46, Part 3, 1929, for 
solid and split taper pins. The publication constitutes 
the third part of specification No. 46, which, in being 
revised, has been amplified to cover all methods of 
keying. The specification embodies requirements for 
the quality of the material, together with appropriate 
tests, and also contains a table indicating the standard 
sizes of both split and solid taper pins. Copies of the 
new —— may be obtained from the B.E.S.A. Pub- 
lications Department, 28, Victoria-street, London, S.W.1, 
price 2s, 2d., post free. 





HEAT AND CorROSION-RESISTING STEEL.—An alloy 
steel containing nickel, chromium, tungsten, copper and 
silicon, and named Maxhete, has been developed by 
Messrs. Edgar Allen and Company, Limited, Imperial 
Steel Works, Sheffield. This material is stated to resist 
the effects of heat and corrosion to a remarkable degree. 
At room temperatures it: maximum stress value is given 
as 61 tons per square inch, and its reduction of area as 
34-8 percent. At 900 dez. C. these values are claimed to 
average 17-4 tons per square inch and 47-2 per cent., as | 
against 4-8 tons and 96 per cent. for 0-30 per cent. carbon 
steel, 5-6 tons and 96 per cent. for nickel-chromium steel, 
and 6-1 tons and 95 per cent. for stainless steel. The 
material has been used successfully in glass-making plant 
forcertain parts of apparatus having to withstand tempera- | 
tures in the neighbourhood 1,200 deg. C. Owing to the 
fact that the steel is in the non-magnetic austenitic state, 
it is said not to crack and not to harden when quenched in 
water. Tests carried out, in which the steel was heated to 
between 950 deg. and 1,000 deg. C. and allowed to cool in 
air, showed that the amount of scale produced was 
practically nil. Among other successful applications of | 
the steel may be cited burner tubes, damper plates, 
furnace tubes, recuperators, steam-pipe unions, studs for 
retorts, and furnace bolts and nuts. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS: NORTH-WESTERN 


BRANCH. 

A MEETING of the North-Western Branch of the 
Institution of Mechanical Engineers was held at 
the Engineers’ Club, Albert-square, Manchester, on 
Thursday, November 28, the chair being taken by 
Mr. H. L. Guy. 


JOURNAL BEARING PRACTICE. 


A paper by Mr. F. Hodgkinson on “ Journal Bearing 
Practice,” already discussed at London and reprinted 
in ENGINEERING, page 690 ante, was read in abstract 
by the author. The chairman, at the conclusion of 
the paper, conveyed the thanks of the meeting to 
Mr. Hodgkinson, and, in inviting discussion, said 
that the paper covered other matters than that of 
journal bearing practice, for example, thrust bearings 
and oil-lubricating systems. There was, therefore, a 





wide range available, and he hoped that some infor- 


Fig.1. Fig.2. 















large clearances in machines like induction motors, 
where the air gaps were small and magnetic pull 
caused difficulties if large clearances existed. The 
length of bearing relative to diameter was not fully 
discussed in the paper. Some years ago, they had 
had to supply a number of motors with overhung 
belt pulleys. An 8-in. by 20-in ring bearing had been 
specified. On testing the machine, it was found 
impossible to keep the bearing cool, as a certain amount 
of shaft deflection developed. Cutting the bearing 
down to 10 in. long reduced the bearing temperature 
by 10 deg. C. It seemed to be clearly established that 
considerably higher loadings could be run on short 
bearings, as compared with long ones. 

Continuing, Mr. Juhlin said, at one time, they had had 
bearing difficulties in starting, particularly with large 
synchronous condensers and motors. At first they 
attacked the problem by lifting the journals by means 
of pumps operating at a pressure of 1,000 lb. per 
square inch. These discharged into a groove in the 
middle of the bearing, and of about a quarter of its 


Fig.3. 
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mation from those responsible for the design of bear- 
ings for internal-combustion engines, locomotives, and 
relatively slow-speed engines would be forthcoming. 
The discussion was opened by Mr. G. A. Juhlin, 
who, in referring to some articles recently published 
in Germany dealing with bearing clearance, said that 
the authors of one of them recommended a clearance 
of only 14-thousandths, which seemed to necessitate 
a very high degree of finish. The paper suggested 175 lb. 
per square inch as the limit of bearing pressure. This 
figure must refer to high-speed bearings only, as he had 
examples of slow-speed rolling-mill bearings which ran 
at loads of from 200 lb. to 285 lb. The first was 28 in. 
by 56 in. and was operated at a maximum speed of 
36 r.p.m.; the last was 22 in. by 36 in., and ran at 
37r.p.m. There were numbers of bearings in hydraulic- 
turbine generators on the Continent in which the 
pressure was 200 lb. per square inch or over. Ring 
lubricated bearings had not hitherto been mentioned, 
and it might be of interest to state that the maximum 
speed at which it had been found possible to run this 
type of bearing was generally about 2,100 ft. per minute. 
An 8-in. bearing with a pressure of about 79 Ib. per 
square inch had been run at 1,000 r.p.m., and a 3-in- 
bearing with a pressure of 301b. per square inch at 2,950 
r.p.m. The diameters were large to avoid deflection. 
On slow-speed bearings, his firm’s experience was 
that 4 mils per inch of diameter was desirable 
for large bearings. It was not possible to have such 
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length. This had proved satisfactory, 
though they had found that one pump 
serving two bearings was somewhat 
troublesome. At the present time, by a 
change in the grooving and by using a pump 
to each of the four bearings concerned, they 
could very easily lift the journal with a 
pressure of only 150 lb. per square inch, 
and ease the starting conditions. An 
opinion which seemed to have been ex- 
pressed by various engineers was that diffi- 
culties would be experienced at stopping 
and starting bearings. They had not had 
any difficulty in this direction with the 
ring-lubricated bearings he had already 
referred to, and it was quite feasible to 
have ring-lubricated bearings up to 28 in. 
in diameter in large rolling mills which 
were continually reversing. 

Mr. W. Burrows expressed surprise that the author 
of the paper had only discussed pressure lubrication 
in connection with starting up, and not as used in 
the normal running of a turbine. His firm employed 
high-pressure lubrication as a normal running condition 
in flywheel-equaliser sets and motor-converter sets. 
The speeds were not as high as those of turbines, 
but ran up to 600 r.p.m. and 1,000 r.p.m., and shaft 
speeds of 2,500 ft. per minute. With high-pressure 
lubrication, they obtained a film ten-thousandths of an 
inch thick in normal running. This reduced the friction 
considerably, and the machines would start on a very 
low current indeed. This was illustrated by the 
method of erection. Flywheels up to 50 tons in weight, 
and having journals of 16 in. in diameter, were balanced 
on oil pressure in their own bearings, and an accurate 
balance, within } 0z., was obtained. With the film of 
the thickness stated, a wheel of 30 tons could be moved, 
when in its own bearings, by a weight of 1 oz. As 
a matter of fact, when a flywheel was lifted off its 
bearings under pressure it automatically commenced 
to rotate from the effect of the outflowing oil. 

The pressure used with this system was about 
300 Ib. per square inch and the thickness of the 
oil film ten-thousandths of an inch. He would like 
to learn from the author the thickness of the oil f'!ms 
under the bearing pressures of 720 lb. per square inch 
and 900 lb. per square inch, on the 18} in. by 28 12. 
bearing of the ship stabiliser mentioned in the paper. 
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There were certainly difficulties in starting from a 
period of rest. Sometimes in a reversing-mill motor, 
with an armature weighing anything up to 140 tons 
and bearings of about 25 in. in diameter, three revolu- 
tions only might be made in one direction before 
reversal, at which point the weight settled down in the 
hottom of the bearing. A case of this kind in which 
the bearing metal had seized on the shaft was dealt 
with by the application of pressure lubrication, when 
conditions were such that the rotor swung round of 
itself on lifting. 

Mr. K. Baumann submitted that it was not generally 
realised that the heat generated in a bearing was 
produced, in the first place, in the lubricating oil itself, 
und that there should be no question of having to 
carry away heat from the bearing metal or the shaft, 
seeing that these parts had themselves been heated 
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pads had had to be touched up several times after 
running at low speeds. The bearing showed heavy 
bedding, indicating that the pads were really too weak. 
The running clearance was 0-032 in. 

The ordinary journal bearing was as shown in 
Figs. 3 and 4. It was, at first, 10} in. long, but was 
later cut down to 8$in. The running clearance of the 
bearing was 0-024 in.. and additional temperature 
readings were taken, by means of thermo-couples 
embedded in the white metal close to the bearing 
surface, in the positions shown in the figures. The 
temperature of the oil at the inlet and outlet of this 
bearing, and also the bearing-metal temperatures, when 
it was cut down to 8} in., were shown in Fig. 5. The 
oil-inlet temperature reached 115 deg. F., and the 
outlet temperature 155 deg. F., with a bearing-metal 
temperature at the inlet side of the surface of 160 deg. F. 
This definitely showed that the oil used for actual 





by the oil. A separate supply of cooling oil was, 


Fug.6. HEAT CONDUCTED FROM STEAM TO OIL. 
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therefore, wrong in principle. 


really mattered. The real problem of bearing design 
was to supply cool oil for lubrication, and when it 


Temperature 
Difference (ts-tm) - 380 °F. 


In effect, it simply | lubricating purposes was at a temperature equal to 
lowered the temperature of the oil leaving the bearing, | that measured at the oil outlet. The oil temperature 
and this temperature was no indication of the heat | further rose 30 deg. F. before the oil had performed 
existing at the particular spot at the bearing where it | its work as a lubricant. 


Ow 


Thrust Bearing. 


If cooled oil had been used 


Summary of Tests on Bearings, Load on Bearings 
19,000 Lb. Speed 3,000 r.p.m. 





emerged in a heated state, to cool it again for further 
use. If this problem were correctly solved, it should 
be possible both to reduce the quantity of oil passing 


oe Michell Bearing. | Plain Bearing. 





through the bearing and to keep the bearing itself 


cooler than at present, by not supplying hot oil to abe and ee 12 in. x | 12 in. x | 12 in. x | 12 in. x 


1) ee ee 
He thought, further, that the importance of the com- | Pressure based on D x L, 


heat the metal between which it passed. 


pressive flexibility of bearing metals, though mentioned 
in the paper, was not generally recognised. He would 


ask whether the author had any definite evidence | pressure based on bearing 


from actual experience of the usefulness of increased 


siveness of this material, additions — require , eatal, f deg. F. | 120-5 | 108-4 | 107-0 | 114-0 
justification. The author had also repeated a state- | Temperature of oil from 

ment, used many times by others, that the Michell no mom os ei ae |e | ee Ss 
bearing was capable of carrying very high loads without | Mean oil temperature, 

a breakdown, and a particular Michell bearing, stated ae eet | es | ee ee 
to need some elaboration, was quoted in the paper Oe — SE 2. — | 170-5 | 196-0 
as being capable of carrying a load of 522 lb. per square | Oil quantity, gall. permin.| 9-4 9-4 9-8 | 10-5 
inch. It might be asked whether the elaboration | Loss as measured in “ sated ore . 
was necessary to carry the load it primarily did. | pa aiation, | ‘as ye = ee fe 
It was interesting to note that, according to standard | Total loss, kw. | 13-3 | 17-8 | 29-0 | 33-0 
practice in the United States, a load of 300 lb. per — from _ 1-2 17:9 24-6 18:8 


square inch was considered satisfactory, this being 
in line with British practice. 

Continuing, Mr. Baumann said that, some six years 
ago, his firm had made comparative tests of journal 
bearings of the Michell type and of the ordinary type. 
The Michell bearing, which was supplied by the Michell 
Bearing Company, was as shown in Figs. 1 and 2, page 
768. It was 12 in. in diameter, and had four pads each 
of a length of 6} in., though the overall length of the 
bearing was 10} in., so that it could be run in oil. The 
speed was 3,000 r.p.m. As originally supplied, the 


pads were of bronze without white-metal facings. | Plain Journal Bearing. 


Several long runs at low speeds were satisfactory, but 
within two minutes of reaching high speed trouble 
occurred. ‘The bronze pads were found to be scored at 
the outlet edge, and the shaft was slightly roughened 
and had to be cleaned up. The cause was found to lie 


in insufficient oil supply, together with excessive size |for lubrication before it got mixed with the hotter 
of the drain holes in the housing. Babbitt metal | oil within the bearing, the temperature of the metal 
facings were then adopted, and the bearing ran satis- | would have been lowered by nearly 40 deg. F. 





factorily at 3,000 r.p.m., not, however, before the | 


Actual projected bearing 


thickness of white metal, for, considering the expen- ae = a te iat: 


Michell Journal Bearing (Needham’s Formula, ENGINEERING, 


6} in. 64in. | 10$in. | 8}in. 
sq. in. 78-0 78-0 | 126-0 | 102-0 


Ib. per sq. in. | 244-0 | 244-0 151-0 187-0 
57-0 117-0 93-0 


0 
surface, Ib. per sq. in. | 334-0 334-0 162-0 204- 
0 157-0 157-0 157- 


surface, sq. in 57- 
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Calculation of Bearing Losses. 


vol. cxix, page 183, 1925). 
Ae Pe 


Mean surface resistance, lb. per sq. in. = Cy J 7 
'E 





where A = mean viscosity, C.G.S. units. 

U,, = speed, ft. per second. P, = bearing pressure, Ib. per 
square inch. L, = length of pad, inches. 

Length of pad 


C,,is coefficient plotted by Needham as function of Width of pad. 





5:621d2N 
Loss for mean oil temperature, 122-5 deg. F. = 108 kw, 
where / = length, in., d = diameter,in., N = speed, r.p.m. 


and loss for other mean temperatures taken as proportional to 
1 (@=deg. F.) 
io er 
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as lubricating oil and the power absorbed, as measured 
by the heated carried away in the oil, permitted the 
thickness of the oil film to be calculated approximately. 
This was about six-thousandths of an inch, and the 
rate at which the oil flowed between the bearing surfaces 
was about 10 gallons per minute. The 10}-in. bearing 
showed no wear at all. In the 8$-in. bearing, after it 
had been run at 10 per cent. over-speed, scoring marks 
were found on both top and bottom halves, indicating 
that the bearing clearances were too small. It was 
later realised that the bearings had been bedded to the 
shaft to a larger arc than was standard practice. For 
that reason, the bearing losses measured were larger 
than would be expected. This would be seen by the 
table on this page summarising the results of the tests 
on both the Michell and ordinary journals. 

The bearing losses in the plain journal, as measured, 
were about double those measured in the Michell 
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bearing, which confirmed the superiority of the latter. 
As far as space occupied was concerned, there was 
no advantage in the Michell bearing, and it was a 
more complicated and expensive detail. The oil-film 
thickness in the Michell bearing was less than in an 
ordinary bearing, which was a serious disadvantage in 
oil systems where impurities were difficult to avoid, 
particularly during starting up after erection or over- 
haul. That disadvantage did not apply to thrust 
bearings to the same extent, as the loads carried by 
them during these periods could be kept small. 

Mr. H. Richardson said it might interest the meeting 
to have some account of a new method of lubrication 
which had recently been described.* The lubricant 
contained zinc oxide in oil or grease, and was used to 
prevent corrosion from being set up between steel parts 
in rolling frictional contact. Mr. Richardson then pro- 
ceeded to describe, at length, the mechanism in which 
the corrosion had originally occurred. This was a 
Keenok pinion, used to transmit power between two 
parallel shafts. (The essential principles of the device 
were described and illustrated in ENGINEERING, vol. 
cxxiv, page 423 (1927), to which article reference may 

made). Continuing, Mr. Richardson then stated 
that unaccountable corrosion had occurred in the gear 
when many different greases had been tried, some with 
a graphite base, and even when it was run dry. The 
corrosion had increased with increase of load and 
speed. Cadmium plating had been tried, but was 
ineffective, and chromium plating was considered 
impracticable on account of its affecting the dimen- 
sional accuracy of the gear. Zinc oxide was then used 
in various quantities up to 50 per cent., at which 
percentage the parts where corrosion had formerly 
occurred were, after running, found to have been 
automatically plated with metallic zinc of a thickness 
of 0-0004 mm. This was not of a degree such as would 
affect the working of the gear, but was sufficient to 
protect the parts against corrosion. Both the original 
corrosion and the protective plating were apparently 
of an electrolytic nature, as investigation had shown 
that when two metal surfaces were brought together 
suddenly, under pressure, an electric stress was produced 
at the point of contact. The deposition of the zinc film 
had not softened the steel surface, as might have been 
expected. 

Mr. F. J. Bostock said he felt it was not practicable 
to ignore the co-relation of P and V altogether, though 








The temperature rise in the oil during its function 


* See The Engineer, September 27, 1929, page 337. 
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ELECTRICALLY-WELDED CONSTRUCTIONAL PARTS. 
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he would agree that a fixed constant could hardly 
be assumed, particularly when dealing, as he was, 
with very high pressures at varying velocities. These 
pressures were about 1,300 lb. per square inch on 
projected area, with a speed of perhaps 1,000 ft. to 
1,500 ft. per minute. He had to decrease the pressure 
slightly as the speed increased. It was important 
to have ample clearance on small high-speed shafts, 
say, 3 in. in diameter, when running at speeds of 
about 7,500 ft. per minute. Materials capable of 
deflection were also necessary under very high loads. 
He wondered whether there was any relationship be- 
tween the specific gravity of an oil and its lubricating 
properties. 

Mr. B. Hodkinson remarked that, apart from 
questions of safety, it was sometimes important to 
ascertain bearing losses. For example, with a certain 
small turbine his firm was using for experimental 
purposes, the blading efficiency could not be calculated 
until the mechanical losses were known. There were 
many ways of making direct tests. These methods 
had been applied after the method he was about to 
refer to. This was adopted simply because they 
were already in possession of a large number of read- 
ings of oil quantity and temperature, which had been 
studied in order to arrive at the losses, using a know- 
ledge of the heat given up to the oil by friction. It 
was necessary to know first how much heat was 
received by the oil from the hot machine. That was 
done by running the oil through the bearings, with 
the shaft stationary, for ten minutes or so after the 
machine had finished a day’s run. The full quantity 
of oil could not be got through under these conditions, 
so the machine was rotated at a very low speed, at 
which speed the friction losses could be assumed to be 
negligible. 

A curve deduced, after many experiments with 
varying oil quantities and temperatures of steam and 
oil, was shown in Fig. 6, page 769. There was no theo- 
retical reason for the indices given. Fig. 7 showed a 
curve of mechanical loss based on the data obtained. 
A formula was suggested in Fig. 7, taking film friction 
as 1-8 h.p., adding empirically a churning loss according 
to a square-root law, and putting under the root sign 
the excess of oil quantity over that which it was 
thought would run the bearing, but not safely. The 
curve could be produced to the origin, which explained 
why it had so often been found that turning on more 
oil in an attempt to lower the outlet temperature had 
been useless. The index 3/2 for speed was indicated 
by these experiments and supported by two other 
types of experiment, viz., running light with a low 
steam quantity and assuming a blade efficiency, and 
using deceleration methods, i.e , suddenly shutting off 
steam and calculating the torque from an observed 
retardation, the moment of inertia of the machine, 
as found both by calculation and by actual oscillation 
experiments, being known. 

Dr. T. B. Morley submitted that some particulars 
of large slow-speed reciprocating-engine bearings might 
be of interest. The engine had a load on one of the 
bearings amounting to 195 tons. The bearing was 


a single rigid one, 29 in. in diameter and 44 in. long. 
The load came to 344 lb. per square inch of projected 
area, and the surface velocity was only 3-54 ft. per 


| 








second. Grease was used as a lubricant with a trickle 
of water. The bearing had run for about six or seven 


| years without the least trouble, and the surface 


showed a very slight film such as appeared on glass 
when breathed upon. He believed that one of the 
secrets of success in a bearing was rigidity of the bearing 
shell. There was an evident tendency towards shorten- 
ing the length of bearings. 

Mr. Hodgkinson, in reply, said Mr. Juhlin had 
questioned the 175-lb. load limit, and had referred 
to rolling-mills, but it should not be overlooked that 
rolling-mill engines started on practically no load. 
He could not say much about ring-lubricated bearings. 
They had used them without trouble for speeds as 
high as 3,600 r.p.m. The ratio of length to diameter 
was not brought up in his paper. With more know- 
ledge of lubrication, he thought length could be greatly 
reduced, but with very short bearings, 4 diameter 
long, and heavy pressures, a lubricant would get away 
too freely unless very special provisions were made to 
prevent it. What the paper did point out on this 
matter was that little was known about it, in spite of 
a tremendous amount of mathematics. Mr. Juhlin’s 
reference that it was necessary to have a pump to each 
bearing instead of a common one was in line with estab- 
lished practice. In answer to Mr. Burrows, he would 
say that, in the United States, high-pressure lubrication 
was frequently employed on motor-generator sets. 
The oil was admitted at the bottom of the bearing 
chamber. It was questionable whether in high-speed 
practice it would be satisfactory to depend upon 
high-pressure oil entirely for lubrication or for the 
whole job, as with high speeds the quantity of oil 
supplied might not be sufficient. Where they had 
employed such systems, the high-pressure oil had been 
used temporarily during the process of starting, after 
which it was shut off and ordinary low-pressure oil 
was used, 

Mr. Hodgkinson then expressed general agreement 
with Mr. Baumann’s views, but questioned whether 
the amount of oil that passed through the pressure 
zone of a bearing was sufficient to carry away all the 
heat generated. That was a subject it was worth 
while to investigate. He could not answer the queries 
put regarding oil-film thickness of some examples 
quoted in the paper, while with regard to Mr. Baumann’s 
question on the thicknesses of the white-metal bed, 
thiz seemed to be a matter depending both on the com- 
pressive elasticity of the metal employed and the 
amount of deflection on the bearings. The thrust bear- 
ing referred to as needing some elaboration in design, was 
first built without these precautions, which consisted 
of the employment of material of high conductivity 
and special means of supporting shoes to avoid 
deflection, and would not run at all, but it had done 
so when the precautions were taken. Mr. Richardson’s 
remarks on corrosion raised a very important point, 
but it must not be forgotten that greases were made 
up of soaps, &c. With regard to Mr. Bostock’s 
remarks, he thought that if anyone wanted to combine 
P and V into a formula, they should give V a negative 
exponent. He had no information about the relation- 
ship between the specific gravity of a lubricant and its 
lubricating properties, but of course viscosity had 
everything to do with it. 


THE USE OF WELDING IN 
ENGINEERING CONSTRUCTION. 


As we stated in a recent leading article, there is no 
better joint than a sound weld. This is, of course, now 
becoming generally realised, with the result that the 
process is being more and more used, especially in other 
countries, in place of riveting or hollow forging for the 
manufacture of pressure vessels. On the other hand, 
the employment of welds for such purposes is not 
regarded with universal approbation, and it has 
meant a hard fight on the part of those who advocate 
it to ensure that its advantages shall be recognised. 
This state of affairs also exists in another field in 
which welding might be employed to a greater extent 
than it is at present. If the cast-iron bed plates of 
turbine and other machinery, the stator casings and 
| other components of turbo-alternators, the bases of 
large plummer blocks, bollards and many other parts 
which are now made of castings could be replaced by 
frames built upof mild-steel platesappropriately arranged 
and welded together, a great saving in weight would be 
secured and, at least so the advocates of this method 
contend, a considerable gain in strength would be 
obtained. Moreover, this alteration could be brought 
about and the full advantage of the new method 
obtained without any great modifications in existing 
designs. The actual saving in weight when mild steel 
is used, instead of cast-iron, is from one-third to 
one-half and, when due allowance is made for the 
difference in the cost of the two materials, the advan- 
tages of employing the former are obtained with- 
out any increase in cost. In addition, it must be 
remembered that, in the case of new parts, no expendi- 
ture on patterns is necessary. The foregoing is, of 
course, only a general comparison between the two 
methods, as each case must be considered on its merits, 
with the proviso that, as a rule, the larger the part the 
greater the advantage obtained by using mild steel and 
welding. Other points in favour of the latter material 
are, it is claimed, that much greater accuracy is obtain- 
able, so that the amount of machining is reduced. 
This operation is also greatly facilitated by the fact that 
the relatively small parts which require this treatment. 
can often be dealt with before they are built into the 
main structure, and the handling of heavy weights is 
thus avoided. The number of rejects is also less, while a 
structure can be built up from plates more quickly than 
from castings. Obviously, too, the walls can be made 
thinner, and there is no reason to take the same 
precautions against distortion on cooling, as the various 
parts line up with great accuracy. 

These considerations, the truth of which can be sup- 
ported by reference to American and Continental prac- 
tice, recently led Messrs. The Steel Barrel Company, 
Limited, of Uxbridge, Middlesex, to investigate the 
matter from the point of view of production, since it 
must not be thought that the application of welding 
to engineering construction is entirely free from manu- 
facturing difficulties. The results of these researches 
have, weanderstand, been entirely successful, and the 
firm have supplied welded parts to a number of British 
manufacturers and users of plant, not only for use 1 
the construction of electrical machinery, but also 
| in the manufacture of many other engineering products. 
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ELECTRICALLY-WELDED CONSTRUCTIONAL PARTS. 


CONSTRUCTED BY MESSRS. THE STEEL BARREL COMPANY, LIMITED, ENGINEERS, UXBRIDGE. 








Fig. 5. 








ELECTRICALLY-WELDED STATOR CASING FOR TURBO-ALTERNATOR. 








Fie. 6. 


The progress they have made in this direction may, 
perhaps, best be indicated by reference to three very 
different classes of work, which they have recently 
undertaken. 

The first of these is a stator casing for a large turbo- 
alternator, which was built up at Uxbridge for 
Messrs. C. A. Parsons and Company, Limited, of 
Heaton Works, Newcastle-on-Tyne. This casing is 
shown in process of construction at Uxbridge in Fig. 6, 
and ready for winding at the Heaton Works in Fig. 5. 
(ts overall length is 12 ft. 10 in., its width at the base, 
7 ft. 3 in., and its height, 8 ft. 10} in., while the 
(diameter of the ring is 7 ft. 6 in., and its approxi- 
mate weight 10} tons. 

As will be seen from the illustrations, the casing 
closely resembles its cast-iron counterparts. It, 
however, consists essentially of a series of plates, 
which form the vertical ends and central webs. These 











Stator Casing UNDER CONSTRUCTION. 


plates were first cut to exact shape and size from a rect- 
angular plate and were spaced apart a distance depend- 
ing on the length of the stator. Thick wrapper plates 
were then welded on to the outside periphery, this 
stage in the construction being shown in Fig. 6, while 
heavy rectangular bars were also welded to the inside 
of the web plates to carry the keys which transmit the 
torque from the laminations to these bars. As will also 
be seen from Fig. 5, the feet are welded to the web 
plates. The end shield, facings, and air trunk on 
the top of the casing were also welded on, and are made 
much lighter than is possible when castings are used for 
this purpose. The whole structure is, thus, built 
up of flat plates and forgings, so that the employment 
of channel sections is avoided. The plates were cut 
to the shape required by an oxy-acetylene cutter, and 
were pickled before being welded. 

Experience has shown that correct design and the 
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proper placing and sequence of the welds, combined 
with flat or gravity welding, are essential to sound 
work. To enable this to be effected, the stator was 
mounted on two trunnions, as shown in Fig. 6, so 
that it could readily be turned over to suit the con- 
venience of the welder. The trunnions shown at the side 
of the casing in Fig. 5, were provided to facilitate the 
turning of the casing during the winding operations. 
As will be seen, they are bolted to a special baseplate, 
and will, of course, be removed before the machine is 
put into service. 

As regards the method of building up this particular 
casing, electric welding was employed throughout, but 
gas welding is often used on curved surfaces as The 
Steel Barrel Company consider that the tensile strength 
of a gas weld is greater than that of an electric weld. On 
the other hand, electric welding is always used where a 
part, such as a stator casing, has to be built up to 
dimensions, as the local heating is much less, and all 
risk of distortion is avoided. After the seams have been 
gas welded, they are pressed in an hydraulic press, 
as this tends to increase the strength of the weld. 
The burr is then ground level with the rest of the 
plate. The edges of the seams are also ground before 
the welding operation is carried out. 

The bed plate for the stator which we have just 
described, was also built up by welding together plates 
of appropriate size and thickness. It is 35-ft. long, 
and the corners are flanged, so that each of the four 
sections of which it is made could be manufactured 
from a single plate. The stator, when wound, weighs 
70 tons, and the load on each bearing surface for the 
rotor is 14 tons. The four bed-plate sections were 
bolted together, the necessary machining allowance 
being provided on all the various surfaces. The mach- 
ining was done after the welding operations had been 
completed. In arranging where the welds were to be 
made, great care was taken to see that none was in 
tension if it could be avoided. 

Another interesting piece of work, which may be 
mentioned as showing the possibilities of using welding 
more generally, is illustrated in Figs. 1 and 2. This is 
a large plummer-block pedestal for carrying a mill- 
gearing shaft, its overall dimensions being 15 ft. wide 
by 14 ft. 8in. high. The pedestal was built up of three 
pieces of mild-steel plate welded together, the posi- 
tion of the welds being shown in solid black in Fig. 1. 
In this case, the surfaces which required machining 
were dealt with first. These surfaces are marked F on 
the figures, and, after treatment, were bolted together. 
The rest of the pedestal was then built up from them, 
the welds being made at the appropriate positions. 
The bolts were then removed, so that the pedestal could 
be dismantled for shipment. The lengths of piping 
forming the bolt holes were welded in separately, while 
the two main members were bolted together at the top 
by 14-in. bolts, as shown. To carry out this work 
requires great accuracy in bending, but it avoided 
the manufacture of a large and complicated casting, 
and resulted in great saving in weight. 

Another interesting piece of work is the bollard shown 
in Figs. 3 and 4. This again is built-up out of $-in. 
mild-steel plates, the positions of the welds being 
clearly indicated in Fig 3. Short lengths of pipe were 
inserted in the bed plate and were welded in to form 
the bolt holes. The body of the bollard is 20 in. in 
diameter, and it was tested by inserting a hydraulic 
jack between the two uprights with a view to seeing 
what safe load it would carry. Tests showed that these 
loads were 30, 35, 47, and 70 tons, at distances of 
30 in., 24 in., 18 in., and 12 in., respectively, from the 
deck. The fact that these bollards are much lighter 
than the usual cast-iron pattern is, of course, a 
great advantage on board ship. 

The Steel Barrel Company are also engaged in 
the manufacture of the large tanks for oil switches 
which are to be used on the grid distribution system. 
In this case, the cylindrical portion is formed out of one 
piece, which is then seam welded by gas welding and 
the seam pressed smooth. The dished bottoms for the 
tank are inserted so that a space of about 3 in. is left 
between them and the floor, and are then tacked in 
position by electric welding. Finally, they are finished 
off, both inside and outside, by gas welding. 

There is, of course, hardly any limit to the applica- 
tions of the welding process once it has proved itself, 
and the conservatism which has to a large extent 
prevented it from doing so has been removed. 








BuitpInc Marteriats Bureau.—The Architectural 
Association, for the benefit of its members, has formed a 
Building Materials and Samples Bureau at its premises at 
34, 35 and 36, Bedford-square, London, W.C.1. The 
object is to provide a centre in which materials and 
fittings appertaining to buildings may be inspected, and 
information regarding them obtained. The policy of 
the Bureau is to give information, but not recommenda- 
tion. The exhibits cover a wide field, and a large collec- 
tion of trade lists and commercial directories is also 
available for reference. 
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ROAD-MAKING PLANT IN CANADA. 


WE reproduce below from the columns of the 
Morning Post a telegram from Ottawa, dated Decem- 
ber 6, which we think it desirable to bring to the 
notice of manufacturers of road-making plant in this 
country. It runs as follows :— 

‘During the continued hearing by the Tariff 
Advisory Board of the question of the revision of the 
iron and steel schedules, application was made to-day 
for the free entry of certain road construction machinery 
of a kind not at present made in Canada. 

“It was pointed out by the Chairman of the Board 
that this would eliminate the British preference of 
124 per cent. on these articles, as against the 20 per 
cent. general tariff rule. 

“The applicants urged that British manufacturers 
had not taken advantage of the preference they already 
enjoyed, and when tenders for road construction 
machinery were called for, Canadian contractors were 
flooded with literature from the United States, but not 
a line was ever received from the United Kingdom. 

“The Chairman, Mr. Moore, characterised this as 
poor salesmanship on the part of British manufac- 
turers. It was recalled that approximately two million 
dollars (400,0001) was paid annually by the Canadian 
road contractors as a duty on machinery which could 
not be purchased in Canada.” 








LAUNCHES AND TRIAL TRIPS. 


“ JANETA.”’—Single-screw cargo steamer;  triple- 
expansion engines. ‘Trial trip, November 22. Main 
dimensions, 402 ft. by 54 ft. 9 in. by 31 ft. Built by 


Messrs. Barclay, Curle and Company, Limited, Whiteinch 
Glasgow, to the order of Messrs. MacLay and McIntyre, 
Limited, for the Glasgow United Shipping Company. 

“* KarREpo”’.—Self-trimming coal-carrying steamer ; 
triple-expansion engines. Trial trip, November 25. 
Main dimensions 284 ft. by 46 ft. by 21 ft. Built for the 
Union Steamship Company of New Zealand, Limited, 
by Messrs. Cammell Laird and Company, Limited, 
Birkenhead. 


“* TRENTBANK.”’—Single-screw cargo steamer; quad- 
ruple-expansion engines. Trial trip, November 27- 
Main dimensions, 420 ft. by 56 ft. 6 in. by 36 ft. 3 in. 
Built by Messrs. Workman, Clark (1928), Limited, 
Belfast, to the order of Messrs. Andrew Weir and 
Company, for The Bank Line, Limited, London. 

““ HELMSPEY.”’—Cargo steamer ; triple-expansion 
engines supplied by Messrs. John Dickinson and Sons, 
Limited, Sunderland. Launch, November 28. Main 
dimensions, 400 ft. by 54 ft. 6 in. by 27 ft. 5in. Built 
by Messrs. Joseph L. Thompson and Sons, Limited, 
North Sands Shipbuilding Yard, Sunderland, for Messrs. 
The Strath Steamship Company, Limited, Cardiff. 

“* Lucunus,”’—Single-screw oil-tank motorship ; Walls- 
end-Sulzer Diesel engine supplied by Messrs. The 
Wallsend Slipway and Engineering Company, Limited, 
Wallsend. Trial trip, November 28. Deadweight carry- 
ing capacity, 9,500 tons. Built by Messrs. Palmers’ 
Shipbuilding and Iron Company, Limited, Jarrow, to 
the order of Messrs. “ Lucigen ’’ Steamship Company, 
Limited, Liverpool. 

“* Stpi-BeL-ABBEs,.’’—-Twin-screw passenger steamer 
for service between Marseilles and Algeria ; single- 
reduction geared turbines of the Parsons type. Trial 
trip, November 29. Main dimensions: length, 338 ft. ; 
beam, 50 ft.; and deadweight carrying capacity, 2,100 
tons, on a draught of 18 ft. Built by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Newcastle- 
on-Tyne, for Messrs. Société Générale de Transports 
Maritimes & Vapeur, Paris. 

““ Luxor.”’—Oil-tank motorship ; Diesel engines sup- 
plied by Messrs. The Wallsend Slipway and Engineering 
Company, Limited, Wallsend. Launch, November 29. 
Deadweight-carrying capacity, between 9,000 tons and 
10,000 tons. Built by Messrs. Palmers’ Shipbuilding and 
tron Company, Limited, Jarrow, for Messrs. H. E. Moss 
and Company, Liverpool. 

“* KouIstan.”—Single-screw cargo steamer; triple- 
expansion engine, working in conjunction with a Bauer- 
Wach low-pressure exhaust turbine. Launch, November 
30. Main dimensions, 440 ft. 3 in. by 55 ft. by 31 ft. 
Built by Messrs. John Readhead and Sons, Limited, 
South Shields, for Messrs. F. C. Strick and Company, 
Limited, London. 

“ SELJE.”"—Single-screw ore-carrying steamer ; triple- 
expansion engine. Launch, December 2. Constructed 
on the Isherwood longitudinal system of framing, and will 
have a deadweight-carrying capacity of 12,000 tons. 
Built by Messrs, Palmers’ Shipbuilding and Iron Com- 
pany, Limited, Hebburn-on-Tyne, for Messrs. A/S 
Rederiet Odfjell, Bergen, Norway. 


AEROPLANES FOR CANTON GOVERNMENT, CHINA.—It 
is stated in a recent issue of The Chinese Economic Bulletin 


that 78 military aeroplanes are to be ordered from the | Filtration and Filters. An Outline of the Art. By J. A. 
[Price 


United States by the Kwantung Provincial Government 
for incorporation into the Provincial Defence Force. 





PROPOSED WATERWORKS, PoLanD.—The Municipality 


Blast Furnace Practice. Vol. III. 
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TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date of 
each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Structural Steelwork.—The supply of structural steel- 
work, &c., for points and crossings shop. The South 
African Railways and Harbours Board, Johannesburg ; 
January 23, 1930. (Ref. No. A.X. 8887.) 


Structural Bridgework.—The supply and delivery only 
of structural bridgework. The South African Railways 
and Harbours Board, Johannesburg; January 23, 
1930. (Ref. No. A.X. 8888.) 


Road-Making Plant.—A Divisional Council in Cape 
Province, South Africa, desires to receive catalogues 
and particulars relating to road-making plant. (Ref. 
No. A.X. 8881.) 

Air Compressors.—The supply, delivery and erection 
of two electrically-driven air compressors, capacity 
600 cub. ft. of free air per minute, also two air receivers, 
switchboard, &c. The India Store Department ; 
January 13, 1930. (Ref. No. A.X. 8899.) 

Transformer.—The supply and erection of an oil- 
cooled, 10,000-kv.-a. transformer, complete with 
pumps, motors and other accessories. The Copenhagen 
Lighting Department, Denmark; December 21. (Ref. 
No. B.X. 5945.) 

Road- Making Plant.—The supply of road-making ene 
and machinery. The Divisional Council of Port Eliza- 
beth, South Africa ; January 10, 1930. (Ref. No. A.X. 
8869.) 








BOOKS RECEIVED. 


War Department, Corps of Engineers U.S. Army, and 
United States Shipping Board. Miscellaneous Series 
No. 1. Port and Terminal Charges at United States 
Ports. [Price 1 dollar.] No. 2. Shipping Charges 
at United States and Foreign Ports, Consular Services 
and Charges. [Price 25 cents.] No. 3. Foreign Trade 
Zones (or Free Ports). [Price 1 dollar.] Transporta- 
tion Series No. 2. Transportation in the Mississippi 
and Ohio Valleys. [Price 1 dollar 25 cents.] Washing- 
ton: Government Printing Office. 

United States Bureau of Mines. Mineral Resources 
of United States in 1928. (Preliminary S Y. 
[Price 20 cents.] I: 24. Gold, Silver, Copper, Le 
and Zinc in Utah. Mine Report. y C. N. Gerry. 
[Price 10 cents.] IL: 3. Carbon Black in 1928. By 
G. R. Horxiys and H. Backus. [Price 5 cents.] 
II: 4. Fuller’s Earth in 1928. By J. MippteTon. 
So 5 cents.] Washington: Government Printing 
Office. 

Worked Examples in Electrical Technology. By F. 

Peascoop and H, J. Boytanp. Oxford University 

Press. London: Humphrey Milford. [Price 15s. 





~— 


net. ] 
The British Science Guild. The Norman Lockyer Lec- 
ture, 1929. Medical Research: The Tree and the 
Fruit. By Sm Watter Mortey FietcHer. London: 
The British Science Guild. [Price ls.] 
The Principles and Practice of Lubrication. By ALFRED 
W. Nas and A. R. Bowen. London: Chapman & 
Hall, Limited. [Price 15s. net.] 
Die Maschinenelemente. By FRtepRIcH BartH. Fifth 
edition, revised by Dr.-Inc. E. vom EnpkE. Leipzig : 
Walter de Gruyter and Company. [Price 1.50 marks. ] 
Journal of a Tour in Scotland in 1819. By Rosert 
SoutHEy. London: John Murray. [Price 10s. 6d. 
net. | 
The. Association of Engineering and Shipbuilding 
Draughtsmen. The Modern Boiler House (With 
Special Reference to Power Station Practice). By 
Henry 8. Wesster. London: The Draughtsman 
Publishing Company, Limited. [Price 2s. net. ] 
High Voltage Cables. By L. Emanvueti. London: 
Chapman and Hall, Limited. [Price 8s. 6d. net.] 
An Outline of Advertising, By Etwyn O. Huaues. 
London: Chapman and Hall, Limited. [Price, 
7s. 6d. net. ] 
Theory and Practice of Alternating Currents. General 
Principles, Circuits, Instruments, Measurements. By 
A. T. Dover. London: Sir Isaac Pitman and Sons, 
Limited. [Price 18s. net.] 
Proceedings of the Institution of Mechanical Engineers. 
1929. Vol.I. January to May. London: Offices of 
the Institution. 
Transport Co-Ordination. A Study of Present-Day 
Transport Problems. By K. G. FEnEton. London: 
G. S. King and Sons, Limited. [Price 6s. net.] 
The Electrical Industry of Great Britain. London: 
Beama Publication Department. [Price 2/. 2s. net.] 
University of Illinois. Engineering Experiment Station. 
Bulletin No. 196. An Investigation of the Friability of 
Different Coals, By C. M. Smrrg. [Price 30 cents.] 
No. 197. A Study of Fatigue Cracks in Car Azles, 
Part Il. H. F, Moore and others. [Price 20 cents.] 
Urbana, Ill., University of Illinois. 


PickaRD. London: Ernest Benn, Limited. 

45s. net.] 

Operation and 
Products. By Frep Ctiements. London: Ernest 





of Lodz, Poland, is desirous of installing a new water- 


works and water supply system. British firms interested | United States 
in the scheme can obtain further particulars on applica- 
tion to the Department of Overseas Trade, 35, Old Queen- 
street, London, S.W.1, quoting Reference No. A.X. 8875. 





Benn, Limited. [Price 63s. net. ] 

Y Survey. ~ Professional Paper 
No. 154-A. Moraines and Shore Lines of the Lake 
Superior Region. By F. Leverett. Washington: 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIpDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Makers of Clevelan< 
pig iron are still in a strong statistical position, and not 
likely to change their fixed minimum quotations which 
have ruled for some time past. Saleable stocks are 
light, and likely to be reduced with the passing of one 
of the quiet seasons of the year. Merchants’ holdings 
are stated to be negligible. Continental competition 
continues to keep Cleveland pig iron out of markets 
abroad, and to succeed in capturing much of the trade 
with Scotland, but foreign iron fails to penetrate into this 
area, where, however, Midland ironmasters are sending 
a little foundry pig. Home firms are buying a little 
Cleveland pig, but transactions of moment are not 
looked for this month. No. 1 grade of iron is 75s. ; No. 3 
g.m.b., 728. 6d.; No. 4 foundry, 71s. 6d.; and No. 4 
forge, 71s. 

Hematite.—Values of East Coast hematite show a further 
marked upward tendency, and the position of producers 
is improved by the easing of coke and foreign ore prices. 
Makers are understood to have oversold their stocks, and 
some firms are stated to have fully disposed of their out- 
put for the next few weeks. Home consumers are accept- 
ing fairly large quantities, and a number of inquiries 
from overseas encourage the hope of further export 
sales, in spite of the fact that foreign hematite is offered 
in Continental markets at prices substantially below 
the quotations for the products of this district. Prompt 
lots of East Coast brands are obtainable from second 
hands at 79s., but producers report contracts arranged at 
81s. for supply over the first quarter of next year. 


Foreign Ore.—There is no business to test values of 
foreign ore, but lower freights are bringing down prices. 
Best rubio cannot now be put at more than 24s. c.i.f. 
Tees. 

Blast-Furnace. Coke.—Local consumption of coke has 
been reduced with the result that quotations have fallen. 
Durham good average blast-furnace kinds are on offer at 
23s. delivered to works in this area. 


Manufactured Iron and _ Steel.—Manufactured-iron 
firms are not disposed to grant price concessions, though 
new business develops slowly. They have quite a lot 
of work on hand. Semi-finished steel producers are 
similarly situated. They have considerable proportions 
of heavy contracts to complete, but experience great 
difficulty in securing orders in face of the very substantial 
under cutting by Continental competitors. Sheets are 
still slow of sale. Finished steel prices are firm. Specifica- 
tions for shipbuilding requisites are coming forward well, 
and the tonnage output of railway material is heavy. 
Among the principal market quotations are: Common 
iron bars, 101. 15s. ; best bars, 111. 5s. ; double best bars, 
112. 15s. ; treble best bars, 121. 5s. ; iron rivets, 11/. 10s. ; 
packing (parallel), 8/.; packing (tapered), 10/.; steel 
billets (soft), 67. 17s. 6d. ; steel billets (medium), 7. 12s.6d.; 
steel billets (hard), 81. 2s. 6d.; steel rivets, 111. 5s. ; 
steel ship plates, 82. 12s. 6d.; steel angles, 8l. 2s. 6d. ; 
steel joists, 81. 2s. 6d.; heavy sections of steel rails, 
8/. 10s. for parcels over 500 tons, to 9/. for smaller lots ; 
fish plates, 127. 10s. to 13.; black sheets, 91. 17s. 6d. ; 
and galvanised corrugated sheets, 12/. 12s. 6d. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The movement towards rationalisation 
in the steel and engineering trades is far more widespread 
than is commonly credited. For some time the name 
of Messrs. John Brown and Company, Limited, steel- 
makers, engineers, and shipbuilders, of Sheffield and 
Clydebank, has been associated with possible further 
developments in connection with the English Stee! 
Corporation, which represented a rationalisation develop- 
ment embodying selected interests from Messrs. Cammell 
Laird and Company, Limited, and Messrs. Vickers- 
Armstrong. Messrs. John Brown now announce that 
they have under consideration certain important mea- 
sures for rationalisation of the business of the company. 
‘either alone or with others.” Unofficially it is under- 
stood that the development will have no connection with 
the English Steel Corporation enterprise, but that it will 
cover the closer co-operation of Messrs. John Brown 
and Messrs. Thomas Firth and Sons, Limited. For a 
long time these two old-established concerns have been 
in some measure associated. Messrs. Thomas Firth 
were pioneers in stainless steel, and for many years 
ranked among the foremost makers of munitions. The 
latest statistics relating to iron and steel production 
in the Sheffield area represent an adequate reply to the 

ssimistic reports that are current from some quarters. 
- the last month for which official figures are available, 
namely, October, Sheffield’s gross output of steel amounted 
to no less than 116,000 tons. This was 7,600 tons in 
excess of the total for September, and was over 13,000 
tons greater than in October last year. The Lincolnshire 
returns showed a similar rise in regard to both steel 
and pig-iron production. Current operations are on a 
slightly larger scale than was the case a month ago. 
More plant has been put in operation to deal with enlarged 
orders for soft basic steel. Plant producing this clas 
of material is operating in the neighbourhood of 70 per 
cent. of capacity. In acid steel, business is maintained 
at about its previous level. More orders have been 
placed on British railway account for rails and stee! 
sleepers. A moderate amount of business is circulating 
from foreign buyers for railway steel of various classes. 
There is considerable activity in steel for the electrical 
and automobile trades, and rather more movement in 





Government Printing Office. [Price 50 eents.] 





mining and agricultural requisites. Good progress 1s 
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being made in high-class tool steel, stainless materials, 
cold-rolled strip, magnets, structural iron, hollow forged 
drums, and precision implements, for the engineering 
trades, of types that were largely supplied by foreign 
manufacturers. 

South Yorkshire Coal Trade.—More business is circulat- 
ing in several of the leading grades of fuel. Orders for 
best quality house coal are in the ascendant, and while 
secondary sorts are in abundant supply, prices are steady. 
Industrial fuel is an even market. Exports are fully 
maintained. Inland needs are up to recent averages. 
Washed fuel is the subject of an increased demand 
on home account. Advanced prices are being obtained 
for foundry and furnace coke. Latest quotations are 
as follow :—Best branch hand-picked, 26s. 6d. to 28s. ; 
Derbyshire best brights, 21s. to 23s.; Derbyshire best 
house, 20s. 6d. to 21s. 6d. ; screened house coal, 18s. 6d. 
to 20s. ; screened house nuts, 16s. 6d. to 18s. ; Yorkshire 
hards. 15s. 6d. to 17s.; Derbyshire hards, 15s. 6d. to 
l7s.; rough slacks, 9s. to 10s.; nutty slacks, 7s. 6d. to 
8s. 6d.; smalls, 3s. to 5s. 





NOTES FROM THE NORTH. 


Guascow, We dnesday. 


Scottish Steel Trade.—A quiet tone prevails throughout 
the Scottish steel trade, and with the end of the year 
not far distant, specifications are not so numerous at 
present. Consumers’ demands are being curtailed 
owing to the uncertainty of trade generally, and inquiries 
have not improved much. Some difficulty is being experi- 
enced in keeping plant running to full capacity, and unless 
the shipbuilding industry receives a much needed impetus 
the prospects for the steel trade are not over bright. 
In the black-sheet trade there has been an expansion in 
the demand for light sheets and inquiries are also better. 
The heavier gauges continue quiet, but galvanised sheets 
show a little improvement, although very keen prices 
have to be accepted at the moment to secure business. 
Prices are as follow :—Boiler plates, 10. 10s. per ton ; 
ship plates, 8/. 12s. 6d. per ton ; sections, 8/. 2s. 6d. per 
ton; black sheets, 4 in., 91. per ton; galvanised corru- 
gated sheets (No. 24 gauge), 137. 2s. 6d. per ton, all 
delivered at Glasgow stations. 


Malleable-Iron Trade——No change has taken place 
in the state of the malleable-iron trade of the West of 
Scotland during the week. Specifications are very difficult 
to secure, and hand-to-mouth conditions are all too 
common. In the re-rolled steel bar trade a very similar 
state prevails, and the low prices now named for Conti- 
nental bars have affected matters very considerably. The 
following are the current market quotations :—‘‘ Crown ” 
bars, 10/. 5s. per ton for home delivery and 9/. 15s. per 
ton for export ; re-rolled steel bars, 7/. 15s. per ton for 
home delivery and for export. 

Scottish Pig-Iron Trade.—The Scottish pig-iron trade is 
quiet and deliveries are on rather a small scale. The 
demand shows signs of easing off still further, not only 
for the home market, but also on export account. Prices 
are harder and the following are the current market 
quotations :—Hematite 81s. per ton, delivered at the 
steel works ; foundry iron No. 1, 80s. 6d. per ton, and 
No. 3, 78s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, December 7, only amounted to 469 tons. Of 
this total 90 tons went overseas and 379 tons coastwise. 
During the corresponding week of last year the figures 
were 1,117 tons overseas and 40 tons coastwise, making a 
total shipment of 1,157 tons. 


Shipbuilding—The Grangemouth Dockyard Company, 
Limited, Grangemouth, has obtained a contract for the 
construction of a three-masted auxiliary schooner 
intended for service in the Gilbert and Ellice Group of the 
South Sea Islands. The vessel will be Bermuda rigged, 
and will have passenger accommodation, and be in every 
way suitable for the inter-island service in which she will 
be employed by her owners. The propelling machinery 
will consist of a set of Gardner cold-starting Diesel 
engines supplied by Messrs. Norris, Henty and Gardners, 
Limited, of Patricroft, Manchester. Messrs. A. Goodwin- 
Hamilton and Adamson, Limited, of Liverpool and 
Glasgow, will superintend the vessel during construction. 








Conrract.—Messrs. Yarrow and Company, Limited, 
Scotstoun, Glasgow, W.4, have received an order from 
the British Admiralty for a shallow-draught gunboat. 
She is the fifth vessel of this type to be designed and 
constructed by the firm. 





PHysicaL aND Optica Sooretres’ ExHIBITION.— 
The twentieth annual exhibition of the Physical and 
Optical Societies will be held from 3 p.m. to 6 p.m., and 
from 7 p.m. to 10 p.m., on January 7, 8, and 9, 1930, at 
the Imperial College of Science, Imperial Institute-road, 
South Kensington, London, 8.W.7. Over 80 are 
exhibiting in the trade section, and, in addition, a grou 
of research and experimental exhibits is being arranged, 
while a further section, devoted to the work of apprentices 
and students, is being organised. Discourses, with 
experiments, will be given at 8 p.m. on each evening. 
On January 7, Lord Rayleigh, F.R.S., will speak on 

Iridescent Colours in Nature from the Standpoint of 


Physica! Optics.” On January 8 the speaker will be 
Mr. 8. G. Brown, F.R.S., and his subject will be ‘‘ Gyro 
Compasses for Gun-Fire Control.” On January 9 


Sir Ambrose Fleming, F.R.S., will speak on “‘ Television, 
sent and Future.’’ Tickets of admission and full 


particulars regarding the exhibition may be obtained from 
the secretary, the Physical and 
Gardens, Exhibition-road, 


tical Societies, 1, 


Lowther ondon, 8.W.7. 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—The gales have disorganised the coal 
trade. Vessels which were expec to load have been 
held up by the weather, and though collieries were usually 
booked up on paper, many have been compelled to effect 
temporary stoppages on account of the insufficiency 
of tonnage and the consequent impossibility of securing 
a regular return of empty wagons. The effect of the gale 
on the shipping position will be gathered from the 
fact that foreign exports last week amounted to only 
388,120 tons, which was 158,000 tons less than in the 
preceding week and represented the smallest total since 
the August Bank holiday week. Each of the ports 
suffered, clearances at Cardiff falling from 345,190 tons 
to 248,130 tons, at Newport from 77,060 tons to 51,980 
tons, at Swansea from 69,410 tons to 58,790 tons, at 
Port Talbot from 48,230 tons to 27,810 tons, and at 
Llanelly from 6,850 tons to 1,410 tons. The outlook is, 
moreover, uncertain for, with the continuance of boisterous 
weather, shipping is forced to shelter and cannot make 
its way to port, while many of the vessels arriving will 
require repairs before being available for loading. Thus 
colliery owners and shippers are unable to estimate their 
position though it is certain that when the weather mode- 
rates there will be acute loading pressure, but whether 
boats will get up in time to be loaded before the holidays 
remains to be seen. Despite the difficulties, dry large 
and sized varieties remain scarce at prices well above the 
schedule, while smalls are also tight at ls. per ton over 
the schedule, but other classes of large are plentiful 
atthe minima. The Italian State Railways have invited 
tenders for 1,000,000 tons of Welsh and north-country 
large coal to be delivered over next year in conformity 
with the Hague Agreement to buy 1,000,000 tons of 
British coal for the next three years. It is expected that 
the bulk of the business will be placed for Monmouthshire 
coals. The Spanish Navy has bought 12,000 tons of 
Welsh large coal, and the placing of the Egyptian State 
Railway contract for 165,000 tons of large is expected 
daily. Mr. Finlay A. Gibson, secretary of the Monmouth- 
shire and South Wales Coal Owners’ Association, has been 
appointed secretary of the South Wales Coal Marketing 
Association, a position which he has held pro. tem. 
since the beginning of last year, while Mr. D. Willson- 
Lloyd has been appointed acting secretary of the Market- 
ing Association. 

The Gale and Shipping.—The recent gales have played 
havoc with Cardiff’s Mercantile Marine, and taken an 
unprecedented toll in life for so short a period. Three 
vessels have been wrecked, resulting in the loss of 48 lives. 
One steamer, the Radyr, sailed from Cardiff for Bordeaux 
on Friday, and on the following day foundered off Hartland 
Point with the whole of her crew of 21. Another, the 
Frances Duncan, left Barry for Rouen on Thursday, 
and turned turtle the following day off the Longships, 
16 of the crew of 21 being drowned, while 5 were miracu- 
lously saved as the result of the skilful seamanship of 
Capt. Blaylock of the steamer Alice Marie. The third ship, 
Norwich City, stranded in the Pacific Ocean and 11 of 
her crew were drowned in endeavouring to reach the 
shore. To lose three vessels and 48 lives in a week is 
unprecedented in the history of Cardiff shipping. 








THe British InDustTRIES Far, BrrmMmncHamM.—The 
Heavy Section of the British Industries Fair, which is 
to be held at Birmingham from February 17 to 28, 
1930, is, we understand, of greater dimensions than any 
of the previous exhibitions. Among some 600 exhibitors 
who have provided the Fair authorities with advance 
information of the goods to be shown, nearly all have 
one or more articles to bring, for the first time, to the 
notice of trade buyers. Every branch of the engineering, 
electrical, gas, building and hardware industries will be 
represented. The organisers of the Heavy Section of 
the Fair are the Birmingham Chamber of Commerce 
(Incorporated), 95, New-street, Birmingham. 





THe Late Liervt.-Cotonen J. MacGrecor.~—We 
regret to note the sudden death on December 6 last of 
Lieut.-Colonel James MacGregor, C.M.G., for some years 
a partner in the firm of Messrs. Thompson, MacGregor 
and Company, Limited, Queen Victoria-street, London, 
E.C.4. He was born in Glasgow on May 2, 1877, and was 
educated at Allen Glens School. He afterwards served 
an ———— of 5 years at the Hyde Park Locomotive 
Works, Glasgow, of Messrs. Neilson Reid and Company, 
meanwhile continuing his engi eering education, during 
his spare time, at the Royal Technical College. After 


serving a further two years in the drawing office of his 
firm, the young engineer went to sea, and, in 1908, gained 
the extra first-class Board of Trade Certificate. this 


same year he was appointed engine and ship surveyor 
to Messrs. Roscoe and Little, consulting naval architects, 
Liverpool. In 1911 he became a partner in the firm 
of Messrs. Thompson and MacGregor, naval architects 
and engineers, Liverpool. Soon after the outbreak of 
the European War he gained a commission in the Royal 
Engineers (Inland Water Transport). He was after- 
wards promoted to the ranks of Captain and Major, 
and, in September, 1916, to that of Lieutenant-Colonel, 
and placed in charge of the shipbuilding and marine 
engineering section at the War Office. In 1918 he was 
appointed controller of shipbuilding and repairing, 
Indian Munitions Board, and adviser on shipbuilding and 
marine engineering to the Government of India, which 
positions he retained until 1919. For his services he 
was awarded the Companionship of the Order of St. 
Michael and St. George. Colonel MacGregor became a 
member of the Institution of Naval Architects in 1918, 
and a member of the Institution of Mechanical Engineers 
in 1919. He was for many years a member of the 
Institute of Marine Engineers. 








INSTITUTION OF ENGINEERING InsPEcTION.—To-night, 
5.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. “The Trend of Development in Railway 
Signalling,”’ by Captain B. H. Peter. 


InstTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s Gate, S.W.1. ‘‘ Bearings for Line 
Shafting,”’ by the Late Professor G. F. Charnock. Read 
by Mr. F. Wigglesworth. Graduates’ Section : Monday, 
December 16, 7 p.m. “Calculating Machines,” by 
Mr. C. G. E. Dahl. 

JUNIoR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., Royal Society of Arts, John-street, Adelphi, W.C.2. 
Presidential Address. ‘‘Some Engineering Difficulties 
and How They were Overcome,” by Sir E. W. Moir. 
Friday, December 20, 7.30 p.m., 39, Victoria-street, 
8.W.1. “Light Signalling on the Southern Railway,” 
by Mr. W. Challis. 

NortH oF Enetanp InstTITUTE OF MINING AND 


MECHANICAL ENGINEERS.—Saturday, December 14, 
2.30 p.m., Newcastle-upon-Tyne. ‘‘ Burnt Outcrops 
of the High Main Coal at Newcastle-upon-Tyne,” by 


Mr. R. G. Carruthers. ‘“ The Distribution and Sequence 
of the Non-Marine Lamellibranchs in the Coal Measures 
of Northumberland and Durham,” by Dr. W. Hopkins. 
Discussion on “* Report of an Investigation of the Under- 
ground Conveying and Loading of Coal by Mechanical 
Means.” 


INSTITUTE OF BRITISH FOUNDRYMEN.—East Mid- 
lands Branch : Saturday, December 14, 6 p.m., Univer- 
sity College, Nottingham. ‘‘ Production of Castings for 
Internal Combustion Engines,” by Mr. A. L. Key. New- 
castle-on-Tyne and District Branch : Saturday, December 
14, 6.15 p.m., Neville Hall, Newcastle-on-Tyne. “ The 
Future of the Foundries in Great Britain with Special 
Reference to Continuous Casting,” by Mr. A. 8. Beech. 
Wales and Monmouth Branch : Saturday, December 14, 
6.30 p.m., Technical College, Newport. ‘‘ Steel Making,” 
by Professor C. A. Edwards. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Scottish 
Centre : Monday, December 16, 7.30 p.m., Royal Tech- 
nical College, Glasgow. ‘Surges and Over-Voltage 
Phenomena on Transmission Lines due to Lightning 
and Switching Disturbances,’’ by Dr. R. Norinder. 
North Midland Students’ Section : Tuesday, December 17, 
7 p.m., Technical College, Huddersfield. ** Power 
Transformers,” by Mr. J. H. Hedley. London: Thurs- 
day, December 19, 6 p.m., Victoria-embankment, W.C.2. 
‘The Heating of Buildings Electrically by Means of 
Thermal Storage,’’ by Lieut.-Col. S. E. Monkhouse and 
Mr. L. C. Grant. 


INSTITUTION OF CrviL ENGINEERS.—Tuesday, Decem- 
ber 17, 6 p.m., Great George-street, S.W.1. ‘‘ The 
Areas Covered by Intense and Widespread Falls of 
Rain,” by Dr. J. Glasspoole. Wednesday, December 18, 
6.30 p.m., Students’ Meeting. Vernon-Harcourt Lecture. 
““The Work of the Institution Committee on the Deterio- * 
ration of Structures Exposed to Sea-Action,”’ by Professor 
S. M. Dixon. Manchester and District Association : 
Wednesday, December 18, 6.45 p.m., Manchester 
Literary and Philosophical Society, 36, George-street, 
Manchester. ‘‘ Superficial Deposits in Relation to 
Foundations,” by Mr. E. Morton. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, December 17, 7.15 p.m., Junior Institution of 
Engineers, 39, Victoria Street, S.W.1. ‘‘ Synchronisation 
of Films and Speech,” by Mr. 8S. S. A. Watkins. 

SHEFFIELD METALLURGICAL AssoorATION.—Tuesday, 
December 17, 7.30 p.m., 198, West-street, Sheffield. 
“The Stress-Strain Diagram,’’ by Mr. L. H. Evans. 


Royat MeEtTEoroLoGIcaAL Socrery. — Wednesday, 
December 18, 5 p.m., 49, Cromwell-road, South Ken- 
sington, S.W.7. ‘‘Floral Isophenes and Isakairs,” 
by Mr. J. E. Clark and Mr. I. D. Margary. “On the 
Mechanism of Tornadoes,” by Sir G. Walker. “‘A 
Study of Rainfall in the West Indies,” by Mr. E. W. 
Bliss. . 


Newcomen Socrety.—Wednesday, December 18, 
5.30 p.m., Prince Henry’s Room, 17, Fleet-street, E.C.1. 
“Early Bell Founding,” by Mr. A. A. Hughes. 

Institution or Locomotive ENGINEERS.—Wed- 
nesday, December 18, 6 p.m., Denison House, Vauxhall 
Bridge-road, S.W.1. Presidential Address, by Mr. J. R. 


InstiTuTIoN oF SANITARY ENGINEERS.—Wednesday, 
December 18, 7 p.m., Caxton Hall, Westminster, 8.W.1. 
‘* The Channel Tunnel,” by Mr. H. N. Carvalho. 

InsTITUTION OF PRopucTION ENGINEERS. Birmingham 
Branch : Wednesday, December 18, 7 p.m., Grand 
Hotel, Birmingham. “‘ Costing as an Aid to Production,” 
by Mr. P. H. Lighthody. 








TRacTOR TRADE IN NEw ZEALAND.—A short confiden- 
tial report on the condition of the trade in tractors in 
New Zealand has been prepared by the Department of 
Overseas Trade. United Kingdom firms desirous of 
receiving a copy of this report should communicate with 
the Department at 35, Old Queen-street, London, 8.W.1, 
quoting Reference No. A.X. 8844. 





Prersonat.—A licence for the manufacture of 
Sulzer two-cycle Diesel marine engines of all types has 
been granted to Messrs. Sociedad Espafiola de Con- 
struccion Naval, of Madrid, Bilbao, Cadiz, Cartagena, 
and Ferrol.—The Japanese Aeronautical Research 
Institute (Koku-Kenkyu Zyo) is now housed in the 








Tokyo Imperial University, Komaba, Tokyo, Japan. 
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DEC 13, 1929.] 
ENGINEERING. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 











TELEGRAPHIC ] “ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NuMBER—TEMPLE BAR 3663 


(2 lines). 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 


For the United Kingdom.....................0 £3 5 0 
For Canada— 
Thin paper copies ....................0 £2 18 6 
Thick paper copies...................... £3 3 0 
For all other places abroad— 
Thin paper COpies ..............csceee £3 3 0 
Thick paper copies....................+++ £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Poston Thursday. In consequence 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of publication. 


All accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
N.S.W. T. Willmett and Company, Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Limited, 91-93, Queen-street, East. 

DENMARK, Copenhagen: Kaat-Jensen and Company, Vester 
Farimagsgade 22. 

EDINBURGH: John Menzies and Company, Limited, Rose-strect. 

FRANCE, Paris: Ricour, Chevillet et Cic. 22, Rue de la Banque. 

GERMANY: Hermann Fromm, Liitzowstrasse, 84, Berlin, W.35. 

GLASGOW: William Love, 221, Argyle-street. John Menzies and 
Company, Limited, West Nile-street. 

HOLLAND, Rotterdam: H. A. Kramer and Son, Limited. 

INDIA, Calcutta : Thacker, Spink and Company. 

Bombay: Thacker and Company, Limited. 

ITALY: U. Hoepli, Milan. Anonima Libraria Italiana, Torino 
and any post office. 

JAPAN, Tokio: Maruzen Company, Limited, and all branches. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER: John Heywood, Limited, 143, Deansgate. 

NEW ZEALAND: Gordon and Gotch, Limited, Wellington, 
Auckland and Christchurch. 

Norway, Oslo: Cammermeyer’s Boghandel, Carl Johans Gade, 
41 and 43. 

SouTH AFRIOA: Central News Agency, Limited. Head Office— 
Johannesburg ; and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban and various branches and book- 
stalls throughout South Africa. Wm. Dawson and Sons 
(South Africa), Limited, 29, Long-street, Capetown. 

TASMANIA :. Gordon and Gotch, Limited, Launceston, Hobart. 

UNITED Stags, New York: For subscriptions, The International 
News Company, 131, Varick-street. For advertisements, 
J. 8. Allan, 30, Church-street. 
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POWER ON THE FARM. 


Ir is now nearly fifty years since Professor Scott, 
of Cirencester Royal Agricultural College, visualised 
“the ploughman riding on his plough with one or 
more day’s store of electricity under his seat, the 
implement turning over the soil with a speed, ease, 
and economy immeasurably distancing even the best 
performance on the steam plough.” It will be 
seen that the Professor’s vision involved a somewhat 
optimistic estimate of the efficiency of accumulators, 
but the conception of electric farming was none the 
less remarkable at a time when electrical develop- 
ment generally was in itsinfancy. Had the pioneers 
in this movement been obliged only to face the 
competition of steam plant, it is not unlikely that 
electrically-driven machinery would now be a 
commonplace on all farms situated within reach 
of a power station. Unfortunately for those who 
pinned their faith in the new motive power, however, 
a new and more serious rival made its appearance 
about the same time. Messrs. Priestman first 
exhibited a 6-h.p. portable oil-engine at the Royal 
Agricultural Show at Windsor in 1888, and although 
farmers are usually credited with being ultra-con- 
servative, they were not slow to recognise the advan- 
tages to be derived from the employment of such 
engines. In the ensuing 40 years a large number 
of makers have devoted attention to the development 
of the internal-combustion engine for farm work, 
and to-day, it is estimated that at least 75,000 such 
engines are in use in Great Britain, exclusive of 
those employed on tractors. 

In the meantime, those who have advocated the 
extensive use of electricity on the farm have by 
no means been idle, and although renewed interest 
in this subject in England is of recent date, very 
considerable progress has been made on the Conti- 
nent and in certain areas in the United States. It 
is improbable that any important developments 








as greatly improved facilities are available for obtain- 
ing a cheap supply of current in rural areas, and 
before that Elysium is reached a new competitor 
may well have to be faced. Internal-combustion 
engineers almost throughout the world are concen- 
trating on the production of a reliable airless- 
injection engine of small size, and it is probable 
that the next few years will see a severe struggle 
for supremacy between these engines and those 
running on petrol or paraffin. Already the cable- 
ploughing tractor fitted with an airless-injection 
engine of from 50 to 150 h.p. is proving a serious rival 
to corresponding steam plant, and it only requires 
the production of an equally-reliable engine of 
about 20 h.p. to put an entirely new aspect on the 
controversy regarding the relative merits of horse 
and tractor ploughing for restricted areas. 
Published figures regarding the cost of ploughing 
and other tillage operations by the two methods 
vary so widely that the impartial observer may well 
despair of reaching any definite conclusion, but on 
the whole, it would appear that the horse shows to 
advantage under the conditions prevailing in the 
British Isles, while the reverse holds over the majo- 
rity of the large wheat-producing areas in America 
and certain other parts of the world. So much 
depends, however, on the uses which can be made 
of the tractor when it is not actually engaged in 
ploughing, that a just comparison with the horse 
can only be made with a full knowledge of local 
conditions. This is particularly clearly brought 
out in a paper read by Dr. B. A. Keen, at the 
Rothamsted Conference in 1928. In this paper, 
Dr. Keen gave actual figures of ploughing costs 
per acre varying between 14s. 10d. and 20s. for 
horses, and between 8s. ‘and 15s. 9d. for tractors. 


| These figures are not particularly favourable to the 


tractor, while corresponding figures for cultivating 
and harvesting are in favour of the horse in every 
case. These results, however, are of little value by 
themselves, as the higher speed of operation of the 
tractor might easily outweigh its possible higher 
cost per acre. The crux of the matter probably lies 
in the fact, also quoted by Dr. Keen, that at present 
the tractor on the average farm is used for 300 to 
700 hours per year, while the horse puts in at least 
1,700. 

So far as concerns the British Isles, it would 
therefore appear that any great extension in the 
use of the tractor will only take place if, on the one 
hand, the cost of operation can be greatly reduced, 
or, on the other, the number of hours per year 
during which it can be usefully employed be greatly 
increased. Apart from the possibility of utilising 
the airless-injection engine, to which reference has 
already been made, it is unlikely that any marked 
reduction can be made in the cost of operation. At 
the present time, the cost of fuel represents about 
half the total cost of operation, the other half 
representing repairs, depreciation, labour, and so 
on. This ratio is not unfavourable when compared 
with the corresponding figures for a road vehicle. 
Progress has already been made in the direction of 
improving the load factor by the provision of inter- 
changeable wheels, or other devices, which enable the 
tractor to be readily converted to road use. Its 
value in this direction, is, however, limited by the 
low maximum speed, which is usually in the neigh- 
bourhood of 4 miles per hour. Such a speed is 
only economical if heavy loads have to be dealt with, 
and such loads can rarely be guaranteed on the 
average farm. It would appear, however, that the 
provision of a higher speed ratio for road work 
would defeat its own object, since the whole tractor 
would have to be redesigned to stand up to the 
increased speed, with an inevitable marked increase 
in cost. 

The design of the plough itself, as distinct from 
the tractor, has been the subject of many investi- 
gations, and numerous forms have been evolved 
to meet different requirements. In the last few 
years, attention has been mainly directed to the 
possibility of increasing the ploughing speed, and 
it has been fairly definitely established that the 
soil resistance increases only slowly for a consider- 
able increase in the speed of working. An interesting 
comment on this subject is made in the report on 
“ Agricultural Research in 1928,” which has just 


in this direction will occur here until such times | been published by the Royal Agricultural Society. 
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In this, it is pointed out that the difficulty in design- 
ing a plough to work at higher speeds than the 
normal, while performing work of equal quality, 
lies in the impossibility of producing an unbroken 
furrow without considerably increasing the length 
of the plough body. Such furrows are usually 
preferred in this country for autumn or winter 
ploughing, but Dr. Keen points out that their value 
is being questioned. The lengthening of the body 
would render a plough very unwieldy, and would 
be particularly disadvantageous in this country 
owing to the small sizes of the fields involving a 
large number of turns at headers. 

We have devoted some little space to tractor 
ploughing, as the subject is of particular importance 
at the present time in view of the efforts being made 
by British manufacturers to secure a larger share of 
the world’s markets. It should be pointed out, 
however, that the operation of other farming 
implements, whether usually tractor or horse- 
drawn, is also being studied. These investigations 
are by no means before their time, as inany agri- 
cultural implements preserve the form which they 
took when first introduced fifty or a hundred years 
ago. No doubt individual manufacturers have 
attempted to improve the design of their products 
in the light of actual experience, but what has 
been wanted was a colligation of the data obtained 
by a large number of users of the same type of 
implement in different parts of the world. This is 
effected to no small extent in the report to which 
we lave already referred, information being given 
on tests carried out in the more important agri- 
cultural centres throughout the world. It may be 
mentioned in passing that the report is not con- 
fined to agricultural engineering, but embraces 
every aspect of farming from economics to veteri- 
nary science. While we cannot now enter in detail 
into the investigations carried out on the design 
of implements at any length, it may be mentioned 
that one of the more obvious conclusions to be 
drawn from this work is that implements designed 
for horse operation are rarely suitable for coupling 
to tractors, and that there is room for more 
machines of the roto-tiller type, where the power 
unit is an integral part of the implement. 

As far as we are aware, the principles of industrial 
psychology have not yet been applied on the farm, 
and we commend the idea to the attention of Dr. 
Myers. That some such procedure is not altogether 
unnecessary is suggested by a reference, in the Royal 
Agricultural Society report, to some tests carried 
out in Nebraska. In this connection, it is stated 
that tractor seats, for the most part, are really 
uncomfortable, and that in some cases the heat from 
the exhaust pipe almost roasts the feet of the 
operator, while sometimes the fumes are blown in 
his face. It is further suggested that the positions 
of the controls leaves something to be desired, and 
that accessibility for adjustments does not appear 
to have been studied sufficiently. We fear that 
these charges are not altogether unfounded, and 
although they might be most effectively met by 
giving the designer an eight-hours’ spell on his own 
tractor, it is quite possible that a careful psycho- 
logical study, with particular reference to the 
working conditions, of the work of farm hands in 
general, would not be unprofitable. 








ELECTRICITY SUPPLY STATISTICS. 


Wrrnin six months of the time when the data for 
the previous year appeared, we have received from 
the Electricity Commissioners a copy of the Return 
of Engineering and Financial Statistics relating 
to authorised undertakers ‘in Great Britain for the 
year ended March 31, or May 31, 1928, in the case 
of public authority undertakings and for the year 
ended December 31, 1927, in the case of company 
undertakings. This return is published by H.M. 
Stationery Office, at a price of 12s. net. Some of 
the technical information, which is given in this 
return has already been issued, but brief reference 
may be made to the remainder, which is set out in 
great detail in a number of tables. 

During the period under review, there were 637 
authorities with power to supply electricity, but 
as some of these were operating under more than 
one act or order, there were in all 620 undertakings, 
of which 591 were giving a supply. The corres- 





ponding figures for the previous period were 596 
and 566. Supply was obtained from 490 generating 
stations with a total installed capacity of 5,258,257 
kw., of which 94-94 per cent. was driven by steam 
turbines. The percentage of plant driven by recipro- 
cating steam engines fell from 4-21 to 3-06 per cent., 
while that driven by oil engines increased slightly. 
Curiously enough, this marks an increase of 8 stations 
over the previous period, but this is partly explained 
by the inclusion for the first time of certain already 
existing plants. Why these did not appear before is 
not, however, explained. On the generating side 
94-16 per cent. of the plant was of the alternating 
current type, compared with 92-88 per cent. in the 
previous period, and there were for the first time 
slightly more alternators than direct-current gene- 
rators at work. Of the alternating plant, 77-5 per 
cent. generated current at a frequency of 50 cycles, 
498,432 kw. being added during the period, while 
13-8 per cent. generated at 25, and 7 per cent. at 
40 cycles. The former figure shows a decrease, 
but the latter is increased by the inclusion of the 
North Tees station. The total evaporative capacity 
of the boilers was 64,178,452 lb., compared with 
61,466,022 Ib. in 1926-27, 30-7 per cent. of this total 
being in units of 50,000 Ib. or over, while 13-6 per 
cent. was operating at pressures of, or exceeding, 
300 Ib. per square inch. Both these figures have 
shown a marked advance in recent years. In 202 
cases distribution was on the alternating current 
system only, while both alternating and direct- 
current were distributed in 247 cases and direct- 
current alone in 170. The corresponding figures 
in the previous period were 177, 234, and 184. 
There is still an extraordinary diversity of voltages. 


We can pass over the statistics for output and 
consumption, as later figures have already been pub- 
lished. It may, however, be noted that 64-8 per 
cent. of the electricity sold was for power purposes, 
24-4 per cent. for lighting and domestic purposes, 
9-2 per cent. for traction, and the remainder for 
public lighting. The actual increase in output over 
1926-27 was 770 million kw.-h. for power, and 264 
million kw.-h. for domestic purposes, results which 
suggest improved industrial conditions. It may be 
noted that during the previous twelve months the 
power consumption only increased by 7 million kw.-h. 
over 1925-26. As regards consumption per head of 
population, the figure for 28 undertakings, or 5 per 
cent. of the total, was 300 kw.-h., or over, and 184 
undertakings, or32-5percent., sold 100 kw.-h. or over. 
In 1920-21 77 undertakings or 17-5 per cent. sold 
100 kw.-h. or over. The aggregate maximum load 
increased from 3,239,585 kw. in 1926-27, to 3,771,661 
kw. in 1927-28, and the total load connected from 
8,137,796 kw. to 8,969,254 kw., the latter figure 
being of the order of 203 watts per head of popula- 
tion. The !oad factor of nine undertakings exceeded 
45 per cent. Of the electricity generated, 6-1 per 
cent. was used on the works and 12-7 per cent. 
was lost in transmission and distribution. 


Full details are set out of the financial results 
obtained by the various undertakings. The total 
capital expenditure was 269,002,093/., of which 
169,386,684. was on account of local authority 
undertakings. During the year the capital account 
was increased by 30,274,4591. About 58-6 per cent. 
of this sum was for transmission and distribution 
and the remainder for generation. The capital 
expenditure on generation amounted to 21-2l. per 
kilowatt installed. The revenue during the year 
amounted to 1-49d. per kilowatt-hour sold, and the 
working expenses to 0-84d. per kilowatt-hour sold. 
The corresponding figures for the previous period 
were 1-7ld. and 1-13d., while the average cost of 
generation was 0-335d. and 0-54d. per kilowatt-hour 
respectively. These figures show the combined 
effect of the reduction in the price of fuel and in 
the average fuel consumption. The average cost 
of coal and coke was, in fact, only 17s. 10d. per ton, 
compared with 3ls. 2d. per ton in 1926-27. As 
regards the appropriation of gross surpluses, which 
in the case of local authority undertakers, amounted 
to 15,111,261/., 68-8 per cent. went towards interest 
charges, and loan and sinking fund payments, and 
10-9 per cent. to reserve and renewals. We are 
glad to see that the latter figure rose from 4-5 per 
cent. in the previous years. Some 439,200]. was 
contributed in relief of rates. compared with 





551,593. in 1926-27. In the case of the companies, 
18-8 per cent. of the gross surpluses went on interest 
charges, 38-8 per cent. in dividends and 31-1 per 
cent. for depreciation and reserve. The average 
rate of dividend increased from 5-58 to 5-72 per 
cent., and from 7-4 to 7-52 per cent. for preference 
and ordinary shares respectively. The percentage 
of revenue absorbed in working expenses was 53:6 
per cent., in the case of local authorities, and 
56-5 per cent. for the companies. 

Finally, it may be mentioned that the total staff 
employed was 51,865, of whom 18,769 were engaged 
on generation, 24,717 on distribution, and 8,379 on 
administration. The corresponding figures in 
1926-27 were 48,703, 18,3807, 22,691 and 7,705 
respectively. 


THE PLACE OF THE IRON CASTING 
IN INDUSTRY. 


Durie the past fifty odd years the blast-furnace 
has been perfected in all its details and, latterly, 
great attention has been paid to such intricate 
matters as the cleaning of blast-furnace gas and 
the utilisation or disposal of the resultant dust, the 
sintering of the ore prior to charging, and the drying 
of the air blast. Reviewed generally, however, the 
efforts made have been mainly concentrated on 
improving the working of the furnace and increas- 
ing its outputs in order that the production of pig- 
iron should keep pace with the increasing demands 
for steel. In many respects, therefore, the blast- 
furnace has come to be regarded as a producer of 
raw material for the steel plant rather than as a 
furnace turning out a primary product. To the 
material, or more properly series of materials pro- 
duced, to which the generic name cast-iron is given, 
relatively little attention has been paid. Until 
comparatively recently cast-iron was looked upon 
as a cheap material possessing more or less in- 
different properties and its utilisation was tending 
to decrease by reason of the substitution for it of 
other and more costly materials which were con- 
sidered to possess more advantageous properties. 
While the metallurgy of steel and of aluminium 
and other non-ferrous metals has progressed rapidly 
during the past few decades, that of cast-iron has 
very largely stood still. It is open to question 
whether the compositions and general characteristics 
of ordinary commercial foundry pig-irons have 
changed materially during the past 30 or 40 years. 

During recent years, and especially since the 
conclusion of the European war, the general adapt- 
ability of cast-iron has once again engaged the 
attention of éngineers and designers. The increas- 
ing importance of the internal-combustion engine 
has also contributed to this revival, for, as pointed 
out by Mr. J. G. Pearce, the director of the British 
Cast Iron Research Association, when speaking 
before the Diesel Engine Users’ Association, on 
November 1 last, cast-iron comprises about one-half 
of the tonnage of a Diesel unit. Again, the very 
cheapness of the material, in a period during which 
purchase prices are of paramount importance and 
strict economy essential, has made a definite appeal 
to engineers. It seems, therefore, that what has 
been termed the forgotten child of ferrous metal- 
lurgy is at last to be appraised at its true value. 

The belief which has existed in certain quarters, 
that the manufacture of the material has been 
carried on for so many generations that all that 
there is to discover about it was discovered long 
ago, has recently been disproved in several striking 
ways. For instance, growth, when cast-iron is 
repeatedly heated to high temperatures and cooled, 
was long thought to be an inherent characteristic 
of the majority of cast-irons. At the International 
Foundry Trades Exhibition, held in London in the 
spring of this year, we ourselves saw a new heat- 
resisting cast-iron, developed by the British Cast- 
Iron Research Association, which, we were told, 
not only did not scale on being repeatedly heated to 
high temperatures, but showed only very small 
growth, which ceased after reaching 2 per cent. 
Additional interest arises from the fact that until 
the investigation was carried out, cast-irons of the 
particular compositions tested had not been sus- 
pected of possessing heat-resisting properties. While 
the investigation is being continued, definitely to 
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establish the mechanical properties and other general 
characteristics of the materials, experiments on an 
industrial scale have confirmed the laboratory 
results, and professor Sir Harold Carpenter, F.R.S., 
an authority on this particular subject, has charac- 
terised the results obtained as being revolutionary. 
A further important result of the research is that 
a clearer conception of the phenomenon of growth, 
in general, is likely to emerge from the investigation. 

The fatigue strength of cast-iron has been com- 
monly assumed to be low. In this connection, 
some interesting figures were quoted by Mr. Pearce 
in the course of his discourse, above referred to, 
which, by the way, was entitled “‘ Modern Engineer- 
ing Cast-Irons and Their Properties.” He stated 
that some experiments conducted at the Engineering 
Experiment Station of the University of Illinois, 
United States, had shown that the ratio of endurance 
limit (taken at one hundred million reversals) to 
tensile strength, ranged from 0-33 to 0-38, in a 
group of irons tested, and was 0-46 for centrifugal 
castings. More recent work, continued Mr. Pearce, 
had yielded distinctly higher values. Since the 
corresponding figure for cast-steel was 0-42, and 
that for wrought-iron 0-50, it would be agreed that 
cast-iron behaved very satisfactorily. A further in- 
teresting fact was that the presence of holes and 
grooves in the test specimen, at which a local con- 
centration of stress might have been expected, did 
not reduce the fatigue strength as much as was 
anticipated. The metal, in fact, appeared to have 
a capacity for adjustment to stress which was a 
form of ductility. In view of this last statement, 
we are glad to note that work on the relation between 
the fatigue strength and the other mechanical pro- 
perties, as represented by the tensile, transverse, 
and compression test of the cast irons is to be con- 
tinued. 

Although the addition of various alloying elements 
to foundry irons has been tried on a small scale on 
numerous occasions in the past, industrial alloy 
cast-irons, with the exception of high silicon and 
manganese irons, are of comparatively recent intro- 
duction. Nickel and nickel-chromium cast-irons are 
utilised to a fairly large extent in the United States, 
and efforts are now being made to encourage 
their use in this country. The proportion of nickel 
in the nickel irons ranges from a fraction of 1 per 
cent. to as much as 5 per cent. ; the higher the per- 
centage of alloying element, naturally, the greater 
the cost of the material. The nickel irons are 
stated to be capable of being machined with greater 
ease, and to possess greater strength and better 
wearing qualities than ordinary irons. Small 
additions of chromium increase the hardness and 
transverse strength of the nickel irons. The most 
striking effects of additions of nickel to cast-iron, 
however, are that the effect of chill is eliminated 
and that the grain is refined considerably. The 
whole subject of alloy cast-irons is being investi- 
gated in this country at the University of Birming- 
ham under the supervision of Professor D. Hanson. 
The adoption of nickel and nickel-chromium cast- 
irons undoubtedly opens out many possibilities, 
provided that the materials can be obtained at a 
reasonable price. Recently, the field has been con- 
siderably extended, and the effect produced on the 
properties of cast-iron by additions of molybdenum, 
vanadium, anc titanium are being studied. Here, 
again, the question of costs must not be lost sight 
of, for a substantial increase in the price of the 
material would largely defeat the object in view. 
Whatever the composition of cast-iron, its price 
should remain comparatively low. 

The desire on the part of the ironfounder to 
enhance the quality of “ ordinary ” as distinct from 
“ special,” cast-irons is evidenced by the extensive 
researches now being carried out in many parts of 
the country, mainly under the auspices of the 
British Cast Iron Research Association. These are 
concerned with all matters connected with the 
routine of ironfounding, beginning with moulding 
sands and cupola refractories, and ending with the 
testing of finished material. The effort to standardise 
tests and the endeavour to rationalise the design 
of cast-iron structures, by determining the change 
of strength brought about by a change of section, 
will meet with the approval and cordial co-opera- 
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Engineering Standards Association, of Specification 
321—1928, for cast-iron, marks a definite forward 
step in the history of iron founding. We understand 
that not only is the specification being adopted to 
an increasing extent in this country, but that it is 
also finding favour abroad. 

In spite of the increasing severity of modern 
engineering conditions and the constant develop- 
ment of special steel and non-ferrous metal alloys 
to meet them, the humbler iron casting will con- 
tinue to occupy a useful and perhaps a growing 
place in industry. In our view, the aim of the iron- 
founder should be directed to increasing the con- 
fidence of the user in his products, thereby widening 
their sphere of application, by paying the strictest 
attention to such questions as quality, uniformity, 
soundness, and finish. 








THE SMITHFIELD CLUB SHOW. 


Tue Secretary of State for Home Affairs, the 
Right Hon. J. R. Clynes, in proposing the toast 
of ‘‘ British Industry,” at a dinner given on Tuesday 
last, by Messrs. R. A. Lister and Company, Limited, 
of Dursley, devoted the major portion of his speech 
to the advantages resulting from co-operation 
between masters and men in industry. Efforts 
made in this direction in the past have by no means 
always led to the happiest results, but the striking 
success attained by Messrs. Lister shows that a 
well-thought out scheme may have a very real 
value in ensuring efficiency in every branch of a 
firm’s activities. On the occasion of their Diamond 
Jubilee, the company appointed six employee direc- 
tors, and in other ways they have made every 
effort to bring their men into personal touch with 
the realities and difficulties of administrative service. 
The firm have had a very successful year at a time 
of serious depression in the agricultural-implement 
industry, and it would appear that they have evolved 
at least one method of combating foreign competi- 
tion, which is at the root of the present difficulties. 
No doubt other methods are available, and we had 
occasion to refer to one of these when discussing 
co-operation among manufacturers on page 672 of 
our issue for November 22 last. One of the greatest 
advantages of co-operation of the latter type is 
the reduction of unnecessary duplication of imple- 
ments, and that more remains to be done in this way 
is suggested by a study of the exhibits at the 
Smithfield Club Show. 

In this exhibition, which opened at the Royal 
Agricultural Hall on Monday last and closes this 
evening, there is much evidence of needless dupli- 
cation in almost every type of implement, but it 
will be sufficient, for purposes of illustration, to con- 
sider the exhibits of mowers. Although the Show 
is relatively unimportant from an implement point 
of view, being essentially a Christmas Fat Stock 
Show, there are about a dozen British mowers 
on view, only differing in comparatively trifling 
details. These machines are in direct competition, 
and although, no doubt, the situation has its 
advantages from the farmer’s point of view, since 
he is able to satisfy his own personal idiosyncrasies, 
it is decidedly inimical to world trade. The position 
may be compared with that in Germany, where 
careful attention is being given to the standardisa- 
tion of mowing machines. At the last Leipzig 
Fair, the various firms specialising in the production 
of mowers staged a joint.exhibit, demonstrating that 
agreement amongst makers is possible, to a consider- 
able extent, as regards both constructional design 
and materials. The question is essentially one of 
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to be the subject of careful study in Russia, where 
harrow and cultivator tines, the frames, beams, 
shares, and mould boards for ploughs, and a number 
of other details, are being examined from this point 
of view. The subject is also receiving attention in 
other countries, more particularly in Sweden and 
the United States. 

We do not propose to discuss the exhibits at the 
Smithfield Show in any detail, as the majority 
have already been described in our columns. It is 
not to be anticipated that this particular show 
would be selected as an occasion to introduce 
many new machines, as it occurs in the fall of 
the year, and is therefore subsequent to the Royal 
Show and various provincial exhibitions, several 
of which are more important from an implement 
maker’s standpoint. It is, however, somewhat 
disappointing to find that visitors have no oppor- 
tunity of studying one or two of the latest advances 
in agricultural operation. There are, for example, 
no combined harvesting and threshing machines on 
view. Although this type of implement can be 
used to the greatest advantage in the large grain- 
growing areas abroad, tests made last year by 
the Institute of Agricultural Engineering, Oxford, 
showed that they can be successfully operated in 
this country. Owing to our climatic conditions, 
however, some form of drier is practically essential, 
as the whole of a crop can rarely be secured in 
a sufficiently dry condition to be stored directly. 
We gave an account of the progress which is being 
made with these implements on page 482 of the 
present volume, and the ability of British manu- 
facturers to supply the machines required was 
brought out in the correspondence following on 
our article. 

Another direction in which the exhibits at the 
Show fail to keep the visitor in touch with recent 
developments is that of crop drying. The difficul- 
ties involved in artificial drying have been studied in 
England for some time past, and, speaking at the 
joint annual dinner of the Farmer’s Club and the 
Central Chamber of Agriculture, on Tuesday night, 
the Earl of Harewood referred to the recent develop- 
ment of a grass-drying machine as leading to a pos- 
sible revolution in British agriculture. While being 
hardly prepared to go so far as the President of the 
Royal Agricultural Society, it may be said that there 
can be little doubt that the wider application of arti- 
ficial drying to both green and ripe crops would be 
much to the advantage of the industry, and it is 
decidedly to be regretted that information on the 
developments that have already been made in this 
direction is not placed more frecly in the hands of 
those interested. 

It is at least satisfactory that in a third direction 
in which progress is being made, viz., that of rotary 
tillage, the visitor to the Agricultural Hall is able 
to examine some of the implements available. 
The conception of rotary tillage dates back to the 
days of the first introduction of mechanical power 
on the farm, and was, no doubt, due to the idea 
that, as the power for driving all forms of agricultural 
implement was obtained from a rotating shaft, the 
simplest form of tillage would be secured with a 
machine provided with tines on a continually 
rotating drum. Unfortunately, however, the early 
attempts made to apply this principle were un- 
successful, as the conditions necessary to produce 
the desired tilth were little understood. So far as 
this country is concerned, renewed interest was taken 
in this form of cultivation after the war, and was 
largely due to the success of the well-known Simon 
Rototiller. At the present time, a keen controversy 





tion of engineers. The introduction, by the British 


of spades available. 


standardisation, to which, up till the present, British 
manufacturers have given little attention. 
present position, as regards standardisation of agri- 
cultural implements in other countries, issummarised 
in the report on Agricultural Research in 1928, 
referred to elsewhere in this issue. 
it is stated that a standard cutting mechanism for 
mowers has been approved in Germany, and that 
knives coming up to the required standard are to 
be marked, and the maintenance of the quality of 
material is being ensured. Other implement parts 
standardised in Germany are cart wheels, axle 
boxes and threshing drums, while attention is 
being given to a reduction in the number of types 
Standardisation is also said 


exists between those who favour this method of 
tillage and those who advocate the older processes. 
What may be regarded as an unbiassed view of the 
present position is given in a report by Dr. Martiny 
of Halle, published in the R.K.T.L. Berichte for 
October, 1928. In this report, Dr. Martiny suggests 
that, on light soils, the rotary tiller is of value only 
owing to the resulting destruction of weeds, and 
that its value increases as the soil becomes heavier. 
He considers that, for stubble, the implement is of 
more value than the plough, and that it is also 
preferable to the disc harrow on hard soil or soil 
infested with perennial weeds. The objection 
generally made to rotary tillage is that it produces 





too fine a tilth, particularly towards the end of the 
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year, when faulty water percolation and aeration! this migratory class of the population. Mr. J. S. 


are likely to result, but this objection can be at least 
in part overcome on the latest machines by the 
provision of suitable tines. The rotary tiller has 
been greatly improved since its first introduction, 
a fact that will be appreciated if the models exhibited 
by Messrs. Simon Rototillers, 58, Compton-street, 
E.C.1, at the Show, are examined. Apart from 
improvements, the range of these machines has 
been greatly extended, and now includes a single- 
track implement capable of hoeing between crops 
grown in 12-in. rows, and a machine fitted with a 
Ford engine capable of tilling up to two-thirds of an 
acre per hour and giving a variable depth of tillage 
up to 10 in. The latter machine has only recently 
been introduced. It is a four-wheel implement, 
built generally on tractor lines, the front wheels 
being steered and the rear wheels being driven. 
The miller carrying the tines is in two parts, driven, 
respectively, from the two ends of the rear axle, 
so that full advantage is taken of the differential 
in the axle when turning, and this unit is also 
brought into operation if one-half of the miller 
strikes an obstruction. 

In concluding our reference to the Show, a word 
may be said about the exhibits of engines of a few 
horse-power, suitable for general farm work. It 
might be anticipated that, as many of these engines 
are frequently used in the open, or in barns with 
little protection from the weather, the air-cooled type 
would be popular, but, as a matter of fact, we only 
noticed one exhibit of this type at the Show. 
Very possibly, air-cooled engines have not been 
found altogether satisfactory in the past, owing to 
their tendency to overheat when designed as 
stationary models, but there is no real reason why 
this should be the case. The motion of the vehicle 
is not relied upon to cool the air-cooled engine in 
the Franklin car, in which overheating is practically 
unknown, and air-cooled engines have been success- 
fully employed in several other directions. All that 
is required is a suitable fan combined with adequate 
cowling, and it would appear that there should be a 
good market for small agricultural engines cooled 
in this way. The system would, of course, only be 
applicable to models running on light fuels, but the 
majority of the engines at the Smithfield Show are of 
this type. 








NOTES. 
THE GRAMPIAN ELECTRICITY SCHEME. 

THE rejection by a Select Committee of the 
House of Lords, presided over by the Earl of Bath, 
of a Bill promoted by the Grampian Electricity 
Supply Company, has caused considerable surprise 
and disappointment in Scotland and_ these 
emotions will, we think, be general, when the 
company’s proposals receive the full examination, 
which they deserve. The Bill sought powers to 
supply electricity in an area of 6,640 square miles 
in the counties of Aberdeen, Banff, Kincardine, 
Moray, Nairn, Inverness and Ross and Cromarty, 
and to build a station, with an output of 29,600 kw., 
in Glen Affric, which would draw its power from 
four adjacent lochs. The position, when the Com- 
mittee began its deliberations, was that there was 
no opposition from the landowners or the fishing 
interests, and that there was hearty support from 
many of the towns it was proposed to supply, 
some of which were without either electricity or 
gas, as well as from the Electricity Commissioners 
and the Central Electricity Board, the latter being 
prospective purchasers of the surplus power that 
would have become available when the needs of the 
above area had been met. This point is worth noting, 
since on previous occasions the objection has been 
raised locally that the water power of the Highlands 
was being exploited for the benefit of the south. 
Evidence in favour of the scheme was given by 
Mr. Harry Richardson, who, while manager of 
the Dundee Electricity Department, had ample 
opportunities of discovering its possibilities. On the 
other hand, objections were raised by Mr. A. M. 
Macewen, that the development would be of no 
advantage to the city of Inverness and, in common 
with other witnesses, that it would do harm to 
natural beauties which were much appreciated by 
tourists. As a matter of fact, it afterwards appeared 
that most of the land affected is not open to 
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Highfield, on behalf of the Mining Association, 
produced figures to show that the electricity 
required in the area could be as economically 
produced by steam stations as by water power, 
and that if the scheme were adopted a number of 
miners would be thrown out of work. Considerable 
play was also made with the fact that no large 
private consumers were waiting to take a supply, 
though, as is well known, a demand in the electrical 
industry, as in other branches of commerce, follows 
and does not precede the availability of the product. 
In the event, the Bill was not allowed to proceed, 
partly, it may be presumed, because it was feared 
that the development of the area in the way sug- 
gested would damage the scenery and partly because 
a proportion of the electricity generated was to be 
used outside the area. This rejection appears to be 
a heavy blow to the policy inherent in the national 
scheme of electrical reorganisation. At the present 
time, a number of towns in the district desire a 
supply of electricity, and were willing to obtain that 
supply from the Grampians Company. In all pro- 
bability they will now apply for permission to erect 
their own plant, and it is a little difficult to see how 
that permission can be refused. There will, there- 
fore, be an unnecessary multiplication of small power 
stations. 
Srerra Leone Ratiway. 


Probably little would be heard in the homeland 
of the useful work carried on by the railways in our 
smaller colonies and protectorates, were it not that 
the administrations concerned publish detailed 
annual reports which, on reaching this country, 
are reviewed and commented upon by the technical 
Press. The little West African Colony of Sierra 
Leone is a case in point, and something of the 
achievements and difficulties of the engineers and 
officials of the Sierra Leone Government Railway 
may be gleaned from the annual report for 1928 of 
the general manager, which came to hand recently. 
The mileage of railway open for traffic totals 338, 
and the gauge is 2 ft. 6in. The main line stretches 
eastwards from the capital, Freetown, to Pendembu, 
2274 miles distant. At Bauya junction, 64 miles 
from Freetown, a branch line, 104 miles in length, 
runs in a north-easterly direction to Kamabai. A 
short mountain line, 5? miles long, connects the 
capital with Hill station, 748 ft. above sea-level, 
on Lion Hill. The main line was opened through- 
out itslength in 1905, and the branch lineto Kamabai 
was finally completed in 1916. Traffic commenced 
on the mountain line in 1904. The total revenue of 
the railway, in 1928, was 258,159/., an increase of 
8,3561. over the previous year’s figure, and last 
year’s surplus of revenue over expenditure totalled 
47,4471. When, however, interest on loans and 
payments to the sinking fund are taken into account, 
there is a final net deficit on the vear’s working of 
20,9351. A source of trouble for many years past 
has been the thefts of steel keys from the permanent 
way, and, during the year under review, 25,750 keys 
were put into the track to replace those stolen or 
lost. In 1927, the number of keys replaced totalled 
34,750, and in the previous year, 20,000. Experi- 
ments with sleepers of the bolt and clip type, 
instead of the usual lug and key type, were made 
during 1928, over one mile of track, with a view 
to preventing thefts of keys. The fittings for the 
new type, however, are much more costly to install 
than the older type, and are also more troublesome 
to maintain. It is stated in the report that it 
seems likely that the remedy will prove more expen- 
sive than the disease, and the general adoption of the 
new type of sleeper is not recommended by the 
chief engineer. Several years ago, a scheme for the 
training of African foremen platelayers was insti- 
tuted, and the candidates were selected with care. 
The scheme, however, has not proved a success, 
much to the disappointment of the authorities. 
There appears to be little indication of real and 
sustained interest on the part of the foreman 
apprentices, and their sense of discipline and 
responsibility is not always what it should be. 
Consequently, the scheme may be abandoned or 
very much curtailed in the near future. It is 
interesting to note that two more Garratt locomo- 
tives were obtained during 1928, bringing the total 
of these engines now in use on the railway up to five. 





They continue to give excellent results. The 
efficiency of the running department is shown by 
the fact that, during the year under review, the 
engine failures numbered only 14, equivalent to one 
per 42,526 engine miles, and that only four hot 
boxes occurred, making the vehicle-miles per hot 
box, 921,911. It should be added that the engine 
failures were mostly of a minor character, and that 
both the above figures constitute new records 
for the railway. The new machine shop of the 
locomotive workshops at Freetown has now been 
completed, and many new machines installed, all 
of which are electrically driven. The benefits of 
the reorganisation have already made themselves 
felt on account of the increased efficiency and 
rapidity with which repair work is now carried out. 








THE FUEL RESEARCH BOARD. 


Last year was remarkable for the evidence it 
gave of increasing interest in this country and 
abroad in the investigation of technical questions 
relating to fuel. In addition to the Fuel Conference 
held in London, as a section of the World Power 
Conference, a Congress on Industrial Heating was 
held in Paris, and a Conference on Bituminous Coal 
at Pittsburg. In this country, the most remarkable 
aspect of the growing attention that fuel problems 
are receiving is the extent to which the great 
industries are co-operating in their study. The 
equipment of the Fulham Laboratory of the Gas 
Light and Coke Company with full-size plant arranged 
under experimental conditions, and the various 
activities of Messrs. Imperial Chemical Industries 
and other firms, illustrate the disposition in great 
industrial enterprises to undertake research on their 
own account into the aspects of fuel utilisation which 
affect their work. The National Federation of 
Tron and Steel Manufacturers have formed an 
Industrial Research Council, which will receive 
financial assistance from the Department of Scien- 
tific and Industrial Research, in the same way as 
research associations, and will continue and extend 
the work of the Coke Research Committees on 
metallurgical coke and other matters of importance 
to the industry. On the recommendation of the 
National Fuel and Power Committees, an investiga- 
tion is to be made into the technical and economic 
aspects of a typical industrial area provided with 
an inter-connecting network of pipe lines fed by 
a number of gas works, coke ovens, and the like. 
With the appointment of a Committee for the South 
Wales Area, to deal with the physical and chemical 
survey of the national coal resources, the organisa- 
tion of that great enterprise now covers coalfields 
producing 85 per cent. of the coal raised in Great 
Britain. 

In much or most of this work the Fuel Research 
Board, the Annual Report* of which has just been 
published, is playing a leading part. In addition to 
its own large-scale and laboratory investigations, it 
is represented on a great number of boards and 
committees throughout the country appointed by 
Government Departments, professional institu- 
tions, and industrial organisations, for the purpose 
of promoting one aspect or another of fuel research, 
and seems to provide, in effect, a liaison between 
the many bodies who are working on the subject or 
are interested in it. 

The Board’s most far-reaching enterprise is the 
physical and chemical survey of the national coal 
resources. The primary business of this under- 
taking is to plot out the distribution and properties 
of the materials contained in complete vertical 
sections distributed over the entire area under 
examination, so as to learn what are the contents 
of these seams and how they are correlated with 
each other. The discoveries made in the survey 
give rise to studies in which the problems presented 
by successive sections are attacked, and knowledge 
is accumulated to the advantage of practice 1n 
general, as well as of the localities from which 
the material is derived. The report gives examples 
of the manner in which the survey has thus been 
turned to immediate practical account. More than 
once, when, by a local custom, a seam under working 
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has been distinguished from a subjacent seam, 
which was reputed to be inferior, and therefore was 
not exploited, the observations of the survey have 
shown that the rejected section was in all respects 
as good as that which was being worked, and 
could be worked equally well. In another instance, 
the value of a seam, otherwise suitable for producing 
metallurgical coke, was gravely prejudiced by its 
high sulphur contents. The detailed examination 
from floor to roof which the survey included showed 
that the sulphur was not distributed over the whole 
of the section, but was confined to a narrow band, 
by rejecting which all the rest of the seam could be 
worked as a low-sulphur coal. In another district, 
the principal source of locomotive coal was be- 
coming exhausted, and the Survey’s examination, 
coupled with large-scale trials, served to show that 
while one portion of another seam in the neighbour- 
hood was unsuitable for locomotive work, the 
other would provide a satisfactory substitute for 
the seam that was giving out. Committees of 
colliery owners, managers, engineers, geologists and 
other scientific men are now working with the 
help of local laboratories in the areas of the Lanca- 
shire and Cheshire, South Yorkshire, North Stafford- 
shire, Scottish, Nottinghamshire and Derbyshire, 
Northumberland and Durham, and South Wales 
coalfields. 

In various ways, the survey laboratories have 
contributed to improving the methods of analysis 
applicable to coal, and the British Engineering 
Standards Association have made considerable 
progress in preparing a specification for commercial 
analysis, for which a Committee of the Board 
has provided some data. Microscopical examina- 
tion has been applied to coal for various purposes, 
partly by Mr. C. A. Seyler, working under reflected 
light by a modification of the metallographic 
method, and partly by the Lomax Palaeo-Botanical 
Laboratory and by Dr. J. G. Kellett, working on 
thin sections representing the entire seam. The 
use of these methods seems to be throwing new 
light on the structure of plant residues in coal, 
and the possible correlation of seams is being 
assisted by the sometimes characteristic distri- 
butions of these residues, as well as, in some 
instances, by the distribution of ash over a seam, as 
determined microscopically and by _ chemical 
analysis. Mr. C. N. Kemp’s work on the X-ray 
examination of coal, which has been in progress 
since 1924, depends on the differential absorption 
of X-rays by different substances in proportion to 
the fourth powers of their atomic numbers. The 
method thus gives a ready means of distinguishing 
inorganic constituents of coal from the coal sub- 
stance, and, under some conditions, may serve to 
differentiate between the kinds of impurities present. 
Already results have been obtained to show that the 
examination should provide a rapid means of 
determining the nature and distribution of the ash, 
and also of estimating its approximate amount. 
It is expected that, by enabling the inherent or 
constitutional ash, derived from the original plant 
debris and present in a state of fine division, to be 
distinguished from the extraneous ash, it may be 
possible to decide the extent to which a coal can be 
cleaned by washing, and the size to which it should 
be crushed in order to secure the most effective 
cleaning. 

Among other work on methods of examining 
coal may be mentioned the continued enquiry 
into coking power, which, as yet, does not 
appear to have Jed to conclusive results; the 
investigation into methods of determining the 
fusion point of coal ash, which now seem to have 
been strictly standardised ; and the great question 
of the sampling of coal, which, like its analysis, is 
under the consideration of the British Engineering 
Standards Association. 

An important series of experiments has been 
made, both in horizontal and vertical retorts, on the 
effect of grading coal to size before charging. 
Other investigations have been made on the vertical 
and horizontal retorts of the Fuel Research Station. 
A notable feature of the horizontal retorts is the 
remarkable condition of the combustion chamber 
after prolonged use. Fig. 1 shows the interior of 
a setting which was cooled down for inspection and 
repairs after 893 days working at a temperature of 
about 1,350 deg. C. It was found to require no 
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repair at all, and the retorts themselves, though 
cracked, and in need of repair, showed no signs of 
overheating. The result is ascribed principally to 
the fact that a slight pressure is always maintained in 
the combustion chamber, which is regulated by con- 
trolling the draught at the chimney. The method 
prevents large variations in the combustion of pro- 
ducer gas and consequent variations of temperatures, 
which would otherwise occur when the producer is 
clinkered. It also prevents outward leakage of gas 
from the retort, which, by the combustion of the 
coal gas in the neighbourhood of the leak, would 
produce local overheating. 

The Station’s water-gas plant, put in primarily 
to provide fuel for the retorts and worked therefore 
in accordance with the fuel requirements of the 
station, has now been duplicated, so as to permit 
the continuous investigation of problems connected 
with the production of water gas on a large scale. 
The equipment of the plant has been developed 
with the object of improving the precision of 
measurement of gas, air, &c., and enabling accurate 
thermal balances to be struck, as from the outset 








INTERIOR OF RETORT SETTING. 


Fig. 1. 


has been done with the carbonisation work. At 
present, the volume of the gas flow can be calculated 
to within 1 per cent. or 2 per cent. of the actual 
amount as measured in the holder. The method 
adopted is to measure the drop of pressure of the 
gas in passing through a calibrated orifice plate 
in the main, the measurement being made con- 
tinuously by a photographic record of a calibrated 
inclined gauge, and the mean density required for 
the calculation being obtained by the use of an 
adaptation of a CO, recorder. The volume of air 
used in the blow period is now measured directly, 
both by the drop in pressure at the orifice plate 
and by a Pitot tube. 

At the present time, water-gas is being used 
both for the production of methanol and of 
synthetic liquid fuels, and as a source of hydro- 
gen produced catalytically for use in the synthesis 
of ammonia. A _ special investigation has been 
made, and is in progress, into means for removing 
sulphur from the gas, in particular the organic 
sulphur which is not removed by the usual purifi- 
cation processes and acts as a poison to many 
of the catalysts. Some progress has been made 
in isolating and identifying the sulphur compounds, 
and in preparing activated charcoal for removing 
them. A charcoal that has been used successfully 
was prepared by carbonising coconut shells in 
an atmosphere of nitrogen at 800 deg. C., and then 
activating the charcoal by means of a slow stream 


of air at the same temperature. Though, on a large 
scale, active charcoal is being used as a catalyst 
to remove sulphur, and in particular hydrogen 
sulphide, the sulphur deposited in the charcoal 
being removed periodically by a suitable solvent, 
the method does not seem to be effective with all 
forms of sulphur. It was preferred, therefore, to 
use the charcoal as an adsorbent, and it was found 
that, with a contact time of four seconds, the sulphur 
in dry oxygen-free water-gas, containing 0-04 per 
cent. of sulphur, was reduced to 0-0008 per cent.., 
or with the insertion of a scrubbing tower containing 
solid caustic potash after the adsorption, to an 
amount that could not be detected by the usual 
methods. At air temperature, 10 grammes of 
charcoal removed from 95 per cent. to 96 per cent. 
of the sulphur from 14 cub. ft. of gas, the amount 
decreasing thereafter to less than half that figure. 
This meant that the sulphur contents of water-gas 
could be reduced to 0-5 grain or less per 100 cub. ft. 
by a much smaller purifying system than the usual 
series of oxide boxes, and this efficiency could 
be increased by cooling the adsorption chamber. 
Experiments are in progress on the revivification 
of the charcoal. 

The account of low-temperature carbonisation 
draws attention to some of the considerations that 
will determine whether processes now working profit- 
ably would do so if they were worked on a much 
larger scale, on other coals, or under different 
conditions. In addition to tests made outside on 
suitable processes, the Fuel Research Station has 
erected further vertical retorts with a system of 
heating by progressive additions of air at different 
levels to heating gas burnt in hollow-wall combus- 
tion chambers; this has proved successful in main- 
taining the required temperature at all parts of the 
retort. A problem which is being studied incident- 
ally in connection with these and another setting of 
retorts, is that of the growth of the cast iron under 
prolonged exposure to the necessary temperature, 
and what appears to be valuable experience is 
being gained. The Richmond Gas Works has now 
installed, and begun to operate, a plant of 40 retorts 
to the general design and dimensions of those last 
erected at the Fuel Research Station. It has 
been working since the middle of February of 
this year, and up till now has given rise to no 
abnormal difficulties. The coke, known as Gloco, 
has been sold without difficulty at a good price. 
The Chemical Research Laboratory of the Depart- 
ment is pursuing the investigations of the chemical 
constituents of low-temperature tars by extracting 
them with appropriate solvents, and thus avoiding 
the decomposition that occurs on distillation. 

The organisation for the study of metallurgical 
coke continues to grow. Some three years ago, 
Coke Research Committees were formed at Sheffield, 
Newcastle, and Glasgow, at the instigation of the 
National Federation of Iron and Steel Manufac- 
turers. Their members include representatives of 
the coke producers, blast-furnace owners, and the 
British Cast Iron Research Association. Their 
work is being co-ordinated by the Fuel Economy 
Committee of the Federation, and the Department 
is sharing the expense with the industry. The 
work is now to be taken over and developed by 
the Industrial Research Council of the Federation, 
to which reference is made above. A _ principal 
object of the work is to devise tests, applicable on 
comparatively small samples, the results of which 
can be correlated with those of large-scale practice. 
The shatter test has proved itself to be the most 
satisfactory for the physical strength of hard 
coke, but is not a sufficient and complete criterion 
of quality. A number of tests have been made on 
combustibility, and the results of some of them 
have been compared with the behaviour of the 
coke in a cupola furnace melting 100 tons of 
pig iron a day. Some relation appears to have 
been made out between the temperature attained 
on combustion under the conditions of experiment 
adopted and the “ shatter index ” of the coke. It 
also appears that the rate of coke consumption 
is decreased as the coke is freed from ash. At 
present, however, it does not appear that a standard 
method of test has been reached. Apart from the 
quality of the coal, or blend of coals, charged into 
a coke oven, there is evidence that the method of 





charging and the rate of heating have also a 
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considerable influence. Some relation seems to’! 
have been made out between the reactivity value 
of a coke and its “shatter index,” and more 
definitely between the reactivity and the iron 
content of the ash. 

Considerable work has been carried out during 
the course of the year on the Station’s coal. | 
cleaning plant. With the Baum washer, observa- 
tions were made on coals from the Yorkshire, Notting- 
hamshire and Scottish coalfields, respectively, | 
with the object of general purification, reduction 
of sulphur, and specially complete purification. 
Among other results obtained in these trials, the 
process of weathering was found to have a con- 
siderable influence on the included shale, which is 
now being investigated in detail. Separation 
depending on the terminal velocity of coal in 
water was studied in the Draper tube, with which 
it was found possible to reduce the ash contents 
of two coals from 3} per cent. and 2} per cent., 
respectively, to 2 per cent. and 1-2 per cent., 
leaving in the cleaned products only about 0-1 per 
cent. or less of foreign material as determined by 
float and sink analyses. On the former coal, a 
slightly greater purity was obtained on concen- 
tration tables. 

The work on hydrogenation is being carried on in 
the continuous plant, capable of treating one ton a 
day, and the 250-gramme bombs, and experiments 
are being made on coals from a number of typical 
seams. Among the results obtained definitely, has | 
been the demonstration that treatment with small | 
quantities of hydrogen under pressure converts not 
only non-caking coals, but also a large variety of 
carbonaceous materials from cellulose to anthracite, | 
into materials which yields a strong coherent coke 
on carbonisation. Treatment with hydrogen under 
suitable conditions will also convert the oxidation 















20 Air 22-44 016. per 
-Mean 43116 per Hour +--+ 


| | 
ron eae Dee eas Ss 
| | ' 


13 


Aw Fuel Ratio 


10 


(1703 ¢) 


product of a highly-caking coal, which, on its forma- 
tion by exposure to oxygen at a high temperature, 
has lost its caking properties, into a material with 
even greater caking properties than the original 
coal. The work on the production of hydrogen is 
being carried on with a Lane-Rogers’ plant, based 
on the reaction between reduced iron ore and steam. 
Both in the laboratory and on the plant, tests have 
been made to ascertain the conditions of maximum 
efficiency in hydrogen production, in particular in 
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contact material, the best cycles of oxidation and 
reduction, the kinetics of the reactions, and the 
prevention of the deposition of carbon during the 
reduction from which impurities arise in the 
hydrogen. Laboratory tests showed that iron oxide 
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deposited on pumice stone makes the most efficient 
contact material, and its effect is being tried on the 
plant. It appears also to be possible to eliminate 
the deposition of carbon completely by controlling 
the CO,:CO ratio. 

Among other results obtained in the general 
study of internal-combustion engines, a method has 
been devised for expressing the relation between 
fuel consumption and power output. If the throttle 
opening, speed, and compression ratio are kept 
constant, and the mixture strength, which is the 
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other main independent variable, is varied, a curve 
can be obtained showing the relation between power 
output and fuel consumption under these conditions. 
As the consumption of fuel is reduced by weakening 
the mixture from a high figure, the power is increased 
up to a maximum, thereafter falling off until the 
mixture becomes too weak to give even firing. If, 
now, the speed and compression ratio remaining 
unaltered, curves are drawn to represent the relation 
between brake horse-power and fuel consumption 
for a number of throttle openings, tests with a large 
number of fuels have shown that these curves in- 
variably have a common tangent, which has been 
termed the line of maximum economy, showing, as 
it does, the minimum fuel-consumption to be ob- 
tained from the engine for any given speed, com- 
pression ratio, and fuel. Fig. 2 shows a set of such 
curves, taken at full, three-quarter, half, and quarter 
throttle, respectively, on a Ricardo sleeve-valve 
variable-compression engine with benzol, and 
Fig. 3 shows the effect on power and fuel consump- 
tion produced by varying the compression ratio. 
Analogous curves can be produced for indicated or 
brake thermal efficiency. The results of a number 
of tests made to determine the effect of the engine 
variables have now been examined, and the thermal 
efficiencies obtained compared with those calculated 
from various standards. The closest approximation 
to those obtained on test was given by the calcula- 
tions of Tizard and Pye for a 20 per cent. weak 
mixture. A new type of chart—the performance 
chart—has been developed, one of which is shown 
in Fig. 4, consisting of a series of constant power, 
constant exhaust temperature, constant heat rejec- 
tion to cooling water, and constant spark-advance 
lines, plotted with a vertical scale of air-fuel ratios 
and a horizontal scale of compression ratios. Tests 
have been carried out on a variety of fuels in a 
Dorman engine, including a series made with a 
blend of gas spirit and tar spirit obtained by low- 
temperature carbonisation, which showed a much 
higher anti-knock value than that of ordinary petrol, 
pinking being entirely absent. 








LETTERS TO THE EDITOR. 
LUBRICATION. 


To THE Epiror OF ENGINEERING. 

Smr,—A remark in your leader of November 22 
(page 679 ante) suggests that people have been grooving 
spindles with the idea of obstructing leakage, and, by 
inference, that grooves should be abolished. 

Although, no doubt, grooves have sometimes been 
put in with this mistaken idea, most of us have put 
them in to act as grit traps, a duty which they perform 
admirably. Grit is more or less inevitable, not only 
with oils but all fluids, and for close-fitting spindles, 
grooves will save many a bind, shut-down, and worse. 

Yours truly, 
For Bettis AND Morcom, LIMITED, 
A. JUDE. 

Birmingham. 

December 9, 1929. ; 

[A reference to our leader will show that our criticism 
was directed to “ the elaborate grooving” which has 
come into vogue with increasing steam pressures. As 
grit traps no more grooves are required for high pressures 
than for low, and the logical method of dealing with 
the former would have been to diminish the number of 
grooves to a minimum, so as to reduce the total length 
of bush necessary to secure steam tightness. The 
prevailing fashion embodies a policy the very reverse 
of this.—Eb. E.] 








SMETHWICK FIRE DISASTER. 


To THE Epitor oF ENGINEERING. 
S1r,—The attention of the Council of the Institution 


of Electrical Engineers has been drawn to newspaper 


reports of the proceedings at the inquest, which 
concluded on September 25 last, upon eleven persons 
who lost their lives by reason of a fire at premises 10 
Rolfe-street, Smethwick, on September 2. 

Some of the evidence purported to show that the 
fire was due to a defective electrical installation in * 
neighbouring building, and in this connection one of 
the witnesses condemned the use of lead-covere:! 
rubber-insulated cables for the wiring of public build 
ings. This statement has caused great uneasiness 1!) 
the minds of consulting engineers, architects, electric:! 
contractors and others, inasmuch as the use of lead- 
covered rubber-insulated cables is permitted by, and 
the proper methods of installation of such cables are 
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set out in, the “‘ Regulations for the Electrical Equip- 
ment of Buildings” issued by the Institution. These 
Regulations are recognised by consulting engineers, 
electrical contractors, electricity supply authorities 
and the Fire Offices, as representing the best standard 
practice, and the Fire Offices in particular recommend 
their use. 

The Council re-affirm, therefore, that they are of 
the opinion that lead-sheathed cables are both suitable 
and safe for electrical installations if installed and 
maintained in accordance with the I.E.E. Wiring 
Regulations. 

From the evidence given, as reported in the news- 
papers, there is every indication that the electrical 
installation which, it is suggested, caused the fire at 
Smethwick, did not comply with these Regulations. 

I am, dear Sir, 
Yours faithfully, 
P. F. RoweEtt, 
Secretary. 
The Institution of Electrical Engineers, 
London, W.C.2. 
December 9, 1929. 








ELECTRIC WELDING AS APPLIED TO 
BRIDGES AND OTHER STRUCTURES. 
To THE EpIToR OF ENGINEERING. 


S1r,—Referring to the lecture delivered by Mr. H. 
Bruff before the Junior Institution of Engineers, printed 
in your issues of November 22 and 29, some of your 
readers may be misled with reference to the process used 
by us. We have the sole rights for Kjellberg methods 
in this country, and from the lecture it might be 
inferred that the only contribution of Mr. Kjellberg 
towards are welding has been the use of pure charcoal 
iron for his electrodes, and that all other improvements 
have been the work of others. This, of course, is very 
far from being the case. Mr. Kjellberg has contributed 
in many ways to the advancement of electric welding, 
chiefly in connection with the use of the covered metal 
electrode, and he was responsible for the introduction 
of the covered metal electrode to this country. 

It is the use of a suitable cover, such as employed by 
us, which has ensured the success of the process by 
greatly improving the quality of the metal deposited, 
and most, if not all, of the electrode makers have 
based their work on his invention. We believe that 
he was also the first to make a complete success of 
electric welding from underneath, and this has been of 
the greatest importance, especially in the repair 
of ships and boilers, and is now being used for bridge 
work, 

As regards the most suitable materials for the covering 
of the electrode, there is bound to be some difference of 
opinion, but we may say that we are not aware of any 
series of tests showing better results than those obtained 
by us for Lloyd’s Register of Shipping, all of our welding 
having been carried out with Kjellberg electrodes. 
These tests were very comprehensive, including tensile 
tests, modulus of elasticity, chemical analysis, micro- 
structure, and, most important of all, alternating 
stress or “ fatigue” tests. 

Yours faithfully, 
For and on behalf of 
THE ANGLO-SWEDISH ELECTRIC WELDING 
Company, LIMITED, 
T. M. ArrKen, General Manager. 
Greenwich, London, S.E.10. 
December 6, 1929. 








ENGINEERING TRAINING AND 
EDUCATION. 


Science and Whitworth Scholarships.—The 1930 
Science Scholarships examination, and the examina- 
tions for Whitworth and Whitworth senior scholarships, 
will be held from April 30, to May 10, with the excep- 
tion of Sunday, May 4. In the majority of cases the 
examination times are from 7 p.m. to 10 p.m. The 
conditions of the examinations are set out in detail 
in the syllabus of the science scholarships examination, 
and in the Regulations for Whitworth Scholarships, 
both of which pamphlets may be obtained from the 
Board of Education, Whitehall, London, S.W.1. 


Royal Technical College, Glasgow.—The annual report 
on the 133rd session of the Royal Technical College, 
Glasgow, has recently been issued. This report, which 
was adopted: at the annual meeting of the Governors, 
held in October, contains particulars of the work of 
the college during the session 1928-29. The day- 
class enrolments totalled 3,580,.as compared with 3,316 
in the 1927-28 session, and the evening class enrolment 


aggregated 5,951, against 6,456 during the previous | 


session. The work of the mechanical engineering 


solid injection of fuel. Research work on behalf of the 
British Marine Oil-Engine Manufacturers’ Association 
is being actively continued by Professor Mellanby and 
Dr. J. S. Brown. Other researches, notably that on 
flow conditions in annular pipes, and that on evapora- 
tive condenser conditions, have been completed. 








LABOUR NOTES. 


LEGISLATION is now being prepared to give effect 
to the decision of the Government to ratify, at the 
earliest possible moment, the Washington Hours 
Convention, and, as part of the preliminary work, a 
conference was held in London, last week, between 
representatives of the Ministry of Labour and repre- 
sentatives of the railway interests—which will be 
seriously affected by the change. The conference 
lasted for over an hour, and was adjourned without any 
definite decision being reached. The following offivial 
statement was issued by the Ministry of Labour :— 
** At the request of the Minister of Labour, representa- 
tives of the railway companies and of the Associated 
Society of Locomotive Engineers and Firemen, the 
National Union of Railwaymen, and the Railway 
Clerks’ Association met at Montagu House for the 
purpose of discussing questions involved in the ratifica- 
tion of the Washington (Draft) Convention on Hours 
of Labour, 1919. The Minister of Labour was accom- 
panied by the Lord Privy Seal and the Attorney- 
General. After a full discussion, the conference 
adjourned.” 


At a recent meeting of the first committee of the 
International Conference on the Treatment of 
Foreigners, an interesting discussion took place on 
Article 8 of the Draft Convention. The text proposed 
by the reporter was as follows :—“ The nationals of 
one of the high contracting parties established on the 
territory of another high contracting party, or who, 
without being established, carry on their business there, 
are free to appoint, in accordance with their choice, 
such persons as they consider apt and capable of 
directing their establishments or conducting their 
business, without being submitted to other prescriptions 
than those provided in the present convention. In 
applying their laws and regulations concerning the 
national labour market, the high contracting parties 
undertake to permit the choice of nationals of other 
high contracting parties for the employments indicated 
in the preceding paragraph.” 





One or two of the delegates proposed modifications 
giving the right to foreign enterprises to have in their 
service only a limited number of administrative and 
technical collaborators indispensable to the successful 
working of the undertaking, chosen without distinction 
of nationality. Others recommended a still more 
stringent limitation by which foreigners could only be 
employed on condition that qualified persons could 
not be recruited among the nationals of the country 
in which the enterprise was carried on. Amendments 
embodying both these points of view were adopted. 





On December 2, 1929, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain was 1,302,900. Of these, 962,200 
were wholly unemployed, 266,200 were temporarily 
stopped, and 74,500 were persons normally in casual 
employment; 1,003,400 were men, 32,400 boys, 
237,500 women, and 29,600 girls. Of 1,285,458 on 
the registers on November 25, 1929, 947,817 were 
wholly unemployed, 260,875 were temporarily stopped, 
and 76,766 were persons normally in casual employ- 
ment ; 991,306 were men, 33,235 boys, 230,588 women, 
and 30,329 girls. The number of unemployed persons 
on December 3, 1928, was 1,350,806, of whom 1,060,336 
were men, 36,246 boys, 222,364 women, and 31,860 
girls. 





The Ministry of Labour estimates that on November 
25, 1929, there were approximately 10,173,000 insured 
persons, aged 16 to 64, in employment in Great Britain. 
This was 56,300 less than a month before but 246,100 
more than a year before. During November, 1929, 
the average numbers of persons on the registers of 
Employment Exchanges in Great Britain were 933,641 
| wholly unemployed, 258,363 temporarily stopped, and 
| 75,516 normally in casual employment, making a total 
| of 1,267,520, of whom 912,628 were men aged 21 and 
‘over, 65,286 men aged 18 to 20, 34,274 boys aged 
| 14 to 17, 190,080 women aged 21 and over, 34,344 
women aged 18 to 20, and 30,908 girls aged 14 to 17. 








At a meeting on Monday of the Unemployment 


department has progressed steadily. A new oil engine | Grants Committee, schemes estimated to cost 842,01651. 
18 shortly to be installed in the heat engine laboratory ; | and to provide employment for approximately 2,652 
it will have special arrangements for the study of the |men were approved. Proposals before the Committee, 








and at present the subject of inquiry, number 952 
and are estimated to cost 18,685,724/. 





Professor von Beckerath dealt with the economic 
effects of arbitration in the course of a recent address 
to the German Association for Social Progress. These 
effects depended, he said, not merely on purely economic 
factors, but also on political and psychological factors. 
It was necessary to distinguish between the voluntary 
conclusion of collective agreements, compulsory arbi- 
tration, and, as a third possibility, the fixing of wages 
by the public authorities, in accordance with socialistic 
theories. The German working class could not become 
permanently more prosperous at the expense of other 
classes of society ; their prosperity depended on the 
capacity of the nation for production and its position 
in the international market. The question was there- 
fore whether the arbitration procedure employed 
during recent years had helped Germany to produce 
goods under better conditions and to cope with inter- 
national competition. The most precise statistics 
could not provide a definite answer to that question, 
because the working days saved by avoiding disputes 
through arbitration might have been offset by unem- 
ployment due to excessive wages or shortage of capital. 
It was difficult. to determine precisely the parts played 
by arbitration and trade unionism respectively in 
bringing about the existing conditions of work. 





Arbitration seemed to have been one of the factors 
in establishing the relatively high wages now being paid 
in Germany. On the other hand, Professor von 
Beckerath feared that it had helped to weaken the 
national grasp of the fundamental needs of the German 
economic system, and the feeling of economic responsi- 
bility and the spirit of collaboration between employers 
and workers which constituted the basis of the national 
prosperity, and of the welfare of the working class. 
The present system of arbitration left the responsibility 
for fixing wages to Government officials who, under 
democratic conditions, were incapable of pursuing a 
continuous wages policy, even supposing that they 
were in a position to formulate such a policy. For 
these reasons, the Professor was opposed to the fixing 
of compulsory rates of wages by the public authorities 
through the medium of arbitration awards. In any 
case, he thought that the Ministry of Labour should 
refrain from laying down rules affecting the material 
provisions of arbitration awards. Even in the key 
industries, such as gas and electricity, attempts at 
conciliation on the part of the State, which might be 
supplemented by an official inquiry, were preferable to 
arbitration awards declared binding. The speaker 
was opposed to arbitration except when the parties 
concerned voluntarily agreed to submit to it. He 
was in favour, however, of an obligation to refer 
industrial disputes to the conciliation authorities before 
declaring a strike or lock-out. 





The Railway Review, the weekly organ of the 
National Union of Railwaymen, mentions a novel 
proposal that has been made for solving unemployment 
on United States railroads. It is called an “ elastic” 
working day, and has been submitted to the Association 
of Railroad Executives by the Delaware and Hudson 
Company. The idea is that the minimum working 
day shall be eight hours, and the maximum, ten hours. 
If more than ten hours a day are worked, then time- 
and-a-half is to be paid for those hours. The working 
force is not to be reduced until the hours are down to 
eight a day, and not to be increased until ten hours 
a day are general. The railwaymen’s unions are 
opposed to the scheme. Agreements for an eight-hour 
day are in force on the majority of the railroads of the 
U.S., and many union leaders look upon the idea as 
an attempt to return to the ten-hour day and to side- 
track the endeavour for a five-day week and a six-hour 
day. Mr. A. F. Whitney has recently declared that 
350,000 railway employees have lost their jobs because 
of the introduction of huge locomotives and automatic 
machinery, and that the six-hour day is the only thing 
to prevent the streets of American cities being filled 
with jobless men and women. Mr. Whitney is the 
President of the Brotherhood of Railway Trainmen. 





The recent adoption of the five-day week in the 
New York City building trades has led to a national 
survey of conditions in this industry by the S. W. Straus 
Company, of New York. The result of this survey 
shows that the trend is rapidly swinging to the shorter 
working week, and that at the present time approxi- 
mately 200,000 building trade mechanics (25 per cent.) 
are working on the basis of the forty-hour week. The 
backbone of the five-day week movement is furnished 
by the workers in the New York City building trades 
to the number of 150,000. Pittsburgh has about 18,000 
building mechanics, and the remaining 32,000 are 
journeymen who have secured the 40-hour week in 
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individual trade units in other cities. Recently agitation 
for the five-day week has been started among the 
Chicago building trades. It is estimated that in all 
more than 300 cities and towns in the United States 
now have a five-day week in at least one trade or more. 
One of the results of the high wage rates and the adop- 
tion of the forty-hour week is, according to the Straus 
survey, the demand for a maximum of efficiency from 
the workers and the consequent elimination of workers 
over the age of 50. 

The Monthly Review of the United States Depart- 
ment of Labour states that the Consolidated Water 
Power and Paper Company, of Wisconsin and Ontario, 
has adopted a plan under which it guarantees its em- 
ployees a continuous annual income, whether the plants 
shut down or remain in operation. According to a 
statement issued by the company, the schedule of 
unemployment compensation, which came into force 
on February 7, 1929, provides for remuneration to 
permanent employees who are compelled to remain idle 
owing to curtailed operations. Each man who has 
worked for the company for more than a year is assured 
of a payment equal to about one-third of his regular 
wages whenever he is forced out of work by a shutdown. 
The highest amount paid is 75 dols. a month, and the 
rate of compensation decreases from this figure in pro- 
portion to wages. Common labour with more than 
three years’ service is paid 30 dols. a month, and with 
one to three years’ service, 20 dols. a month. In the 
event of part-time work, employees receive the differ- 
ence between the compensation rate and the actual 
money earned. In other words, the unemployment 
compensation constitutes a guarantee of a certain 
specified income. 

Before receiving payment the employee signs an 
affidavit showing the amount of money earned else- 
where, if any. Arrangements for this plan were made 
in conference with local trade union officials represent- 
ing the International Brotherhood of Paper Makers, 
the International Brotherhood of Pulp, Sulphite and 
Paper Mill Workers, and the International Brotherhood 
of Electricians. The unions agreed to assist in every 
possible way in the enforcement of regulations cover- 
ing the unemployment compensation plan. They also 
gave their advice and assistance in devising the schedule. 
The compensation payments are made by the company, 
no contributions being made by the employees. The 
system is not considered as a permanent policy, and 
no definite steps have yet been taken to work out such 
a policy. 

The National Union of General and Municipal 
Workers has decided to call a delegate conference to 
consider whether action shall be taken in respect of 
the claim that piaters’ helpers, blacksmiths’ strikers, 
and rivet heaters should share in the wages advance 
recently given to shipyard workers in receipt of plain 
time rates. The Union is affiliated to the Federation 
of Engineering and Shipbuilding Trades, which as a 
hody accepted the employers’ offer. 





The system of socialistic competitions inaugurated in 
Soviet Russia by the Communist Party and endorsed 
by the General Council of Trade Unions appears now 
to be yielding fairly good results. Their object is to 
reduce absentéeism, speed up work, reduce production 
costs, &c., and their direction is in the hands of the 
Young Communists. In some undertakings workers 
have proposed the reduction of piece rates or the 
increase of individual production units, not without 
some dissatisfaction on the part of other workers. At 
its spring session the General Council of Trade Unions, 
in order to avoid inconvenient proposals, instructed 
workers’ committees to devote careful study to the 
problem, to draw the attention of workers to difficulties, 
and to refrain from signing competition contracts until 
a favourable atmosphere had been created. 

According to numerous articles which have appeared 
in Trud, the trade unions appear to have been rather 
negligent in carrying out these duties. They are 
accused mainly of a passive and bureaucratic attitude. 
‘** Advance guards ” of workers have consequently been 
formed, first in Leningrad and later in Moscow and 
elsewhere, to supervise the carrying out of competition 
contracts. The ‘“ advance guards,” which have been 
organised by the Young Communists, seem frequently 
to have encountered indifference on the part of the 
trade unions and hostility on the part of the manage- 
ments of some industrial undertakings. Their fune- 
tions in this connection are not well defined, and the 
system is still in the experimental stage. 





At a conference of the International Trade Secre- 
tariats of transport workers, factory workers and food 
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Fie. 48. 
was that the maximum weight for such goods as food- 


should be 75 kg. Others were that women should 
not be engaged in the constant handling of loads 
weighing more than 20 kg., that legislation should 
be introduced prescribing relatively lower weights 
for persons under 18, and that women were not to 
be employed in weight-lifting during the period begin- 
ning four weeks before and ending four weeks after 
confinement. It is hoped that the problem will figure 
on the agenda of the 1931 Conference of the Inter- 
national Labour Office. 








SALVAGE OPERATIONS AT ScaAPA FLow.—Messrs. Cox 
and Danks, Limited, who are engaged in salvage operations 
at Scapa Flow, were recently successful in raising the 
4,000-ton light cruiser Bremse. She is the first light 
cruiser to have been salved, and had lain on her side 
since she was scuttled in 1919. Salvage operations were 
commenced on this vessel in July last, but great difficul- 
ties were experienced in raising her, partly owing to her 
position, and partly on account of the rough weather 
experienced during the past two months. She was 





workers, proposals for regulating the weight to be 
carried by individual workers were agreed to. One 








stufis, chemicals, raw textiles, paper, &c., which are | be completely dismantled and broken up. 
constantly being moved in workshops or factories | the 29th ship to be raised by Messrs. Cox and Danks since 
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36-[x. PaneL PLANER, SHOWING SECTIONAL FrEp-IN ROLLER. 


| Pier, Orkney, a distance of 10 miles, where the vessel will 
The Bremse is 


| they commenced operations at Scapa Flow in 1924. At 
| the beginning of the coming year, their attention will 
| be directed to the 27,000-ton battle cruiser Hindenburg 
| and the 20,000-ton battle cruiser Von Der Tann. 

| 
| 


BRITISH STANDARD SPECIFICATION FOR CHARGING 
| PLuas aND SockeTs.—In view of the increasing use of 
| electric-battery vehicles, and the more adequate provi- 
sion of charging facilities, particular interest attaches 
to the recently issued revision of the British Engineer- 
ing Standards Association Specification No. 74-1929. 
| which deals with charging plugs and sockets for electric- 
| battery vehicles. The new specification differs from the 
| previous edition mainly in the fact that the plugs and 
| sockets are rated for use on circuits up to 250 volts, 
| whereas, in the old specification, the plugs were intended 
|for use on circuits up to 120 volts only. Considerable 
| attention has been paid to the means for securing inter- 
| changeability, and the gauges have been redesigned for 
| this purpose. Tests are laid down to ensure the employ- 
| ment of satisfactory insulating material, and the means 
of gripping the cable are also referred to. Copies of the 
new specification may be obtained from the B.E.S.A. 


| 


eventually successtully towed, in a completely upside- | Publications Department, 28, Victoria-street, London, 
down position, to the firm’s shipbreaking depot at Lyness | S.W.1, price 2s. 6d., post free. 
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THE FOREST PRODUCTS RESEARCH 
LABORATORY. 
(Continued from page 732.) 

Woodworking Plant.—The scope of the data which 
it is the purpose of the Laboratory to collect by test 
and’experiment covers information on timber in all 
its forms and in all stages of preparation, and it has, 
therefore, been necessary to provide a woodworking 
plant, adequate not only for the many purposes it 
can serve in other parts of the Laboratory, but also 
for making tests of the manner in which materials 
behave on being machined and finished after a 
definite treatment. A general view of the wood- 
working shop is given in Fig. 47, on the opposite 
page. It contains a full equipment of modern 
woodworking tools of the types usually associated 
with general woodworking. No useful purpose 
would be served by giving a list of these, but 
some particulars may be given of an interesting 
36-in. panel planer built by Messrs. Thomas White 
and Sons, Limited, of Paisley, which forms part of 
the equipment. 

This machine can be used for an unusually wide 
variety of work, and can handle pieces varying in 
width from panels to narrow strips and in thickness 
from j-in. up to 7 in. The machine is driven elec- 
trically, and the cutter spindle, which runs on ball 
bearings, runs at a maximum speed of 3,600 r.p.m. 
Three views of the machine are given in Figs. 48 
to 50, above and on the opposite page. In 
order that the feed through the machine may be 
suitable to the size and hardness of the timber, 
a special gearbox is provided, which gives the 
choice of three speeds, corresponding to feeds of 
20, 36 and 50 lineal ft. per minute. The timber 
is fed to the cutters by four feed-in rollers, all 
gear driven, the top roller being ribbed. This 
roller is made in sections, which work independently, 
and thus allow a number of narrow strips of 
irregular thickness to be dressed at the same time 
up to the total capacity of the table width. By this 
aTrangement, strips of varying thicknesses are held 
independently without causing individual sections 
of the roller to stick through the extra thickness of 
timber, and, moreover, the risk is avoided of the 
knives striking a piece of thinner timber and throw- 
ing it back to the danger of the operator, as 
Was found to oceur sometimes with solid rollers 
testing on thicker strips. A similar purpose is 
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pressure bar, with which the timber becomes engaged 
when it has passed the feed roller. In addition to 
holding the timber in position, irrespective of differ- 
ences of thickness, this bar acts as a chip breaker, 
and so compensates for any slivering by the cutter 
knives. The pressure of the bar on the timber is 
imparted through adjustable springs. 

A useful feature of the design is a trueing device, 
which serves to bring each knife to the same cutting 
circle or track if there has been some slight 
inaccuracy in grinding or setting it. As shown in 
Fig. 50, an exhaust hood is fitted over the planing 
knives, for collecting dust, chips and shavings. This 
apparatus is arranged over the machine in such a 
way that it can be raised or lowered telescopically, 
and, by removing the great bulk of the shavings 
and chips, not only improves working conditions, 
but also reduces the risk of materials being bruised 
by loose chips falling between the after-roller and 
the dressed boards. The same view also shows the 
guard for the belt and gearbox, the large worm 
gear provided for adapting the height of the table 
to the thickness of the boards, and the emergency 
push-button by which the machine can be stopped 
instantly should the occurrence of loose knots 
threaten to jam the pressure bars unduly. Fig. 49 
shows the machine with the pressure bar swung 
back out of action. 

(To be continued.) 








SOME ENGINEERING PROBLEMS OF 
THE SOUTH AFRICAN RAILWAYS 
AND HARBOURS.* 

By C. V. von Aso, M.A., B.Se., Ph.D. 

Srnce 1905, when two reports, viz., “The Cape 
Government Railways,” by A. M. Tippett, M.Inst.C.E., 
retired Engineer-in-Chief of the South African Railways 
and Harbours, and “‘ The Development and Working 
of Railways in the Colony of Natal,” by the late Sir 
David Hunter, K.C.M.G., General Manager of the Natal 
Government Railways, were presented at the former 
South African congress of the British Association for 
the Advancement of Science, many changes and consi- 
derable development have taken place. Union in 1910 
brought about the amalgamation of the three railway 
systems, viz., Cape Government Railways, Natal 
Government Railways, and Central South African Rail- 
ways, and where these had all previously been develop- 





* Paper read before Section G of the British Associa- 
tion at Cape Town, South Africa, on July 25, 1929. 
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ing along individual and independent lines every subse- 
quent problem has been undertaken after paying due 
regard to the best interests of the combination, i.e., 
South African Railways and Harbours. How remark- 
able the development has been can be gathered from 
Table I, on page 784. 

Many engineering problems were encountered, of 
which a few of the more interesting or uncommon will 
now be mentioned. 

Survey and Construction.—The location of routes and 
the construction of lines from the sea ports inland have 
been difficult tasks, especially when one bears in mind 
the absence of reliable maps, the extent and sparse 
population of the country, and the economic necessity 
of keeping down costs. The Drakensberg, Stormberg, 
Outeniqua and Hex ranges, &c., form barriers to be 
negotiated before the interior plateau can be reached, 
and, in one or two cases, particularly Natal, the coastal 
belt between the sea and the main range is extremely 
broken. The following are some of the outstanding 
examples of railway location and construction. All are 
through parts of the country where the scenery is 
grand. 

The main line from Cape Town to Johannesburg, 
crossing the Hex Mountains between De Doorns and 
Matroosberg, rises 1,577 ft. in 15-9 miles, giving an 
average gradient of 1 in 53-3. This section abounds in 
curves, one hundred in all, of which nine have a radius 
of 5 chains, seventeen of 6 chains, sixteen of 7 chains, 
and sixty-eight have radii of 10 chains and under. More- 
over, the ruling gradient is an uncompensated one of 
lin 40. Passing over this section, one is struck by the 
comparatively light earthworks. Surveys giving 1 in 66 
compensated gradients have been made, but the interest 
on the large capital required for the deviation at present 
still outweighs the cost of running banker engines 
between De Doorns and Matroobserg. 

The line from Cape Town to Port Elizabeth, via 
George and Oudtshoorn, rises 1,693 ft. in 15-5 miles 
between George and Topping, and then falls 492 ft. 
in the next 4 miles to Camfer. In the 19-5 miles, there 
is no straight worth speaking of, the number of curves 
being 153, of which 91 have a radius of 5 chains, eight of 
6 chains, six of 7 chains, thirteen of 8 chains and 131 
have radii of 10chains and under. The ruling gradient 
is 1 in 36, compensated. The Outeniqua mountains 
rise abruptly, and deep ravines cutting into the sides 
at intervals made the development extremely difficult. 
To improve upon this line will require a fortune. 

Between Waterval Onder and Waterval Boven, 
on the Delagoa Bay-Pretoria line, a rack railroad 
12,000 ft. long up a 1 in 20 gradient was replaced in 1906 
by a deviation about 8 miles long with a ruling gradient 
of 1 in 50, compensated. The main features are the 
development up the krantz in one direction, the doubling 
back by means of a large balloon, and the continuation 
up the same krantz in the opposite direction. Again 
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the deviation abounds in sharp curves, very little works on a large scale have been carried out, and now, 
straight being found. | twenty years after the first survey was undertaken, 
The old Natal main line, in its worst sections as| the line may be considered completed. The length 
regards the length and steepness of its gradients and | of through line has been increased by 1} miles, but the 
the number and sharpness of its curves, ranked among | curvature has been reduced by 3,114 deg., while the 
the most difficult in the world. After connecting up | sharpest curve is 495 ft. radius, against 300 ft. The 
to the Witwatersrand in 1895, the increase in inland | rise and fall has been reduced by 162 ft. The gradient 
traffic drew attention to the need for improving the | against up trains is one in fifty, and against down 
gradients and curvature against inland traffic. After-| trains one in sixty-five. Up loads have been in- 
wards, with the development of the coal and maize | creased by 66 per cent., while a maximum load of 
export traffic, the need arose for improving the gradients | 1,000 tons can be brought down, as against 695 tons on 
and curvature against coastal traffic. Hence it is that, | the old line.” ; hee 
to-day, practically the whole line from South Coast! The Cato Ridge-Clairwood Deviation is probably the 
Junction to Ladysmith, a distance of 200 miles, is new. | most outstanding of the many notable engineering 
Certain portions of the old line, viz., between South | achievements in South Africa. As the work was 
Coast Junction and Cato Ridge, Umlaas-road and | carried out during the period of the Great War, it is 
Pietermaritzburg, Pietermaritzburg and Cedara, and | estimated that, due to the abnormal conditions, the cost 
Mooi River and Estcourt, have been retained, in| was half a million pounds greater than that during 





addition to the deviations between these stations. | normal times, but even if this amount is deducted the 


By going over any one of these sections and its corres- | 
ponding deviation one can form an excellent idea of | 
the vast improvement effected. It is proposed to deal | 
at length with only two, viz., Maritsburg-Cedara, also | 
known as the Town Hill deviation, and South Coast 
Junction-Cato Ridge, also known as the Cato Ridge- 
Clairwood deviation. | 

In 1919, Mr. D. Wilson, B.A., B.E., A.M.Inst.C.E., | 
the engineer who was responsible for the final survey | 
and carried out the construction, wrote :—‘‘ The Town | 





deviation would still be about two to three times as 
expensive per mile as any of the afore-mentioned 
cases. The length is 40 miles 12 chains, and the cost 
came to 1,775,624. or 44,2501. per mile. Earthworks 
totalled approximately 11,000,000 cubic yards, those 
from cuttings aggregating 5,000,000 cubic yards, and 
those for banks 6,000,000 cubic yards. The largest 
bank is the one just to the north of Cliffdale station, 
requiring close on a quarter of a million cubic yards of 
earth in its construction. The highest bank is 117 ft. 


TABLE I.—DEvELOPMENT oF SouTH AFRICAN RAILWAYS. 
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| March 31, 1928. 








End of 1904. 
Mileage .. - nies | 4,752-5 
Train mileage run as 21,839,495 
Gross earnings - | 10,666,825/. 
Gross expenditure | 8,136,6601. 


Heaviest locomotives and particulars. . 


19 cwt. ; max. axle loa 
tractive effort, 34,560 Ib. 


engine, 59 tons 5 cw 


34 tons ; max. axle load, 11 tons 14 cwt.; 
tractive effort, 23,110 Ib 
78-lb. N.G.R. rails, on 2,112 sleepers per 
mile; and 80-lb. C.G. 


Main line track over which these engines 


ran } 
| sleepers per mile 
Ballast .. | 5 in. under sleepers 
Gauge ‘is 3 ft. 6 in. 


Hendrie B, 4-8-2; wt. of engine, 70 tons 
14 cwt.; wt. of tender, 39 tons 19 cwt. ; 
tractive effort, 33,250 Ib 

| Kitson-Meyer, 0-6-0 +0-6-0 ; 

83 tons 3 cwt.; wt. of tender, 37 tons 


More commonly, 8th class, 4-8-0; wt. of 


12,469 (13,103 operated). 

47,583,775. 

25,304,821/. 

20,200,008/. ‘ 

Garratt GH., 4-6-2+2-6-4; wt. of engine, 
184 tons 9 cwt.; max. axle load, 18 tons 
123 cwt.; tractive effort, 44,475 Ib. 

Union U, 2-6-2+2-6-2.; wt. of engine, 
164 tons 8} cwt.; max. axle load, 18 tons 
10 cwt.; tractive effort, 50,000 Ib. 


wt. of engine, 


d, 14 tons 18 cwt.; 


18th class, 2-10-2; wt. of engine, 117 tons 
19 cwt.; wt. of tender, 69 tons 4} cwt. ; 
max. axle load, 19 tons 1 cwt.; tractive 
effort, 53,200 Ib. 

80-lb. B.S.S. rails, on 2,112 sleepers per mile 


t.; wt. of tender, 
R. rails on 1,936 


8 in. under sleepers. 
3 ft. 6 in. 








Hill, presenting a formidable obstacle to inland traffic, 
attracted attention at an early date when this traffic 
preponderated and the selection of a route has been 
longer under discussion, and has perhaps given rise 
to more survey work than has been expended on any 
other part of the line. The problem was difficult. 
The summit lies about 1,500 ft. above Pietermaritzburg 
station and only five miles distant in a direct line. The 
old line climbed up in a little over 11 miles on gradients 
of 1in 30. The curvature was excessive, being 410 deg. 
to the mile, while the steepest grades were combined 
with the sharpest curves, making the resistance equal 
to a gradient of 1 in 24-4 in. After giving a 
history of the different surveys undertaken, he con- 
tinued, “Thus, after fourteen years of intermittent 
discussion, during which period four complete routes 
were surveyed, a decision was arrived at and construc- 
tion was put in hand in 1913. 
deviation has been constructed is picturesque. After | 
a steady climb of 11 miles up the Zwartkop Valley | 
and along the slopes of the Town Hill, the line comes | 
within three miles of the centre of the city which lies, 
map-like, 1,006 ft. below. Further up it overlooks the | 
Main Road and the then Town Bush Valley fruit farms. | 
The tunnel at Hilton Road, 2,727 ft. long, and the heavy | 
cuttings and embankments on the steep slopes of the | 
Town Hill are the main engineering features of this | 
work. The formation proved most treacherous. | 
Nature, which had been at infinite pains to round the 
steep folds of grassy ridge and wooded kloof, resented 
the intrusion of deep cuttings and set about restoring | 
the balance. Slips of a magnitude not hitherto experi- | 
enced in this country were remedied and the line, after | 
some delay, opened for traffic in 1916. A few months | 
afterwards, in April, 1917, a very large slip occurred 
at what is known as Beauty Bush. These pictur- | 
esque slopes threatened to close up the cutting which 
had removed their natural support. It was, however, 
found possible to keep the line open for traffic while a 
remedy was being applied by placing at the toe of the 
slip some 5,000 tons of stone, mostly spoil from the 
Hilton Road tunnel, held together by 2,472 iron sleepers | 
and 2,245 yards of old rails, the whole being supported 


by 48 concrete buttresses carried underneath the track | 


to solid ground on the opposite side. This work was 


barely completed when the 1917 floods came, saturating | 


the whole hillside, causing serious slips in twelve cuttings 
and blocking the line. 


the old line for some weeks. Since then remedial 


Traffic had to be diverted over | 


and the deepest cutting 103 ft. Altogether, there are 
170 banks and 170 cuttings, many of them being among 
the largest and deepest works of the kind in the country. 

The heavy tunnelling is a striking feature. There are 
ten tunnels, with a total length of 2 miles 224 yards. 
The longest are Shongweni and Delville, 993 and 
1,001 yards, respectively. Most of them are grouped in 
the 5-mile section between Shongweni and Dassiehoek ; 
this is perhaps the most imposing part of the whole 
line.. 127,024 cubic yards of material, principally 
granite, were excavated from the tunnels. 

The total lift on the deviation against coastward 
traffic is 64 ft., against inland 2,500 ft. On the old 
main line these are 654 ft. and 3,078 ft., respectively. 
The average curvature per mile is 193 deg. on the devia- 
tion, compared with 390 deg. on the old main line. 
The sharpest curves on the deviation have a radius of 





The route on which the | 495 ft., there being 26 such curves, totalling about four 


and a-half miles of line. There are 62 curves with radii 
of 750 ft. and under. And yet, notwithstanding the 
large expenditure, 55-5 per cent. of the line is made up 
of curves. 

Permanent Way.—The old main line of Natal with its 
exceedingly heavy grades and curvature was a constant 
source of anxiety to maintenance engineers and loco- 
motive engineers alike, and the troubles became more 
and more aggravated as the coal and maize traffic to 
the coast increased and locomotives and rolling stock 
were correspondingly increased in number, capacity 
and axle loads. 

Due to the severe braking of the heavily laden trains 
down grade, the rails crept downgrade at a phenomenal 
rate, and the constant pulling back of this creep necessi- 
tated the expenditure of large sums of money, while 


| any undetected break-away would have spelt disaster 


to an oncoming train. Even on the deviations with 
their lighter grades, creep was found to be severe. 
Many experiments were made to find the remedy. 
The Natal cast-iron chair, with its steel cambered 
(spring) key was moderately successful. The draw-back 
was the key itself. It lost its camber or spring com- 
paratively easily, with the result that the rails found 
no resistance in the chairs and were forced downhill. 
Keyboys were constantly bending the dropped out 
| keys and reinserting them. Heavier and faster trains 
and increasing traffic only made the problem worse, 
|and a solution was eagerly sought after. Tapered 
steel keys were tried and proved a success. Wherever 
| creep is noticed now, it is standard practice to insert a 





number of cast-iron chairs and steel tapered keys 
driven in the direction of the creep, the number of 
chairs per rail depending on the severity of the creep. 
As the rail moves along it carries the keys with it, and 
since these are tapered, sooner or later they become go 
effectively wedged between the rail and their respective 
chairs that the rail cannot move relatively to the chairs 
and, therefore, to the sleepers to which the chairs are 
attached. On the Natal main line, except for the cast- 
steel check chairs on the low legs of check-railed curves, 
every rail is attached to all the sleepers supporting it 
by means of cast-iron chairs and tapered steel keys, 
The check chairs were unfortunately designed before 
the introduction of the tapered key, and are served by 
the cambered key mentioned above. Gangers have, 
however, found that the tapered key can be driven in a 
little way and holds effectively, even though there is 
but line contact between key and chair. 

Guard rails, more as a safety device than as a means 
of reducing rail and tyre wear, were fixed on the very 
sharp curves of 300 to 400 ft. radius. The buttresses, 
however, were made of pressed steel-and the noses 
became worn and blunted in a comparatively short 
time, so that any side cutting of the high-legged rails 
by the wheel flanges, and vice versa, was hardly retarded. 
It was also noticed that most severe side cutting was 
associated with heavy braking of trains on the down 
grade. Increase in traffic and axle loads only made 
matters worse, causing the rails on the very sharp 
curves to be removed every few months, while even the 
rails on curves of 800 ft. radius and over became side 
worn comparatively quickly. Tyres, too, required 
more frequent re-turning or renewal. As an illustration 
of intensive side cutting, a curve of 755 ft. radius on a 
1 in 80 down grade about 10 miles from Durban was 
re-railed on April 18, 1926 ; on October 17, 1926, it had 
again to be re-railed, the average side wear of the 
removed rails being 4 lb. per yard, the maximum in 
places being 6-5 to 7 Ib. per yard, and the maximum 
amount allowed on 80 lb. B.S.S. rails being 6-75 Ib. per 
yard. Tocombat the problem, well greased check rails, 
held rigidly at a distance of 2-5 in. from the low-leg 
running rail by means of well designed and robust 
cast-steel check chairs and buttresses, have become 
standard practice, the gauge being spread about } in. 
to } in. in order to distribute more or less evenly between 
the check rail and the outer rail, as the vehicles are 
being guided round the curve, any outward lateral 
forces. To illustrate the effectiveness of a well lubri- 
cated check rail, a portion of a 792-ft. curve on the down 
line of the Town Hill deviation between Boughton 
and Maritzburg was laid with check rails in April, 
1918. The outer rails opposite these check rails were, 
by that time, considerably worn, having been in since 
July, 1917. The check rails so effectively shielded 
these badly worn rails from further wear that, five years 
later, they were still in the track. The rest of the 
curve had, in that time, been renewed five times. Check 
rails are the rejects from the high or low legs of curves, 
and have practically only scrap value, but when 
functioning in this way they are certainly of great 
value. It has been proved, too, that the amount of 
wear off the back of the wheel tyre is negligible, pro- 
vided the check rail is kept greased. 

Stirling pantographs are used to determine the 
amount of rail wear, but for quick, yet quite accurate, 
recording, a railometer designed by Mr. J. 8. de V. 
Von Willich, B.Sc., A.M.Inst.C.E., Advisory Engineer 
to the High Commissioner for the Union of South 
Africa, is based on the most probable way in which a 
rail is worn down, the result of many years of experi 
ments on rail wear by Mr. Von Willich. Each mainte- 
nance engineer is furnished with one of these railometers 
to enable him to obtain an effective measure of rail wear 
in his district. 

During 1925 and early 1926, the Natal Main Line 
was electrified between Glencoe and Maritzburg, and in 
October of 1926, some rails on a sharp curve on the 
Town Hill were found with slight horizontal cracks in 
the web at the join of the web and flange, these cracks 
appearing immediately over the cast-iron _ chairs. 
Subsequent examination disclosed hundreds of similarly 
affected rails on the sharper curves throughout the 
electrified section. Investigations were then under- 
taken by means of instruments attached to the track. 
It was then proved that the electric unit, which is of the 
axle-hung, nose-suspended 2-2 + 2-2 articulated type, 
was more severe on the track than the 14th class engine. 
which had been the standard engine on this line before 
electrification. The coupling between the two bogies 
of a unit is most robust and is fitted so accurately = 
in effect, a rigid wheelbase, measuring from outer ax od 
to outer axle of the unit, a distance of 30 ft. 11 in-, 8 
created. Moreover, the one bogie affects the running 
of the other round a curve, since they are no longer 
independent of each other. The rate of wear of a 
flanges is thereby retarded, but apparently there = 
pulling across the rail crowns of one bogie by anoth 4 
setting up a number of reversals of stress. The portion 
of the rails most affected are those immediately above 
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the chairs. As the wheels pass over a certain point, 
first one skids across, say, from inside to outside of the 
track, the one following skids across from outside to 
inside, and so on. ‘The rail is virtually a number of 
vertical cantilevers that not only get compressed by 
the weights of the wheels but are also whipped from 
side to side as these weights skid in alternate directions. 
During the passage of an electric unit, two complete 
reversals of stress were found, whereas a steam engine 
only showed one. The amounts by which the crown of 
a rail moved relatively to the base were also recorded, 
and found to be 30 to 50 per cent. greater in the case 
of the electric units than the steam engine, and, as 
three electric units did the work of two steam engines 


to adopt the bull-headed type of rail used in the 
British Isles. This would obviously be an extremely 
costly undertaking. 

Steel sleepers are being extensively used on branch 
lines. The steel clips used in conjunction with them 
were, at one time, cut from rolled sections, and then 
punched for the bolt holes. This caused the clips to 
be drawn out of shape, and maintenance engineers were 
dissatisfied with the alignment of the track, which was 
rather irregular in consequence of the varying shapes 
of the clips. This trouble is now overcome by re- 
heating the clips and pressing them in dies. At the time 
of the Union, there were several types of rail of equal, 
| or approximately equal, strength, e.g., 0.G.R. 60-lb., 

N.G.R. 61-lb., and B.S.S. 60-Ib., and, when recently 





on an average, it was realised that the track was being | 
subjected to much heavier and more frequent lateral | designing steel sleepers for these, it was decided to use 
stresses under electrification than formally under steam. | a common sleeper and the minimum number of clips of 
As an experiment, the articulation of a unit was| different sizes, in order that, by various combinations 
altered, making it more flexible round curves, and | and permutations, the necessary gauges on straights, 
it was proved that the lateral thrusts were very | transitions and curves for all these types of rail could 





much diminished. The flange wear, however, became 
intensified. To overcome the problem of splitting, a 
new rail, 85 lb. per yard, was designed, providing a 
section modulus across the critical section, viz., the 
join of web and flange, 125 per cent. stronger than that 
of the 80-lb. B.S.S. rail which had, up till then, been 
standard for the main line. 

At present, the main line standard is the 80-lb. B.S.S., 
or 85-Ib. S.A.R. rail, with 2,112 hardwood sleepers per 
mile, the dimensions being 10 in. by 5 in. by 7 ft., and 
with 8 in. of broken-stone ballast. The maximum axle 
load is 18 tons, although 18-5 and even 19 tons 
have been allowed in a few special cases. Stremmato- 
graph experiments have shown that, whereas the aver- 
age longitudinal fibre stress at the base of either of the 
above rails under any of the existing locomotives is 
comparatively low, on curves, high individual longi- 
tudinal fibre stresses are recorded. These are, how- 
ever, too few and too low in value to affect the safety 
of the rail, especially as the elastic limit of the high- 
carbon rails in use lies between 20 tons and 25 tons per 
square inch. It is, however, at the joint where the 
trouble is found. The fish plates are rather weak, and 
gangers are apt to overlook the proper packing of the 
joints, so that in a comparatively short time dip, or 
hammered, joints are formed, and the rails must be 
removed on account of the unpleasant riding of the 
rolling stock. As an example, a length of track on the 
Cato Ridge-Clairwood deviation has had to be removed 
after only four years’ service. When, therefore, the 
Railway Board laid down a policy in 1927 that the 
standard of the main line had, in future, to be raised 
to cope with 22-ton axle loads, a much deeper rail than 
the present 5-in. one at once suggested itself, since that 
meant a deeper and sturdier fish plate, and, therefore, 
a joint better able to withstand the trouble of becoming 
dipped. There were certain restrictions, however. 
About half-a-million pounds sterling had only recently 
been invested in cast-iron chairs and tapered steel keys 
suitable for the 5-in. flange common to the 80-lb. B.S.S. 
and 85-lb. §.A.R. rails, and it was felt that the chairs 
and keys should rather be retained on the main line 
than be sent out on the branches where cast-steel sole 
plates, of which the Administration had a surfeit, could 
most profitably be used. Secondly, all the main lines 
from the coast have heavy grades and sharp curves for 
considerable portions of their lengths, and the problem 
of check railing curves up to 1,000 ft. radius had to be 
considered. One may ask why deviations with curves 
of radii of not less than 1,000 ft. are not constructed, 
but such undertakings will be beyond the means of 
the South African Railways and Harbours Administra- 
tion. One has only to recall the cost of 44,2501. per 


be obtained. 

Foundations.—At the mouths of rivers, especially in 
Natal, rock is encountered only after penetrating layers 
of sand and clay that generally have a total thickness of 
100 ft. and more, making the problem of bridge founda- 
tions extremely difficult. In the past, it was the prac- 
tice to use screw piles, the bearing power of which 
depended on the frictional resistance of the surround- 
ing material. Unfortunately, during heavy floods, the 
top layers, to depths of 30 ft. and more, are disturbed, 
thus materially diminishing the bearing power. At such 
times, too, a mass of debris piles up against the piers, 
often resulting in the bridge being swept away. In- 
creased traffic and heavier axle loads have been addi- 
tional reasons why the Administration now prefers 
building cylinders to rock. An example is the Umgeni 
Bridge, just to the north of Durban. Here 12-ft. 
diameter, partially-reinforced concrete cylinders pene- 
trate layers of sand and clay, the total depth of which is 
160 ft. During sinking operations, several shells would 
not go down under their own weight, even when the 
material below the cutting edges had been removed by 
grabs. As much as 700 tons of rails and other material 
placed on top of the cylinder was, in certain cases, 
required to force the cylinder down. 

The foundation for the grain elevator at Durban 
proved a difficult undertaking. At the site chosen, 
borings showed that rock was some 90 ft. below mean 
tide level. The mass of reinforced-concrete piles 
originally intended proved most unsatisfactory. Cylin- 
ders 6 ft. in diameter, were then tried, but were found 
to be equally unsatisfactory. It then became neces- 
sary to adopt ones with larger diameters. After three 
years, the work was successfully accomplished under 
the supervision of the late Mr. R. Mansel, assistant 
bridge engineer. The sinking of a large number of 
cylinders over a confined area was the source of some 
difficulty, but the difficulty was greatly increased by 
the large amount of material, in the form of reinforced- 
concrete piles and cylinders, which the first attempts 
at a foundation had left in the area. The obstacles 
above-mentioned were removed largely by blasting. 
At the present time, the elevator stands securely 
supported on 31 cylinders of 12-ft. diameter, 18 of 
9-ft., 44 of 8-ft., and 3 of 6-ft., all of which are 
founded on solid rock 90 ft. below. 

Momentum Grades.—Certain branch lines were re- 
cently constructed, extensively using the principle of 
momentum grades laid down by A. M. Wellington in 
his ‘‘ Economic Theory of Railway Location,” the 
object being to reduce the earthworks as much as 
possible. It was found, however, that the locomotives 
could not take the ruling grade loads, and an investi- 





mile for the 40-mile Cato Ridge-Clairwood deviation, 
with its 154 curves, of which 96 have a radius of 1,000 ft. | 
aod under and 62 have a radius of 750 ft. and under. 
The latest 95-lb. B.S.S. rail section was considered, but 
had to be discarded ; it is a physical impossibility to| 
obtain the necessary 2-5-in. clearance between check | 
and running rails without at the same time having the | 
check rail higher than the running rail. This cannot | 
be allowed, on account of the flangeless wheels of the | 
locomotives. 

So it is that the 96-lb. S.A.R. rail, more sturdy at | 
the join of web and flange than any B.S.S. rail and, | 
therefore, better able to withstand lateral thrusts and | 
any corrosion-fatigue cracks, came into being. If, how- | 
ever, it is recognised that check-railed curves have | 
come to stay, attention is drawn to the fact that the | 
useful limit in flat-bottomed rail design for South 
Africa has been reached with the 96-lb. S.A.R. rail. | 
heavier rail means an increased depth, and as the 
base is confined to about 5 in., already somewhat out 
of 





proportion with the 54% in. depth of the 96-lb. S.A.R. | where F = 


tail, the heavier rail will be badly out of proportion. 
Much difficulty, too, will be experienced in apportioning 
the metal correctly between crown, web and flange, in 
order that internal stresses set up on cooling during 
and after rolling may be kept low. A possible way out 
ct the difficulty of rails heavier than 96 lb. per yard is 


gation by means of a dynamometer car was under- 
taken. 

Assuming that an engine loaded to its maximum 
capacity for a certain ruling grade can be worked at full 
capacity and maintain a steady pre-determined speed 
for any distance up such a grade ; that the product of 
tractive force, at the rims of the drivers, and the 
velocity at any instant is constant for an engine work- 


ing at full capacity, i.e., the horse-power is constant ; 


and that the work done by the engine is taking the 


train over a certain distance plus the kinetic energy 


lost equals the potential energy gained plus the work 
required to overcome friction and wind resistance, at 


any instant, then 


2 44)? 
F.58 + oe (F 


aq (30) (%— + 30) = 


(72% +r) Gés. ° ~ (i) 
y 


tractive force in lb. at the instant, 
6s = an infinitesimal distance up the grade, 
G = total weight of engine and train in short tons, 
g = acceleration due to gravity in feet per second 
per second, 
v velocity in miles per hour at the bottom of és, 
v0+6v= », top er 


and fr = resistance due to friction and wind in Ib. 
per short ton, and regarded as constant for 
all speeds that are met on these branch 
lines. 
Also 
5 5? 
F x pe ft. lbs. of work per minute, 
60 
F v x 5,280, . = 
= —_—__-__ + 4.¢e,, Fu = 375 H, 
- H= 0 x 33,000 


where H is the constant horse-power exerted. 
Substituting in (i) and integrating we get 


D= | Fe so — (Uy — Oy + 
c} 2 
a \* la 
( c ) ] i a c 
ae,” ee E : os 
4343 a (i) 
Vo — — 
where 
D = distance negotiated up the grade in feet, 
v, and v,= initial and final velocities in miles per hour, 
a = 375 H, 
2,000 G (=) 
——q \30) 
and 
9 
c= a + r) G. 
y 
Actual tests showed that this formula can be relied 
on. 


The conclusions arrived at were :— 

(1) Unless a relatively high speed can be attained 
before entering the momentum grade, very small 
appreciable gain can be secured. 

(2) For the above reason, a momentum grade pre- 
ceded by an up grade is of negligible value, and has the 
effect of increasing the severity of the ruling grade. 

(3) Momentum grades should not be permitted 
immediately outside signals or just beyond bridges. 

(4) Negotiating momentum grades with long and 
heavy trains would probably result in broken buffers. 

(5) Practice has shown that Wellington’s method is 
wrong. Rather should the maximum tractive effort 
of the most likely engine to be used be worked out 
on the basis of 75-85 per cent. of the mean-effective 
pressure and the sustained horse-power, computed on 
the basis of the grate area in square feet multiplied 
by about 20 to 22-5 for saturated-steam engines and 
about 27-5 to 30 for superheated-steam engines. These 
are the values found from a number of practical tests 
and should be the ones that must be used in formula (ii) 
keeping in mind that the slipping speed for the former 
engines lies between 5 m.p.h. and 8 m.p.h., and for 
the latter between 10 m.p.h. and 14 m.p.h. 


Natat Marn-Line ELeEctrification. 


Contributed by Mr. V. E. Williams, A.M.I.E.E., 
Assistant Electrical Engineer. 

Two interesting problems have been met with in 
this work, of which the first was the leakage of traction 
currents and electrolysis of concrete mast bases. 
In the original scheme, a copper earth wire, of 0-15 sq. in. 
cross section, inter-connected all the masts, and approxi- 
mately every fifth mast was bonded to the track 
rails. There were thus two independent and parallel 
paths for traction-leakage currents, one from the rails 
via the ballast to earth, and the other from the masts 
via the holding-down bolts and concrete foundations 
to earth. The two leakage paths were considered to 
be of high resistance. During 1927, not two years after 
the institution of electric traction, numbers of founda- 
tions were found to be seriously cracked, and it was 
concluded that electrolytic action of traction-leakage 
currents, via the mast foundations, was the cause of the 
bolts becoming corroded, expanding in volume and 
forcing the concrete apart. To prevent further 
damage to the concrete bases, it was decided to isolate 
the masts from the rails, and, as an immediate result, 
the potential of the track rails above that of earth 
increased from 30 volts (maximum) to 100 volts 
(maximum). This proved the efficacy of the concrete 
bases as conductors, the increased potential being the 
result of confining the return current to the rails 
with a low earth current in parallel due to leakage via 
the ballast. 

The earth wire was left connected to the masts. As 
the bases effectively earthed the masts, as far as 
traction currents were concerned, it was thought that 
they would probably form a sufficiently low-resistance 
path for fault currents from the 3,000-volt equipment. 
Tests were carried out to ascertain whether this was so. 
A fault was put on about a mile north of Daimana 
substation and, therefore, about 20 miles south of 
the next substation at Wessels Nek. The Daimana 
breaker came out immediately, but the Wessels Nek 
breaker remained in, the resistance of the return 
path of the bases, earth and earth wire for 20 miles 





” ” ”? 
lin y = grade under consideration, 


being too high to permit the current from Wessels 
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Nek to reach a vaiue sufficiently large to open the | 


breaker there. 

It was necessary, then, to isolate the masts from the 
rails for normal conditions, and immediately to reconnect 
them to the rails in the case of a fault occurring. An 
instantaneous switching device was necessary, and, 
to meet both normal and fault conditions, the spark- 
gap device was evolved by Mr. R. Owens, track equip- 
ment engineer. This consists essentially of two discs 
separated by a thin sheet of paper. One disc is 
connected to the rail and the other to the mast. A 
voltage of about 200 to 300 breaks down the paper 
dielectric, and a fault current following on effectively 
welds the two discs together, passing the current 
to the rail return system. The welding action is 
assisted by tinning the disc contact faces. A spark- 
gap device is now attached to every mast. At 
the time this device was evolved, Mr. Owens had 
no knowledge of an almost identical spark gap used 
on the Melbourne electrification. The latter has been 
serving another purpose altogether, viz., to isolate 
normal signalling circuits from the steel structures. 

In order to ensure that only the mast upon which a 
fault occurred would be connected to the rails and 
only the one gap break down, the earth wire was 
insulated from all the masts, but its function as a longi- 
tudinal bond was maintained by bonding it to the 
track at every fifth mast. It was necessary to keep 
the bond between the rail and gap taut by means of a 
stake, in the form of a piece of old rail driven into the 
ground. The effect of all these partial earths in 
parallel reduced the track potential to normal. 

The second problem related to high-speed circuit 
breakers. The installation and initial operation of the 
high-speed circuit breakers on the Natal electrified 
line have been dealt with by Poynder and by Lydall, 
both in vol. xvi of the Journal of the Institution of 
Electrical Engineers. The following notes are supple- 
mentary to the two papers referred to and the discus- 
sions that followed them :— 

The original equipment included the connection of 
one high-speed circuit breaker to the negative side of 
each motor-generator set in the substations, to protect 
it against sudden severe overloads likely to cause flash- 
overs. These breakers functioned successfully and 
saved the machines from considerable damage. A 
track fault would cause this breaker to open, but, if 
the fault were a great distance away, or if several 
machines were feeding the fault in parallel, the current 
from each machine would not be great enough to open 
the high-speed breaker. The fault would, therefore, 
be maintained until it burnt itself clear. Originally the 
track was solidly connected from end to end. Reyrolle 
oil-immersed circuit breakers were connected in at 
track-sectioning points. These were not operated 
automatically, but were opened or closed by hand, as 
required. When opened under overload conditions, 
they were a source of danger to the operator, as the 
direct-current arc between the contacts tended to 
maintain itself and the oil would boil over and out of 
the tank. Cases of scalding of the operators occurred. 
Lightning arresters of the electrolytic type were 
connected at all sectioning points along the track, but 
the functioning of these was dubious and the preven- 
tion, due to their action, of faults developing was 
negligible. 

Faults on the track equipment and on the loco- 
motives were of frequent occurrence and great severity 
before the track equipment was sectioned by the 
installation of high-speed circuit breakers. A lightning 
discharge or surge would initiate a puncture or break- 
down of insulation, and the 3,000-volt power current 
following on developed the fault, the are being main- 
tained until the faulty portion of the equipment burnt 
itself clear. In the case of the track equipment, the 
commonest fault involved the breakdown of an insulator 
on a steady arm. The arm would burn itself free at 
the insulator and, being still attached to the contact 
wire, would swing over and hang down over the middle 
of the track. This then, caused considerable damage 
to the pantographs of oncoming locomotives when 
power was restored to the track. Faults were also 
experienced, to a considerable extent, in the motor- 
generator sets of the locomotives. 
storm, 10 locomotives were put out of action. Condi- 
tions were improved by connecting the series fields of 
the motor-generator sets to the line, or positive, side of 
the armatures. But it was only after the installation 


of the high-speed circuit breakers at track-sectioning | 


points that conditions were vastly improved. 

It was decided to section the track equipment by 
installing two high-speed breakers at each substation, 
one to cut out the northern and the other the southern 
3,000-volt equipment. A line or locomotive fault 
occurring, say, at Chieveley, the track equipment over 
the Frére-Colenso section would be isolated by the 
opening of the Colenso South and the Frére North 
breakers. The immediate effect of this installation 
was to reduce considerably the number and extent of 
the faults occurring to both the track and the loco- 
motives. 


In one lightning | 


ENGINEERING. 


The high-speed breakers had proved so efficacious 
that it was proposed to eliminate all lightning arresters 
installed at intermediate track switch-houses and save 
the cost of their maintenance. The matter was care- 
fully considered, and, after extensive trials over 
certain sections where the lightning effects were known 
to have been severe, the proposal was agreed to. One 
arrester was, however, maintained at each track circuit 
breaker. 

Due to the sudden opening of a circuit carrying a 
heavy current, an inductive kick was manifested on the 
substation side of the track breakers. The potential 
rise here was sufficient, after about a year’s operation, 
to break down either the pothead at the breaker or the 
negative machine windings, which were not highly 
insulated. To obviate this, one of the redundant 
lightning arresters was connected to the substation 
side of each breaker, with satisfactory results. 

The total track resistance between two substations 
is proportional, generally, to the distance between them 
and inversely to the number of tracks, feeders, &c. 
Each breaker, therefore, had to be calibrated separately 
to enable it to open on faults without interfering with 
high overload conditions. The holding coil is excited 
from the substation battery, which has to be main- 
tained within very close voltage limits. This point is 
dealt with by Odam in his discussion on Poynder’s 
paper. 

It is safe to say that the successful operation of the 
electrified line would have been impossible during the 
lightning season had the track not been sectioned with 
high-speed circuit-breakers. Lightning arresters alone 
gave insufficient protection to the equipment, and, 
in a district that is most severe for lightning, have 
been practically discarded from the overhead track 
equipment. 








5,400-H.P. ELECTRIC LOCOMOTIVE 
FOR THE PARIS, LYONS AND 
MEDITERRANEAN RAILWAY. 


In 1921, the Paris, Lyons and Mediterranean Railway 
Company decided to electrify the line between Culoz 
and Modane, at the entrance to the Mont Cenis tunnel, 
a total distance of 134 km. (83} miles). Contracts 
for the necessary locomotives and substations were 
placed in the two following years, and the equipment 
of the track between Chambéry and Saint Pierre- 
d’Albigny, a distance of 26 km. (16-2 miles), in the 
centre of the section, was begun. Work beyond that 
point was shortly afterwards suspended until 1927, 
owing to the economic crisis, while subsequently 
bad weather prevented the line from being extended 
beyond St. Jean de Maurienne, a distance of 35 km. 
(21? miles) from Saint Pierre d’Albigny, until the 
spring of this year. Since then it has, however, 
been. possible to push on rapidly towards Modane, 
and it is hoped that early in 1930 the whole of 
the section between Chambéry and that town will 
be completed. The conversion of the line between 
Culoz and Chambéry, a distance of 36 km. (22 miles) 
will be undertaken later. Between Chambéry and St. 
Pierre d’ Albigny, the gradients are not severe, but from 
there on to Saint Jean de Maurienne they are from 
|0-5 to 1-2 per cent. and then increase to from 2:5 to 
3 per cent., as Modane is approached. 

Energy for operating the line is obtained from La 
Société d’Electrochimie, d’Electro-Métallurgie — et 
des Aciéries Electriques d’Ugine on the three-phase 
system at 42,000 volts through a double circuit, and is 
converted to direct-current at a pressure of 1,500 volts 
in eight substations placed about 20 km. (124 miles) 
apart along the line. This distance is reduced to 
10 km. (6} miles) between St. Jean de Maurienne and 
Modane, owing to the steepness of the line. For 
conversion purposes, rotary converters are generally 
used, though one station is equipped with generators 
driven by synchronous motors, in order to maintain the 
power factor as near unity as possible. As regards 
track equipment, an over-contact third rail is used on 
the open sections, while at the larger stations a trolley 
wire is employed. In spite of the prevalence of ice 
and snow, no trouble is anticipated with the third rail, 
owing to the fact that good contact is maintained 
between it and the shoes by compressed air. 

The most interesting part of the equipment of 
this line is undoubtedly the locomotives. These 
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senger trains. They all have six driving and two 
trailing axles, though the arrangement is different 
in the different designs. Their output varies from 
2,300 to 2,400 h.p. 

As regards the express locomotives, preference was 
given to units of the articulated type, the power 
from the twin motors being transmitted through a 
quill shaft. Two locomotives of this kind were 
tested between Chambéry and Saint Pierre d’Albigny 
in 1925, one being entirely constructed by La Société 
Alsacienne, while the mechanical portion of the other 
was built by La Société de Construction de Batignolles, 
of Paris, and La Compagnie Générale de Construction 
de Locomotives, of Nantes, the electrical equipment 
being supplied by the Société Oerlikon, of Paris. The 
arrangement of the two units was the same, and con- 
sisted of a single frame mounted on two sub-frames, 
each of which had two driving axles and a leading 
or trailing bogie. The output was about 2,600 h.p., 
and tests were made to see whether trains of 500 tons 
could be hauled at a speed slightly in excess of that 
at which the express trains were then being run. In 
consequence of the excellent results obtained, M. 
Japiot, the chief locomotive engineer of the Paris- 
Lyon-Mediterranean Railway, requested the latter com- 
bination of firms to investigate the possibilities of a 
locomotive designed on the same general lines as 
their experimental unit, but with six driving axles 
in place of four, the output of the individual motors 
remaining unchanged. In this way, it was proposed 
to increase the original output by 50 per cent. 
Actually, however, the design prepared by Messrs. 
Oerlikon included six 900 h.p. motors, and an order 
for four such locomotives was placed in August, 1927. 
The first of these units has recently been taken into 
service and has been designed so as to be capable of 
hauling a 700-ton train at a speed of 90 km. (56 miles) 
per hour up a gradient of 0-8 per cent., and at 110 km. 
(68 miles) per hour on the level. Its general appearance 
will be gathered from Fig. 2, on the opposite page, while 
a diagrammatic elevation is given in Fig. 1. 

As will be seen, the locomotive consists essentially of a 
single frame, which is mounted on two articulated sub- 
frames. Each of the latter is equipped with three driving 
axles and a bogie, the latter being of the standard P.L.M. 
type. The two sub-frames are coupled together by a 
spherical link, so that no tractive effort is exerted on the 
body of the locomotive. The torque from the motors is 
transmitted through reduction gearing with a transmis- 
sion ratio of 3-185 to 1 anda pair of spring-rod couplings, 
one of which is connected to the driving wheel on each 
side. The overali length is 78 ft. 1 in., while the total 
wheel base and fixed wheel base are 68 ft. 2 in. and 
15 ft. lin., respectively. The wheel base of the bogies is 
6 ft. 10 in. and the distance between the centre pins 
is 50 ft. 1 in. The diameters of the driving and 
bogie wheels are 5 ft. 3 in. and 3 ft. 4 in., respectively, 
while the total height of the unit is 14 ft. and its 
width 9 ft. 6 in. The total weight is 156-3 tons, 
of which 52-8 tons is accounted for by the electrical 
equipment. As the output at the wheel rims is 
5,400 h.p. on a one-hour rating, the weight per horse- 
power is 64-24 lb. The units are therefore among 
the most powerful, if not the most powerful, in the 
world. 

The body of the locomotive comprises a large central 
compartment, from which a driver’s cab is partitioned 
off at each end. The two cabs thus formed are con- 
nected by two lateral gangways. The whole of the 
electrical equipment, with the exception of the current- 
collecting gear and the control apparatus, is arranged in 
the central compartment, and is mounted on a raised 
floor. All the low voltage equipment, such as the relays, 
battery, fans and compressors (the latter being driven 
by totally-enclosed motors), are placed adjacent to one 
gangway, while the high-tension switchgear is arranged 
alongside the other. Access to this equipment from 
both gangways is obtained through openings in longi- 
tudinal girders, which extend for nearly the whole 
height of the body. These openings are closed by doors, 
which are interlocked, so that they can only be opened 
when the collectors are lowered and the main circuit - 
breakers open. 

Two pantograph collectors and four contact shoes 
on each side are provided for current-collection purposes. 
Each of the six main driving motors is of the forced- 
ventilated, double-armature type, each armature being 
wound for a pressure of 450 volts. At starting. the whole 


are of two types, for express and other services, res-| of the twelve armatures are connected in series, the 
| pectively. To design a unit which would perform | three remaining groupings being six armatures I 


| Satisfactorily under the varying conditions of the | Series with the two groups in parallel, four armatures 1) 
| latter category was, however, a matter of some diffi- | Series with the three groups in parallel, and three 
‘armatures in series with the four groups in parallel. 


culty, especially having regard to the gradients 
| involved and the consequent desirability of using regen- 
|erative braking. Ten locomotives, capable of haul- 
jing an 800-ton train from Chambéry to St. Jean 
| de Maurienne single-headed, and the same weight 
| double-headed for the remainder of the journey to 
| Modane, were therefore ordered from each of three 
| Separate firms. These units have, so far, worked 
satisfactorily, both on the goods and the slower pas- 





In addition, either full, 70 per cent. or 55 per cent. 
excitation can be used, so that twelve economical 
speeds are possible in all. To give greater security 0! 
operation, the various steps are obtained through pairs 
of contactors in series, some of which are operated 
from the master controller and the remainder by inter- 
locking contacts. Reversal is effected by two pneu- 
matically-operated double reversers, which can also be 
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1,500-VOLT 5,400-H.P. DIRECT-CURRENT ELECTRIC LOCOMOTIVE. 
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used for isolating one or more groups of motors in case 
of breakdown. Further, the whole of the equipment 
is divided electrically into two halves, and these can be 
run independently by operating a combined main and 
control circuit change-over switch. This switch also 
adjusts the starting resistance steps, so that the most 
favourable subdivision of tractive effort is obtained. 
Obviously, series working is only possible when a 
reduced number of motors is in use. The starting 
resistances are arranged on the roof, and are cooled by 
the draught set up by the movement of the locomotive. 

The auxiliary equipment includes two fans for cooling 
the motors and two compressors for braking purposes. 
A supply for the control circuits is obtained from a 
60-volt iron-nickel battery, which is charged by being 
nn in the circuit from the auxiliary motors to 
earth. 








THE WORLD ENGINEERING CON- 
GRESS IN JAPAN. 
(Continued from page 755.) 

THE selection of papers which we have been giving 
in these columns, in connection with the recent 
World Engineering Congress, held in Tokyo, is con- 
tinued below with summaries on various subjects not 
liltherto touched upon, such as bridge engineering, 
inechanics and hydrodynamics, hydro-electric develop- 
ments, high voltage transmission, and railway subjects. 


MECHANICS AND HyDRODYNAMICS. 


{In a paper entitled ‘‘ Potential Flow Through 
Suction Valves of Conical Seat,’? Professor Keikiti 
l'anaka, who is a member of the Aeronautical Research 
Institute of the Imperial University, Tokyo, described 
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Fig. 2. 


generally and analysed mathematically experiments 
on the discharge of valves having conical seats. The 
discharge curve plotted against lift showed, it was 
found, four singularities, the nature of which was 
very clearly established by photographs. At very 
low lifts the jet clung to the conical surfaces of both 
valve and seat. On steadily increasing the lift the 
rate of discharge suddenly altered, and in one case 
actually diminished. At this point the jet of fluid had 
left the surface of the seat, and thus became bounded 
by a surface of discontinuity. If the lift of the valve 
was further increased the discharge again became 
regular until a stage was reached at which the jet also 
sprang clear of the valve surface, and thus became 
bounded on each side by a surface of discontinuity. 
The inset of this regime was marked by another 
discontinuity in the discharge curve. A third dis- 
continuity appeared when the volume of the discharge 
became so great that the wall of the discharge chamber 
began to affect the flow. 

A paper on “Model Experiments on the Elastic 
Stability of Closed and Cross-stiffened Circular 
Cylinders under Uniform External Pressure’ was 
contributed by Viscount Takesada Tokugawa, Con- 
structor-Commander I.J.N. The paper was a sequel 
to a report on the stability of the hulls of submarines, 
made by the author in 1928, and the investigation 
now described was undertaken with the object of 
determining the values of a certain “‘ frame factor” 
which appeared in the formule deduced in the report 
cited. Two cases were distinguished: (1) that in 
which the frames, by which the shell was stiffened, 
remained intact, the shell collapsing between them ; 
and (2) that in which both frames and shell collapsed 
together. For case (1) the author had deduced the 
following expression for the collapsing pressure— 
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where p, was the collapsing pressure, 3 the shell 
thickness, D the mean diameter of the cylinder, E 
Young’s modulus, « Poisson’s ratio, and x the number 
of lobes formed, on collapse. The term « was defined 


by the relation « = k > ; =A where k was the “ frame 


factor,” which was the object of the investigation and 
1 the unsupported axial length. The limiting value of 
this coefficient was unity, and the values experimentally 
determined ranged in different cases from 0-65 to 0-83. 
A nomograph appended to the paper facilitates the use 
of the formula. 

A paper on ‘‘ Deflections and Stresses in Pipe 
Bends ” was contributed by Professor W. Hovgaard 
of the Massachusetts Institute of Technology. It 
was at one time commonly assumed that when the 
curvature of a bent pipe was changed, the form of 
the cross section remained unaltered. Both experiment 
and theory have shown this to be untrue, and in 
addition to a further development of the modern 
theory Professor Hovgaard’s paper included a descrip- 
tion of experiments made on 6-in., 94-in. and 14-in. 
pipe bends, using the 300,000-lb. testing machine 
belonging to the Institute of Technology. If the 
pipe section remained unchanged in form whilst the 
curvature of the bend was varied, the maximum 
stresses would be found at the highest and lowest 
points of the cross section as in the case of a solid 
beam. Actually the stresses at these points were found 
to be very small, the maximum tensile stresses occurring 
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at points only 25 deg. to 30 deg. from the neutral 
axis. These observations were in good accord with 
the theory given in the paper. Owing to the flattening 
of the cross section, bent pipes were very much more 
flexible than the older and inaccurate theory would 
indicate. In an analysis of his experiments Professor 
Hovgaard showed that there was local plastic flow 
long before any permanent set could be observed in 
the bends. This permanent set seemed to depend on 
the maximum longitudinal stresses which, as noted 
above, occurred not at the top and hottom of the 
section, but at points distant from the neutral axis 
by something less than one-quarter of the pipe diameter. 
No permanent set was found to occur until the maximum 
stress at the middle of the pipe wall exceeded 20,000 Ib. 
per square inch, the material used being a ductile low- 
carbon steel with a yield point of 25,000 Ib. per 
square inch. 

In a paper entitled *“‘ Some Recent Developments in 
Methods of Analysing Statically Indeterminate Struc- 
tures’ Professor W. M. Wilson described certain 
methods devised in the United States with the object 
of simplifying the calculation or measurement of 
stresses in bridge portals, arches and continuous 
beams. 

A mathematical discussion, accompanied by an 
illustrative example, of ‘‘ The Torsional Stress in the 
Hull of a Ship” was presented by Professor Tuneo 
Inokuty, of the Tokio Imperial University. The 
numerical results attained indicated that these stresses 
were in general not of much importance, save for the 
stresses at the corners of deck openings and the like. 
The general character of these stresses had been in- 
vestigated by models, but it was not found practicable 
to get quantitative results. 

In a joint paper on the ‘“ Pressure Distribution 
Over the Surface of a Ship and its Effect on Re- 
sistance,” Professors Seinen Yokota and Takezo 
Yamamoto, together with Messrs. Atsumu Shigemitzu 
and Sakuichi Togino, described experiments made 
at Arakawa Hosuiro with a small steamer 12 m. long 
between perpendiculars, and 3 m. in extreme breadth. 
The boat was an old one, and the hull had been 
damaged in some places. As a preliminary, therefore, 
it was faired up, and timber additions made to the 
stem and the stern post. Some 289 holes were then 
drilled in the hull and the stem and stern posts, and 
coupled up to water gauges, with the object of 
determining the distribution of pressure over the entire 
hull at different speeds. Very great difficulty was 
encountered in getting rid of air in the connections 
between the orifices and the water gauges, but these 
were ultimately completely surmounted. Provision 
was made for driving the boat both by its ordinary 
propeller and by an aerial one, and for measuring in 
each case the actual thrust. The experiments were 
brought to a premature conclusion by a collision with 
submerged wreckage, but in the meantime fairly 
complete records had been obtained. 

From these it was possible to deduce the total 
resistance on the hull due to the hydrostatic pressure, 
and a comparison with the measured thrust developed 
gave, by difference, the skin friction. There was found to 
be a wide difference between the pressure resistances 
observed respectively with the ordinary and with the 
aerial propeller. The former increased the suction at 
the stern, with the result that the pressure was in- 
creased by nearly 40 per cent., and the propeller thrust 
by some 15 to 17} per cent. The highest speed 
attained was about 3-5 m. per second (6-9 knots), 
and the authors pointed out that the Reynolds’ num- 
ber was correspondingly low, and emphasised the 
importance of determining by similar or other ways 
the actual frictional resistance of a large and speedy 
vessel. Their own figures for friction as deduced from 
their observation proved to be in good accord with 
Froude’s formula. 

The ‘Measurement of Stream Velocity by Air 
Bubbles ”? formed the subject of a paper by Professor 
Otogoro Miyagi. In this, the writer stated that he 
had found, by experiment, that the velocity of an air 
bubble rising through still water was approximately 
constant, irrespective of the size of the bubble, so 
long as this was not less than 0-27 cm. in diameter. 
This “terminal velocity’? was about 24 cm. per 
second, and was attained when the bubble had risen 
but 3 or 4.cm. above the point at which it was liberated. 
Hence, in still water, the time a bubble took to reach 
the surface might be considered as directly proportional 
to the depth. Assuming that the same rule held good 
when the water was in motion, the distance downstream 
at which the bubble reached the surface should be 
proportional to the mean velocity of the flow. This 
hypothesis was tested in the hydraulic laboratory at 
Sendai and the results recorded showed that, within 
the range covered by the observations, good results 
could be obtained if the radius of the bubble lay 
between 0-3 cm. and 0-5cem. Owing to the reduction 
of the hydrostatic pressure, the size of the bubble 
increased as it rose, and thus its rate of rise was not 
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absolutely constant. The results of some hundreds of 
observations could, it was found, be expressed by the 
empirical formula 

20-51 
zy + 3-5" 
where w denoted the mean velocity of the stream 
along a longitudinal vertical plane, and / the observed 
horizontal travel of the bubble, whilst z) represented 
the depth below the water surface of the nozzle orifice. 
The maximum stream velocity attained in the experi- 
ments was slightly under 8 cm. per second, and the 
channel used measured 1-2 m. in width by 0-91 m. in 
depth. 

* a paper “ On the Réle of Turbulence in Technical 
Hydrodynamics,” Professor L. Prandtl described 
investigations now in progress and designed to show 
how turbulence arose in flowing fluids, and to establish 
criteria for types of flow other than those met with in 
pipes. Turbulence, the author stated, was the conse- 
quence of accidental disturbances which rendered the 
flow dynamically unstable. Calculations made by 
Dr. Tollmein showed that in laminar flow along a 
smooth plate, the flow became slightly unstable if 
the Reynold’s number, as defined by the thickness 
of the layer and the velocity and viscosity of the fluid, 
exceeded a certain value. The wave length of these 
disturbances was, however, six to ten times the thick- 
ness of the frictional layer, and they corresponded in 
no way to turbulence. In certain parts of the waves, 
however, back flow occurred, thus creating an in- 
stability which then developed into turbulence. By 
considering the momentum of the fluid passing in two 
dimensional flow through an elementary parallelopiped, 
it appeared that a shearing force was developed 
proportional to the product of the vertical and hori- 
zontal velocities, which to a first approximation could 
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be shown to be proportional to p? (=) >» Where wu 
denoted the time average of the horizontal velocity, and 
l was a “ mixing length,” which might be regarded as 
characteristic of turbulent motion. If 1] were inde- 
pendent of the velocity, then the friction could vary 
as the square of the velocity, which, in the neighbour- 
hood of a solid wall, would be nearly proportional to 
the distance from this wall, 1 being thus given by the 


expression 
: lt 
l=y¢ ( i ); 


v= a/Tey. 
p 

In this expression Tz, was the shearing stress at the 
point considered. The function ¢ would have to be 
experimentally determined. Experiments on channels 
with rough walls had shown that for equal wall friction 
the velocity of flow was less than it was in the case of 
smooth-walled conduits, but / was very nearly the 
same for both. Whilst turbulence in the flow through 
channels increased resistances, there were other cases 
in which it was highly beneficial. It was due solely 
to turbulence that the stream lines closed in more or 
less completely behind air ships, wings and propeller 
blades. With non-turbulent flow the velocity decreased 
continuously to zero as the surface was approached, 
and even if this decrease were completed in a very thin 
boundary layer, the fact remained that in the neighbour- 
hood of the wall there were masses of fluid without 
sensible kinetic energy. Since pressures tended to rise 
along the run of a hull, this inert mass of fluid tended to 
move back against the general motion of the stream, 
and this gave rise to a separation of the stream line 
from the hull. If, on the other hand, the motion in the 
frictional layer were turbulent then portions of this 
back flow would mingle with the main motion and 
be driven forward again. There would then be less 
tendency to the formation of dead water spaces. In 
fact, without turbulence the flow would not close up 
well even behind fair forms and the drag would be 
large. This was well illustrated by the behaviour of 
the flow round a sphere. So long as the Reynolds 


where 


vd : 
number — was less than 200,000, the flow was laminar 
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and the resistance coefficient, reckoned on the dynamic 
pressure $pv® was about 0:43 to 0-48 and the main 
flow separated from the sphere in front of the midship 
section. With a Reynolds number in excess of 300,000, 
however, the frictional layer was turbulent and the 
flow did not break away so soon. This reduced the 
sizeof the vortex region and consequently the resistance. 
Under the conditions stated resistance coefficients as 
low as 0-09 had been recorded in America, Japan and 
Germany. 

In a paper on “ The Determination of the Law of 
Resistance to the Flow of Water in Pipes,” Mr. E. 
Parry, B.Sc., advocated further experiments to estab- 
lish a quantitative standard of surface roughness. 
Professor G de Marchi had, the author stated, defined 


“ 7 . where dy denoted the 





roughness as the ratio 





extreme diameter of the pipe and d was the diameter of 
an area equal to the mean diameter of the pipe ‘as 
deduced from the actual volumetric capacity of a 
given length of the roughened tube. A diagram, 
in which Professor de Marchi experiments, were plotted 
on the same basis as those of Sir Thomas Stanton and 
Dr. Scobey, accompanied the paper. 
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‘Latest Practice in Bridge Engineering in Japan ” 
was described in a paper by Professor Yutaka Tanaka. 
In this it was stated that new highway bridges in 
Tokyo will be designed to take 30-ton tramcars and 
14-ton road rollers. So-called ‘impact ’’ formulas 
of the traditional type were used, it was stated, both 
for highway and railway bridges, the formula adopted 


in the latter case, being ; = yar’ where » de- 


noted the number of tracks and / the loaded length (in 
metres) causing the maximum stress. The greatest 
rolling load provided for corresponded to Cooper’s E.40 
(metric system). The longest steel sections of Japanese 
make were stated to be about 8-in. angles, 380 mm. 
channels and 600 mm. I beams. The heaviest steel 
castings so far used weighed 13 tons. Japanese 
bridge works had now a capacity of 140,000 tons per 
annum and were able to undertake constructional work 
of every kind, including the founding of piers by the 
pneumatic process. Of late much bridge strengthening 
had been found necessary, plate girders being reinforced 
by triangular or trapezoidal frames below them or by 
additional girders. Serious damage to steel bridges 
by earthquakes was found to be generally due to 
failures of the substructure, the metal work for short 
and moderate spans being generally strong enough 
to withstand the shocks. Reinforced concrete struc- 
tures had proved less resistant. Flat arches both in 
steel and reinforced concrete were considered, in this 
connection, to be preferable to simple girders as they 
were designed to take horizontal thrusts. In designing 
bridges it was now the practice to estimate the probable 
maximum seismic accelerations, to which they might 
possibly be subjected. 

In “Recent Developments in American Bridge 
Engineering Practice,” Dr. J. A. L. Waddell described 
amongst other matters the recent revival of the toll 
bridge in the United States. The bridges demanded 
by the development of motor traffic were often beyond 
the financial resources of the State concerned, and 
though toll bridges had long been unpopular, circum- 
stances proved too strong and the system was therefore 
re-established. Some of the earlier of those erected 
had proved extraordinarily profitable, and this had 
led to the financing of less sound projects, some of 
which had become bankrupt. The new suspension 
bridge over the Hudson river, for which a span of 
4,500 ft. was proposed, would, it was stated, be a toll 
bridge. An arch bridge of 1,675 ft. across the Hudson 
was also in course of construction, whilst a cantilever 
bridge of 1,640 ft. span was proposed for New Orleans. 
Pin-connected bridges were stated to be coming into 
favour again for long spans owing to the introduction 
of heat-treated carbon steel eyebars, having an 
elastic limit of 75,000 lb. per square inch. For sub- 
structures, Dr. Waddell preferred, when practicable, 
to use timber for caissons rather than reinforced 
concrete, which he considered more liable to overturn. 
By the use of steel piling, cofferdams had been success- 
fully used for putting in foundations at a depth of as 
much as 75 ft. below low water, and by the pneumatic 
process a depth of 123 ft. had been reached without 
injury to the men employed. Reinforced concrete 
piles over 100 ft. in length had been adopted in certain 
cases. . 
A paper on ‘Suspension Bridges with Special 
Reference to the Philadelphia-Camden Bridge” was 
contributed by Mr. Ralph Modjeski. In this paper 
the author emphasised the advantages of making 
the towers flexible instead of attempting to provide 
for temperature changes by rollers or the like. He 
stated that even had rollers been adopted they would 
have failed to function since even were the coefficients 
of friction as little as 0-015, the resistance to motion 
would be greater than the force needed to bend the 
tower to the full extent required. In erecting the 
towers great care was taken to see that the machined 
edges at the joints were in full bearing. Owing to the 
sun the inner joints did not always come to a bearing 
at the same time as the exterior joints, and it was 
often necessary to wait, before completing the 
riveting, for a cloudy day, or until additional loadins 
had brought the joints to a bearing. The rivets were 
transferred from the heating furnaces to the workin: 
gang by blowing them through tubes by means ol 
compressed air. In some cases they were delivere:! 
at points 140 ft. above the level of the furnaces. Each 
riveting gang drove about 200 l-in. rivets per day. 





ry: 


* For an illustrated description of this bridge = 
ENGINEERING, vol. exxvi, page 511, et seq. 
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A paper on “ Factors of Safety and Bridge Main- 
tenance’ was contributed by Mr. Conrad Gribble, 
M.Inst.C.E., in which the author stated that in 
England, as a rule, no special steps were taken in 
connection with railway bridges known to be over- 
stressed, provided that the engineer responsible was 
satisfied that there was no danger. In _ practice, 
increases of as much as 40 per cent. over the unit 
stresses prescribed for the work were permitted 
in existing structures, experience having shown, in 
hundreds of cases, that loads far in excess of those 
for which the bridges had been originally designed, 
were carried with perfect safety. Tests to destruction 
of full-sized girders would, it is stated, afford valuable 
information. 

In a paper entitled ‘“ Unterhaltung von iiber- 
beanspruchten Eisenbahnbriicken,” Dr. Ing. Schaper 
observed that overstrained railway bridges were found 
in all countries, due for the most part to the rapid 
increase in axle loads, which had risen from a maximum 
of 14 tons in 1864 to 20 tons in 1928. A secondary 
cause of overstrain was the rise in speeds. The over- 
strain could be either calculated or directly measured, 
but it was best to use the one method to complement 
the other. With static or slowly-moving loads it was 
easy to measure the strains, instruments now available 
being capable of magnifying these a thousand fold. 
Difficulties were, however, met with in the case of 
moving loads, since the vibration then experienced 
might have a periodicity of 300 alternations per 
second. So far, the German railways had not yet 
obtained a dynamic strain meter which was fully 
satisfactory, and they were experimenting with an 
electrical strain meter based on the property that 
the resistance of a pile of carbon discs varied with 
the pressure. It was claimed that periodicities as 
high as 600 could thus be successfully recorded, and with 
a magnification of 20,000. Much could be done to 
diminish dynamic stresses by more careful maintenance 
of the rolling-stock and of the track, and by improving 
the balance of the locomotives, whilst in the case of 
short bridges matters might be improved by using 
longer rails. In bad cases of overstrain it might be 
advisable to reduce speeds and adopt lighter loco- 
motives, or in the case of two-track bridges to use one 
track only. 

In a paper entitled ‘“‘ Safety in Dam Construction,” 
Mr. Allen Hazen, S.D., stated that the history of dam 
failures indicated that there were sources of weakness 
in great masses of material which could not be readily 
inferred from experience with the same or similar 
material used on a smaller scale, so that models might 
prove an insufficient guide. In the case of gravity 
dams it was important to recognise that the stresses 
in the rock below the dam were fully as great as those 
on any part of the actual-structure. Most high masonry 
dams which had failed had done so by sliding and 
without overturning. Theoretically, the dam should 
have a triangular profile, but as a practical matter this 
could not be used, it being necessary to give the crest a 
certain minimum width. If the masonry were exposed 
to uplift from seepage its sectional area might have to be 
increased by 30 per cent. and in low dams liable to ice 
pressure might, in extreme cases, necessitate additions 
as much as 10 times the above figure. 


Hypro-E.ectric PRACTICE IN JAPAN. 


In a paper on “ Economical Utilisation of Water 
Power Jointly Used with Steam Power in Japan,” 
Mr. 8. Kudo pointed out that in that country it was 
the accepted practice to design all hydro-electric 
stations on the basis of the six months’ flow, and to 
make up any shortage by steam power. To utilise 
the water power available most effectively it was also 
hecessary to construct regulating reservoirs. Four 
methods of joint operation were considered: Water 
power plants with sufficient daily storage capacity 
to carry the total load when the flow was ample, 
while when it was deficient they carried the peak 
only, the base load being met by steam stations. 
Water power plants with no storage capacity were 
always operated on constant load, the fluctuations 
being met by steam stations. Water power plants 
with storage capacity, but with insufficient plant to 
deal with all the flood water, were operated as in 
the preceding case during times of flood, but carried 
the peak load only during times of low water. Water 
power plants without storage capacity carried the 
total load at times of high water, and were supple- 
mented by steam power at times of low water. ‘This 
method was the least economical and efficient, as 
shown by the fact that the cost of energy in the first 
three cases ranged from 80 per cent. to 90 per cent. 
of thet of the fourth, when the load factor was 
60 per cent., and from 85 per cent. to 94 per cent. 
when the load factor was 70 per cent. A further 
comparison showed that the third method was the 
best, the lower the load factor the greater being the 
advantage, the other two being about equal. As 
regards cost of construction the third method was 


the cheapest, followed by the first and second in 
that order. This applied so long as the price of coal 
did not exceed 40s. per ton. In fact, the most econo- 
mical water power plant was one with sufficient 
capacity to carry the base load and the peak load at 
times of high and low water respectively. 

A paper on “ The Kanose Hydro-Electric Develop- 
ment on the Agano River, Japan,” was read by 
Mr. K. Mino. This station, which was situated 
221-4 miles from Tokyo, was the largest of the low- 
head type in the country, the effective head being 
74 ft., with a maximum flow of 8,000 cub. ft. per second. 
Its generating capacity was 40,000 kw., and it trans- 
mitted energy to the Tokyo Electric Light Company’s 
system at 154,000 volts. A similar station, with a 
capacity of 45,000 kw., was now in course of erection 
at Toyomi. 

The dam was of the gravity type, and of solid 
concrete construction, being 998 ft. long with a 714 ft. 
gate-controlled spillway. In its construction careful 
attention had been paid to the seismic conditions. 
The 20 movable crest gates measured 30 ft. by 32 ft., 
and three were equipped with automatic operating 
mechanism. Generally, the operating mechanism 
consisted of 50-h.p. electric motors with two 50-h.p. 
portable petrol engines in reserve. The intake was 
of reinforced concrete, and was equipped with nine 
15-ft. sluice gates, trash racks and booms being 
provided to guard against floating obstacles, while 
sand was eliminated by making the level of the intake 
sill 10 ft. above the fixed crest of the dam. A sub- 
merged dam 8 ft. high was also erected at right angles 
to the flow in the forebay. 

The power house was a three-storey steel-concrete 
structure, 308 ft. long, 77 ft. wide, and 51 ft. high 
from the generator floor, the latter being placed 50 ft. 
above the turbine centre line to guard against flooding. 
The draught tubes were 25 ft. wide by 11-22 ft. high 
at the outlet, while the tailrace was an open concrete 
channel, 16 ft. deep, and ranging from 256 ft. to 100 ft. 
in width. The initial development included six 12,500- 
h.p. Francis turbines, of the spiral casing type, running 
at 150 r.p.m. and direct-connected to alternators, 
which generated three-phase current at 11,000 volts 
and a frequency of 50. These machines were 22 ft. 
in diameter, 14 ft. high and weighed over 140 tons. 
The exciters were carried on an extension of the 
alternator shafts. Each transformer bank consisted 
of three 15,000 kv.-a. units, while switchgear was 
provided on both the high and low-tension sides. 
Auxiliary power for operating the hydraulic equipment 
was obtained through three 100 kv.-a. 11,000/3,300- 
volt transformers. 

A paper presented by Mr. Y. Satow described two 
66,000-volt cables, which had been laid up a steep 
hill to the sub-station at Atami, the difference in level 
being 105-5 m. (344 ft. 6 in.) in a distance of 445 m. 
(1,460 ft.). These conditions gave rise to difficulties 
in transport, in keeping the cable in situ, in maintaining 
it impregnated, and in preventing the made ground 
from being washed away by the rain. The single- 
core type of cable was therefore chosen, and the 
section of conductor selected was 250,000 circ. mils. 
(0-3 sq. in.), so as to have a low potential gradient, 
| though only 3,000 kv.-a. was to be transmitted. One 
of the cables was of the hollow conductor type, heavy 
oil being used to guard against excessive pressure 
due to the high static head, while reinforcing spirals 
were employed over the lead sheath to overcome the 
expanding force caused by the oil pressure. A copper 
plug was used to prevent the oil passing from one 
section to another at the mid-way joint. At the 
latter place, oil could only pass into the cable from 
the reservoir through the paper, while at the top, it 
passed into the centre of the cable, either through 
the conductor or through the sheath. The other 
cable was of the H-type. The two cables differed 
from each other considerably, both in the dimensions 
of the conductor, insulation, protection, and their 
respective arrangements. 

The cables were laid in grooves cut in chestnut 
sleepers, which were embedded in the bottom of a 
trench 0-6 m. (2 ft.) deep. These sleepers were 
further secured by piles, while at the steepest places 
concrete blocks, in the proportion of one to every ten 
sleepers, were substituted. Concrete slabs were also 
laid between and over the cables. In making good 
the ground, brushwood was laid in the trench to assist 
drainage. It was hoped that by the time this and the 
sleepers had rotted, the earth would have sufficiently 
consolidated to render movement unlikely. 


Extra HicH-VoLttTaGE TRANSMISSION. 


A number of papers, which can ‘be conveniently 
grouped under the heading of extra high-voltage 
transmission, were also presented. These included 
one on “Extra High Voltage Transmission, with 
Special Reference to American Practice,”’ by Messrs. J. 
P. Jollyman and E. R. Stauffacher. Dealing with the 





progress made in the use of pressures of, or exceeding, 


220 kv., it was stated that above 55 kv. the cost of 
the line was increased by the necessity of using higher 
insulation and of avoiding corona loss, the price 
increment being roughly proportional to the voltage. 
The amount of power that could be transmitted 
increased approximately as the square of the voltage, 
the joint result being that the cost of transmission 
over a given distance was decreased, or the transmission 
distance at a given cost increased, as the voltage 
increased, provided the line was economically loaded. 
To give satisfactory service, the voltage at the receiving 
end must be constant, irrespective of load. As, how- 
ever, the voltage drop depended not only on the load, | 
but on the power factor, synchronous condensers 
must be used to correct the latter, and thus maintain 
the voltage drop at the desired value. 

Six major problems had been encountered in the 
design of 220-kv. systems. These were insulation, 
corona loss, charging kilovolt-amperes, protection and 
switching, system stability and lightning. As regards 
insulators, thirteen or fourteen units in a string were 
now being used on suspension towers, and fifteen or 
sixteen units at terminal towers. Research had shown 
the need for equalising the potential stress across long 
strings. This could be fairly well effected by the use 
of metal shield rings. Steps had also been taken to 
divert any power arc away from the string, so as to 
minimise insulator breakage. Corona loss tests showed 
the need for further research before voltages higher 
than 220 kv. could be used with any assurance that 
the corona losses would lie within economic limits. 
The charging kilovolt-amperes increased nearly as 
the square of the voltage, and for 200 miles of 60-cycle 
circuit were about 50,000 kv.-a. at 220 kv. This 
determined the amount of synchronous equipment, 
which must be available to bring such a circuit up to 
voltage. From the standpoint of operation not more 
than one generator assisted by one synchronous 
unit should be used for the purpose. The system 
should be designed, so that generators would not have 
to supply much charging current when carrying their 
load. 

As regards protection, faults must be cleared within 
2 sec., or system instability would result, and power- 
directional, earth-directional, balanced, impedance and 
excess-current relays, either alone or in combination, 
had all been successfully used. The carrier-current 
pilot-protective scheme of protection was shortly to 
be applied to a 220-kv. line. This used a current 
with a frequency between 40 and 120 kilocycles as a 
means of indicating a fault, which was subsequently 
cleared by the closing of high-speed induction excess- 
current relay contacts. On the switchgear one of the 
outstanding problems had been the development of a 
suitable bushing. This, together with an increased 
length of stroke, suitable operating mechanism and a 
stronger tank had resulted in a breaker which gave 
a satisfactory performance. Nevertheless, it was the 
weakest link in the system, and if larger short-circuit 
currents were to be interrupted in five cycles, or less, 
design must proceed along radically different lines. 
Considerable research work had been done on a 
vacuum switch. 

There were a number of factors which must be 
considered in relation to stability. These included the 
design of generators and synchronous condensers with 
a high short-circuit ratio, the use of quick-response 
excitation, means of momentarily decreasing the 
generator output on short-circuit and prompt fault 
clearance, while further knowledge of the stability 
characteristics of a mixed load and of the methods of 
limiting the phase-to-earth fault current were also 
required. Systems operating at 220 kv. were less 
subject to interruption from lightning than those 
working at lower voltages. Such failures were, however, 
more serious, and the most practicable means of 
preventing them was to instal one or more earth wires 
over the conductors. A difficulty was that, under 
conditions of sleet, the earth wires and conductors 
came into contact. 

In a paper on “Suspension Insulators without 
Metal Joints,” Mr. M. Iwatake described an insulator, 
which had been designed to overcome the uneven 
potential distribution caused by the use of metallic 
joints between the various members of a string. The 
main difficulties in such a design were to construct the 
joints so that the tensile and bending stresses were 
properly distributed in the porcelain, shock being 
particularly guarded against ; to prevent the ingress of 
dust and rain ; and to ensure that the tensile strength 
was not lower than in the ordinary pattern. These 
conditions were met by fitting a knob on one unit into 
a cavity in the next, the joint being made by some 
shock-absorbing material, and to fill the cavity with 
some plastic insulating compound. Tests showed 
that the flash-over voltage of such insulators increased 
in proportion to the number of units in the string. 
The same subject was dealt with in a paper on the 
‘Development of Extra High-Tension Insulators in 
Japan,”’ by Mr. T. Miyaguchi. The manufacture of such 
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insulators was a domestic industry, and they had been 
made suitable for pressures up to 154 kv. In 1927 
the Japanese Electro-technical Committee began to 
consider the standardisation of insulators, and a 
specification was issued two years later. According to 
this specification the standard insulator must be of 
the cap-and-pin type, 254 mm. (10 in.) in diameter 
and 146 mm. (5-74 in.) high. A certain number in 
each batch must stand 100 kv. and 4,000 kg. for 1 min., 
together with a thermal difference of 60 deg. C. for 
five cycles. Further, every insulator must withstand 
2,000 kg. (4,409 lb.) for 1 min. and 75 kv. for 2 min. 
Tests were also made for dry and wet flash-over, 
puncture, ultimate mechanical strength and moisture 
absorption. 

In dealing with the insulation of ‘“‘ High Voltage 
Overhead Lines,” Mr. A. 0. Austin said that the ratio 
of the arc-over voltage of the insulator to the maximum 
imposed voltage must be greater than unity. In 
discussing the factors, which tended to increase this 
‘* insulation ratio,” the author pointed out that it was 
often difficult to provide sufficient insulation for severe 
lightning conditions. A chopped wave or a wave with 
a steep front and a very rapid rate of decay gave 
flash-over conditions, which could not be met in prac- 
tice, and there was considerable evidence to show that 
these might occur at much lower voltages when there 
was a tail to the wave. Serious errors were also likely 
to occur if the electrostatic absorption of the insulator 
was ignored in making the test. Where there was 
ample-insulation per unit length of string, rain had little 
effect on the flash-over voltage. In a paper on “ The 
Breaking Tests of Transmission Towers and Poles,” 
Mr. 8. Takahashi detailed the Japanese standard tests 
for this part of the line and said that the results showed 
that most of the towers and poles broke down under 
load which was twice that assumed in the design. 

In a paper on ‘‘ High Tension Underground Cables in 
Great Britain,’ Mr. T. N. Riley said that the first 
33-kv. cable was installed in 1919 and, except that the 
insulation thickness was greater, it was similar to those 
operating at lower pressures. Since then development 
might be divided into four overlapping periods: The 
first installations of standardised types of cable; a 
period when repeated failures were experienced and 
research was accelerated; a period of trials of new 
types ; and a final period when the safe operation of the 
latter was assured and installation was again accele- 
rated. Considerable lengths of 33-kv. cables were now 
in use with shorter lengths operating at 66,000 volts. 

In the earlier period, the 33-kv. cables were usually 
of the belted type, some of which failed owing to 
considerable burning of the paper near the centre 
filler, where the three cores were in contract. This 
was caused by tangential stress along the surface of the 
paper and was accentuated by the cores tending to 
separate, owing to temperature changes. The remedy 
for this was the equipotential sheath construction. 
This had taken two forms ; first, to lead-sheath each 
core separately and second, to apply an earthed porous 
metallised sheath to each core, the three cores being 
lead-covered overall. The latter, or Héchstidter, 
construction could be employed up to 66 kv., but three 
single lead-covered cables were used to prevent un- 
wieldiness in handling. These cables were protected 
with compound serving and bound together in delta 
formation after laying. The problem of armouring 
these cables was under consideration, but non-magnetic 
material would have to be used and that was expensive. 
It was not, however, clear whether such protection was 
needed. A short length of oil-duct cable operating at 
66 kv. had been laid, and experimental work had been 
carried out at higher voltages. Structural improve- 
ments alone would not, however, secure safe operation, 
and considerable research had been directed to raising 
the quality of the paper and oil used, and to perfecting 
the manufacturing and testing processes. 

Mr. L. Emanueli presented a paper on ‘“‘ High Ten- 
sion Cable Plants,” in which he described some recent 
installations of cables operating at 66 kv. and above. 
The first of these was laid between Monte Capuano and 
Poggioreale by the Societa Meridionale di Elettricita of 
Naples. This was 4 km. (2-5 miles) long and was 
designed to carry 44,000 kv.-a. at 66,000 volts. Two 
systems, each consisting of three single-core cables 
were used, the copper section of each cable being 
120 sq. mm. (0°18 sq. in.) and the insulation thickness 
14 mm. (0-55 in.). The cables were laid in one plane 
in concrete troughs filled with sand and were protected 
with a double lead sheath to guard against trouble from 
electrolysis from a neighbouring electric railway. The 
two sheaths were separated by two layers of impreg- 
nated paper and one of impregnated tape, the whole 
being wrapped with a tarred jute tape. The inner 
sheath was metallically continuous, while the outer 
was divided into sections from 50 to 80 yards long. 
All six inner sheaths were connected together and to 
earth at the ends of the line. The conductor was in 
two parts, the outer of which was a single layer of copper 
wires. It was separated from the inner by a helically- 
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wound paper string, so as to provide a space into which 
the compound could expand when the cable was hot. 

Another line connected the power station of the 
Azienda Municipale at Milan with a sub-station 
1-2 km. (? miles) away. This consisted of a three-core 
oil-filled cable working at 70 kv., the insulation of 
which was of the ordinary belted type. Two lead 


sheaths were used, the outer protecting an armouring | 
of copper tape, which was wound helically over the inner | 


sheath. This armouring bore the stress exerted on the 
lead by the hydrostatic pressure of the oil within the 
cable. The outer lead was protected by a tarred jute 
serving. The conductors were 85 sq. mm. (0°13 
sq. in.) in section. A third line was that at Terni 
near Rome. This was operated at 132 kv., the cable 
being of the same design as that used in New York and 
Chicago.* This cable was, however, filled with oil 
in the factory and not in the field. The four lines 
which were to be laid jn London, were also of this type, 
the operating voltage in the case of two of them, between 
Fulham and Hammersmith and Fulham and Battersea, 
being 66 kv. and of the other two between Battersea 
and Wimbledon and Deptford and Kidbrooke, 132 kv. 


, All the cables would have a copper section of 0-2 sq. in. 


and a central oil duct 12 mm. (0-47 in.) in diameter. 
The insulation would be 9 mm. (0-35 in.) thick in the 
case of the 66-kv. cables and 18 mm. (0-71 in.) for the 
132-kv. cables. The cables would have a double lead 
sheath, between which an armouring of brass tape would 
be wound. The outer sheath would be protected by 
tarred paper and jute tape. Each line would be 
composed of six cables with a carrying capacity of 
375 amps. at 66 kv. and 350 amps. at 132 kv., the 
operating temperature of the copper being 60 deg. C. 
The oil containers would be similar to those used on the 
American lines. Impregnation would be effected in the 
factory. 
TRANSPORTATION. 
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being so proportioned that there was a complete 
renewal of air once every 15 min. This natural system 
was supplemented by fans placed midway between the 
stations and, in the case of the river tunnels, by shafts. 

The foundations of most of the buildings facing 
the streets, under which the subways ran, had to be 
underpinned to ensure their safety and to avoid undue 
thrusts against the subway structure. This had been 
done in hundreds of cases, and ingenious methods had 
been devised for the purpose. Where an elevated 
railway followed the line of the subway its columns had 
to be temporarily supported, and then transferred to 
permanent footings, generally on the subway roof. 
This was done without interfering with the traffic. 
During subway construction, steps were taken to 
maintain the traffic in the streets and access to the 
buildings, by covering the excavations with timber 
decking. Water, gas, steam and electric mains were 
buried, if possible in the earth cover over the subway 
roof. The question of placing them in galleries had 
often been considered, but the gas and electric com- 
panies feared explosion, and a length of subway that 
had been constructed was little used. Again, in the 
more important streets these galleries would have to 
be of enormous size. 

The tracks consisted usually of rails 33 ft. long 
and weighing 100 lb. per yard, laid on tie plates. At 
first, ballasted track was employed, but since 1913, a 
rigid type of construction had been used, except at 
points and cross-overs. In this, each rail was supported 
on yellow-pine blocks embedded in concrete. This gave 
more satisfactory drainage, better running, mainten- 
ance and sanitation, as well as greater safety, a reduc- 
tion in train resistance, and less expense without 
increased noise. The contact rail weighed 150 lb. 
per yard, and was laid at the side of the track. The 
track rails were bonded to act as a return and to carry 
the signal current. The signalling was on the auto- 











matic block system, trains stops being fitted at each 
main-line signal, which were of the illuminated type. 
Control was effected by alternating current track- 
circuits operating at 110 volts, and an emergency alarm 
system was provided, whereby sections of the contact 
; rail could be energised by operating a device placed at 
intervals of 200 yards. 

The rolling-stock was entirely of the all-steel type, 
with electro-pneumatically operated doors and ceiling 
fans for ventilation. It was equipped with 600-volt 
motors, the power being obtained from three stations, 
with an aggregate capacity of 557,500 kw. and a load 


A long paper by Mr. R. Ridgway dealt with ‘“‘ The 
Rapid Transit Subways of New York City.” These 
comprised 790 miles of railway with 1,859 miles of 
single track. Of these 1,186 miles were on the street 
surface, 262 miles were underground and 412 miles on 
steel viaducts. During 1928, the subways and elevated 
lines carried 1,942,000,000 passengers, or 55,184,000 | 
more than in the previous year, while 1,193,000,000 | 
passengers were dealt with by the tramways and ’buses. | 
The latter number was, however, decreasing. About | 
40 per cent. of the passengers in the former category | 


were carried during the morning and evening rush f £ 50 Th athe 1 ied 
hours, and 11 per cent. during the most crowded hour. | actor 0 per cent. e transmission voltage varie 


The facilities were not keeping pace with the demand, | from 6,000 volts to 19,000 volts, and transformation 
and extensions, comprising 54 miles of route with 189 | 00k place in sub-stations placed some two miles _ 
miles of single track, were under construction. | Before the war, it was estimated that subways in t ii 

In 1900, when the first subway was constructed, | central portion of Manhattan cost about 1,000,000 dols. 
General W. Barclay Parsons decided that the shallow | aed single-track — This had now risen to from 
type was preferable to the deep level construction | 2+200,000 dols. to 2,500,000 dols., though part of this 
used in London, and this practice had been followed | increase was due to longer stations and other im- 
since. The standard subway required an excavation | Provements. 
about 23 ft. deep, with a cover of 5 ft. to 6 ft. between 
its roof and the street surface, the depth of the train | In a paper on ‘‘ The Recent Development of the 
platform below the latter being as little as 17 ft. Though | Steam Locomotive and its Future Aspect,” Sir Henry 
originally this method was cheaper than deep level | Fowler reviewed the improvements that had been 
tunnelling, the increasing number of sub-surface | effected since the introduction of the Schmidt super- 
structures, which had to be disturbed, and the great heater in 1898. Probably no single improvement had 
interference with traffic, which occurred during con-| ever given such considerable economy for so small a 
struction, were causing its advantages to become less | modification in design. Feed water heating was 
and studies had been made to ascertain whether the | another direction by which greater economy could be 
time had not come to abandon it. The difficulties of | obtained, but here, as elsewhere, the economic result 
driving a tunnel to carry four tracks through weak rock, | must be carefully considered. The use of powdered 
the large stations required, the problem of the entrance | fuel for locomotives was again receiving increased 
and exit of passengers were, however, all factors that | attention, and the most advanced design was probably 
had to be considered in this connection. | that of the Allgemeine Elektricitits-Gesellschaft.* 

As regards construction, gradients were kept as| Undoubtedly, the most interesting developments 
flat as conditions would permit, and did not usually | were in connection with the use of steam at pressures 
exceed 3 per cent. The minimum radius of curvature on | much higher than those formerly employed, though, in 
new extensions was 350 ft., though there were much | most cases, the locomotives designed for this purpose 
sharper curves on the older subways, and on the elevated | were still in the experimental stage. The utilisation 
lines. The maximum speed was from 30 miles to 40| of the steam turbine, another direction in which 
miles per hour and the schedule speed, including | investigations had been made, was rendered difficult 
stops, was 15 miles and 25 miles per hour for local and| by the: conditions under which a locomotive had to 
express trains respectively. Flying junctions were| run, with the result that some engineers had been led 
used where the lines diverged, and some very compli- | to consider the question of employing high pressures 
cated work had been necessary to provide for these. | in conjunction with a suitable compounding system. 
The cut-and-cover structure was designed to carry a | This was much simpler, even if the economies attained 
total load of 1,500 lb. per square foot. The tunnel itself | were not so great, and considerable advances had been 
was rectangular in section, the supports consisting of | made on these lines. An essential of tne use of the 
two I beam side columns and three central built- | turbine was an efficient condenser, and to provide this 
up columns and T beam roof members, the distance | on a locomotive meant added complication. Even 
between the centres of each of these structures being | more difficult was the installation of an efficient and 
5 ft.; the intervening spaces were filled with con-| economic method of transmitting the power to the 
crete jack arches. Reinforced concrete had been used | wheels. Undoubtedly the ideal method of doing this 
instead of steel in certain cases, but did not meet the | was to use an electrical generator, but this meant some 
conditions so well. Except in special cases, the sub- | loss of efficiency, and introduced both weight and 
terranean tunnels were concrete lined. Ventilation | economic difficulties. Nevertheless, in certain fields, 
was normally affected by the movement of the trains | there seemed to be an opening for the turbine locomo- 
forcing the air through flues extending from the roof or | tive, especially where there was a shortage of water. 
side of the tunnel to the street surface, these openings When the turbine was employed, an economy ° 
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| * See ENGINEERING, vol. cxxvi, page 96 (1928). 


* See ENGINEERING, vol. cxxv, page 177 (1928). 
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some 40 per cent. in fuel consumption should be 
obtainable, while by utilising very high-pressure steam 
this figure would be of the order of 20 per cent. The 
employment of either of these systems depended on 
whether the overhead charges and increased mainten- 
ance would swallow up the savings, always bearing in 
mind the advantages, which might be gained by being 
able to provide increased power. It appeared that the 
maximum efficiency could be obtained by using a 
high-pressure boiler to supply steam for operating an 
efficient turbine engine, without a condenser, which 
transmitted its power to the driving wheels without 
excessive loss. There was also a tendency to increase 
the efficiency by utilising the exhaust steam in various 
ways, and further advances might be looked for in this 
direction. In countries where water power was avail- 
able, and coal dear, there was not much likelihood of 
the steam locomotive being used in future. But in 
new countries, where the services were infrequent, 
and where coal was cheap, the steam locomotive was 
likely to continue to improve in efficiency. 

A paper on the “ Improvement of the Steam Loco- 
motive Necessitated by Conditions in Italy’’ was pre- 
sented by Ing. G. Corbellini, in which an account was 
given of the steps taken in that country to improve 
and modernise the locomotive equipment. Many of 
the older locomotives were unsuited to deal with the 
heavy present-day trains, while the conditions of the 
track restricted the axle loads that could be used on 


A paper by Mr. H. G. Erb on “ The Growth of the 
Oil-Electric Locomotive,” described the various types 
of oil-engine driven locomotives, on which electric 
transmission was used. In addition, however, direct 
driving was employed, as well as mechanical, hydraulic, 
steam and exhaust gas transmissions. At the present 
time the application of oil-electric locomotives was 
progressing steadily, and they were to be found in 
every type of service. In Russia, two were operating 
satisfactorily on main line goods trains, while in the 
United States twenty-two were used for shunting by 
six different companies covering five different indus- 
tries; one being employed on main line goods service, 
and another would shortly be hauling main-line pas- 
senger trains. Test figures for a 100-h.p. oil-electric 
locomotive employed on the Erie Railroad showed 
that, with a total train weight of 282 tons, it ran 
183-7 miles at an average speed of 37-7 m.p.h. and 
a maximum s of 56 m.p.h. The fuel consumption 
was 0-891 lb. per kw.-hour generated. 


(To be continued.) 








THE EFFECT OF REDUCTION FROM 
INGOT TO FORGING IN STEEL 
FORGINGS.* 

By Lawrorp H. Fry. 
THE present paper summarises an extensive series 





the more modern units. As the complete recon- 
struction of the track would occupy a long period, it 
was necessary that the locomotives should be built or 
modified on standard lines, so that they would not 
become obsolescent. 

These conditions necessitated the use of boilers 
with a high rate of evaporation, a result which was 
obtained by the application of superheaters and feed- 
water heaters and by the employment of larger grate 
areas. Another important development in the same 
direction was the employment of the Caprotti valve 
gear, which enabled the fuel consumption to be reduced, 
or a slight increase in power to be obtained with the 
previous consumption. Its weight was also less than 
that of the Walschaerts or similar gear. 

In a paper on “The Oil-Electric Locomotive in 
Railway Service,” which was contributed by Mr. 
A. E. L. Chorlton, it was pointed out that the oil 
engine might be applied to railway traction in three 
ways: For motor coaches with power units of 100 to 
200 h.p. for hauling loads up to 100 tons; for motor 








P i Bloom a P ; 208 | 139 104 
trains on suburban services, where powers of from | 20 per cent. .- al 166 111 83 
300 to 600 h.p. were required, and weights up to Se: “| 1450 97 72 

per cent. .. | 


250 tons had to be hauled; for locomotives, where 
powers of from 750 to 1,500 h.p. were required, and 
two or more units might be worked by one crew. The 
oil-electric system, with its high tractive effort at low 
speeds, was specially suitable for hauling heavy freight 
trains up steep gradients, and for assisting in connec- 
tion with the present steam stock. 

An example of a heavy-oil electric locomotive was 
the 2,680-3,000-h.p. unit employed on the Canadian 
National Railways,* which, with loads varying from 
360 to 1905 tons, had developed an average speed of 
from 43 to 25 m.p.h. with a fuel consumption of 2-8 
to 0-98 gallons per 1,000 ton-miles. The most economi- 
cal running was obtained with a heavy load at a speed 
of 25 m.p.h. The figures were not so good with motor 
trains, where the average speed and acceleration were 
higher and the stops more frequent. For instance, 
a car of this type with a trailer on the Canadian 
National Railway had a consumption of 2-76 gallons 
per 1,000 ton- js a with a total load of 84 tons, the 
average speed being 30 m.p.h. During the past 
34 years, nine such cars had been in use on this railway, 
and during 1926 ran 35,871-5 thousand ton-miles at 
a cost of 3-55 dols. per 1,000 ton-miles. The cost per 
motor-car mile was 28-19 cents, and the revenue 
73-7 cents. A comparison of the fuel costs of 
the oil-electric and steam locomotives on this railway 
gave 3-10 cents for the former, as against 31-8 cents 
for the latter. 

In the oil-electric locomotive the engine must be of 
low weight per horse-power, preferably not exceeding 
20 Ib., and must be simple in construction. These 
requirements were met on the Canadian locomotives 
by using a steel monobloc crankcase, which formed 
a stress member. This was bored out to take hardened 
steel cylinder liners at the top, the inner walls of the | 
crankcase and the outerwalls of the cylinder liners 
forming the common waterjacket. At the lower side 
were cast integral crankshaft bearings, and on the 
sides strong base supports for bolting the engine to the 
main frames were arranged. The crankshaft was of a 
special hard steel, while the pistons were of forged | 

luminium alloy, water or oil cooling being unneces- 
sary. The gudge on pins were of the full floating type, 
and were made of case-hardened nickel steel. The 


ylinder heads were of aluminium alloy with two inlet | _ 


ar id two exhaust valves. 








* ENGINEERING, vol. exxvi, page 756 (1928). 


of investigations carried out by a sub-committee of 
Committee A-1, on Steel, of the American Society for 
Testing Materials, to ascertain how the properties of 
steel forgings are ‘affected when a variation is made in 
the amount of reduction between ingot and forging. 
Four manufacturers of forgings, viz., The Bethlehem 
Steel Company, Carnegie Steel Company, Standard 
Steel Works Company, and Camden Forge Company, 
co-operated by furnishing the steel and doing the forging 
work required. In accordance with the programme 
drawn up by the section in charge of the experimental 
work, each of the four companies was to furnish three 


TABLE I, 





Reduction, Ingot to Bloom. 





Reduction, 2tol | 8tol 4tol 
Bloom to Forging. 





Cross-Sectional Area of Forging, Sq. In. 





When the forging work was completed tension-test 
specimens were to be taken from the blooms and forgings 
in the unannealed condition, and then blooms and forg- 
ings were to be annealed and tension-test specimens 
taken. 

After consideration of the results obtained, the 
section reported that the amount of reduction from 
ingot to forging had very little effect on the values 
obtained for the yield point and the tensile strength. 
The test results showed, however, that, as the amount 
of reduction was increased, there was a slight improve- 
ment in the ductility as measured by the values found 
for the elongation and reduction of area. This improve- 
ment of ductility increased with the low ratios of reduc- 
tion between ingot and forging, but, when the ratio of 
reduction was increased above three to one, the gain 
in ductility was practically negligible, the increase, if 
any, being not greater than the difference in ductility 
values which would normally occur between the values 
obtained from different specimens taken from the same 
forging. It was pointed out that, as each manufacturer 
had used one size of ingot for all forgings, the forgings 
which had the greatest reduction from the ingot had 
consequently the least cross-section. Part of the increase 
of ductility with increasing ratio of reduction might, 
therefore, be due to the smaller size of the forging which 
would permit a more effective heat treatment. 

In conclusion, the sub-committee expressed the 
opinion that, in forging specifications which set definite 
requirements as to tensile properties, there was no neces- 
sity for specifying a requirement as to the amount of 
reduction from the ingot, but that, in specifications for 
billets, it was desirable to protect the purchaser by 
requiring a reduction of three to one from ingot to 
billet. It will be seen that the sub-committee, in 
arriving at its conclusions, had before it a very consi- 
derable body of experimental results, and it is the 
purpose of the present paper to put on record more 
of these than could be covered in the report of 
Committee A-1. 

In the experiments carried out by the section, each 
maker used one size of ingot and varied the reduction 
by varying the diameters of the forgings produced. 
The cross-sectional areas of the ingots ranged from 
380 to 476 sq. in., with an average of 416 sq. in. for all 
four makers. On this basis, the average cross-sectional 
area of blooms and forgings was as shown in Table I. 

The values of the tensile properties of the normalised 
and tempered forgings are shown in Table II, and, to 
facilitate comparison, the values of the so-called “‘ quality 








factors ” have been computed and are given in Table III. 
These quality factors are (1) elongation multiplied 
by tensile strength in lb. per square inch, and (2) reduc- 


TABLE II.—TEnsmILe PROPERTIES OF NORMALISED AND TEMPERED FoRGINGS. AVERAGE FOR ALL 
Four MANUFACTURERS. 





Reduction, Test. 
Bloom to Forging. 


Reduction, Ingot to Bloom. 





2tol 3 tol 4tol 








Test Results. 






































Yield point, tons per squareinch .. | 19°33 19-12 21°38 
Bloom a Tensile strength, tons per square inch | 35-42 37-86 39-13 
Elongation in 2 in., per cent. | 23-0 24-5 22-8 
Reduction of area, ‘per cent. . 35-9 44-1 41-6 
Yield point, tons per squareinch . } 20-80 20-43 20-30 
20 per cent. ae Tensile strength, tons per —_— inch | 36-14 38-26 37-49 
Elongation in 2 in., per cent. 25-0 25°3 24-5 
Reduction of area, ‘per cent, i | 41-7 44-3 42-9 
if Yield point, tons per square inch .. 18-82 20-4 20-14 
30 per cent. Tensile strength, tons per square inch | 35-96 39-14 38-32 
| Elongation in 2 in., per cent. | 27-0 26-0 23-5 
Reduction of area, ‘per cent. ie 46-7 42°83 2-3 
Yield point, tons per squareinch .. 19-97 19-86 19-90 
40 per cent. Tensile strength, tons per square inch 37-09 38-67 39°41 
Elongation in 2 in., per cent. 25-0 24-8 24-1 
Reduction of area, per cent. 42-6 42-9 42-1 
ingots from one melt of its regular grade of forging Taste III, 
steel, aiming at 0-50 per cent. carbon and 0-60 per | —————_______ 7 
cent. manganese. The three ingots from each company ae Ingot 
were to be of the same dimensions, but these dimensions | Reduction, c — 
were chosen individually by the companies to represent | Bloom to | Method of Calculation of 
; rae : ; ‘ Wovain Quality Factor. 2to 1| 3tol|4tol 
their regular practice in producing forgings. Reduction orging. 
of the ingots to blooms was carried out by the companies Quality Factor.* 
in accordance with their regular practice. The cross- | — 
sectional area of the blooms from one ingot of each Bloom .. J |Blong. x ten. str. .| 1,820 | 2,080 | 2,000 
group was to be one-half that of the original ingot Reduce. of area x ten. str. | 2,850 | 3,740 | 3,650 
area, for another ingot, one-third of the ingot area, and | 20 per cent. J |Elong. x ten. str. ++] 2,020 | 2,160 | 2,060 
he third i f th Reduce. of area x ten str. 3,370 | 3,800 | 3,600 
for the third ingot of each group one-quarter of the |, per cent, J |Elong. x ten. str. .| 2170 | 2)280 | 2240 
ingot area. Pieces 24-in. long were to be taken from Rotus. of aes x ten. str. ame — ere 
at . ong. x ten. str. .| 2,0: 2,15) ’ 
the blooms thus produced and the remaining portions | 40 per cent. Reduce. of area x ten. str. | 3.530 | 3,530 | 3,720 
were to have their cross-sectional areas reduced by 


forging to a circular cross-section in three steps, the 
diameters being such as to give a reduction of cross- 
sectional area of 20 per cent. of the bloom area in the 
first step, 30 per cent. in the second step and 40 per cent. 
in the third. The length of each step was to be twice 
the diameter. 





* Paper presented before the American Society for 
Testing Materials, Atlantic City Meeting, June 24-28, 
1929. Abridged. 








* 000’s omitted. 


tion of area multiplied by tensile strength in lb. per 
square inch. 

The values from the bloom with a 2 to 1 reduction, 
and from the forging with 2 to 1 bloom reduction and 
20 per cent. forging reduction are low. In these two 
cases, the reduction from ingot to forging is less than 
2-5 to 1. For all the other blooms and forgings with 








| 


For the values corresponding to reduction of area | 
multiplied by tensile strength, the best mean will | 
differ but little from 3,690,000. For the elongation | 
multiplied by tensile strength, the best mean will range | 
from a value of approximately 2,120,000 at a reduction 
of 3 to 1 up to 2,200,000 at a reduction of 7to 1. The 
variation is slight and may very well be due to the better 
heat treatment brought about by the smaller cross- 
section of the forgings with the greater reductions. 
As confirmatory of this view, results of an experiment 
made recently at the Standard Steel Works are given. 
In this case, four forgings, all having the same diameter, 
in., were made from ingots from the same melt ranging 
in diameter from 10 in. to 23 in. The respective values 
of the quality factors from the normalised and tempered 
forgings are givenin Table IV. The values are averages 
from two tests from each forging. 





TABLE IV. 
Ingo Forging | Tenet | Ten, tet 
Diameter, In. Reduction. Elong. of Area. 








| 
| 
| 
| 
| | ‘ 
co 2 2,490,000 
| 
‘ 


| 4tol 4,640,000 
14 5 i tol 2,420,000 4,600,000 
20 .| 16tol 2,420,000 4,600,000 
23 .| 20tol 2,360,000 4,020,000 
| 





Here the smallest reduction gives the best results, 
which are undoubtedly due to the advantage of the 
smaller ingot. 

From consideration of the foregoing, it appears that 
a manufacturer of forgings will do well to adapt the 
size of ingot used to the forgings to be produced, and 
that the purchaser of forgings is protected by the 
specification requirements as to physical properties. 
The purchaser of billets to be worked up into forgings 
is in a slightly different position, and, therefore, a general 
specification for billets may well contain the require- 
ment that the cross-sectional area of the ingot shall 
be not less than three times that of the billet produced. 








PORTABLE GRINDING MACHINE FOR 
COMMUTATORS AND SLIP RINGS. 


We illustrate on this page a useful portable grinding 
machine for truing up the worn surfaces of commu- 
tators and slip rings of turbo-generators and other 
electrical machinery, without removing the rotor or 
armature from its bearings. The form illustrated in 
Fig. 1, known as the Admiralty pattern, since it was 
first designed to Admiralty requirements, consists 
of a base slide fitted with a saddle, on which is mounted 
an electric motor driving the grinding-wheel spindle 
by a roller chain enclosed in a gunmetal casing. The 
grinding wheel, it will be noticed, can be fitted at 
either end of the spindle, which runs in Hoffmann 
ball bearings. A gunmetal guard is provided to 
protect the grinding wheel from accidental contact. 
It should, perhaps, be mentioned that the wheels used 
are of a special quality, suitable for grinding copper 
and mica simultaneously, which is a somewhat difficult 
matter, owing to the widely different characteristics of 
these two materials. 

In use, the machine is mounted on a pedestal or 





bracket bolted to the bedplate, or other convenient 
part, and, to increase its scope, the base slide is made 
reversible; the longitudinal screw, which gives a 
traverse of 20 in. in the standard machine, is also 
reversible for right-hand or left-hand work. With 
the traverse mentioned, commutators up to 32 in. 
in length can be ground by moving the wheel from 
one end of the spindle to the other, but the machine 
can also be supplied with a base slide either 18 in., 
22 in., or 34 in. in length, the length of the standard 
base slide being 26 in. For use in cases where the 
commutator or slip rings are difficult to reach, the | 
elevating and extension arm and bracket, illustrated | 
in Figs. 2, 3 and 4, can be supplied in place of, or in | 
addition to, the standard bracket shown in Fig. 1. It 
will be seen that the wheel is mounted on the end of | 
an arm which turns about the spindle, and can be | 
clamped in any position. The wheel can be mounted | 
on either side of the arm, anc the latter can be fitted 
at either end of the spindle, so that the wheel can be | 
used in any one of four positions, whichever is the most | 
convenient. 

For mounting the grinder, the double telescopic- | 
screw pedestal shown in Fig. 5, can be supplied, this | 
appliance enabling the height and location of the | 
machine to be adjusted over a wide range. It consists | 
of a flanged cylinder, into which a table can be screwed | 
and secured by a locking ring. Another table can be 
screwed into the first, either with or without the 
intervention of a sleeve, and the grinder can be 
mounted on either of the tables according to the 
height required. By turning one of the tables relatively 
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to the other, the degree of overhang can be varied 
to suit all ordinary requirements. 

The machines and accessories illustrated, and also 
a pillar type of grinder designed to enable the wheel 
to reach inside the cover plate of a generator or motor, 
were originally made by Messrs. John Phillips and 
Company, of Walworth-road, 8.E.17, but are now 
constructed by Messrs. Buck and Hickman, . Limited, 
2, Whitechapel-road, E.1, to whom Messrs. Phillips's 
business has been transferred. 








TRACTORS IN Russta.—It is stated in a recent issue of 
the Bank for Russian Trade Review that there are now 
more than 35,000 tractors in the territory of the Soviet 

Inion. Most of these were imported from the United 
States. A factory having an output capacity of about 
3,500 tractors per annum is at present in operation at 
Stalingrad, while a larger factory, which is to have an 
annual output capacity of 10,000 tractors, is being built 
in the same city. 
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NATURAL GAS IN THE UNITED States.—The United 
States Bureau of Mines returns show that 1,568,139 million 
cub. ft. of natural gas were produced during 1928. This 
figure represents an increase of 8 per cent. over the 1927 
total. In 1928 the total consumption of natural gas by 
domestic users amounted to 320,877 million cub. ft., 
while the volume consumed for industrial purposes 
totalled 1,247,102 million cub. ft. Deliveries of natural 
gas to Canada and Mexico aggregated 160 million cub. it. 
The chief centres of production are in Oklahoma, Texas, 
California, Louisiana, and West Virginia. 

Roya SCHOLARSHIPS AND FREE STUDENTSHIPS.—The 
results of the 1929 competition for Royal Scholarships 
and Free Studentships have now been announced by the 
Board of Education. In the engineering section (group A) 
there were 49 competitors, and Royal Scholarships have 
been awarded to Messrs. R. W. Millman, A. C. Murdoch, 
A. C. Walshaw, E. G. Rowe, and A. W. Harris. Free 
Studentships have been awarded to Messrs. H. A. Staf- 
ford and T. H. Bowen. Royal Scholarships and Free 
Studentships to the number of 24 were also awarded in 
the physics, chemistry, biology, and geology section. 
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THE HAMS HALL GENERATING | rings are slipped, one from one side and one from 
STATION OF THE BIRMINGHAM | the other, over the T-shaped ends of the stationary 
CORPORATION | blades, which are already assembled in the half 

nantes | diaphragm, so that the necks of the ends fit into the 
(Continued from page 760.) | radial holes and the cross bars into the channels. 
Main TuRBo-ALTERNATORS. | The rings are then riveted together. This method 


THE main generating plant at present installed | of fixing is illustrated in Fig. 38, and it is 


at Hams Hall consists of two turbo-alternators with | laimed that its advantages include considerable 
a maximum continuous rating of 30,000-kw. and | Tigidity. In this connection, it may again be em- 
running at a speed of 1,500 r.p.m. These machines | Phasised that the blading rings are constructed 
have a 400-kw. auxiliary generator and an exciter | °Mtirely of steel. Moreover, both the inlet and outlet 
mounted on an extension of their shafts. The|@gles of the stationary blades vary along their 
steam side of the sets was manufactured by Messrs, | !ength, so that they comply with the steam-velocity 
Fraser and Chalmers Engineering Works, of Erith, diagram at each diameter. 

while the alternators were made by Messrs. The | _Attention may next be drawn to the low-pressure 
General Electric Company, Limited, of Birmingham. | diaphragms, which are made of cast-iron, — The 
An illustration of this plant in the turbine room is | ©¢ttal portions of the first four diaphragms in this 
given in Fig. 32, Plate LX XVI, while its general | Patt of the machine are made separately and are 


arrangement will be clear from the elevation and |* iveted to the blading rings. This has been done 


P : F P XV .2.|tO minimise casting stresses, a factor which is 
~— . — iy ged ae oe | guarded against in a different way in the last two 
— of oe of a. 30.000-kw. units. | diaphragms, as illustrated in Figs. 43, 45 to 48 and 
gs m4 : : . __| 50, on pages 794 and 795. In this case, as will be 
A longitudinal section through one of the turbines | seen, the ring on the outer periphery of the blades 
oo ™ ~ 7 late ?—e and brs Pag | is cast so that a number of gaps occur in it at regular 
clove i. Eig. e.: Dae a ae * |intervals. After the casting has cooled down and 
will be seen that it is of the single-casing type, | become seasoned, these gaps are packed by pour- 
impulse blading being used throughout. The | ing aluminium into them, so as to ensure steam- 
steam is first expanded in a velocity stage, with | ; The tides. cond: catiel: cnnlie.ef tie 
two rows of moving blades, after which it passes Ss 


| tightness. 
through three drums with progressively increasing low-pressure blading are also designed to comply 
diameters and carrying 30 rows of blading in all. | 


wheel, in order that it may be maintained concentric. 
The intermediate-pressure drums are carried on 
bronze rings, while the low-pressure wheels are 
pressed hydraulically on to the shaft. The rotor 
runs below its critical speed. 

As regards general design, it may be stated that 
the high-pressure section of the turbine casing is 
made of cast steel and the exhaust end of cast iron. 
The joint between these two materials lies in the 
region where the pressure is below that of the atmo- 
sphere, and it is, therefore, subject only to moderate 
temperatures. The high-pressure end of the casing 
forms the live-steam belt, which is closed at the 
horizontal joint, the steam being admitted to the 
upper half through external pipes. As shown in 
Fig. 36, there is, however, a second steam belt inside 
and communicating with the main belt. The object 
of this is to maintain an even temperature over the 
end cover of the casing, and thus to ensure as perfect 
steam tightness as possible at the horizontal joint. 

Owing to the employment of extracted steam for 
feed-heating purposes, the casing is fitted with three 
extraction branches, one of which is placed immedi- 
ately after each of the three drums. As the leaving 
energy at the stage which precedes an extraction 
branch is practically lost, the most favourable 
relation of blade length to mean diameter has been 
obtained by using a longer blade diameter in the 
drum following the point of extraction. 

The residual longitudinal thrust of the rotor is 
taken up by two Michell thrust bearings, one of 





with the correct steam flow at each point. The 
Final expansion takes place in six single impulse | packings against the wheel hubs are of the labyrinth 
stages of large diameter. It is claimed by the manu- | 


which carries the load, the other being adjusted with 
a small running clearance, so that it acts as a stand- 
by. The housing of the thrust block is fitted 


type, and are made of soft mild steel, while the! 
facturers that, with this design, a greater number | rings are securely held in grooves to prevent 
of stages can be accommodated in a given length of | 
rotor than when the wheel and diaphragm arrange- | 
ment is used. For an equal length of rotor and an 
equal quality factor of the blading, the drum can also 
be given a smaller diameter, a result which is impor- 
tant from the point of view of efficiency and relia- 
bility. In these turbines, all the blading, both moving | 
and stationary, in the high and intermediate pressure 
portions, is completely machined. This also applies 
to the moving blades in the low-pressure portion, 
though, in this part of the turbine, the stationary 
blades are cast into the diaphragms. The blading | 
in the high-pressure portion is of nickel-steel, as | 


| shrouding on both the inlet and outlet sides of the 
| moving blades. 


distortion, a small clearance being allowed at the! with a screw-adjusting gear by which the posi- 
horizontal joint to permit freedom of expansion. | tion of the rotor can be controlled. The steam 
Mention may also be made of the steps that have | chests are arranged on each side of the front bearing 


| been taken to deal with the condensate formed in | pedestal, as shown in Fig. 52, connection to them 
ithe last stages. 
| ployed are shown in Fig. 51, its object being to | fitted with a stop and emergency valve. There are 


Details of the arrangement em- | being made by two live-steam pipes, each of which is 


four throttle valves on each machine, which are 
designed for working at 0-4, 0-6, 0-8 and full load, 
This ejection is assisted by the | respectively. The governing and relay arrangements 
fact that the channels are shaped so that the water| are of the makers’ standard design. It may be 
is prevented from running back into the blading. _ added that the oil for operating the relays and for 

A further interesting point in the design of these | lubricating purposes is obtained from two pumps, 
machines is the method of packing the main shaft, | which are driven through worm gearing from the 


ensure that any water formed is ejected past eed 
| 








far as the ninth stage of the first drum. Beyond | balancing piston, rotor sleeve and diaphragms. As | 
this point, stainless steel is used for the moving, | shown in Figs. 44 and 49, this packing consists of | 
and rustless iron for the stationary low-pressure | a stationary bush, which is made in halves, and a | 
blading. The reason for this is it has been found | sleeve which is mounted on the shaft itself. The 
that, though stainless steel withstands both corro-| bush is centred in the casing by means of flexible | 
sicn and erosion better than nickel steel, so long as | rings, while flanges at each end provide the necessary | 
the temperature does not exceed 550 deg. F., above | stiffening against distortion. In addition, circular | 
that temperature the position is reversed. keys are inserted between the packing flanges and the | 
Details of the high-pressure blading employed are | 28108. These keys have an expansion clearance | 
given in Figs. 37 to 42, Plate LXXVIII. Fig. 38 | which allows them to move radially outwards, while | 
shows the high-pressure rotor sleeve and casing, |# Stop prevents them from moving inwards. The 
and Fig. 39 this sleeve keyed to the shaft, A being | flexible centring rings are so proportioned that no 
the gate through which the blades, Fig. 40, are | undue force is transmitted to the bolts which 
threaded, while Figs. 41 and 42 show a stationary Connect the two parts of the casing at the place 
blade and the method of fixing these blades in the | where the horizontal joint is formed. The pitch 
high-pressure casing, respectively. The moving | Of the labyrinth fins is less than 0-1 in., so that 
blades and their integral distance pieces are milled | the number of constrictions obtained is very large. 
from bars and are inserted in grooves, the shape | Moreover, since the pitch of the stationary fins 
of which is clearly shown in Fig. 39. The root | differs slightly from that of those which are 
portions of the closing blade and its neigh- |rotating, there is always one pair of fins which 
bours are milled flat, so that the former can|™atch in spite of any errors of assembly, thus 
be placed in position without difficulty and made | ensuring a small clearance at some point. Since 
to engage with the protruding ledge turned on the| the fins do not intermesh, the packing is inde- 
side of the groove. To enable this to be effected, | pendent of any longitudinal adjustment of the rotor. 
a recess is milled in the drums, and this is filled | The packing material is steel, a soft quality being 
with a fitting key after the last blade has been | employed on the stationary parts, while that used 
Placed in position. This key is secured by a locking |” the moving parts is somewhat harder. A point 
screw, Fig. 37. The stationary blades of the drum | worthy of notice is that the shaft is everywhere 
Portion are also made in the way that has just been | protected from contact with the stationary packing, 
described, and are assembled on and riveted to | 80 that any tendency to local heating is avoided. 
steel rings made in halves, the joint between which| A feature of these machines, which should tend 
is of the tongue and groove type. These rings are, | towards reliability in operation, is the method 
in turn, inserted in grooves in the casing where | employed for fixing the rotating parts to the shaft 
they are secured by steel strips, the edges of the|in the high-temperature region. The balancing 
grooves being lightly caulked in order to hold | piston and the first-stage wheel are centred on the 
the strips in place. The steam seal against the | shaft by four keys spaced 90 deg. apart, while the 
Totor consists of a labyrinth packing, which is | high-pressure drum is spigoted and also rigidly fixed 
made up of two identical half rings. Each of these | to the shaft at the exhaust end, as shown in Fig. 36, 
Tings has a groove turned in one side, so that a/| Plate LXXVIII. The frontend of the drum is thus 
channel is formed when the two are assembled, | free to slide, two keys, placed opposite each other, 
while radial holes are drilled so that their centres lie | being used for transmitting the torque. The drum 
in the joint between the two rings. The two half|is further spigoted to the hub of the first-stage 





‘rotor of the latter machine. 


main shaft. In addition, there is a motor-driven, 
automatically-controlled emergency pump, of the 
turbo type, which is mounted on a 1,300-gallon oil 
tank. The oil coolers are of the Serck type and 
are in duplicate, control being effected by inter- 
locked change-over valves. 

The connection between the turbine and alter- 
nator is made by a coupling of the flexible claw 
type, which fixes the longitudinal position of the 
As shown in Fig. 36, 
the coupling sleeve has two ribs turned on its 
bore, which, in combination with two steel discs, 
definitely fix it to the shaft ends. A small clearance 
is, of course, provided in the circular grooves 
between the end plates and the coupling for the 
reception of the projecting ribs. This design, it is 
claimed, obviates the necessity for a separate thrust 
bearing for the alternator. 

Turning to the alternators, each machine has 
maximum continuous output of 30,000 kw. at a 
power factor of 0-8, and generates three-phase 
current at a pressure of 10,500-11,000 volts and a 
frequency of 25 cycles. It is of the totally-enclosed 
type and is ventilated by means of fans on the rotor 
shaft. The stator frame consists of a box casting, 
which is bored to accommodate the laminations. The 
latter are fixed to the longitudinal ribs in the casting 
by dovetail pins and are secured in position by end 
plates, so that the use of through bolts, with the 
consequent iron losses and risk of breakdown, is 
avoided. The casing rests on two feet, which are 
connected to the body by ribs to prevent flexure and 
vibration. The laminations are made from low-loss 
sheet steel stampings, which were re-annealed after 
punching to reduce the iron losses, and are covered 
with a coating of insulating enamel, made up of 
mica and china clay. 

The slots are designed so that a special leakage 
path is provided for the field. This enables the 
stresses imposed on the windings under short- 
circuit conditions to be reduced. From the mech- 
anical point of view, the advantage claimed for this 
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construction is that it removes the stator winding 


about 1} in. from the rotor, round the entire length | 


of the periphery, so that considerable clearance 
between the fixed and moving parts of the machine 
is obtained. The stator coils are insulated with 


mica, and are contained in micanite tubes, which | 
were moulded on after the conductor had_ been | 
Each coil was tested at a pressure | 
which exceeded the final test voltage by 3,000 volts | 
The conductors, of | 
which there are two per slot, consist of twelve | 
copper strips, which are insulated from each other | 
by mica, and are only united at the end of the| 


impregnated. 


before being connected up. 


windings. Circulating currents are thus prevented. 
The conductors are also arranged so that the volt- 
age between them is not high, and special precautions 
have been taken to prevent the collapse of the end 
windings. 

The rotor is of the drum type, the body and shaft 
being a single solic forging, which was re-annealed 
and normalised after rough machining. It was bored 
through its entire length, the slots being milled out 
of the solid. The factor of safety at full speed is 
10 for the teeth and wedges and 5 for the rings. 

The rotor windings, of which the instantaneous 
value of the internal reactance is 16-6 per cent., are 
insulated in a similar manner to that already 
described for the stator, except that the overhanging 


portions are taped with woven asbestos tape, for | 
The straight portion of | 


the sake of cleanliness, 
the overhang of the micanite tube, which normally 


encloses the windings, is kept in place by asbestos | 


blocks. These blocks were 
bakelite and baked under pressure. 


impregnated with 
After the 


winding was completed, the coils were heated elec- | 


trically to a temperature of about 160 deg. C., and 
were then forced down into the slots so as to 


expel any shellac used in making the micanite and | 


to form a solid mass which is not likely to be 
disturbed by centrifugal forces. 
ings are held in the slots by metal wedges, while the 
end connections are enclosed in steel shrouds. 


These shrouds were put on with a moderate shrink- 


The rotor wind- | 
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age, and are located at one end by a spigot in the | and then into the air gap, so that it finally reaches 


core and at the other by plates carried from the 
shaft. Balancing grooves are provided at both ends. 


| steel slip rings, one of which is placed at each end. 


The leads connecting the rings and the windings | 
are embedded in a groove in the shaft and are pro- | 
tected by a key shaped cover. During construction, | 
the rotor was balanced statically on flat rails, as well | 
as dynamically, at full speed and at 15 per cent. 

over-speed. | 

Temperature measuring equipment is provided | 
for both the stator and rotor. This consists of six | 
thermo-couples, in the case of the stator, and a | 
| Cambridge type Radiometer of the permanent-mag- | 
|net type in the case of the rotor, with the neces- | 
sary indicating instruments and other apparatus. | 
It may be added that similar devices are placed at 
appropriate points of other portions of the plant, to 
indicate the temperature of the steam at the 
turbine admission and exhaust, the temperature of 
the circulating water at the condenser inlet and 
outlet, the temperature of the extraction pump 
discharge, the temperature of the condensate at 
the outlets of the three feed heaters, the tempera- 
ture of the water leaving the oil coolers and the 
temperature of the oil entering and leaving the | 
oil coolers and leaving each bearing. The readings | 
thus obtained are all indicated on a heat-control | 
board in the control room. 

As regards ventilation, the stator is cooled by | 
two fans, which are carried at the ends of the} 
rotor shaft. These fans draw air through channels | 
in the end shields, from ducts in the foundation, | 
and force it through the various parts of the core | 
and windings until it finally leaves the casing in a | 
downward direction. The same fans force air| 
under the end windings of the rotor, and thence | 
into axial ducts arranged below the coils. The air | 
escapes from these ducts through radial vent | 
spaces, which are placed at intervals in the core, | 





the coolers through the stator core and casing. 
The coolers, the general arrangement of which will 


| The rotor is supplied with current through two | be gathered from Figs. 53 and 54, were manufactured 


by Messrs. The Premier Cooler and Engineering'Com- 


| These rings were shrunk on to a sleeve, a moulded-on | pany, Limited, of Shalford. They are divided into 


micanite bush being interposed between the two. | two elements, which can be withdrawn across the 


axis of the set on the boiler-house side, and are 
capable of dealing with 75,000 cub. ft. of air per 
minute, the temperature of which they reduce 
from 130 deg. to 85 deg. F. The water temperature 
at the inlet is 75 deg. F., and the pressure drop 
across the cooler 1-95 in. water gauge. As the air 
is re-circulated, there is no trouble from dust 
collecting inside the machine, or cooler. 

The casing of these coolers is constructed of 
cast-iron plates, the same material being used for 
the headers. The tubes are of 70 : 30 brass, with 
copper fins, connection to the tube plates being 
made by brass ferrules. The tube plates them- 
selves are of brass. The coolers are provided with 
a leakage-detecting device, which consists of a 
series of grooves cut in the tube plate, so that any 


| water drips are conducted to a common drain by 


short pipes. This enables the precise nest of tubes 


|in which a leakage has occurred to be detected. 


Solenoid-operated dampers are also fitted. These 
are controlled by thermometers in the alternator 
air chamber, so that if a predetermined temperature 


| is exceeded, one damper is opened to the atmosphere, 


while another isolates the cooler, thus allowing the 
machine to be run temporarily on open air circuit. 
The circuit of this control apparatus is connected 
to the protective system of the alternator, so that, 
in event of a fire occurring, the dampers are pre- 
vented from operating. 

The auxiliary generator and exciter, mention of 
which has already been made, are mounted on a 
common shaft, which is carried in a pedestal bearing. 
connection to the alternator being made by a solid 
half coupling. This bearing and the exciter bearing 
are insulated from the bed plate by a ,',-in. sheet 
of presspahn to prevent circulating currents. The 
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auxiliary generator has an output of 400 kw., and 
generates direct-current at a pressure of 440-480 
volts. The exciter is of the shunt-wound type, 
and generates direct-current at 220 volts. Both 
machines are fitted with automatic voltage regu- 
lators, which consist of a Tirrill regulator and 
condenser sections, regulating rheostat, high and 
low-voltage cut-out, potential transformer and 
a sixteen-pole single-throw switch, the whole being 
mounted on a panel. The emergency exciter 
consists of a motor-generator, which is made up 
of a 400-volt three-phase slip-ring motor, direct- 
coupled to a 220-volt open multipolar direct- 
current generator. 

In addition to the main generators, the station 
equipment includes two 1,875-kw. house sets, the 





position of which is shown in Figs. 34 and 35, Plate 
LXXVII. These consist of a Fraser and Chalmers 
turbine running at 3,000 r.p.m., and coupled, through 
gearing, to a General Electric generator. The 
latter machine runs at 500 r.p.m., and generates 
direct-current at 460 volts. The turbine used on 
these sets has nine impulse stages, the first of which 
is of the velocity-compounded type. The stationary 
blading in the first three stages is of completely- 
machined nickel-steel, while the moving blades are 
made of stainless steel. The centre portions of 
the first two diaphragms are steel castings, while 
the remainder are of cast-iron, and are fitted with 
rustless iron blading. The shaft packings are 
similar to those on the main turbines, both as 
regards design and the material used. 
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It may’ be added that live steam is admitted to 
the bottom half of the casing only, so that the 
horizontal joint is not subject to the full pressure. 
Three throttle valves control the steam at 0-6, 
0-8 and full load, respectively, while an oil pump 
on the turbine supplies oil for operating the relays 
and for lubricating the turbine, gearing and gene- 
rator outboard bearing. An automatically-controlled 
motor-driven pump is provided as a standby. 

The reduction gearing on these sets is of the double- 
face type, and was supplied by Messrs. The Power 
Plant Company, Limited, of West Drayton, Middle- 
sex. Its centre distance is 30 in., and the total 
active face width is 28 in. The pinion and the wheel 
rims are of nickel-steel and hollow-rolled steel, 
respectively. The teeth are of the double-helical, 
generated type. 

The direct-current generator is of the open, 
multipolar, shunt-wound type, with a maximum 
output of 1,875 kw. at 460 volts, when running at 
500 r.p.m. The armature is of the drum pattern 
and is carried on a cast-iron spider. The armature 
winding consists of former-wound bars, which were 
insulated by seamless mica tubes before they were 
placed in the slots, the latter being afterwards 
closed by wooden wedges. The end windings are 
secured by steel-wire bands, which are heavily 
insulated, and ample leakage surface is ensured 
between them and the windings. They are also 
shaped so that their cooling surface is as large as 
possible. The commutator is carried on a cast-steel 
ring, which, in turn, is mounted on an extension of 
the armature spider, so that it is independent of 
the shaft. Each armature is provided with four 
external slip-rings, for connection to the Static 
balancers. 

The field frames are of high-permeability cast-steel, 
and are divided on the horizontal centre line. 
They carry laminated poles, in the face of which 
slots are stamped to receive the compensating 
windings. The commutating poles consist of cast- 
steel slabs, with a large flange, by means of which 
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they are bolted to the inside of the frames. They | practical considerations, but, by the application of | clear. Such curves must be derived from ordinary 
are wound with bare-copper strip, which is carried | the principle outlined the author believes that a|routine working figures, and not from special 
on micanite spools. These windings are secured to| considerable fuel saving might be effected in|test data, making the necessary assumptions 
the body of the poles by gunmetal clamps and he number of boiler houses. referred to above. There may be any number of 
bronze bolts, so as to prevent any movement, while; It may be mentioned here that this method is| boilers of each type, but as the load division 
the ends are bolted to a large bakelite plate. | perfectly general in its application, and will be| depends only on the characteristics of the type. é 
The static balancers used with these machines | familiar to many engineers. It may be applied | the number, as will be seen, affects only the final 1 
are of the oil-insulated and self-cooling type, and|to turbines, fans, pumps, transformers—in fact, | loading schedule. 
are capable of dealing with a 25 per cent. out-of- | any energy-converting equipment of which theinput-| Fig. 2 is constructed by dividing S, the output 
balance current. They are contained in boiler-| output curves may be drawn.’ The author has|of the boiler in thousands of pounds of steam ] 
plate tanks, and their windings are suitably braced | applied a very similar method to the design of 
to withstand severe short-circuit conditions. Steps |economisers for the optimum draught loss,* but 
are taken to ensure that the out-of-balance current | for the inception of this particular application 
has no magnetising effect on the balancer cores. he is indebted to his friend Mr. C. D. Zimmerman, 
Auxiliary power can also be obtained from two | of the Pennsylvania-Ohio Power and Light Com- 
500-kw. motor-generators, the position of which is | pany. In a recent article,t Mr. Zimmerman applied 
indicated in the plan, Fig. 35, Plate LXXVII. These | the method to turbines in particular, with some 
sets were constructed by Messrs. The General Elec- | reference to boilers. In the present case, the 
tric Company, Limited, and consist of two open- | necessary work has been simplified, and a proof is 
type machines with three pedestal bearings. The| given. Messrs. N. E. Funk and F.C. Ralstont have 
motors are of the slip-ring type and are supplied | given a verbal proof of the so-called “‘ slope” method, 
with three-phase current at 10,500 volts, the speed | but the analytical proof is short, and is given here 
being 500 r.p.m. Their general construction follows | in full. Pa 
the usual lines, including the provision of brush-lift- In this analysis, all the boilers are considered to 30 50 70 90 110 130 150 170 190 
ing and short-circuiting gear. They are fitted with | be connected to a common steam-collecting main. | (7604Thousands of Pounds of Steam per Hour per Boiler-S 
protective reactances of the iron-core, oil-immersed, | In the efficiency curves of Fig. 1, correction must , Cae eRIOy 
self-cooled type, which are designed to give a voltage | be made for blow-down, steam to auxiliaries, soot Fig.2. 
drop of 5 per cent. across the terminals of each phase | blowers, &c. Such corrections, while simple to 
winding and for connection in series between the | apply, vary widely in different stations and with 
stator windings and the main circuit-breakers. The | methods of firing. In stations using natural-draught 
generators are similar in construction to the 1,875- | chain-grate stokers, the steam used by auxiliaries 
kw. house-service generators and have a direct- | might be neglected, but in a station using retort-type 
current output of 1,042 amperes at 480 volts on |stokers with forced draught under a fuel bed from 
continuous rating, with an appropriate overload | 3 ft. to 4 ft. thick, the steam, or equivalent steam, 
capacity. |absorbed by the fans alone may amount to 3 per 
(To be continued.) /cent. or more of the total steam produced by the 
‘boiler. It is the net boiler efficiency which is 
| considered in this analysis, and, in this latter case, 
A METHOD OF LOADING BOILERS |allowance would have to be made for the steam 


FOR MAXIMUM FUEL ECONOMY. _#iabsorbed by the auxiliaries. Where boilers are 0 BW 4 60 80 00 120 10 160 180 
’ mm sleeper ~ . |fired with pulverised fuel, the equivalent steam Thousands of Pounds of Steam per Hour per Boiler-S 
By Brian M. THornton, M.Sc., A.M.I.Mech.E. Eo Tike (760.8.) ; De 
i : : _ | absorbed by the auxiliaries may amount to 5 per ie? 
In the majority of boiler houses in power stations | cent. or 6 per cent. of the total boiler output ; the Fia.3 
’ and industrial plants which have been in commission importance of making all allowance will be more tots 
for a few years, the units are of different designs | apparent when the method is put into practical 
and efficiencies. The most frequent cause of this is, | yse, 
of course, the fact that when extensions are made} [t may be well, at. this point, to make clear 
they are designed to incorporate the later advances | assumptions which will prove necessary in the 
in the science of steam production. Owing to the | majority of boiler houses. In making ‘allowance 
fact that the price of fuel has remained for some | for the steam, or equivalent steam, absorbed by me 
years at a high figure, optimum financial economy | the auxiliaries, a mean station water rate must 
is now obtained with a greater capital investment be assumed. It will be shown that the loading 
to reach a higher thermal efficiency than is the| of any one boiler is not a direct function of the 
case when fuel 18 cheap. It is, therefore, very | total boiler-house load throughout the year. If 
common to find in boiler houses of a few years) all the boilers were always ready for work and 
standing some old and somewhat inefficient. boilers | following a set sequence in going on the line, and 
working on the same steam main as the later and | none kept as spares, it would be possible, when F 
more efficient additions. correcting the efficiency curves for auxiliary usage, 

Many industrial boiler houses have a steady load : ARSE : 20 4 60 80 0 120 140 160 180 of 1 
Many industria Oller houses have a steac V toad | to allow for variations in the station water rate P, J Boil * 
throughout the day, but, in the case of the rer | i i is i i iia - fF Renpenlinnee . indi 

ug lay, ’ case 1e power But in practice, this ideal case never arises, and “ENGINEERING” at 
station not carrying a base load, a widely swinging | the load of a boiler bears no fixed relation to the I 
load is the rule. The distribution of the load | total station load and water rate. It is believed,| Per hour, by E, the boiler efficiency per cent., _ 
amongst the various boilers calls for a large and | however, that the error in the final boiler loading |@nd plotting values of S-+E against 5S. By be | 
alert boiler-room staff, and particularly for intelli- | schedule caused by assuming a mean water rate | definition 
> PV 2 PASE » eters , ai . . ae . ~ cur 
me - vision. a “es gee of the ady process | will, in all ordinary cases, prove negligible. Wise Sx BTU. » ig . (1) 
ie of many industrial p ants, the number of | A further assumption made is that the feed- 
; ilers required for maximum economy is found | water temperature to the boilers or economisers 
— experience, and the substance of this article | js constant. Here again, in preparing Fig. 1, a 
applies more particularly to a boiler house where | mean feed temperature must be assumed for each c 
the output of many of the units may vary from | boiler, or set of boilers. With bled-steam feed- aor : 
zero to the maximum rating several times during | heating, the temperature of the water to the boilers C = the thousands of pounds of fuel fired per amo: 
the twenty-four hours. Boiler-house superintendents | will depend on the turbine loads, and probably hour. 
are faced with the problem of so distributing the | also on the particular machines at work, which, From (1) Vv 
load amongst the boilers that each unit is working | of course, bear no constant relation to the boiler oe ok S25 ae ; « “(2) cons 
at its most economical output, and it is the purpose | loading. The effect of such variations in the feed- , E B.Th.U. x 100 i 
is article aw ant; ene 7 ane R : anc 
ae pO Toor —e to one satisfactory | water temperature on the final loading schedule Ss Bme.. (3) d§ 
peyton ee _ lof the boilers entails only a slight departure from C= gx*-79 * so at 8 
i. a ae h considered, and the author is/the ideal loading, and, in the region of maximum | or respe 
“ genet _ t ang a alpen | efficiency, a considerable amount of latitude may = Piss of sti 
which militate agains 1e complete adoption of | he nermi . > » is E . er . dp Gt 2: ae 
his d tl LT P adoption f | be permitted before there is any marked effect on | for it is clear from (2) and (3) that, in Fig. 2,8 ~> E from 
this suggested method. The superintendent's prime | the fuel economy a : ds of pounds 
duty is to maintain the load and maintain it with | oo ‘ represents the boiler input, in thousands of pounts 75,00 
‘ é é ad i a é r | My nrves / ‘ * 1 io K 
ufetv. He might be well aw: f : . marry In Fig. 1, curves A, B, C and D represent the | of fuel per hour, when multiplied by the ratio K, ’ 
ety. e might be well aware, for example, | variation of net boiler efficiency with output of 
that one of the boilers will carry a much greater | four different designs. The curves are purposely | __ B.Th.U. x 100 stean 
‘ P » usnally oives 3 . mnt len | & : “a Ci 
load than he usually gives it, but he might also | somewhat exaggerated, in order to make the method | : i : 
know that above a certain load pronounced slagging | __ “ an et |The B.Th.U. added per pound of steam formed in Fic 


or other trouble develops, and no question of| * “Note on Economiser Draught Loss,” Mechanical | the boiler will, for a given pressure, vary only 
efficiency will induce him to load this boiler heavily | World, December 24, 1926. with the steam and feed-water temperatures. slope 


° ° y * Sea i Tni i ve = y 7 i = vary 
and carry the station output precariously. Natur- Ss nt magn ngg — in the Power Plant,” Power, | he calorific value of the fuel will, of course, vary for ea 
. September 25, 1928. 


F , ties 2 ay ake ace a 2 a , ; D i re ay 
ally, no analytical method can take account of such | t+ “ Boiler Plant Economics,” Trans, 4.S.M.E., 1923- continually. Fig. 2, the input-output curve, ma! load, 
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be used to evaluate C for any given conditions, 
but the numerical value of the fuel input is not 
required for this analysis ; it is sufficient to deter- 
mine S + E, the boiler fuel input. 

Now consider two boilers which are to share 
a constant total output P, their individual loads 
being represented by 2, and 2,, so that 


%,+%2,=P 


Let the corresponding input I be shared by 
4. 


150 20 250 300 350 #0 450 500 


0 50 10 
(00) Boiler House Load, Thousands of Pounds per Hour 
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Fig. 5. 
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yi and y>, thus 


Y= fi (2) 
Yo= Se (%g) 
= ot Us 
= f, (4) + fe (P — 2) 
aI _ afi(m) , df,(P = 2) 


dx dx ; dz 
Be 
> Ta 18 Zero, 80 that 
Si’ (@) = fe’ (P — 2) 

From which it follows that, for a minimum value 
of the boiler input I for a given total load, the 
individual outputs of the boilers must be held 
at points where the input-output curves have the 
same slope. In a similar way, the argument may 
be extended to a number of boilers. 

Applying this principle in Fig. 3, the input-output 
curves of Fig. 2 have been differentiated graphically. 
Any convenient units may be used, as the numerical 


When I is a minimum 


value of oF the slope of the curves of Fig. 2, 


is not required. Now if, for example, only boilers 
A and B were working, then, by the argument 
above, they would be producing the required 
amount of steam with the minimum fuel input 
when so loaded that the slopes of their input- 
output curves are equal. If a horizontal line of 
constant slope be drawn on Fig. 3, say, where 


d¥ 
a7 5:25, it will cut the curves of A and B 


at 87,000 lb. and 50,000 Ib. of steam per hour, 
Tespectively, the total output being 137,000 lb. 
of steam per hour. A line of constant slope drawn 
= 5°5 cuts curves C, Band A at 40,000 lb. 


75,000 lb. and 100,000 Ib. of steam per hour, and 
for a total boiler-house output of 215,000 lb. of 
sa per hour these will be the most efficient 
loads, 

Fig. 4 is constructed by following the method 
described above. A number of lines of constant 
slope are drawn on Fig. 3, and the loads so obtained 


aF¥ 
from - 
d§ 
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Fig. 1 shows that, below a certain load, there is 
no information on the efficiency of a boiler, and 
it is therefore impossible to state definitely just 
when a boiler should be put on the line. It is 
well known that the efficiency of a boiler falls off 
rapidly at low loads, and Fig. 4 is constructed so 
that a boiler is not put in until it may be worked 
at what, from Fig. 3, is known to be its economical 
load. For example, Fig. 3 shows that when the 
load on boiler A is about 80,000 Ib. of steam 
per hour, boiler B should be put on the line. Fig. 4 
shows that, as this is done, boiler A is held at a 
slowly-increasing load while boiler B is forced up 
quickly to meet the demand. When the load on 
boiler B is above about 40,000 lb. of steam per 
hour, it is known definitely, from the foregoing, 
that Fig. 4 will give the ideal loading for the two 
boilers. 

In actual practice, a large boiler house has al- 
ways some units out of commission for cleaning, 
inspection or repair, as well as one or more spare 
or banked boilers. The loading schedule will, there- 
fore, be changed frequently. It is, however, a simple 
and rapid operation to prepare from a standard 
chart, similar to Fig. 3, a loading schedule which 
will suit the particular conditions as they arise. 

Fig. 5 gives some idea of the increase in fuel 
consumption which may occur through the incorrect 
loading of boilers. If, when the total load on the 
two boilers is 150,000 lb. of steam per hour, boiler A 
were loaded at 50,000 lb. of steam per hour instead 
of the ideal load of nearly 90,000 Ib. of steam per 
hour, there would be a 4-75 per cent. increase in 
fuel consumption. Such a large saving is not 
likely to be made in practice, and conditions vary 
greatly in different stations. On the other hand, 
by making some effort on the lines indicated it 
should be possible in many stations to make a 
substantial saving in the fuel bill. 
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(Concluded from page 783.) 
SEASONING AND PRESERVING. 


Amone the commoner problems arising in 
practice, which are a cause of trouble, are those of 
seasoning. They appear in numerous forms, but 
essentially all of them arise from the presence of 
water in the substance and cells of wood, the effect 
it produces on the mechanical properties of the 
timber, and the strains to which the timber is 
subjected through its shrinkage when the water is 
withdrawn. Of these, the more difficult problems 
arise in connection with the rate and uniformity at 
which timber loses moisture in seasoning, and for 
the purposes of practice a more intimate knowledge 
of what goes on with various timbers in defined con- 
ditions during seasoning by different methods is 
among the important of the present needs both of 
industry and of the technology of timber. 

Storage of Timber.—In seasoning experiments it is 
important that the whole range of drying from the 
green condition to the finally dried state shall be 
studied, and for this reason it is necessary that if 
the various timber supplies cannot be handled as 
soon as they are received, they should be stored 
under water to prevent drying. This also applies to 
the material required for mechanical tests on timber 
in the green condition. Fig. 51 on page 798, shows 
the arrangement adopted in the log pond of the 
laboratory, which is situated at the entrance next to 
the saw mills. In this it will be seen that the logs 
are not only dropped into water, but are kept 
submerged in it under rails. The effect of storage 
in a state of partial immersion is usually undesirable, 
and under some circumstances sets up fresh and 
dangerous stresses, by which, indeed, severe cracks 
may be caused in the logs. An important part 
of the Station’s work on seasoning consisting in 
observing the moisture content, and its distribution 
during the drying process. The variations in 
moisture content which occurs in seasoned timber 
through changes in the surrounding atmospheric 
conditions during the year are also kept under notice. 
In the Mechanical Section the mechanical properties 


for each boiler plotted against the total boiler-house | of timber are also studied in relation to the rate 





load. 


and manner in which the timber has been dried. 











It is recognised that for experimental purposes it is 
desirable to work with materials which can be 
warranted to have the same properties as are found 
in practice ; for the purposes of immediate practical 
application, in which a large part of the work of the 
Laboratory lies, this is indispensable. Nothing, in 
fact, short of equipment with units on a commercial 
scale would enable the Laboratory to give adequate 
practical advice on seasoning to the increasing num- 
ber of establishments that are seeking it. The 
equipment necessary for full-scale observations on 
air seasoning is small. It requires little more than 
space and timber. For kiln drying, on the other 
hand, it has been necessary to construct kilns of 
the several types which are being used in practice. 
The possession of these kilns is an advantage in two 
ways. On the one hand, it enables the problems 
of seasoning to be investigated under the exact 
conditions which would occur in practice. On the 
other hand, it provides a means of correlating the 
results of more general investigations with what 
could be obtained in practical conditions. 

Experimental Seasoning Plant.—The seasoning 
plant of the Station includes five full-size kilns. 
Two of them are of the natural-draught type, 
22 ft. by 8 ft., one being reserved for the study of 
various designs. Another of the same size is of the 
water-spray type, with which considerable uniformity. 
of humidity conditions can be secured. The other 
two, working respectively with external and internal 
fans, are 30 ft. by 8 ft. and 22 ft. by 15 ft. Each of 
them, in fact, is a full-sized commercial unit, in which 
the conditions under which it would be used in 
practice can be reproduced exactly. An excellent 
description of the design of the several types has been 
given in the Laboratory’s Special Report, No. 2, an 
account of which has appeared in these columns, and 
few details need therefore be given here. A general 
view of the kilns from the loading end is given in 
Fig. 52 on page 798. An essential part of the Labora- 
tory’s work in this connection consists in testing the 
indicating, recording, and other instruments, which 
include indicating and recording thermometers, 
temperature and moisture controllers with or without 
recording arrangements, weighing machines, anemo- 
meters, and drying ovens. 

The equipment is completed by two model kilns 
on a relatively small scale, so as to facilitate the 
experimental study of new timbers. A general view 
of one of these, is given in Fig. 65, on page 808, and 
the essential parts of the design are shown in 
Figs. 59 to 64. 

As will be seen, the arrangement consists of 
a kiln, which is best shown in the plan, Fig. 60. 
It is arranged with a loading door on one side, 
which can be seen in the general view, Fig. 65, 
and is shown in the open position in Fig. 60. An 
enlarged detail. is given in Fig. 64. Wood in 
process of treatment in this kiln is subjected to 
a forced air current generated by the fan which 
can be seen in Fig. 60, the air flowing in a closed 
circuit. Steam-heated coils are situated on the 
suction side of the fan, and behind them a regenerator 
is fixed, over the tubes of which the return air 
from the kiln flows, the supply air flowing through 
them. A casing, to be seen at the left-hand end 
of the plant, is fitted with steam connections and 
sprays, so that the air may be humidified if desired. 
The air inlet from this casing is provided with 
baffles to prevent spray being carried into the air 
duct, and a pump is arranged to draw off condensed 
steam. 

Processes of Preservation.—It is possible that the 
decay of timber through animal and vegetable 
parasites may turn out ultimately, and in some 
circumstances, to be preventable by measures 
external to the timber. Whatever may be the 
prospects of such measures, should they be dis- 
covered, and whatever may be the economy they 
may effect, it is unlikely that they will do away with 
the usefulness of the empirical methods of preserva- 
tion which have long been used in practice, or of such 
improvements or alternatives as may be substituted 
for them. Before, however, these methods can be 
used with the certainty that the, are being used in 
the best way, or even with the assurance that they 
will be effective in all circumstances, or with 
assurance of the limitations within which they can 
be trusted, it is necessary to have a much greater 
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PRESSURE PLANT IN Woop PRESERVATION LABORATORY. 























Fic. 58. Controt STATION FOR Woop PRESERVATION PLANT. 


applying the Bethell process itself. In the Bethell 
process coal-tar creosote is simply forced into the 
timber by pressure, and all the liquid which does 
not drain off remains in the cells of the wood. The 
Rueping and Lowry processes are so arranged that, 
after injection of the creosote, part of the volume 
of liquid within the cells is expelled or withdrawn, 
leaving only the cell walls coated, though the 
penetration is practically the same as in the full- 
cell process. In the Rueping method this result is 
obtained by applying air pressure to the timber and 
maintaining it while the creosote is being admitted, 
the pressure being increased after the creosote has 


been pumped in. When the desired amount of liquid 
has been injected, the compressed air within the 
pores of the more minute air spaces of the timber 
expands and expels the excess creosote, so recover- 
ing from 30 to 50 per cent. of the injected oil. 
In the Lowry process no preliminary air pressure 


is applied to the timber before the creosote is | 
pumped in, and the excess of creosote is removed | 


in a vacuum, though not to the same extent as 
in the Rueping process. The preservative used 


the action of a centrifugal pump, from the top 
of the cylinder in which the timber is being treated 
into a pipe lying along the full length of its bottom, 
and provided with perforations through which the 
| liquid escapes. 
| Haperimental Preservation Plant.—To enable 
| the seand similar methods to be tried, experimental 
| treating plant has been made by Mr. J. W. Gla- 
| home, of Berwick-on-Tweed, to the design of the 
Director of Forest Products Research. A general 
| view of the laboratory in which these investigations 
| are being carried out is shown in Fig. 53, on page 
798, and its layout is shown in detail in Figs. 54 to 
|56. Fig. 57, annexed, shows the pressure plant, and 
Fig. 58 the assemblage of instruments and pumps 
| used in connection with the plant. 
| The timber to be treated is placed in a cylinder 
|3 ft. diameter by 20 ft. long, which is capable of 
| carrying a maximum internal pressure of 200 Ib. per 
| Square inch and a vacuum of 27 in. the cylinder 
| being water tested to 300 lb. per square inch. This 
| cylinder is made in two 10-ft. lengths, so that if the 
| length of the timbers under treatment permits, only 
| one of these sections need be used, so effecting an 
| economy of liquid which is not inconsiderable when 
|a@ number of different antiseptics have to be tried. 
| The timbers are arranged on bogies, which are run 
jon to a weighing platform before and after treat- 
ment. 
| Immediately above the main cylinder is an 
| equalising cylinder, designed for a working pressure 
of 80 lb. per square inch and a vacuum of 27 in., 
and immediately below it is a measuring tank fitted 
with steam heated coils and a float gauge. The 
main cylinder is also heated by steam coils. Air 
pressure up to 80 lb. per square inch, and vacuum 
up to 27 in. are obtained through a combined 
pressure and vacuum pump, and the hydrostatic 
pressure of 200 lb. per square inch through a high- 
pressure pump, both pumps being steam driven. 
The primary purpose of the equalising vessel is 
to enable the treating cylinder in the Rueping 
process to be flooded quickly while maintaining the 
air pressure. For this purpose the equalising 
cylinder is first filled with oil and submitted to 
|@ pressure equal to that of the air in the lower 
| oF treating cylinder. The oil is then allowed to 
flow into the treating cylinder under the force of 
| gravity only and without breaking the pressure, 
|and the displaced air rises to the equalising or 
| Rueping cylinder. 
| For the Card process a centrifugal electrically- 
driven circulating pump is provided. The equip- 
| ment is completed by the usual gauges and pressure 
| and temperature recorders, and can be used to treat 
| timber by any processes such as those described, 
and with any liquid that will not corrode the cylin- 
| ders. 
| The investigations of the Laboratory include 
|any new methods of wood preservation that may 
l|appear promising or instructive. An interesting 
method known as the Cobra employs the injection 
of a paste composed of well-known powerful anti- 
septics into the timber by means of a special injec- 
| tion needle, connected to a reservoir of paste in 
|the handle. The needle is stuck into the timber to 
|a depth of about 1} in., the paste being ejected 
through its two eyes by pressing a lever. The 
| preservative diffuses gradually into the wood in 
the course of time, and, if the incisions are suffi- 
ciently close, the whole of the outside of the wood 
| becomes impregnated to a depth of 11 to 2in. This 
| process is particularly adaptable to treating timbers 
‘in situ, such as telegraph poles, timber trestles, &c. 
Telegraph poles are usually treated for about 18 in. 
above and below the ground. 

Fungi and Insects.—In connection with its work 
|on preservatives for timber, a joint programme, 
| carried out in co-operation with the mycology and 
entomology sections, enables tests of considerable 
precision to be carried out in respect to the effective- 
ness of preservative processes and antiseptics. In 
field tests, treated specimens are exposed under 
|natural conditions to the attack of any fungi or 
|insects that may be present. Laboratory tests, 

however, are also made with specific fungi or insects. 








with the Card process is a mixture of coal-tar| Thus, in the section of mycology, blocks of wood of 
creosote and zinc chloride solution, kept in a state | standard size are conditioned to a standard moisture 
of emulsion by being circulated continuously, under! content and impregnated completely with the 
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antiseptic, or by the process under test. Similar} of its qualities. If the interest has penetrated into | the advantage of being able to bring to bear on the use 


blocks of the same wood are conditioned similarly | 
but not treated antiseptically, and these control | 


blocks, together with those that have been treated, are 
inoculated with a pure culture of the wood-destroying 
fungus of which the activity against the antiseptic or 
preservative process is to be determined. These 
blocks are preserved under standard conditions, and 
examined from time to time for fungoid growths. 
Similarly entomological tests are made on treated 
specimens and untreated controls in insect-breeding 
cages, in which they are exposed to various species 
of wood-destroying insects, and the time of infes- 
tation and the progress of attack on the different 
samples are observed from time to time. 

While tests and methods of this sort are of 
obvious value in testing the efficiency of empirical 
methods of preservation, they do not form the main 
or most important part of the work of the mycology 
and entomology sections. This is directed rather to 
biological studies of the cause of decay as brought 
about by fungi or insects, and of the rate of develop- 
ment. In the case, for example, of insects, very 
little is known of their life history, habits and 
rate of development under varying conditions. Such 
knowledge is indispensable before ways and means 
of preventing their ravages can be devised rationally 
or probably even with success, and these questions 
are now being studied systematically. In regard to 
insects, for example, an investigation is in progress 
into the losses caused by anobiid beetles to timber in 
buildings and in furniture. The chief of these is 
the death-watch beetle, which causes much serious 
damage to roofing and structural timbers in many 
old buildings throughout the country. 








NOTES ON NEW BOOKS. 

Durine the period 1926-1927, an investigation was 
carried out in Germany in connection with the traffic 
problems involved in the marshalling and running of 
goods trains on the German State Railways. The results 
of this investigation have now been incorporated and 
dealt with in comprehensive manner in a small volume 
entitled Zugbildungskosten, Zugfirderkosten und ihre 
Wechselbezichungen, published by Verlag Guido Hacke- 
beil, A.-G., Berlin, at a price of 3 marks. The authors, 
Messrs. Capelle, Baumann and Feindler, also deal with 
the economic relations existing between the costs of 
marshalling goods trains and the costs of running them, 
and come to various conclusions which they consider 
may form a basis for the best economical practice. 
In view of the diverse nature of the controlling 
factors involved, the question is obviously one requiring 
very careful handling if the conclusions are to be of 
any value. The more important factors to which 
attention is first drawn are the size and weight of trains, 
and their composition and travelling speeds; distances 
goods are transported ; and the efficiency of marshalling 
yards and goods stations. A clear statement of these 
various factors is essential to a proper comprehension 
of the varying relation between train marshalling and 
train operation. Methods are explicitly described by 
the authors of this work, based on their own investiga- 
tions, for calculating marshalling and operating costs 
which, as varying conditions are fully allowed for, 
may be applied to any case. Owing to the variabilty 
of the controlling factors, the results are given in the 
form of charts from which such comparisons may be 
made as the distance a wagon could be transported for 
the cost of marshalling a goods train, and the distance 
a wagon could be tzansported in the time required 
for marshalling a goods train ; to what extent the size 
of a train may be reduced, so avoiding marshalling, 
without increasing the total costs of transportation ; 
and how the acceleration of individual train marshalling 
works out. The charts suggest that, by increasing the 
speed of travel, running time may be reduced without 
a proportionate increase in cost, and illustrate the 
necessity for efficient marshalling so that time gained 
in quicker travel will not be lost by slowness in assem- 
bling the units for a trai. which is of sufficient size 
to be economical. The purpose of the book is to lay 
down the conditions of economical goods train trans- 
portation on the basis of maximum travelling speed 
compatible with practical conditions, combined with 
maximum train loads and maximum reduction of the 
time employed in assembling or marshalling of goods 
trucks. The work probably treats the particular 
problems investigated more thoroughly and completely 
than any other yet published, and it should be of value 
to those concerned with the economics of railway 
operation. 


It is an advantage to an industry to be recognised as 





the public Press, there is some chance that the pro- 
ceedings and prospects of the industry may be dis- 
cussed by persons who know very little about it, and 
a good many mistaken impressions may be circulated 
to the detriment of those who are seriously engaged 
in the industry. In such circumstances, persons who 
are better informed may find themselves tempted to 
endeavour to correct these misapprehensions in some 

summary form, in which the statements and arguments 
involved are so simplified as to be readily intelligible 
to the lay reader. Such a work is Dr. Murray Stuart’s 
little pamphlet entitled Low-Temperature Carbonisation 
(or Distillation) Explained (London: Mining Publica- 

tions, Limited; price 4s. net). The author has no 
difficulty in citing many reckless and inaccurate state- 

ments that have been made about low-temperature 
carbonisation, and in putting forward a good deal of 
information that will probably be new to those whom 

such statements may mislead. He, himself, was formerly 
chemist in the City of Birmingham Corporation Gas 

Works, so that he knows what he is writing about. 

It must be added, however, that the subject is much 

too complex to be concluded in the summary fashion 

he adopts. It is perfectly true, for instance, that the 

carbonisation of coal at low temperatures is generations 

old, but the statement is imperfect and misleading, 

unless it is pointed out that to-day the process is being 

put into practice for objects that were not in contem- 

plation years ago, and that the study of its products 

will have to be carried much farther before their true 

economic value can be assessed. Dr. Stuart objects, 

again, to the suggestion that, on the ground that they 

have facilities for disposing of the low-temperature coke 

at retail prices, gas companies are in a position of 

particular advantage to take up low-temperature distil- 

lation. This suggestion, it will be remembered, was 

based also on the ground that gas companies are the only 

bodies who can turn the rich gas produced in low- 

temperature carbonisation to its fullest account, and was 

first made by the late Sir George Beilby, than whom 

probably no more practical and sagacious student, alike 

of the technical and the economic aspects of the coal 

industry, has existed in our days. Dr. Stuart’s objec- 

tion'is that the net result would be to reduce the gas | 
companies’ production of coke and, therefore, compel | 
the coke oven to increase theirs, while being restrained 

by the monopoly of the gas companies from disposing 

of the corresponding increase of gas. This obviously 

depends on the unsupported assumption that low- 

temperature coke cannot be used for the purposes for 

which gas companies apply their present products, 

and that the common sense of the two industries is 

not likely to bring about co-operation between them 

where it will assist economical production. Similarly, 

the various estimates of the economic prospects of 

the process take no adequate account of the changes in 

prices which would be likely to attend a wide change 
in the system of carbonisation. 


The author of an introduction into theoretical physics 
has a difficult task to perform, particularly when he 
deals with electricity and magnetism. We cannot 
say that Professor René Fortrat, of the University 
of Grenoble, has done so with conspicuous success 
in his Introduction ad l Etude de la Physique Théorique. 
Volume IV. Llectricité et Magnétism. [Paris: Librairie 
Scientifique Hermann et Cie, 6 rue de la Sorbonne ; 
price 10 francs.] Although he points out that matter 
is entirely constituted by positive and negative elec- 
tricity, he just mentions protons and electrons in the 
section on the nature of ions, referring to Berthoud’s 
book on the Constitution des Atomes, and character- 
ises electricity as an imponderable and indistructible 


of a given timber such knowledge as is available in 
regard to the class of woods to which it belongs. In 
this country, knowledge of this kind is being sought 
systematically by the Department of Scientific and 
Industrial Research, with its Forests Products Research 
Laboratory, at Princes Risborough, and the Imperial 
Forestry Institute. One of the most striking of the 
bulletins issued by the Laboratory, has just been pub- 
lished with the title British Hard Woods : Their Structir« 
and Identification (Forests Products Research: Bulletin 
No. 3. By L. Chalk, M.A., D.Phil. and B. J. Rendle, 
B.Se., A.R.C.Sc. London: H.M. Stationery Office, 5s. 
net). Its purpose is to describe the structure of the 
more important British-grown hard woods, together, 
where desirable, with notes on similar woods imported 
into the country, so as to help timber users who wish 
to confirm the identity of the timbers they are hand- 
ling. It is illustrated with 45 microphotographs in 
collotype, so that the details of the enlargements 
themselves can be examined under a lens, and the 
information given is arranged with remarkable care 
to make it conveniently accessible. The term “ hard 
wood ”’ is used in its commercial sense, meaning, gener- 
ally, timber from broad-leaved trees as contrasted 
with ‘‘ soft wood,” derived from coniferous trees. As 
a fact, however, many hard woods are very soft, and 
some soft woods are comparatively hard. The Bulletin 
begins with an introduction, in which the general 
structure of trees is described with sufficient fullness 
to enable the reader to follow the distinctions by which 
the Bulletin leads him to know one tree from another. 
In all, some 24 classes of timber are described, in addi- 
tion to varieties of many of them. They are arranged 
alphabetically, and each description gives summary 
details of the structural features, the nature and effect 
of which are explained in the introduction. 





The motor car has certainly enforced an improve- 
ment of our streets and roads, but it has not revolu- 
tionised road construction, as some writers assert, 
and the chaotic traffic conditions are more striking, at 
present, than the improvements. If the roads have 
become smoother, more massive and more resistant to 
heavy traffic, their repair and the work involved in 
relaying pipes and conduits have also become much 
more expensive and a serious nuisance to the whole 
district ; there is still no certainty as to the best 
method of constructing a really satisfactory modern 
road. Oberbaurat W. Reiner, of Berlin, offers no 
suggestion for solving this problem in his Handbuch 
der neuen Strassenbauweisen mit Bitumen, Teer und 
Portlandzement als Bindemittel [Berlin : Julius Springer; 
price 32-50 marks.] He distinguishes broadly between 
macadam and concrete construction in his four 
chapters, which deal with aims and general features 
of modern road construction and with asphalt, con- 
crete and tarred roads. The first general chapter, 
of 47 pages out of a total of 400, might profitably 
have been extended at the expense of the details on 
the testing of bitumen, cements and tars given in the 
other chapters. The camber of roads and the trouble 
of kerb spreading are hardly alluded to, and wood and 
rubber pavements are not mentioned at all, being, we 
conclude, excluded by the subtitle. The Dammann 
asphalting process (mixing, in a central plant, sand, 
ground limestone or slag, with bitumen or tar, and 
rolling a carpet of the mixed material on to existing 
sets or macadam), is entered in the index only as the 
Essener process, because it was first applied in Essen. 
The reader will look in vain in the index for references 
to other processes, which are described in the text, to 
American machinery, methods and research, and as 
regards tarred roads, and also to English and Swiss 
practice, which are all duly noticed, though in rather 





fluid present in all bodies in practically unlimited 
quantities. The chapters on electric and magnetic fields, 
on dielectrics and electric energy, electric currents, units, 
magnetic properties of matter, electromagnetic induc- 
tion, alternating currents, electrolysis and ions contain 
nv particular sections on galvanic piles; neither are 
three-phase currents, dynamos or electric motors 
mentioned. Dissociation and the theory of Nernst 
are discussed in the section on electrolysis and ions, 
and an appendix reviews the modern theory of ions 
after Lewis and Randall and after Debye and Hiickel. 
Professor Fortrat is a competent writer. The question 
is whether such introductions, which are not intended 
as reference books, can be made really profitable for 


study. There is a reference in the book to the author’s | 


third volume on thermodynamics but no mention is 
made of the two earlier volumes in the series. 


Timbers of the same class, or even from the same 
tree, may differ considerably in their properties, but the 
differences are not so large that the wood cannot be 
used more intelligently with a knowledge of its identity 
than without it. Such knowledge is desirable, not 
merely in order to avoid buying a cheap wood under 


general terms, without names. The notes on construc- 
tion and maintenance costs, and the practical hints are 
among the good features of, the volume, which will be 
found useful to engineers and students. 


The gifts of nature to South-east Lancashire are an 
equable climate, a humid atmosphere, an ample supply 
ot soft lime-free water, and deposits of coal and salt. 
It is owing to these possessions that the district 1s 
| studded with important industrial towns, with Man- 
chester as the great commercial and cultural centre. 
Described by Leland, in Tudor times, as the best built, 
the busiest. and the most populous town in the county, 
Manchester continued to grow slowly until the industrial 
| revolution, when, in the space of fifty years, her popula- 
| tion increased from 22,000 to 126,000. To-day, the 

city boasts of 750,000 inhabitants, while within the 
| 1,000 square miles covered by the Manchester and 
| District Joint Town Planning Advisory Committee 
| there are no fewer than 3,000,000. Such are one or two 
of the facts gleaned from Manchester at Work, a survey 
| by the Manchester Civic Week Committee (Manchester : 
| Sherratt and Hughes; price ls.), a book of 200 pages. 
| containing chapters on the commercial situation and 





of public interest, but this advantage has the defects | the name and at the price of a dearer one, but also for | economics of Manchester, its economic resources its 
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industries, its textile export trade, its position as a/|the coefficient ~ may lie between 0-1 and 0-4. To 
market, and its institutions. If at the present time | permit the formation of an oil film, it is essential that a 
there is no part of the world in which the name of | certain amount of clearance, c = D — d, should be 
Manchester is unknown, then, too, there is no part of | allowed. A film of oil, therefore, adheres to and is 
the world the name of which is unknown in Manchester. | carried round by the journal, until, with increasing 
Brought, by the Ship Canal, within the list of great | speed, it becomes of sufficient thickness to lift the 
ports, Manchester is an educational, commercial, | shaft. In this way, the oil is subjected to a certain 
manufacturing, financial, industrial, and distributing | pressure as it flows round beneath the journal some- 
centre with 12,000 members belonging to its Royal | what as indicated in the radial diagram, Fig. 2. 
Exchange. If the coal industry of the neighbourhood | The pressure rises from zero where the oil enters at 
has passed its zenith, if the textile industries find keen | the “‘ on ”’ or inlet side, F, toa maximum value near A, 
competitors abroad, new industries are being developed | falling again to zero before reaching the “ off” or outlet 
here, as elsewhere, and labour, we are told, is being | side, G, where the oil is free to escape. The shaft 
transferred from those declining to those developing. | therefore creeps up to a slight extent, taking up an 
Facts and figures relating to coal, to cotton, to elec- | eccentric position. The distance e between the centre 
tricity, to engineering, to imports, exports, trade and | of the shaft and the centre of the bearing in this position 
ships, are all to be found in this survey, a valuable | is known as the eccentricity, and ‘a line, O’O, joining 
feature of which is the excellent series of charts and | the centre of the shaft with the centre of the bearing 
diagrams. Glancing through its pages, one finds the | makes an angle 8 with the vertical through O’ which 
names of Arkwright, Hargreaves, Nasmyth, Whitworth, | has been termed the “ attitude” of the journal. The 
Hicks, Crossley, Galloway, and others who have played | clearance space thus takes the form of two curved 
their part in making Manchester what she is—a city | wedges, one on either side of the point A of nearest 
the inhabitants of which are everywhere known for | approach of the bearing surfaces. From the position of 
their energy and enterprise. | rest until the oil film has been completely formed, the 
| rubbing surfaces come more or less into direct contact, 
and friction is of an intermediate character, known as 
BEARINGS FOR LINE-SHAFTING.* _ | semi-fluid, greasy or “ boundary ” friction, the coeffi- 
cient for which varies from 0-1 to 0-01. These facts 
By the late Prorzssor G. F. CuaRNocx. ‘explain the form of the curves obtained by Stribeck 
Iv may be said that the shaft is the essential element | and other observers to show the variation in the coeffi- 

concerned in power transmission. In many large’ cient of friction with increase in speed. 
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that, within certain limits, the coefficient of friction for 


a given pressure is proportional to ,/ /, 1 being the 
length of the bearing. Some experiments carried out 
by Messrs. Brown, Boveri and Company,* were first 
quoted in confirmation of this. A bearing originally 
4-93 in. diameter and 7-87 in. long, was reduced by 
stages to 2-5 in. in length, causing the pressure to rise 
from 63 to 210 lb. per square inch of projected area. 
At a speed of 3,000 r.p.m., equal to a rubbing velocity 
of 3,879 ft. per min., the coefficient fell from 0-018 with 
the original length, to 0-009 with the reduced length. 


This is not exactly proportional to .//, due to the fact 
that the temperature of the lubricant and, therefore, 
its viscosity, varied somewhat with increase in pressure. 
The reduction in friction, is, however, most marked, 
and demonstrates that the long bearing is often credited 
with an advantage which it does not possess. 

As early as 1885, Professor Goodman carried out an 
important series of experimentst to show the effect 
of reducing the are of the bearing in contact with the 
shaft. The bearings were semicircular to begin with, 
and the sides were cut away step by step until the 
width of the bearing was only one-quarter the diameter 
of the journal. This had the effect of reducing the 
frictional resistance to less than one-third of what it 
was in the first place. Later experiments show tuat 
satisfactory working under film-lubrication conditions is 
most certain of attainment if the arc subtended by the 
brass does not exceed about 110 deg. Bearings for 
shafting are, however, generally fitted with brasses 





establishments with mechanical transmission, or in| There is a definite velocity corresponding to each 
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those electrically driven throughout on the group 
system, the shafting in use may have a total length of 
several miles, and thousands of bearings are required. 
The loss of power due to friction on this scale should 
be reduced to a minimum. In modern practice this 
is accomplished either by means of plain bearings, 
with proper methods of lubrication, or by the use of 
ball- or roller-bearings, in which rolling is substituted 
for sliding friction. 

Theory of Film Lubrication.—The researches of 
Beauchamp Tower recorded in the Institution Pro- 
ceedings for 1883 and 1884, together with the mathe- 
matical investigations of Professor Osborne Reynolds 
published in 1886, show conclusively that, for perfect 
lubrication, a continuous and unbroken film of lubri- 
cant must be maintained between the journal and its 
bearing. The fundamental principles laid down by 
Osborne Reynolds have met with general acceptance, | 
and have been developed by other workers. In 1904, | 0 
Sommerfeld devised a method of overcoming the | 12 
mathematical difficulties in Osborne Reynolds’ original) —_(17as a) 
treatment of the half-bearing, but his theory indicates | 
considerable negative pressure in the oil film near) 
the extremity of the “ off” side of the bearing. In| pressure which will give the minimum value of u. This 
practice, however, this negative pressure cannot be | is well shown in Fig. 4, which has been plotted from the 


Fig.4. EFFECT OF SPEED & LOAD ON FRICTION 
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maintained. By limiting negative pressures to zero, 
which Sommerfeld had overlooked, and by employing 
graphical and arithmetical methods of integration, 
Giimbelt, in 1914, effected a solution more nearly in 
accordance with actual conditions. Nevertheless, the 
mathematics of the journal bearing is of doubtful 
utility for practical purposes, because the assumptions 
mace are not realised. 

When a shaft is at rest in a well-lubricated half- 
bearing, the lubricant is squeezed out under the load, 
and the journal comes into metal-to-metal contact 
with the bearing with the centre of the shaft O, Fig. 1, 
vertically below the centre of the bearing, 0’. At the 
moment when rotation commences, the resistance to be 
Overcome is that due to static solid or dry friction, and 





* Paper read by Mr. F. Wigglesworth before the 
Insti‘ution of Mechanical Engineers, on Friday, Decem- 
ber 13, 1929. Abridged. 

Vonatsblétter des Berliner Bez. V. D. I., 1914, page 97. 





results of Stribeck’s experiments on a Sellers’ self- 
aligning cast-iron bearing, 2? in. diameter and 9 in. 
long, with ring lubrication, using gas-engine oil. At 
low speeds, the small quantity of oil forced into the 
clearance space is unable to support the journal except 
under low pressures. Thus, at a speed of 8 r.p.m., the 
pressure must not exceed 12 Ib. per square inch to 
ensure working under conditions of film lubrication. 
As the pressure increases, a higher velocity is required 
to supply sufficient oil to produce the film. If it is 
desired to load the bearing to 300 Ib. per square inch, 
the speed must not be less than 285 r.p.m. The mini- 
mum value of » obtained in these experiments was 
0-003. At any given velocity, therefore, a bearing 
should, if possible, be subjected to that particular 
pressure which produces least friction, and there is a 
minimum below which the load should not be allowed 
to fall. This fact is of considerable importance in 
fixing the length of a bearing. Assuming the viscosity 
of the lubricant to remain constant, it has been found 





having an are of contact of as much as 170 deg. or 


ce Fig 7. 
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180 deg., and apparently there is no maker, either in 
this country or abroad, who has departed from this 
practice. So far as film lubrication is concerned, this 
length of are is, without doubt, excessive. With a 
reduced arc of contact, the film is formed and main- 
tained along the full extent of the brass, and the work- 
ing conditions are under better control. The difficulty 
in the way of adopting the reduced arc of contact in 
practice would appear to be that the direction of the 
resultant load on the bearing is often unknown, and in 
many cases may deviate considerably from the vertical. 

The importance of providing the correct amount of 
oil clearance to permit the shaft to float freely on an 
unbroken film has now been recognised in practice. 
Little is definitely known as to the actual thickness of 
the film under running conditions. Professor Goodman 
has recently published the results of an important 
research,{ which has thrown much light on the subject, 
and the data which he has obtained will prove useful in 
extending the application of the theory. From the 
hydrodynamical theory of lubrication, a relation can be 
established between the load, the coefficient of friction, 
the viscosity of the oil, the surface speed, and the 
thickness of the film under shear. It is, in the first place, 
necessary to determine the attitude and eccentricity of 
the journal in the half-bearing at any given speed. 
Giimbel claims to have shown§ that the path described 
by the centre of the journal as the speed increases 
may, with a fair degree of approximation, be regarded 
as a semicircle, a fact which, he states, has been 
confirmed experimentally by Vieweg.'| In Fig. 6, 
D and d are the diameter sof the bearing and journal, 
respectively, the clearance c being D —d. The semi- 


. ° P c e . 
circle on O’B which is made = 9g Bives, according to 


Giimbel, the path described by the centre of the journal, 
and for any position, as defined by the attitude B, the 
eccentricity e = O’O, and the minimum thickness of 





* “ Untersuchungen an Lagern,” by J. von Freuden- 
reich, B.B.C. Mitteilungen, 1917. 

t Mechanics Applied to Engineering, by J. Goodman, 
page 323. 

t Proc. Inst. C.E., 1928, vol. eexxvi, page 242. 

§ Z.V.D.I., 1921, vol. lxv, page 1295. 

\| Archiv. fiir Electrotechnik, 1919. 
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film, ¢ = OH, are at once known. To establish this 
relation, Giimbel makes use of a dimensionless 
quantity ¢. 

Values of @ may be calculated and set off as polars 
to A for different positions of 8, giving the curve shown 
at O’J in Fig. 7. Suppose that, for a certain case, the 
value ¢ is 10. Through [ at point 10 on the curve 
draw O’TO, at an angle 8 with the vertical O’B, which 
is the required attitude, and which intersects the 
supposed semicircular path O’OB in O. From O’ 
as centre, describe the quarter circle BC, cutting O’TH 
in H, when the minimum thickness of film ¢ is repre- 
sented by OH. In the figure, O’B is shown divided 
into 10 equal parts, so that the actual value of OH 
may be obtained as a percentage of the half clearance, 
which is already known. 

The above method of approaching the problem is 
subject to several defects. The viscosity of the 
lubricant varies so widely with changes in temperature 
and pressure that it is impossible to determine before- 
hand the value required in the equation for g. Further, 
the classical theory ignores any end leakage of oil and 
therefore applies only to a bearing of infinite length. 
Then again, the surfaces of both journal and bearing are 
assumed to be perfectly smooth, a condition which 
cannot exist. The minimum thickness ¢ of the film at 
the point of nearest approach is determined by the 
nature of the surfaces of the journal and bearing, which 
are subject to a certain degree of unevenness. Thé 
depth of this surface irregularity, for a mild-steel shaft 
turned and polished in the usual manner, may be 
taken, on the average, as 00002 in., for a carefully bored- 
out gunmetal step as 0-0008 in., and for a bored-out 
white-metal lining 0-0006 in. The smallest possible 
thickness of film to prevent actual contact of journal 
and bearing and ensure fluid friction must exceed the 
sum of the surface irregularities, which for a mild- 
steel shaft in a gunmetal bearing may be taken at 
0-001 in. In practice it is usual to allow an initial 
clearance of 0-001 in. per inch diameter of the journal, 
but with this rule, the clearance for large shafts becomes 
excessive. Viscosity and load must also be taken into 
account if correct results are to be obtained. At 
present, it would appear that the most suitable oil 
clearance for any particular case is best determined 
experimentally. 

Work must inevitably be expended in overcoming 
either the semi-fluid friction of the journal in its bearing, 
or the fluid friction of the lubricant itself, with the 
production of an equivalent amount of heat; and the 
area of journal surface and the external form of the 
bearing must be designed to dissipate the heat at a 
sufficiently rapid rate to ensure satisfactory running. 
The bearing will then warm up until the rates of 
heat production and dissipation become equal, when 
the temperature will remain constant, provided no 
change takes place in the load or speed or in the con- 
ditions of lubrication. With a journal of diameter 
d inches, carrying a load P lb. and running at N r.p.m., 


uPwrdN 

7713 B.Th. 
where » is the coefficient of friction (which for this 
purpose may be taken as 0-004 for a ring-oiled bearing 
and 0-02 for grease lubrication) and J, Joule’s equiva- 
lent, is 778. If ¢ is the number of B.Th.U. dissipated 
per square inch of bearing surface per minute, then the 
area of bearing surface in square inches required = A = 
uPwrdN 

12 Jt 
to adjustment to ensure that the pressure is not 
excessive. Professor Goodman gives the value of ¢ 
for a continuously running bearing (a) in a tolerably 
cool place as 0-15 to 0-2, and (4) in hot places, where 
heat is not readily conducted away, as 0-08 to 0-1. 

It is evident that the lubricant must possess sufficient 
viscosity to keep the bearing surfaces apart, but the 
viscosity of a lubricant diminishes with increase in 
temperature, and although this reduces the rate of heat 
production, the oil in its thinned condition is liable to 
be squeezed out, when friction takes place between 
metal and metal and the bearing is liable to seize, or 
the white-metal lining may be fused. The permissible 
rise in temperature above the surrounding atmosphere 
varies from 10 deg. to 135 deg. F. under varying 
conditions, but it is a good general rule that the tem- 
perature of a bearing running under full load should 
not exceed 100 deg. F. For line-shafting, a rise of 
30 deg. F. is rarely exceeded. To avoid running hot 
and possible squeezing out of the lubricant, it is obvious 
that the pressure on the journal must not exceed 
certain limits, which have been determined largely 
by experiment. In textile and similar factories, the 
average load on each line-shaft bearing, due to weight 
of shaft, pulleys, &c., and pull of belts, varies between 
400 Ib. and 900 Ib., giving a pressure on bearings two 
diameters in length of from 40 Ib. to 80 lb. per square 
inch, generally on the bottom half of the bearing. The 
speed of line-shafting varies from 100 to 400 r.p.m., 
giving rubbing speeds of from 50 ft. to 300 ft. per 


the heat produced U. per minute, 


The area obtained in this way is subject 





minute. In some cases, these figures may be exceeded, 
and speeds of 600 to 800 r.p.m. are not uncommon. 

According to theory, both journal and bearing should 
be rigid and truly cylindrical and parallel throughout 
their length, the rubbing surfaces being perfectly smooth 
and polished. These conditions are very imperfectly 
realised, and bending or deflection of the journal, due 
to the spring of the shaft, occurs to some extent. The 
existence of a continuous and unbroken film of oil, 
on which theory depends, requires the continuous 
supply of an ample quantity of oil, which, after passing 
through the bearing, must be allowed to flow away 
without resistance. But with sight-feed lubrication, 
oil is supplied at a fixed rate in drops. Again, with 
grease lubrication, the quantity of grease melted is 
determined by the temperature of the bearing. In such 
cases, the lubricant is not supplied constantly and in 
sufficient quantity to maintain the film with certainty. 
Ring lubrication provides a more copious supply, and 
the fixed collar, so extensively used on the Continent, 
perhaps to an even greater extent. Either of these 
methods can comply with theoretical requirements, if 
the correct amount of oil clearance is provided. Accord- 
ing to the hydrodynamical theory of lubrication, the 
action of the lubricant is due entirely to its viscosity, 
and the only force opposing rotation is that necessary 
to overcome viscosity, or to shear the lubricant. There 
can thus be no wear of the moving parts, and the power 
absorbed in friction should be reduced to a very small 
amount. It also follows that the materials of the 
journal and bearings can have no influence on the 
coefficient of friction. The use of oil grooves may 
tend to sever the film. 

So far as viscosity is concerned, it is often submitted 
that, except at very high temperatures, oils of animal 
and vegetable origin are better lubricants than mineral 
oils of the same viscosity. These results refer to 
semi-fluid friction, where the parts are more or less in 
actual contact, and do not apply to film lubrication as 
prescribed by theory. Wear takes place to some 
extent, even under the most favourable conditions, 
despite the fact that the greatest care has been taken 
to select the most suitable lubricant, and to keep 
down the bearing pressure within safe limits to prevent 
squeezing out the film. The result is, no doubt, due 
to the rupture of the film at starting and stopping, 
leading to temporary running under conditions of 
semi-fluid friction with the parts actually in contact. 
A similar action may also be caused, to some extent, by 
the presence of gritty particles in the lubricant, and 
here the practice of filtering the oil before use has much 
to recommend it. In practice, the materials of the 
rubbing surfaces exercise considerable influence on 
friction and wear. But in all probability, this applies 
only when the oil film is ruptured and metallic contact 
with greasy lubrication results. Lastly, oil grooves may 
be used in some types of bearing with success. In 
certain instances, usually at low speeds and with high 
pressures, the conditions necessary for fluid friction 
cannot be fulfilled, and here the use of oil grooves is 
desirable, if not necessary. Sir Thomas Stanton has 
shown* that, with ‘‘ boundary ” lubrication, grooving, 
if properly located, may be applied with advantage to 
give the oil access to the whole of the bearing surface. 
The fact, however, remains that with oil grooving, film 
lubrication is out of the question. In an ordinary line- 
shaft bearing, therefore, if it is sought to realise the 
conditions of film lubrication, grooving should not be 
resorted to. 

(T'o be continued.) 








Royat Sanitary InstiruteE.—Lord Cornwallis is 
to be president of the forty-first Congress and Health 
Exhibition of the Royal Sanitary Institute, to be held 
at Margate from June 21 to June 28, 1930. Sir Henry 
Maybury will be president of the Engineering and 
Architecture section. 

Evectricity SuppLty tv Canapa.—We have received 
from the Canadian Government a_ blue-book giving 
statistical information relating to the position of elec- 
tricity supply in that country for the year 1927. As 
similar data for the year 1928 have already been pub- 
lished in ENGINEERING, vol. exxvii, page 272 (1929), 
this need not be referred to in detail. It is, however, 
interesting to note that while in 1890 Canada’s total 
hydraulic development was only 71,515 h.p., of which 
1,615 h.p. was installed in central electric stations, at the 
end of 1928 the total installation was 5,349,332 h.p., 
of which 4,445,693 h.p., or 83-1 per cent., was used for 
generating electricity. In fact, about 99 per cent. of the 
electricity consumed in the country is generated by 
water power. In 1927, the output of these stations was 
5,796,674,722 kw.-hours, of which 1,682,675,803 kw.-hours 
was exported. A duty of 0-03 cent per kw-hour is charged 
on this latter amount, bringing in a revenue of 357,422 dols. 
More capital is invested in the electrical industry than 
in any other industry, except agriculture and railways. 
The pole-line mileage totalled 33,573, of which 12,291 
miles was for transmission and 21,282 for distribution. 
This is an increase of 3,878 miles over the figure for the 
previous year. 


* The Engineer, vol. cxxxv, page 678 (1923). 





THE LATE ADMIRAL OF THE FLEET 
SIR H. B. JACKSON. 


To engineers, the name of Admiral of the Fleet Sir 
Henry Bradwardine Jackson, whose death occurred 
on Saturday, December 14, at the age of 74, will 
primarily recall the early work, which was done in 
the face of much prejudice and ignorance, to establish 
wireless communication between H.M. ships. As early 
as 1891, when he was commander of the Edinburgh 
in the Mediterranean, there was urgent need for enabling 
a torpedo boat approaching a ship to make known her 
friendly character, and Jackson conceived the idea 
of utilising Hertzian waves for this purpose. It was 
not until four years later, however, when he was 
commander of the torpedo school ship at Devonport, 
that he succeeded in establishing communication from 
one end of a ship to the other. In 1896, he began 
his long connection with Mr. Marconi, and, with the 
exception of a short interval when he was naval attaché 
in Paris, remained generally responsible for the develop- 
ment of wireless communication in the Navy, until 
his promotion to flag rank in 1906. This interest 
continued, in spite of other numerous and _ pressing 
duties connected with his profession, as is shown by 
the fact that he was appointed chairman of the Radio 
Research Board in 1920. In fact, he kept himself 
fully abreast of recent developments in this field of 
communication, and his knowledge and experience 
were placed freely at the disposal of younger members, 
to whom they were of the greatest use. 

Admiral Jackson was born at Barnsley in 1855, and 
joinel the Navy in 1868. He was promoted sub- 
lieutenant in 1874 and lieutenant in 1877, speciaiising 
at first in navigation and later, after his return from 
active service in the Zulu war, in torpedo-gunnery. He 
was a member of the staff of the Vernon for over 3 vears, 
and later, as we have already stated, played a great 
part in the experiments which resulted in the adoption 
of wireless telegraphy in the Navy. His connection with 
both torpedo-gunnery and wireless continued after his 
promotion to captain in 1896, as, among other appoint- 
ments, he commanded the torpedo-depot ship Vulcan, 
acted as Assistant Director of Torpedoesat the Admiralty, 
and became captain of the Vernon. Lord Fisher, 
who had a great admiration for his scientific attain- 
ments, appointed him Controller of the Navy in 1905, 
and while holding this position he was a member of 
many technical committees dealing with the design 
and equipment of warships, including the one which 
recommended the building of the Dreadnought and 
the Invincible. Subsequently, he served for two terms 
at sea and also acted as Admiralty representative 
at the International Conference on Aerial Navigation, 
which was held in Paris in 1910, while, in the following 
year, he was appointed to the command of the Royal 
Naval War College at Portsmouth. On the outbreak 
of war, he became president of a sub-committee of the 
Committee of Imperial Defence, which dealt with a 
number of important naval matters, and, in 1915, was 
appointed First Sea Lord. He held this position for 
about eighteen months, and, on his retirement, became 
President of the Royal Naval College, Greenwich, 


-from which post he retired in 1919, on being promoted 


Admiral of the Fleet. 

Sir Henry Jackson was elected a Fellow of the Royal 
Society in 1901, and was a member of the Institution of 
Electrical Engineers. He was also an_bonorary 
vice-president of the Institution of Naval Architects, 
and had received numerous honours from both the 
British and foreign governments, as well as from the 
Universities of Oxford, Cambridge and Leeds. 








Tue British ENGINEERS’ AssocraTion.—Sir Gilbert 
C. Vyle has been re-elected President of the British 
Engineers’ Association for the year 1929-30. 





Mintnc In Mataya.—For many years past, the 
Federated Malay States have been the largest producers 
of tin ore in the world. The mines were, at one time, 
almost exclusively worked by the Chinese, and even 
at the present time, they are responsible for some 
60 per cent. of the total output. In the preface to a 
pamphlet entitled Mining in Malaya, by Mr. G. E. Greig, 
Senior Warden of Mines, Federated Malay States, Mr. 
F. E. Mair states that the mining industry of the country 
may be said now to be in a transitional state. The 
primitive methods which were effective for the working 
of the richer deposits can no longer produce tin ore at a 
profit. Before it is possible to work economically the 
lower-grade areas, however, considerable initial capital 
expenditure must be incurred for the necessary equipment. 
The object of Mr. Greig’s memorandum, therefore, 1s to 
draw attention to the actual conditions ruling in the 
Malayan tin-fields and to give an indication of their future 
possibilities. He gives detailed information regarding 
modes of occurrence of tin, present mining methods, out- 
puts, means of transport, labour, legislation and acquis!- 
tion of mining land, disposal of tin ore, export duty and 
charges, and present living conditions in Malaya. Data 
on coal, gold, and wolfram mining are also given. The 
pamphlet is obtainable from The Malayan Information 
Agency, Malaya House, 57, Charing Cross, London, 5. W. 1. 
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THE AMERICAN IRON AND STEEL 
INSTITUTE. 


THE annual autumn meeting of the American Iron 
and Steel Institute was held in New York on October 25 
last. The chair was occupied by the president, Mr. 
C. M. Schwab. Five papers were presented, and we 
give brief summaries of these below. 


THERMIT WELDING AND THE STEEL MILL. 


In the course of his paper on “‘ Thermit Welding and 
the Steel Mill,’ Mr. J. H. Deppeler pointed out that, 
although in the cast state, Thermit steels invariably 
fractured through the grains and not along the grain 
boundaries. They possessed, therefore, the physical 
properties of forged steel, except in the matter of 
micro-structure. In every test, and by actual service, 
the properties of Thermit steels compared very favour- 
ably with those of high-grade forgings. For many 
years, the matter of mould construction had been a real 
stumbling-block in Thermit welding. The great difli- 
culty was the fusion of the clay content in the mould, 
the fusing point of all clays being well below the 
temperature of the welding operation. The final 
solution of the problem had lain in the selection of the 
best silica sands and clays, and the making of synthetic 
moulding material containing a minimum of clay, so 
thoroughly mulled that, theoretically speaking, each 
sand grain was coated with the thinnest possible layer 
of clay. The Thermit weld solidified from the inside 
towards the outside, thus tending to promote density 
and soundness in the weld itself. The parts being 
welded acted as large chills and extracted the heat of 
the molten steel more rapidly from the centre or core 
than from any other point. Freezing, therefore, 
occurred first approximately along the axis of the 
parts united by welding and radiated outwards from 
this point. 

In general, there were three uses for the Thernit 
welding process in steel rolling-mill installations, 
namely: (1) the repair of broken parts, for which it 
might be useful for economical reasons or on account 
of the saving in time in getting the mill or machine 
into operation again: (2) the building up of worn 
parts, which in many cases, replaced the material 
worn off with one better suited to withstand the 
service ; and (3) the manufacture of new constructions 
or the production of old parts in a different way. 
Until recently, the repair of broken parts was thought 
to be the only use for the Thermit welding process. 
With the introduction of welding departments in steel 
rolling-mill installations, however, the character of the 
work had broadened and it was no longer restricted to 
emergency repairs. The replacement of metal worn 
off was one of the newer applications, which had proved 
to-be very profitable. Thermit steels of extreme 
hardness could be cast on surfaces subject to wear, 
In fact, by having recourse to welding, any part could 
be designed to have different physical properties at 
various points. Considerations of this kind resulted 
in the production of parts having greatly prolonged 
working life. ; . 

THE Fatigue or Merars. 


In his paper ‘The Fatigue of Metals,’ Professor 
H. F. Moore gave a review of progress from 1920 to 
1929. He stated that the results of extensive investi- 
gations had made it reasonably certain that, for practi- 
cally all metals, there was a limiting stress below which 
the material could withstand an indefinitely large 
number of repetitions of stress without fracture. Many 
tests had been run involving 100,000,000 cycles of 
stress, and several had been madeinvol ving1,000,000,0( 0 
cycles of stress, and more. The name endurance limit, 
or fatigue limit, had quite generally been given to 
this limiting stress. The determination of endurance 
limit by long-time tests was a slow and costly business, 
and many attempts had been made to devise a short- 
time test. A short-time test which gave considerable 
promise had been developed by Lehr, of Stuttgart.* 
He measured the power input required by a fatigue- 
testing machine under various loads, and detected a 
marked increase of power input at a stress not very 
far from the endurance limit, as determined by long- 
time tests. Another short-time test of great promise 
was the electrical-resistance method developed by 
Ikeda, of Tohoku University, Japan. In this test, the 
Tesistance of a fatigue specimen was measured while 
It was being subjected to cycles of stress of various 
magnitudes, A distinct change of resistance was noted 
at a stress which coincided very closely with the long- 
time endurance test. 

One of the most striking phenomena observed was 
the raising of the endurance limit of metals by sub- 
jecting samples to a large number of repetitions of 
Stress, just below the original endurance limit. Mate- 
rials varied widely in their response to this under- 
stressing treatment, and, contrary to expectation, 





* 


See ENGINEERING, vol. xxiii, page 212 (1927). 


ductility did not seem to be a determining factor. For 
example, cast-iron could have its endurance limit 
raised by a much higher proportion by under-stressing 
than could brass. On the other hand, stresses above 
the endurance limit started fatigue cracks and reduced 
the endurance limit of metals. Under-stress raised the 
endurance limit, while over-stress lowered it, and here 
was seen another argument for the gradual ‘“ breaking 
in” of machinery. During the past ten years, the ques- 
tion of the endurance of metals at high temperatures had 
become of steadily growing importance. As tempera- 
tures rose, the phenomenon of creep began to assume 
importance. Even at stresses beyond the yield point, 
metals, after slip, soon came to rest under plastic 
distortion. Above temperatures of from 1,000 deg. to 
1,200 deg. F., in the case of ferrous metals, fatigue 
failure seemed to disappear entirely, and failure by 
gradual flow or creep became the dominant factor. 

One of the striking developments of the last ten 
years had been the widespread use of steel heat treat- 
ment. It was possible, by suitable heat treatment, to 
triple both the static and the fatigue strengths of high- 
carbon and alloy steels. In all steels, however, and 
probably in all other metals, wherever a heat or other 
treatment improved the strength of the material, it 
also made it more sensitive to the damaging effect of 
localised stress. High-strength material was not only 
stronger, but was also more susceptible to injury, and 
must be handled very carefully by the designer and 
machinist. A striking feature of Dr. D. J. McAdam’s 
studies in the field of corrosion fatigue was that many 
of the high-grade heat-treated alloy steels were specially 
affected. Under the action of so mild a corrosive 
agent as a stream of fresh water, practically all the 
advantages of heat treatment and the alloying elements 
disappeared. 

Fatigue strength showed no well-marked correlation 
with ductility. Ductility was valuable in a material, 
not because it added directly to its strength, 
but because it provided a reservoir for absorbing the 
energy of occasional overloads without actual fracture. 
No correlation could be found between fatigue strength 
and the notched-bar tests. Fatigue tests, like most 
other tests, had failed to show just what was the 
significance of these interesting impact tests. The 
Brinell, scleroscope, and Rockwell hardness of a 
material seemed to be closely allied with its tensile 
strength, and also with its fatigue strength. 


Tue SERVICE OF STEEL TO CIVILISATION. 


A paper by Mr. E. F. Kenney dealt with “ Steel’s 
Growing Service to Civilisation.” Mr. Kenney stated 
that the amount of steel consumed, per capita, in the 
United States had increased by more than 3,000 per 
cent. between 1860 and 1900. The first quarter of the 
present century had seen a further increase of 300 per 
cent. It was estimated that that country would 
consume more than half-a-ton of steel this year for 
every inhabitant. A modern development was the 
construction of equipment for processes employing 
high temperatures and pressures. High-pressure steam 
and oil-cracking installations had already given rise 
to the manufacture of some unusual forgings. One 
of these was a large soaking drum for use at a pressure 
of 800 lb. per square inch, and at a temperature of 
875 deg. F. It was 47 ft. 7 in. long, and had an outside 
diameter of 83 in.; the walls were 5} in. thick. This 
forging required an ingot weighing 190 long tons, and 
this was about the limit in ingot weight which could 
be handled by any existing steel plant. 

THE PREVENTION OF WASTE. 

“Waste Prevention and Salvage, as Applied to the 
Steel Industry’ was the title of a paper contributed 
by Mr. F. Parrish. The author stated that excellent 
results had been obtained as a result of the adoption of 
suggestions made during a waste-prevention campaign 
organised by the United States Steel Corporation. 
For instance, the cutting down of the thickness of hot 
saws, used for certain operations, by 4,th of an inch, 
had reduced the quantity of saw chips produced an- 
nually by 2,000 tons. Again, the erection of a platform 
between two blowing engines, thus allowing one man 
to operate both engines, had resulted in an estimated 
saving of 5,000 dols. According to economists, waste 
for which the works management was responsible 
accounted for 67:3 per cent. of the total. Waste for 
which labour was responsible could be placed at 17-1 
per cent., while waste due to external causes made up 
the remaining 15-6 per cent. Waste prevention was 
a primary law of good business. It must be actively 
sponsored by the head of an organisation, and diligently 
practised by every employee if the best results were 
to be obtained. No other line of business endeavour 
had such opportunity for profitable employment. It 
might be exercised in connection with practically 
every item and action made use of in industry. 


Basic OpEN-HEARTH SLaG. 
A contribution by Mr. E. J. Janitzky gave an 





account of “A Study of Basic Open-Hearth Slag by 





Solidification Tests.” The author stated that, in the 
making of basic open-hearth steel, process control, 
as exercised by the practical furnace operator, was 
governed largely by his observation and interpretation 
of slag conditions. Although this was apparently 
fully realised throughout the steel industry, scientific 
studies of slags were still meagre, when compared 
with the knowledge possessed concerning the behaviour 
of the steel bath. What was required was to deter- 
mine what slag characteristics were desirable, and 
to find how these characteristics could be deter- 
mined by visual observation alone, so that the fur- 
nace operator could have an almost instantaneous 
picture of the character of theslag. A preliminary 
study had been undertaken at the South Chicago plant 
of the Illinois Steel Company, and a general correlation 
made of the readily observed characteristics of similarly 
solidified basic open-hearth slag samples, in respect of 
their chemical analysis, colour, surface design, con- 
formation and texture. Twenty-five open-hearth heats 
had been carefully observed, and slag samples taken 
just before deoxidising or alloying additions were made 
to the bath. 

Among the final conclusions drawn, it might bo 
stated that it seemed apparent that low FeO in the 
steel would be conducive to a cleaner final steel. 
Thus, a low FeO content in the slag was a desirable 
feature, and the furnace operator could better control 
his heat by aiming to obtain a lustrous black surface 
on a test sample of slag cake. It was also probable 
that those slags which showed the most dense structure 
in respect to gas cavities usually represented a condi- 
tion of diminished gaseous reaction between metal 
and slag. It was not, however, inferred that, in all 
cases, this dense condition could be used for the deter- 
mination of complete equilibrium between metal and 
slag, but it was believed that this density, which was 
always accompanied by concavity, could be taken as 
an index of diminishing reactivity. For example, it 
was well known that the addition of iron ore to a 
molten steel bath resulted in a notable increase in 
reactivity, which subsequently decreased, and it was 
of interest to note that the solidified slag samples, 
taken at intervals subsequent to ore addition, exhibited 
diminishing degrees of convexity and porosity, and, if 
no further ore additions were made, they became 
relatively dense and concave. Finally, it might be 
concluded that slags which showed a black, lustrous, 
and concave surface were the most desirable. In 
conclusion, it should be emphasised that the desirable , 
slag characteristics and composition must be deter- 
mined for each plant, as local variations in the analysis 
of the charge and fluxes used could undoubtedly affect 
the coloration, surface design, and texture of the slag 
test specimens. 








A Ricu CANADIAN GoLp M1nE.—One of the outstanding 
gold mines in the Kirkland Lake district of Ontario, 
Canada, is the Teck-Hughes mine, which has produced 
gold to the value of 978,000/. during the past year. The 
annual production of gold from the mine, eleven years 
ago, amounted to 30,000/. only. Since this date, the 
output has increased steadily. 

British PRopucTION oF PiG IRON AND STEEL.— 
According to the monthly memorandum published by 
the National Federation of Iron and Steel Manufacturers, 
Caxton House (East), Tothill-street, London, S.W.1, 
the number of blast furnaces in operation at the end 
of November was 163, a decrease of three since the begin- 
ning of the month. The November output of pig iron 
amounted to 631,400 tons, compared with 688,700 tons 
in October and 544,400 tons in November, 1928. The 
production of steel ingots and castings, during November, 
amounted to 815,000 tons, against 889,800 tons in 
October, and 762,500 tons in November, 1928. 


Saskatoon E.ectric-PoweR PtLant.—The electric 
power plant erected by the Government of Saskatchewan 
at Saskatoon, at an estimated cost of 1,850,000 dols., 
is now practically completed. The work of reconstructing 
the distribution system within the city of Saskatoon, 
in order to render it suitable for the higher voltage to be 
supplied in future, is being carried out simultaneously. 
Two sub-stations are being built to step down the current 
from 13,200 volts to the 2,300 volts used in the city 
distributing system. Underground mains will be used 
for the transmission of the high-tension current to the 
sub-stations. 


DERBY Society oF ENGINEERS.—We have received 
a copy of the annual report and transactions of the 
Derby Society of Engineers for the 1928-29 session. 
The membership at the end of this, the forty-fifth session 
of the Society, totalled 212. The transactions portion 
of the volume contains a number of interesting papers 
read before the Society during the session, together with 
the discussions thereon. Among others, we may cite, 
“The Future Development of the Locomotive,” by 
Dr. D. S. Anderson; ‘“‘The Use of Photo-Elasticity in 
Engineering,” by Professor E. G. Coker ; “ Diesel-Elec- 
tric Rail Cars,” by Mr. A. Johnson; and “ Modern 
Mind on Minute Matter,” by Mr. F. Record. The hono- 
rary secretary of the Society is Mr. J. M. Roberts, 45, 
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weather. The estimated and actual loads can be dis- 
tinguished, the time when the morning and evening 
peaks occurred being indicated at the tops of the 
respective columns. The plant in reserve or scheduled 
is shown, as well as the load on the corresponding day 
during 1928. The actual loads at 8 a.m. and 2 p.m. are 
also indicated. The figures appearing at the top of 
some of the columns are the functional constants used. 
It will be seen that the correspondence between the 
estimated and actual loads was close, and therefore of 
value. It may be added that the plant in use, in | 
reserve, and out of commission at each station is record- | 
ed on daily charts, as also is the load on each section of | 
the system, so that the exact position at times of peak 
load is easily ascertainable. 

The contro] system is operated from a special room | 
at the Headquarters of the London Power Company, at 
Ergon House, Westminster, an interior view of which, 
with the control desk in the foreground and the 
illuminated diagram of the system and instrument panel 
behind, is given in Fig. 2. From this centre, direct 
telephone communication is provided with the generat- 
ing stations, substations and switching stations on the 
system, the necessary apparatus and equipment for this 
purpose having been installed by Messrs. The Standard 
Electric Company, Limited, of Connaught House, 
Aldwych, London, W.C.2. 

The control desk itself is divided into three sections, 
those on the right and left hand being in duplicate 
and being equipped with a telephone switchboard 
and instruments, while on the centre portion are 
mounted appropriately-coloured throw-over keys for 
illuminating the small openings on the large system 
diagram panel, which represent the various switches. 
Either a red or green light appears on this diagram, 
depending on whether the switch in question is open 
or closed, while if it is out of commission, and iso- 
lated, no light is shown. The panel itself is of }-in. 
steel plate. which is finished with cellulose paint 
to present a matt surface, and all the feeders and 
interconnectors are indicated by Monel-metal strips. 
When the control engineer wishes to alter the posi- 
tion of any switch on the system, he communi- 
cates with the person responsible, and, on receiving 
from him the information that the necessary change 
has been made, repeats the operation by pulling 
over the appropriate key on the control board. As 
this also reproduces the altered conditions on the 
illuminated diagram, the two act as a mutual check. 
In order to ensure safety to both plant and personnel, 
no switches may be operated without the consent 
_ or instructions of the control engineer, neither can any 
work be undertaken on the system until a “ Permit 
to work ” card has been issued. In cases of emergency, 
full instructions are issued from the control room, 
with a view to establishing normal conditions at the | 
earliest possible moment. 

As will be seen by reference to Fig. 2, below, and to 
the left of the diagram, is a plant panel. This consists 
of a number of illuminated strips, those on the left 
showing the boilers steaming and in reserve, by red 
and green lights, respectively, while those on the right 
give sinilar information regarding the generators. The 
absence of a light indicates that the particular boiler 
or generator is out of commission. This panel is also 
operated by switches from the control desk. Imme- 
diately above the diagram is a kilowatt meter, which 
shows the aggregate instantaneous load on the system, 
while below it is a cyclometer dial, which indicates 
the total capacity of the generators, which are on load 
atany moment. This dial is operated by the handwheels 
visible in Fig. 2. The difference between the readings 
of these two instruments therefore indicates the amount 
of running reserve. The central panel and the apparatus 
With which it is equipped were supplied by Messrs. 
ss Reyrolle and Company, Limited, of Hebburn-on- 

yne. 

The left-hand wing panel of the board carries a 
number of instruments which indicate, in the control 
room, the steam pressure, the total instantaneous 
output, and the voltage at each of the four stations. 
These readings are transmitted electrically through a 
series of Midworth repeaters, supplied by Messrs. 
Evershed and Vignoles, Limited, of Acton Lane Works, 
Chiswick, and a system of pilot wires. It may be 
recalled that these instruments enable any change in 
the pressure, &c., to be indicated at a distance by 
adjusting the amount of current which a control 
generator supplies to the line. This current, in turn, 
actuates a motor at the receiving end, thereby indicat- 
ing any change that occurs, and is then automatically 
cut out. A voltmeter, on which the pressure of the 
interconnected system, or at any one of the generating 
Stations can be indicated, is placed over this panel, 
While the frequency is shown on a meter fixed at the 
bottom of the panel. 

At present, the right-hand wing panel is practically 
unequipped. It is, however, intended to use it for the 





accommodation of any instruments which may be 
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conditions at the points where the London Power 
Company’s system will be connected to the grid. The 
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one instrument which, as shown in Fig. 2, is at present 
fixed to this panel is a Westinghouse recording frequency 





hecessary for indicating the load and other electrical 





meter. Any variation in the frequency is also indicated 











on this instrument by a scale 6 in. long which corre- 
sponds to two cycles. The control of the frequency, 
which is, of course, a point of vital importance in a 
large interconnected system, is further effected by the 
master-frequency meter, which is placed on the 
right-hand wall of the control room, but is not visible 
in the illustration. 

To make the way in which this meter operates clear, 
it is necessary to recall that, when one power station of 
a group of several on an interconnected system is 
directed to increase its share of the total load, it can 
only do so by opening the turbine throttle valves. 
This operation, however, also tends to increase the 
speed and therefore the frequency, thus causing the 
other interconnected stations to lose some of their load. 
In the absence of some pre-arranged system, the latter 
will therefore try and improve matters by increasing 
the steam supply, with the result that the system 
frequency will be still further increased. This will 
continue until one of the stations realises that it is 
carrying more than its share of the load and reduces its 
frequency, a procedure which will then be followed by 
the others. The chances are that this process will be 
repeated with consequent instability in the operation 
of the system. 

To overcome this difficulty, it is now recognised that 
only one of the stations of a group forming an inter- 
connected system should control the frequency, the 
remainder operating so as to supply a pre-determined 
load. To enable this to be done, some more sensitive 
instrument than the ordinary indicating frequency 
meter is required, especially as it is the maintenance 
of an accurate mean frequency that is necessary, the 
small temporary variations, which are inevitable, being 
quite unimportant. It has, therefore, been arranged 
that this mean frequency shall be continuously indi- 
cated at the four power stations and at Ergon House, 
so that any one of the former can take over the control 
of the frequency at any time. If one of the stations 
is disconnected from the system, its own mean frequency 
is similarly indicated. The master frequency meter, 
which, as already stated, is installed in the control room 
for this purpose, consists of a dial with two pointers car- 
ried on concentric spindles. One of these pointers is 
driven by a master clock and the other by a Warren 
motor, a feature of the latter being that it runs in 
absolute synchronism independently of the load. The 
gearing is arranged so that, when the frequency is 
correct, the speed of rotation of both pointers is the 
same and they are therefore coincident. Any varia- 
tion from coincidence of the pointers, of course, 
indicates that the frequency is either too high or 
too low. 

Below this dial is one of the ordinary clock 
pattern, the hands of which are driven by a Warren 
motor, so that it indicates “‘ frequency-time,” while 
a third dial indicates standard time and is operated 
by a Synchronome master clock. As any difference 
between the readings of these two dials can only be 
due to frequency variations, they form a check on the 
indications of the uppermost dial. The master clock 
transmits impulses at one-second intervals to similar 
clocks in each of the four power stations, where a 
sub-frequency meter, the hands of which are driven 
by the master clock and a Warren motor, respectively, 
is installed. The concentrically-mounted pointers on the 
upper dials revolve once in five minutes, so that a differ- 
ence of five seconds can be readily detected. Assuming 
that the master-clock is maintained correct to within 
one second in 24 hours, this variation is equivalent 
to a difference of 0-001 per cent. in the méan frequency. 
As the permissible accuracy allowed to a British 
standard frequency meter is 1 per cent., it will be seen 
that the London Power Company are able not only to 
measure, but to maintain, their frequency within very 
much narrower limits. In practice, the frequency is 
controlled from the Grove-road station and the voltage 
from both the Deptford West and Willesden stations. 
Any variation from the standard frequency is re- 
corded on the meter to which reference has already 
been made. 

Finally, it may be mentioned that the system, as a 
whole, has been designed with a view to maintaining 
personal contact between the control engineers and the 
staff at the various power stations. The number of 
automatic indications has, therefore, been reduced to a 
minimum, which will be consistent with the operating 
conditions and will avoid the use of complicated 
instruments. That some system of this kind is 
necessary will be obvious from a further examination 
of the statistics given in Fig. 3. The maximum total 
load on the system is now of the order of 190,000 kw., 
while the normal daily peak is about 175,000 kw. Last 
year, on the other hand, the load did not exceed 
150,000 kw. during the same period. The incidence 
and amount of these peaks, while showing a continual 
upward tendency, change with the time of year and 
with the weather, so that considerable care is required 
in foretelling the demand if the plant as a whole is to 
be used in the most efficient way. 
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THE CANADIAN PACIFIC LINER 
S.S. “EMPRESS OF JAPAN.”’ 


Previous articles in these columns describing the 
recent ships of the Canadian Pacific Railway Com- 
pany have indicated steady progress in both speed 
and comfort with successive vessels, so that it is not 
surprising to find again a substantial advance in the 
8.S. Empress of Japan, which was launched on Tuesday, 
December 17, from the Govan yard of Messrs. the 
Fairfield Shipbuilding and Engineering Company, 
Limited, Glasgow. The vessel is intended for the 
Canadian Pacific Railway Company’s Trans-Pacific 
service, and will be the largest mail and passenger 
steamer running in those waters. Of a gross tonnage 
of 26,000, the S.S. Empress of Japan is 666 ft. 
long overall, with a breadth at the promenade deck 
of 87 ft. 9 in., and a depth (moulded) to bridge deck 
of 56 ft.9in. She is designed for a service speed of 
21 knots, but may be expected to attain, in favourable 
weather, at least 22 knots. Normally she will make 
the passage between Vancouver and Yokohama, a 
distance of 4,200 miles, in about eight days, the 
advance in speed upon the earlier vessels in the service 
corresponding to a reduction of one day in the passage. 

The machinery consists of six Yarrow-type boilers, 
fitted with superheaters, designed for a working 
pressure of 425 lb. per square inch, and operated under 
both forced and induced draught. These are supple- 
mented by two Scotch-type boilers, 17 ft. 8 in. in 
diameter, working at 200 lb. per square inch, under 
forced draught. All the boilers are oil fired, and are 
arranged in two stokeholds. There are, however, three 
funnels which will give the vessel a characteristic 
appearance. The engines consist of two sets of triple- 
expansion single-reduction geared turbines of Messrs. 
Parson’s latest type, each set driving a single screw. 
The total horse-power is 30,000, and the turbines are 
designed to work with steam at a pressure of 375 Ib., 
superheated to a temperature of 700 deg. F. With 
one or two minor exceptions, the whole of the auxiliary 
machinery is electrically driven, power being supplied 
by four 300-kw. Diesel generators, or, alternatively, 
by two 600-kw. turbo-generators. The total weight 
of the machinery is 3,200 tons, a reduction of 200 tons 
on that of the Empress of Canada, which, moreover, 
had only two-thirds the horse-power. The bunkering 
capacity of both steamers is 6,100 tons, but the Empress 
of Canada was rated at 19 knots, while the Empress of 
Japan, as already stated, will steam at least at 21 knots. 
This bunker capacity will enable the steamer to make 
a complete voyage of 13,000 miles without re-fuelling. 

An interesting comparison, too, can be made of the 
provision for accommodation. The average area per 
passenger in the normal first-class staterooms of the 
new vessel is 80 sq. ft., as against 40 sq. ft. in the 
Empress of Canada. In the second-class these figures 
are 30-5 sq. ft., and 24 sq. ft., respectively, while in the 
third class they are 19-5 sq. ft. and 16 sq. ft. The 
promenade areas are on the same scale, the total for 
the first-class passengers being 31,800 sq. ft., as against 
20,700 sq. ft. on the Empress of Canada. The second- 
class space is increased from 2,050 sq. ft. to 5,630 sq. ft., 
and the third-class space to 2,700 sq. ft. for 100 passen- 
gers from 2,100 sq. ft. for 238 passengers. Cabin 
accommodation is provided for 400 first-class passen- 
gers, 164 second-class, 100 third-class, and steerage 
accommodation for 548 Asiatic passengers. These, 
together with a crew of 559 officers and men, make the 
carrying capacity of the vessel up to 1,771 persons. 
Though the vessel is primarily intended for passenger 
traffic, a considerable proportion of the 10,200 tons 
deadweight is allotted to cargo. The total capacity of the 
permanent cargo holds and between decks, is 304,000 
cub. ft. This includes spaces on the main and lower 
decks of 59,000 cub. ft., specially arranged for the 
transport of silk, and of 33,000 cub. ft. for insulated 
cargo. The total cargo capacity can be increased to 
380,000 cub. ft. when the number of Asiatic steerage 
passengers is reduced by about 480. 

There are eight decks in addition to the hold, sun 
deck, and navigating bridges. The total height from 
the keel to the top of the wheelhouse is 107 ft. The 
main transverse watertight bulkheads extend to the 
upper deck and are 10 in number. There are 21 sliding 
watertight bulkhead doors all operated by the Brunton 
hydraulic system, which enables the officer on watch on 
the bridge to close them all simultaneously, a_ bell 
warning being fitted to each door. Conversely each 
door may be opened by a local control valve, a lamp 
indicator on the bridge recording its position. Hand 
closing gear is also fitted. Movement between the 
decks is facilitated by passenger, baggage, and service 
lifts, and the first-class baggage room is served by an 
electric transporter working to both sides of the ship. 
There are 23 derricks so arranged that cargo can be 
discharged from the six hatches over both sides of the 
vessel simultaneously, one of the derricks on the after 
side of the foremast being arranged for handling loads 
up to 20 tons in weight. All are operated by electric 





winches. Boats will be provided for the full number of 
passengers and crew, and are carried on 20 sets of davits. 
Two motor boats and two small emergency boats are 
included. 

A few comments may be made on the nature of the 
passenger accommodation. There are a number of 
de luxe suites and special staterooms, and the first-class 
staterooms are normally arranged with one or two 
bedsteads. It may be noted, however, that there are 
no staterooms at all in the centre of the ship, and only 
eight which are not lighted from scuttles in the ship’s 
side. Where the Bibby plan is adopted for the two- 
bedstead rooms there is a five-foot passage to the ship’s 
side with a settee and a table at the outboard end. The 
provision of public bathrooms and lavatories has been 
considerably increased in relation to the number of pas- 


sengers carried, over and above those provided in a | 


number of the staterooms. Hot and cold water are 
laid on to all the first and second-class staterooms. A 
swimming bath 29 ft. by 20 ft. is arranged at the 
centre of the vessel and near its neutral axis. The 
public rooms are planned on a generous scale both in 
area and height, and the scheme of decoration proposed 
should be found very attractive. They can, however, 
be more adequately described on the completion of the 
vessel. 
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the Practice of the Various Branches of the Craft. By 
E. G. WARLAND. London: B. T. Batsford, Limited. 
[Price 25s. net. ] 

Model Power Boats. By Epwarp W. Hosss. London: 
Cassell and Company, Limited. [Price 6s. net. ] 

The Balancing of Engines. By W. E. Datsy. Fourth 
edition. London: Edward Arnold and Company. 
[Price 21s. net.] 

Cambridge Five-Figure Tables. By F. G. Hatt and 
E. K. RipEat. Cambridge: University Press. [Price 
3s. 6d. net. ] 

Proceedings of the Institution of Railway Signal Engineers. 
1929. Part I. February-August. Reading: Offices 
of the Institution. [Price 7s. 6d. to non-members. | 

Railway and Seaport Freight Movement. With Examples 
of British and American Practice. By GEORGE 
BULKELEY. London: Crosby Lockwood and Son. 
[Price 28s. net. ] 

United States Geological Survey. Bulletin No. 799. 
Geology of the McCalls Ferry-Quarryville District 
Pennsylvania. By E. B. Knorr and A. J. Jonas, 
[Price 35 cents.] No. 808. Geology of the De Queen 
and Caddo Gap Quadrangles, Arkansas. By H. D. 
MiseER and A. H. Purpve. [Price 75 cents.] No. 809. 
Formulas and Tables for the Construction of Polyconic 
Projections. Compiled by C. H. Brrpsreye. [Price 
25 cents.] No. 810-C. The Mount Spur Region, 
Alaska, By 8S. R. Capps. No. 811-B. Recent Mining 
Developments in the Creede District, Colorado. By 
2. S. Larson. [Price 10 cents.] Washington : Govern- 
ment Printing Office. - 


Electric Traction. A Treatise on the Application of | 
Electric Power to Tramways and Railways. By A. T. | 


Dover. Second edition, revised. London: Sir 
Isaac Pitman and Sons, Limited. [Price 25s. net.] 

Department of Scientific and Industrial Research Report 
of the Building Research Board for the Year 1928. 
London: His Majesty’s Stationery Office. [Price 
3s. 6d. net. ] 

Water Supply Engineering. By Haroup E. Bassirt and 
James E. Doxanp. London: McGraw Hill Pub- 
lishing Company. Limited. [Price 30s. net.] 

The Practice of Electrical Wiring. By DonaLp SMEATON 
Munro. London: The Electrical Review, Limited. 
{Price 4s. 6d. net. ] 

Home Office. Memorandum on Chains and Other Lifting 
Appliances. By G. S. Taytor. London: His 
Majesty’s Stationery Office. [Price 2s. net.] 

Proceedings of the Imperial Academy of Japan. Vol. V. 
October, 1929. Tokyo: Offices of the Academy. 

Hokkaido Imperial University. Faculty of Engineering 
Memoirs. Vol. II. Nos. 1 and 2. Sappora, Japan : 
Hokkaido Imperial University. 

Garcke’s Manual of Electrical Undertakings and Directory 
of Officials, Vol. XXXII. 1928-1929. Edited by 
FREDERICK C. GARRETT. London: Electrical Press, 
Limited. [Price 35s, net.] 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
|of tenders invited by various bodies in the British 
| possessions and in foreign countries. The closing date of 
each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
| the reference number given being quoted in each case. 


|  Steel-wool Making Machines.—A Chicago firm wishes 
| to get into touch with United Kingdom manufacturers 

of machines for the production of steel wool and iron 
| filings. (Ref. No. A.X. 8906.) 


Lorries and Tractors——A prominent Peruvian firm 
| desires to receive quotations and particulars of steam 
lorries and tractors, and also of motor lorries working on 
wood or charcoal gas. (Ref. No. A.X. 8909.) 


Oil-Fields Plant.—The Department of Overseas Trade 
|has received particulars of the plant and materials 
required by the Argentine State Petroleum Department. 
(Ref. No. A.X. 8905.) 


| Motor-Car Engines and Parts.—A new company is in 
| process of formation for the construction of motor-cars in 
| Australia, and is desirous of receiving quotations for 
| 4 and 6-cylinder, 15-h.p., motor-car engines, transmis- 
| sion sets, front and rear axles, gear boxes, electrical 
| equipment, radiator cores, and wheels 29 mm. by 440 mm. 
| (Ref. No. A.X. 8921.) 
Non-Ratchet Braces.—An inquiry has been received 
for strong non-ratchet braces, with 12-in. sweep, for boring 
| hardwoods. (Ref. No. B.X. 5969.) 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—Business in the raw and semi-finished 
material trades is easing with the approach of the 
Christmas stoppage. This is customary, though in 
some quarters it is being mistaken for the actual con- 
dition in the finished branches. The latter continue to 
make sound headway, having ample stocks to meet 
immediate requirements, with a sufficient margin on 
which to draw for the discharge of forward contracts. 
Steadiness in market values is assisting the arrangement 
of advance business, and as cheaper money appears to 
be in prospect, engineering employers and others should 
be in a position not altogether unsatisfactory to face the 
New Year, especially having regard to the very con- 
siderable relief afforded to users of industrial machinery 
under the newly operative legislation. An outstanding 
feature is the consistent demand for scrap for steelmaking 
purposes. This is becoming a component of greater 
worth in furnace charges. Siemens acid-steel billets are 
quoted at 9/. 10s.; hard basic-steel billets, 7/. 12s. 6d. 
to 91. 12s. 6d.; soft basic-steel billets, 7/.; Derbyshire 
foundry pig iron, 73s. 6d.; Derbyshire forge iron. 
69s. 6d.; Lincolnshire foundry pig iron, 76s.; crown 
iron bars, 11/.; iron hoops, 12/.; steel hoops, 91. 15s. to 
10/1. 5s.; soft wire rods, 8l.; basic-steel scrap, 67s. 6d. 
In the heavy steel departments producers of basic 
materials are more than holding their own. The latest 
returns reflect a growing demand both for home and 
export uses—a demand that may receive encouragement 
from the prospective cut in Continental production. 
Little variation is shown in acid steel, but as British 
railway companies are now coming more freely into the 
market for steel sleepers and rails, some improvement is 
anticipated. Good business is being done in electrical and 
automobile requirements, and movement is rather more 
pronounced in colliery and agricultural steel. Foreign 
competition in imported tools appears to be on the increase 
but exports of high-quality products continue at a satis- 
factory level. 

South Yorkshire Coal Trade—The improvement 
reported last week in best quality house coal is fully 
maintained, though collieries are far from being fully 
extended. Supplies of sécondary sorts are well in excess 
of the demand: stocks at pit-heads and depots are 
considerable. Industrial fuel is a slowly improving 
market. Shipments are enlarging at firmer values, while 
inland requirements are well up to recent average. <A 
reduced tonnage of slack is available owing to conserva- 
tion of supplies by collieries for holiday use. The strength 
of the market in foundry and furnace coke is undiminished. 
Quotations: best branch handpicked, 26s. 6d. to 28s. ; 
Derbyshire best brights, 21s. to 23s.; Derbyshire best 
| house, 20s. 6d. to 21s. 6d. ; screened house nuts, 16s. 6d. 
to 18s. ; screened house coal, 18s. 6d. to 20s. ; Yorkshire 
hards, 15s. 6d. to 17s.; Derbyshire hards, 15s. 6d. to 
17s. ; rough slacks, 9s. to 10s. ; nutty slacks, 7s. 6d. to 
8s. 6d.; smalls, 3s. to 5s. 











| PNEuMATIC UNLOADING OF ASHES FROM BUILDINGS.— 
An ash-collecting vehicle of unusual design has recently 
| been put into service in New York, where, of course, the 
| use of boilers in connection with the central heating o! 
| office buildings, shops, hotels and residences is general. 
| It consists essentially of a large hopper, into which the 

ashes are drawn by suction, and from which they are 
| removed by a totally-enclosed belt conveyor to a lorry, 
|'The vehicle is equipped with the petrol-electric drive, 
| the suction system and the conveyor being both operated 
| electrically. In the former case the motor has an output 
| of 40 h.p., and is coupled to a centrifugal compressor, 
| which is capable of delivering 6,000 cub. ft. of air per 
|minute. The suction in the intake pipe is such as to 
give a velocity of 145 ft. per second to its contents. 
|The vehicle was designed and built by the American 

Car and Foundry Company, and waselectrically equipped 
| by the General Electric Company. 
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DEC. 20, 1929.] 





NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business is quiet, and 
transactions of moment are not looked for until after 
the holidays. Merchants have command of only small 
quantities of Cleveland pig, and makers’ stocks are not 
large. The bulk of the outputs of Cleveland iron is 
going into direct use in its molten state at producers’ 
own consuming departments, and the surplus material, 
run into the pig beds, is fairly well taken up by running 
contracts of home users who have to buy in the market. 
Comparatively cheap Continental iron is being taken up 
in rather considerable quantities in Scotland to the 
exclusion of the pig-iron products of this district, and a 
cargo of foreign pig has been discharged here this week. 
Sales of Cleveland pig are almost entirely confined to 
parcels for home consumption, trade with customers 
abroad being on quite a trifling scale. Ironmasters’ 
fixed minimum quotations remain: No. 1 Cleveland, 
75s.; No. 3 g.m.b., 72s. 6d.; No. 4 foundry, 71s. 6d. ; 
and No. 4 forge, 71s. 

Hematite-—Conditions in the East-Coast hematite 
trade continue slowly but steadily to improve. Makers 
have virtually no saleable stocks, and are not eager to enter 
into forward contracts at the prices obtainable. Second 
hands are fairly well bought, but as they expect prices 
to advance further they are not anxious to unload their 
holdings. Home and Continental inquiries are circu- 
lating, and there seems likelihood of expansion of export 
business, despite the fact that foreign irons are sold in 
markets abroad at rates substantially below those quoted 
for material from the North-East Coast area. Deliveries 
to home users are maintained. Small prompt parcels of 
ordinary qualities of East Coast iron are still obtainable 
from merchants at 79s., but for delivery up till the end 
of March the general quotation is 81s. 

Foreign Ore.—The situation as regards foreign ore does 
not admit of extensive transactions. Consumers have 
long contracts to draw against, and as they consider 
prices named too high, they are not disposed to negotiate 
for forward supplies. Merchants are not in a position to 
offer substantial quantities, except for delivery well 
ahead, and the nominal price of best rubio remains at 
24s. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke, of 
good average quality, remains at 23s., delivered to local 
works, but it is reported that that figure has been shaded. 


Manufactured Iron and Steel.—Manufactured-iron sales 
are little heard of just now, but producers of most 
descriptions have a good deal of work to execute, and 
adhere to recent quotations. Similar conditions prevail 
in the semi-finished steel department. Values of finished 
steel are steady, and tonnage output is heavy, manu- 
facturers of shipbuilding requisites, bridge-building 
material and rails being well employed. Common iron 
bars are 101. 15s. ; best bars, 111. 5s. ; double best bars, 
111. 15s. ; treble best bars, 121. 5s. ; iron rivets, 110. 10s. ; 
packing (parallel), 8/.; packing (tapered), 10/.; steel 
billets (soft), 62. 17s. 6d.; steel billets (medium), 
71. 12s. 6d. ; steel billets (hard), 87. 2s. 6d.; steel rivets, 
Ill. 5s.; steel ship plates, 8/. 12s. 6d.; steel angles, 
81. 2s. 6d.; steel joists, 81. 28. 6d.; heavy sections of 
steel rails, 81. 10s. for parcels of over 500 tons, and 91. 
for smaller lots; black sheets, 91. 17s. 6d.; and gal- 
vanised corrugated sheets, 12/. 12s. 6d. 








CONCRETE COOLING TowerRs.—A large new concrete 
cooling-tower installation is nearing completion at the 
Hawthorne Works of the Western Electric Company, 
in Chicago, Illinois, U.S.A. The tower comprises two 
main divisions, each of which is composed of eight 
sections. Each section is 22 ft. wide, 36 ft. deep, and 
50 ft. high, and is equipped with four aeroplane-propeller 
typefans. The fans, which have a diameter of 8 ft., are en- 
tirely encased in Monel metal, and are mounted directly on 
the shafts of the driving motors. The first main division 
of the tower was completed in June last, and the second 
is shortly to be put into operation. When complete, 
the tower will have a capacity of more than 87,000,000 
gallons a day. The equipment has been designed, 
supplied and erected by the Foster Wheeler Corporation, 
of New York, while the constructional work has been 
carried out by the Western Electric Company. 





CENTENARY OF THE JOURNAL ‘‘CHEMISCHES ZENTRAL- 
BLATT.’’—The centenary of a publication devoted entirely 
to abstracting, is probably unique even in our presenr 
period of anniversaries. With the close of the yeat 
1929, the Chemische Centralblatt (to use the old spelling 
instead of ‘‘Z”’) will complete a hundred years of its 
existence. First published at Leipzig as Pharmaceu- 
traches Centralblatt in January, 1830, and then limited 
to pharmacology and botany, it extended its scope 
under G. T. Feckner and changed its title into Chemisches 
Centralblatt in 1843. Meanwhile the boundaries between 
chemistry and physics were growing more indistinct. The 
German Chemical Society, the oldest society of its kind, 
took the publication over in 1897. Dr. Arendt was editor 
for forty years, until 1902; the present editor is Dr. 
Pleicke. The American Chemical Societies began their 
Chemical Abstracts in 1907. Our own chemical societies had 
published abstracts for many years prior to this, but these 
were In connection with the Journals of the Chemical 
Society and of the Society of Chemical Industry. Inde- 
pendent monthly abstracts have been published on 
behalf of these two societies under the title British 
Chemical Abstracts in two separate sections, (A) Pure 
Chemistry, (B) Applied Chemistry, since 1926. For many 
years past the Zentralblatt has been a weekly journal, 
and, dealing with twenty-four groups of subjects, has 
been running into four bulky volumes every year. 
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NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—A complete change has come over 
the coal trade, as a result of the calmer weather during 
the week-end, which has reversed the tonnage position. 
Collieries, which were idle owing to the lack of empty 
wagons caused by the inadequacy of shipping supplies, 
are now working to capacity in an endeavour to clear 
commitments before the holidays and have ships loaded 
and despatched. New business is rendered impossible as 
collieries, generally, are booked up for this year, while 
most shippers have also completed their requirements. 
Collieries in most cases cannot accept fresh stems, so 
that prices are more or less nominal. The Egyptian 
State Railway order for 165,000 metric tons of large coal 
for delivery at Alexandria over the first five months of 
next year has been awarded to Messrs. T. Beynon and 
Company, Limited, Cardiff, at 28s. 4}d. c.i.f., and is 
expected to place the Monmouthshire pits in a more 
comfortable position, as the bulk of the coal will be drawn 
from this source. The Monmouthshire colliery owners 
are also looking forward to obtaining a big share of the 
Italian State Railways contract for 1,000,000 tons of 
British coal for delivery over next year. Shippers 
requiring tonnage to carry Welsh coal can now secure 
their needs at freights which represent the lowest levels 
for the year, stems having been rendered exceedingly 
difficult by the gales which threw vessels out of position 
and caused a congestion of colliery stems. Freights for 
West Italy have been fixed at 7s., for Port Said at 8s. 9d., 
and for Lisbon at 8s., while those for River Plate are about 
13s. 9d., and for Rio de Janeiro 12s, 43d. 

Congestion after the Gale.—As was expected, there 
has been a rush of tonnage during the last few days 
in consequence of the calmer weather having allowed 
ships to leave shelter and make their way to port. Vessels 
which should have docked a fortnight ago have now 
arrived, with the result that the tonnage position at the 
docks has changed entirely. During the week-end some 
200 vessels reached the Welsh ports, and instead of 50 
loading berths being vacant, there were 45 vessels waiting 
to go under the tips. The effect of the gale on the posi- 
tion will, however, be gathered from the fact that in the 
past week only 469,200 tons of coal and coke were handled 
at the Great Western Railway Docks, which was 86,000 
tons less than the quantity dealt with in the preceding 
week and 138,700 tons below that shipped in the corre- 
sponding period of last year. It also represented the smal- 
lest weekly total, with the exception of holiday periods, 
this year. Instead of collieries and shippers having to 
wait for ships to clear wagons, vessels are now waiting 
for coal, and the collieries are working as fast as supplies 
of empties will allow. With the Christmas holidays 
so near it is, however, inevitable that many vessels wi! 
be delayed sailing as it will be impossible to complete 
loading. 








PrEerRSONAL.—Messrs. Veltene, Limited, have transferred 
their offices from 29, Mincing Lane, London, E.C.3, 
to new premises at their factory, 34, Priory Grove, 
London, 8.W.8. 

Contracts.—An order has been placed with Messrs. 
Henry Simon, Limited, Mount-street, Manchester, by 
Messrs. Magasins & Grains d’Anvers for a travelling grain 
plant for discharging grain ships and barges at Antwerp 
docks. The plant will have a handling capacity of 
90 tons an hour, and will be provided with two booms 
carrying flexible telescopic pneumatic intake pipes. The 
whole of the machinery will be mounted on a steel tower, 
which will be capable of traversing the quay at a speed of 
50 ft. per minute. The exhauster will be of the turbo 
type. The plant will be electrically-driven throughout, 
and will be a self-contained unit.—Messrs. Richardsons, 
Westgarth and Company, Limited, Hartlepool, who have 
recently completed shops for the manufacture of alter- 
nators to be built to the design of Messrs. Brown Boveri, 
have just commenced the manufacture of two 2,000-kw., 
and one 3,000 kw., 6,600-volt, 40-cycle, 2,400 r.p.m. 
alternators, for Messrs. The Hartley Main Colliery 
Company, Limited.—The Mersey Railway Company 
has ordered 3,800 Osram lamps, for station lighting, 
from Messrs. The General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2.—Messrs. 
Blackstone and Company, Limited, Stamford, have 
received an order for a six-cylinder horizontal crude oil 
engine, which will develop 900-1,035 b.h.p. at its normal 
speed of revolution.—Messrs. Ruston and Hornsby, 
Limited, Lincoln, are putting in hand nine Ruston marine 
auxiliary oil-engine generating sets, each of 306 kw. 
These will be installed on three cargo motorships to be 
built for the New Zealand Shipping Company, Limited 
(three sets per vessel). Two of the ships will be built by 
Messrs. Alexander Stephen and Sons, Limited, Govan, 
Glasgow, and the other by Messrs. Vickers-Armstrongs, 
Limited, Barrow-in-Furness.—The London County 
Council has ordered two T6M Parsons Marine sets, from 
Messrs. The Parsons Oil Engine Company, Limited, Town 
Quay Works, Southampton, to replace the present 
machinery in the Thames River firefloat Gamma II. 
Each engine is of 85 h.p. at 750 r.p.m., and will be coupled 
to the existing pumps and stern gears.—The Electricity 
Committee of the Hackney Borough Council, London, 
has recommended the acceptance of the tender of Messrs. 
Simon-Carves, Limited, 20, Mount-street, Manchester, for 
new boilers and coal-handling plant to be installed at their 
Millfields-road generating station. The contract com- 
prises the installation of three large water-tube boilers, 
each having an evaporative capacity of from 125,000 
to 150,000 lb. per hour, together with travelling grate 
mechanical stokers, economisers, superheaters, &c., and 
coal-handling and storage plant. The contract also 
includes the civil engineering work and the erection of a 
new steel-framed brick boiler house. 








JuNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. “‘ Light Signalling on 
the Southern Railway,”’ by Mr. W. Challis. 








NOTES FROM THE NORTH. 


*LASGOW, Wednesday. 

Scottish Steel Trade.—There has been no change in the 
state of the Scottish steel trade during the past week and 
specifications are somewhat scarce. Stock-taking is 
fairly general during the holiday period, and in conse- 
quence buyers are restricting their demands to the 
minimum at present. Deliveries of ship plates and 
sections are much under the tonnage which was common 
a month or two ago, and inquiries would seem to denote 
that there is little probability of any decided increase in 
business from the shipyards in the near future. The 
booking of new vessels has been rather poor recently, 
many berths are empty and there seems little prospect of 
them being in commission in the meantime. Current 
demands are barely sufficient to keep the mills running 
full time just now. In the black sheet trade there is 
quite a fair amount doing in the lighter gauges and order 
books are well filled. On the other hand, the heavier . 
qualities are dull and quiet and makers are feeling the 
competition of light steel plates. The demand for 
galvanised sheets is, if anything, a shade better but very 
keen prices are the rule all round. The following are the 
market quotations :—Boiler plates, 10/. 10s. per ton ; 
ship plates, 8/7. 12s. 6d. per ton ; sections, 8/. 2s. 6d. per 
ton; black sheets, $ in., 9J. per ton; galvanised corru- 
gated sheets (No. 24 gauge), 131. 2s. 6d. per ton, all 
delivered Glasgow stations. 

Malleable-Iron Trade.—Conditions in the West of 
Scotland malleable-iron trade have not improved and there 
is much difficulty being experienced in keeping plant 
running. Atanumber of the works short-time is general. 
Re-rolled steel bars are also very quiet. The demand for 
home bars has fallen away—largely in consequence of the 
keen prices at which Continental bars are being offered. 
The latter are quoted at 51. 5s. per ton, f.o.b., Antwerp. 
The following are the local prices :—‘‘ Crown ”’ bars, 
101. 5s. per ton for home delivery and 9/. 15s. per ton for 
export ; re-rolled steel bars, 7/. 15s. per ton for home 
delivery or export. 

Scottish Pig-Iron Trade.—A quiet tone rules in the 
Scottish pig-iron trade and business is a trifle restricted 
this week. Production at present is more than ample 
for all requirements. Consumers are quiet and deliveries 
are light. Prices continue firm at last week’s advances 
and are as follow :—Hematite, 81s. per ton delivered at the 
steel works ; foundry iron, No. 1, 80s. 6d. per ton, and 
No. 3, 78s. per ton, both on trucks at makers’ works. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, December 14, was smaller than that for the 
corresponding week of last year, being 335 tons as com- 
pared with 440 tons. Last week there were 290 tons 
shipped overseas and 45 tons coastwise. 

British Steel Export Scheme.—A new organisation 
entitled the British Steel Export Association, with 
headquarters in London, has just been formed. This 
new organisation will supercede the committee formed 
about a year and a half ago for joint selling of material 
in the export market. It is stated that practically all 
the heavy steel manufacturers in Scotland, England and 
Wales have joined in. Mr. Julian Piggott, of Messrs. 
David Colville Sons, Limited, Glasgow, and Motherwell, 
has been appointed manager, and a committee of six, 
selected from the principal British steel makers, will 
direct operations. The object of the Association will be 
the centralising of the selling of plates, sections and joists 
for export. 





ALLOCATION OF CosTs AND PRICES AT “‘ SELECTED ” 
GENERATING Stations.—The seventh schedule to the 
Electricity (Supply) Act of 1926 provides that the cost 
of production at a “selected ” station shall be allocated 
as between fixed costs and money costs, in accordance 
with such regulations as the Electricity Commissioners 
may prescribe. These regulations, which may be cited 
as the Electricity (Allocation of Cost of Production) 
Regulations, 1929, have now been issued, and contain 
definitions of such important items as average load 
factor, averge and monthly maximum demand, cost of 
fuel, cost of oil, water and stores, cost of maintenance, 
and salaries and wages. All sums paid for rents, rates, 
taxes, insurance, management, interest and depreciation, 
as set out in the second schedule to the Act, are to be 
regarded as fixed costs, while a proportion of the fuel, 
oil, water, stores, salaries, wages, repairs, maintenance 
and renewals costs are also to be allocated under this 
heading, in accordance with formulae which are given 
in the regulations. The difference between the cost of 
production ascertained in accordance with the second 
schedule, and the fixed costs determined as above, are 
to be allocated to the running costs. Generally speaking, 
hydro-electric stations are excepted from these rules. 
Sub-section (4) of Section 51 of the 1926 Act provides 
that if the price of any electricity supplied is adjusted 
according to power factor, that adjustment must be 
made in accordance with regulations prescribed by the 
Commissioners. These regulations have also been issued 
and may be cited as the Electricity (Adjustment of 
Price according to Power Factor) Regulations, 1929. 
They contain definitions of the term power factor, and 
a formula for calculating the coefficient by which the 
fixed kilowatt charges component is to be multiplied, 
in order to ascertain the price at which electricity shall 
be charged under the seventh schedule to the Act. These 
regulations also do not apply to hydro-electric stations. 
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LAUNCHES AND TRIAL TRIPS. 

** GLOFIELD.”’-—Grain-carrying steamer ;_ triple-expan- 
sion engines supplied by Messrs. Blair and Company, 
Limited, Stockton-on-Tees. Trial trip, December 4. 
Main dimensions, 414 ft. by 53 ft. 6 in. by 35 ft. 6 in. 
Built by Messrs. Craig, Taylor and Company, Limited, | 
Thornaby Shipbuilding Yard, Stockton-on-Tees, for 
Messrs. Humphries (Cardiff), Limited. 

“ KNIGHT OF MALvTA,’’-—Single-screw mail and pas- 
senger steamer for service between Malta and Syracuse ; 
triple-expansion engine. Trial trip, December 11. 
Main dimensions: Length, 270 ft.; beam, 37 ft. ; and dead- 
weight-carrying capacity, ‘2,000 tons on a draught of 
15 ft.6 in. Built by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Newcastle-upon-Tyne, for Messrs. 
Cassar Company, Limited, Malta. 


“WATERMAN.” —Twin-screw motor tug. Launch, 
December 12. Main dimensions, 62 ft. by 14 ft. 4 in. 


by 4 ft. 11 in. Built by Messrs. Cochrane and Sons, 
Limited, Selby, for the Port of Hull. 


“ANGLO AFRICAN.”’—Cargo steamer; quadruple- 
expansion engines supplied by Messrs. The North Eastern 
Marine Engineering Company, Limited, Wallsend. Trial 
trip, December 13. Main dimensions: Length, 426 ft.: 
beam, 58 ft.: and deadweight-carrying capacity, 10,000 
tons. Built by Messrs. Short Brothers, Limited, Pallion, 
Sunderland, for Messrs. Nitrate Producers’ Steamship 
Company, Limited, 








Roap ConstRucTION IN CHINA.—T'wo new Chinese 
provincial motor roads, one connecting Chinkiang with | 
Chujunghsien, and the other comprising the Kiangsu | 
section of the Nanking-Hangchow  inter-provincial | 
highway, were formally opened to traffic on October 25 | 
last. | 


THE Law KecGarving Moror-Car Brakes.—The 
general braking efficiency of motor cars has undoubtedly 
been greatly increased in recent years by the introduc- 
tion of four-wheel brakes. A new Order, dated Octo- 
ber 4, 1929, which refers to motor vehicles other than 
‘*‘ heavy motor cars,”’ provides that, where a four-wheel 
brake system is fitted, it is not necessary that there 
should be two entirely independent braking systems, | 
but that there must be two independent means of 
operation. One such means of operation must control 
brakes acting on all four wheels; the second means 
of operation may either control brakes on all four | 
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wheels or on two wheels only. The new Order provides 
that a motor car shall be so designed that, on the failure 
of any single portion of any braking system, the driver 
shall still be able to apply brakes to two of the wheels. 
The Order also lays down that where one of the means 


of operation acts through hydraulic, electric or 
pneumatic devices, the other means of operation must 
apply the brakes by direct mechanical action. It 


EXPERIMENTAL KILN FOR CONDITIONING TIMBER. 


should be emphasised that the new Order, copies ol 
which are obtainable from H.M. Stationery Office, 
Adastral House, Kingsway, W.C.2, relates to light 
motor cars only. In the case of vehicles exceeding 
two tons in weight unladen, the existing requirements 
relating to brakes, contained in Article II (4) of the 
Heavy Motor Car (Amendment) Order, 1927, remain 
unaffected. 
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MARINE ENGINEERING. 


In his presidential address to the Institute of 
Marine Engineers on December 10, Vice-Admiral 
Sir Robert Dixon discussed recent developments 
in marine engineering, the most notable of which 
has been the extraordinary growth in the tonnage 
of Diesel-engined ships, which has risen during 
the past ten years from 700,000 to over 6,000,000. 
Moreover, whilst even now 85 per cent. of the total 
number of engines are rated at less than 4,000 
brake horse-power, some 28 per cent. of the new 
vessels have engines of over 10,000 brake horse-power, 
and in some of those actually in service the figure 
has risen to 20,000 or 25,000 brake horse-power. 


have played but a minor part in this development. 
Although British firms have constructed about 


on land or sea, they have for the most part been 
content to purchase (not, unfortunately, always 


other hand some honourable exceptions, and British 
engineers may fairly claim the credit not merely 
for the introduction of airless injection, but also 


vice must be attributed to the enterprising foreigner. 
In his address, Sir Robert suggested that the war was 
responsible for this highly unsatisfactory state of 
affairs, but the cause, we fear, lies much deeper 
since the same sorry story was repeatedly spelled 
through in pre-war years. 

Switzerland, though devoid of coal and iron, 
competes with marked success in the heavy 
engineering trades. The visitor to the leading 
Swiss establishments is immediately struck by the 
magnitude of the experimental work ever in 
progress. How many British firms of marine 





the pioneering days, any interest whatever in the 


possibilities of the marine Diesel engine? How 
many of them, indeed, had a staff sufficiently 
well equipped technically to tackle the new 
problems involved ? In actual fact, most of them 
seemed content to be manufacturers rather than 
engineers. In manufacture, experience forms an 
all-sufficient guide, but higher qualifications are 
essential for successful pioneering. The persistent 
refusal to leave the easy highway of manufacture 
for the adventurous but ultimately profitable path 
of intelligent experiment has had very deplorable 
results. Certain firms of marine engine builders, 
some even of world-wide reputation, have found it 
necessary to go into liquidation whilst others, 
shrinking from the idea of having to think instead 
of merely to copy, have acquired licences from the 
foreign originators to make devices which, with 
a more competent staff, they could very well have 
developed for themselves. Fortunately, we have 
had some brilliant exceptions to what has long 
been too general a rule. Were it otherwise, we 
should gradually have sunk in engineering matters 
to the level of mere hewers of wood and drawers of 
water, organisers, traders and mechanics, rather than 
creative thinkers. It is thus satisfactory to note 
Sir Robert Dixon’s assurance that more and more 
British shipbuilders are now coming forward with 
Diesel engines of their own design. 

In the recent development of the marine Diesel 
engine, nothing has been more remarkable: than 
the increased output per cylinder. Admiral Dixon 
states that engines developing 1,500 h.p. per cylinder 
are now at sea, and we may note that some years 
since, Messrs. Sulzer succeeded in getting 2,000 h.p. 
from an experimental single cylinder engine having 
a bore of 920 mm. It may be noted, however, that 
with internal-combustion engines generally, an in- 
crease of size is not, as is usually the case with steam 
prime movers, accompanied by any increase in 
thermal efficiency. 

The increase of output per cylinder has been 
accompanied by a corresponding reduction in 
engine weights. The earlier Diesel engines, Sir 
Robert noted, weighed about 450 Ib. per brake 
horse-power, whilst to-day this figure has, he stated, 
been reduced to about 50 lb. per brake horse-power 
in the case of large single-acting submarine engines. 
This figure refers, however, to the engines only, 
and the total weight of the. machinery needed 
for propulsion on the surface is stated to be 124 Ib. 
per shaft horse-power. As a comparative figure, 
Sir Robert gave the corresponding weight of the 
turbine-engined K submarines as only 44 lb. per 
shaft horse-power. 

Conditions in the Navy differ very materially 
from those ruling in the Merchant Marine, where 
there may be long spells of continuous running 
at full power, and as a consequence engine weights 
are higher than in the Navy. Sir Robert gave 
155 Ib. per brake horse-power as the engine weight 





intelligently) ideas from abroad. There are on the | 


for the best system which has yet been devised | 
for effecting this. Nevertheless, most of the success | remarkable agreement with this theoretical deduc- 
achieved in adapting the Diesel engine to sea ser- | tion. 





engine builders, it may be asked, showed, during | 


of the main engines of one of the largest Diesel- 


| engined liners now in service, but the Diesel engines 
It is a highly regrettable fact that British engineers | used for driving auxiliaries may, he said, weigh as 
‘little as 40 lb. per brake horse-power. With high- 
| speed engines this figure can, of course, be materially 
three-fourths of the Diesel engines now in use! diminished. The laws of similarity indicate that 
|in corresponding conditions the engine weight 
| per horse-power should be directly proportional to 


the cylinder diameter and at a meeting of the 
Institution of Mechanical Engineers, held in 1914, 
Sir Dugald Clark exhibited a diagram in which the 
engine weights of internal-combustion engines 
plotted against cylinder diameter showed a really 


Small cylinders, however, imply high speeds of 
revolution if the theoretical saving in weight is 
to be realised. Motor cycle engines have, in fact, 
been run at 5,000 r.p.m. and more, a feat which 
30 years ago would have been thought mechanically 
impossible and even to-day is sufficiently remarkable. 
Diesel engine makers are now attempting to follow 
this lead, and some firms have already built engines 
developing 200 h.p. at 2,000 r.p.m., and experi- 
mentally much higher speeds have been reached. 
Such speeds are, however, ill-adapted for marine 
purposes, and the saving in weight secured by them 
is partly offset by the weight of the reduction 
gearing then needed between the engine and the 








propeller shafting. Sir Robert, in concluding 
his address, looked forward to the time when the 
screw propeller will be replaced by some equally 
effective device capable of working at high speeds ; 
but hydrodynamic theory seems to afford little hope 
of the realisation of this attractive dream; and 
other methods of reducing Diesel engine weights 
seem to afford a greater prospect of success. 

Amongst these, supercharging occupies a leading 
position. Dr. Buchi claims that by supercharging to 
a gauge pressure of 6 Ib. per square inch, the output 
per cylinder may be raised by 50 per cent. The 
gain is in part indirect, since in the normal Diesel 
cycle about 8 per cent. of the burnt gases are trapped 
in the clearance space, so that the temperature at 
the end of the admission stroke is correspondingly 
raised and the intake of air diminished. With 
supercharging, the temperature at the end of the 
compression stroke is lower, and may, it is 
claimed, be as little as 1,320 deg. F. absolute. 

In spite of the present popularity of the Diesel 
engine, Sir Robert evidently inclines to the view 
that the future lies with the turbine rather than 
with any type of reciprocating engines. As matters 
stand, the internal-combustion engine has the higher 
thermal efficiency, but there seems little prospect of 
any material improvement in the best figures 
hitherto attained. The smaller class of marine 
Diesel engine is credited with an oil consumption 
(engines only) of 0-36 lb. per brake horse-power 
hour; whilst Sir Robert gives 0-4 to 0:44 Ib. 
per brake horse-power hour as the full rate for 
the larger engines. 

There is some prospect of rivalling the latter 
figures with the steam turbine. Indeed, Admiral 
Dixon claims that should it prove possible to use, 
at sea, steam at a pressure of 1,200 Ib. per square 
inch and at a total temperature of 900 deg. C., a 
fuel rate of 0-37 lb. of oil per shaft horse-power 
should be attainable. The steam conditions premised 
must, however, for the present, be deemed as some- 
what beyond the range of possibility, but with a 
pressure of 650 Ib. per square inch and an initial 
temperature of 750 deg. F., a fuel rate of 0-5 Ib. of 
oil, or 0-73 Ib. of coal, should, it is claimed, be 
realised. 

So far as the turbine is concerned there seems 
to be no limit to the initial pressure, although it 
may be necessary to reheat the steam before it 
enters the low-pressure turbine in order to avoid 
excessive blade erosion. Some authorities hold 
that, to this end, the wetness of steam at final 
exhaust must not exceed 12 per cent. With super- 
pressures, however, the wetness may, in the absence 
of reheating, exceed 17 per cent. It may be noted 
in this connection that certain firms are now experi- 
menting with stage-by-stage drainage of the low- 
pressure turbine, and it may prove possible in this 
way to dry the steam nearly as effectually as by re- 
heating it. The plan, though by no means new, is 
still, however, on its trial, and is, moreover, hardly 
applicable to all types of turbine. 

The turbine is, of course, a much simpler piece 
of mechanism than a Diesel! engine, but the acces- 
sories essential to the attainment of high thermal 
efficiencies are becoming daily more elaborate. 
Super-pressures, if adopted at sea, will necessitate 
the abandonment of the well-tried Scotch boiler, 
which, even when constructed of high tensile steel, 
is ill-adapted for pressures beyond 350 lb. per square 
inch. 

The water-tube boiler has, ton for ton, a 
much higher evaporative capacity, but its small 
water content involves the introduction of special 
devices to prevent accidental over-heating of the 
tubes. In a power stution plant now in course 
of erection, the total water content of the boiler 
corresponds to as little as four minutes’ supply 
of steam, a condition which has necessitated 
the duplication of feed pipes, and a variety of 
automatic and interlocking safeguards. At sea, 
reliability is all important, so that extremely high 
pressures and temperatures are little likely to be 
attempted there, until the pioneering troubles have 
been surmounted elsewhere. 

Whilst the gap between the fuel rates of recipro- 
cating engines and turbines is steadily diminishing, 
the latter still holds a marked advantage in the mat- 
ter of machinery weights. Thus the geared turbine 
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machinery fitted in The Duchess of Bedford weighed | substantial improvements at the ports of London, 


(inclusive of boilers) 282 lb. per shaft horse-power, 
whilst the corresponding figure for Diesel machinery 
would, it is stated by Mr. J. Johnson, have been 
410 lb. per shaft horse-power. The complete pro- 
pelling machinery of the Hood weighed 81 Ib. per 
shaft horse-power, whilst a figure of 33 lb. per 
shaft horse-power has, Sir Robert says, been reached 
in the case of destroyers. These figures are inter- 
esting, but it must be borne in mind that, as already 
noted, naval vessels have not to run at something 
approaching full power day in and day out. 

Sir Charles Parsons was the first to suggest that 
the efficiency of existing marine engines might be 
very substantially bettered by the addition of an 
exhaust steam turbine driving the propeller shaft 
through gearing. Credit is due to German enterprise 
that this plan has been adopted in a number of old 
ships, but it also appears, from the address under dis- 
cussion, that machinery of this type is now being 
introduced on a number of entirely new ships. The 
fuel saving, as compared with the simple steam 
reciprocating marine engine, is estimated at 20 per 
cent. 

Automatic stokers are growing in favour, and 
Admiral Dixon looks forward to the day when hand- 
firing will be obsolete at sea. The experience 
gained with the experimental pulverised-fuel plants 
has, it is stated, been such as to induce those 
responsible to proceed further. An advantage of 
this system of firing is that practically any grade of 
coal can be successfully used, and the ash problem 
is probably much less important at sea than 
elsewhere. 








PORT DEVELOPMENT WORKS. 

THE present activities of the Government in 
promoting and fostering schemes of public works 
designed to relieve unemployment have naturally 
tended to draw attention to a considerable number 
of important engineering enterprises, which, if 
considered suitable and ripe for execution, would 
appear to provide the desired scope for the employ- 
ment of labour, and at the same time prove of 
national benefit in creating new, and in improving 
existing, facilities for trade, industry and transport. 
Such schemes have comprised the making of 
roads, railways, bridges, tunnels and numerous 
forms of municipal and county works. It is fitting 
that while the matter is under consideration 
attention should be no less directed to a field 
of enterprise along the seaboard, equally associated 
with the commercial development of the country, 
and indeed inseparable from its welfare and pros- 
perity. Without the great volume and ramifica- 
tions of its overseas trade, Great Britain would 
not merely cease to be of international importance, 
its inhabitants would be unable to procure the 
means of sustenance and would find it impossible 
to earn a livelihood. 

The appearance at this juncture, therefore, of 
the Report of the Port Facilities Committee ap- 
pointed by the Chamber of Shipping of the United 
Kingdom, in conjunction with the Federation of 
British Industries and the Association of British 
Chambers of Commerce,* is both serviceable and 
timely. It is the outcome and sequel of an earlier 
enquiry instituted in 1923, under pressure of 
criticism from abroad as to the accommodation 
and facilities provided at the ports of this country, 
About that time, opinions were being strongly 
voiced in the Press, chiefly by foreign shipowners, 
that British port appliances were obsolete and 
that the methods in vogue here were tardy and the 
cause of frequent delays to shipping. The Visiting 
Committee after a tour embracing 30 of the chief 
ports of Great Britain were able to issue a report 
in 1924, which, while making certain representations 
for improvements of a minor character, emphatically 
discounted the allegations as a whole, stating that 
they were made without a full appreciation of the 
circumstances. 

It is also satisfactory to find that the Com- 
mittee on the present occasion is able to testify that 
in their view the needs of overseas shipping have 
been largely, and in some cases entirely, met by 


* Port Facilities of Great Britain: Second Report. 
London, 1929: Chamber of Shipping of the United 
Kingdom, 28, St. Mary Axe, E.C.3. [Price 5s.] Pp. 168. 








Liverpool, Glasgow and Bristol. They are still of 
opinion, however, that further developments are 
desirable and in an appendix to their report, they 
enumerate a list of facilities required for overseas 
trade at the larger ports of Glasgow, Leith, New- 
castle, Middlesbrough, Hull and Swansea. 

The investigations of the Committee have been 
principally directed on this occasion towards 
possibilities of development at the smaller ports. 
In the opinion of the Committee, ‘“ there are many 
small ports, some of which are of very ancient 
origin, which once did a flourishing trade, but 
which are now in danger of becoming obsolete, 
uot because they are no longer required, but 
because the policy of competitive agencies has been 
to divert their natural traffic to artificial channels 
and where such agencies have had control, to 
allow or even to encourage the decay of the port.” 
This, undoubtedly, is true, and in a number of 
respects it is regrettable, but it is the natural and 
inevitable outcome of circumstances, ecomical 
and commercial, which are beyond the power of 
administrative bodies or governments to control. 
The Committee entertain the idea and in fact 
“claim that many of the smaller ports could be 
put into commission again and could recover 
much of their traffic with comparatively slight 
expenditure.” 

Against this, however, must be set the fact, 
patent to any thoughtful observer, that under 
modern conditions of co-ordinated and centralised 
operation, the ports of this country have become too 
numerous for present needs. Scattered along a 
seaboard, some 2,000 miles in extent are scores and 
even hundreds of ports of varying size and import- 
ance, ranging from the great dock systems of 
London and Liverpool to the little town pier or 
harbour of some tiny burgh or hamlet. In the 
old days it may be that there was ample secpe 
for them all, but closer contact and improved means 
of communication have rendered a nuiuber of them 
redundant. Their place in the nation’s economy 
must also be considered in the light of modern 
developments in inland transport in this country, 
in which distances are small. The Committee go 
so far as to admit that some have been allowed to 
fall so far into a state of decay that it would no 
longer be an economical proposition to refit them for 
use by modern steamships. If we eliminate these 
from consideration, notwithstanding that their dis- 
appearance from the arena of commercial com- 
petition is regrettable from several points of view, 
there still remains an appreciable residue which 
find it difficult on their own resources to keep 
pace with the demands of modern shipping. It 
is for these ports that the Committee stress 
the need of financial assistance from the Govern- 
ment, for the purpose of bringing them up to 
date and putting them in a condition of serviceable 
efficiency. 

Most of them are engaged in the coasting trade, 
and the provision of facilities for this branch of 
transport is no less a desideratum than for overseas 
trade. The one is an essential complement of the 
other. Yet the Committee find grounds to complain 
of an undue preference, endorsing the opinion 
expressed by the Council of the Chamber of Shipping 
and the Shipowners’ Parliamentary Committee, 
that the coasting trade has suffered from neglect. 
“Thus,” the report states, “although entrances 
and clearances with cargoes in the foreign trade 
which in 1825 were only 5:8 million net tons, had 
risen by 1925 to 117-8 million net tons, the corres- 
ponding increase in the entrances and clearances 
with cargoes in the coasting trade was only from 
23-4 million net tons to 31-3 million net tons. 
aac This in itself argues a serious waste of 
potential transport power.” 

The Committee believe that the trade of the 
country is sufficient to keep all the existing transport 
agencies in full commission if they are properly 
organised and co-ordinated. The special function 
of the smaller ports would be to provide facilities 
for the reception and despatch of coasting liners, 
the essential requirements of which are enumerated 
as ‘‘(1) access to berths, wherever possible at all 
states of the tide; (2) good transit sheds of single 
or multiple-storeyed type, according to the require- 
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ments of each trade, with large and numerous 
openings on both back and front; (3) smooth, 
level floors to quays and sheds to facilitate trucking ; 
(4) modern crane equipment of the luffing type to 
expedite loading and discharging; and (5) good 
rail and road access.” Bulk cargo carriers would 
require in addition “‘ modern mechanical equipment 
and rolling-stock.”” The Committee add that while 
the existing mechanical equipment and _ facilities 
at both the larger and smaller ports are generally 
modern and adequate, it is considered that “‘in some 
cases considerable improvements could be effected.” 
In particular, they instance the case of coal, 
and state that the question of both the loading 
and unloading of coal is in urgent need of attention. 
Complaint is made of an excessive amount of 
breakage at many of the larger ports and of obsolete 
appliances at many of the small ports. 

The Committee make the suggestion that small 
ports which have fallen into a state of decay could 
be resuscitated by adapting them to a service of 
sea-going motor barges, such as are to be found in 
use between Holland and the Thames. Barges of 
this type would be suitable for the carriage of 
rough cargo such as coal and bricks. The develop- 
ment of oil tanker barges would also facilitate the 
distribution of oil from the larger ports to districts 
served by the smaller ports and even to inland 
centres. 

The detailed recommendations of the Committee 
cover an extensive area embracing 60 ports which 
were actually visited, and 18 which were not 
inspected. In the main they are endorsements, 
with or without qualification, of projects of improve- 
ment which have been promulgated locally, and 
of which the estimates of cost, where given, have 
been supplied from local sources. Some of the 
recommendations are merely in regard to matters 
of detail and of relatively minor importance, 
others would involve a considerable outlay. There 
is no summary of the total, but in the aggregate it 
must be considerable. 

The principle of State financial aid for public 
utility undertakings has been conceded, and is 
now in general operation. There is, therefore, 
justification for its extension to ports and port 
development. Hitherto apart from fishery harbours, 
which have for a considerable time past enjoyed 
the benefits of Government assistance, direct grants 
have not been made to port undertakings, though 
under recent Acts of Parliament assistance in 
meeting the interest on loans for improvement 
works for a period of years has latterly been 
taken advantage of by port authorities. Direct 
subsidising, however attractive in theory, is 
attended by certain practical difficulties in drawing 
a distinction between works which are of national 
or public importance, and those of ordinary 
commercial advantage to port users, and even 
solely in the interests of a particular port; for it 
has to be borne in mind that among so large 
a number of existing ports there is much rivalry 
for business and considerable overlapping of 
hinterlands or areas of service. In order to avoid 
overlapping and the unnecessary expenditure of 
public money on redundant agencies, considerable 
discrimination would have to be used, most suitably 
and effectively perhaps under, say, (as has been 
suggested) a National Board of Control for Ports 
and Harbours. 

These difficulties apart, there would appear to 
be a case for a consideration of State aid for port 
works in the interest of the overseas and coasting 
trades of this country. As regards the former, 
it is pointed out in the Report that State assistance 
given to ports for the furtherance of overseas 
trade as a whole, both imports and exports, is 
far less likely to provoke counter measures by 
other Governments than any other form of State 
assistance; while, as regards the coasting trade, 
without cheap water transport, such as is thereby 
provided, many local industries might find it 
difficult, if not impossible, to exist. Moreover, 
through the coasting services, small ports are able 
to supplement rail service and perform a useful 
function in the collection and distribution of cargoes 
for ocean-going vessels visiting the larger ports, 
and in this way to promote the interests of the 
community at large. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


An ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last 
December 13, at Storey’s Gate, Westminster. The 
chair, in the absence of the President, Dr. Daniel 
Adamson, was taken by Mr. L. St. L. Pendred, 
Vice-President. 

BEARINGS FOR LINE SHAFTING. 


The paper before the meeting was one on “ Bear- 
ings for Line Shafting,” and had been prepared 
by the late Professor G. F. Charnock. We com- 
mence to reprint it, in abridged form, on page 801 
of the present issue. The paper was read in sum- 
mary by Mr. F. Wigglesworth, who, as was recorded 
in it, had carried out a large number of tests on 
line shaft bearings in general use with the machine 
used by Professor Charnock at the Bradford Tech- 
nical College. Mr. Pendred, in introducing Mr. 
Wigglesworth, said the Secretary would pass on to 
Professor Charnock’s family the grateful apprecia- 
tion of the Institution for the paper he had written. 
The meeting also expressed its thanks to Mr. 
Wigglesworth for so kindly attending and reading 
paper in summary. 

The discussion was opened by Mr. H. S. Rowell, 
O.B.E., who said that the late Professor Charnock 
had some little time ago asked him to attend the 
meeting and amplify certain points relative to the 
work of Sommerfeld and Giimbel, about which they 
had been in correspondence. Mr. Rowell then 
referred to the early work of Rankine in Great 
Britain and Ritter in Germany on lubrication 
and reviewed Beauchamp Tower’s experiments. In 
1884, Petroff had published in St. Petersburg his 
theory of bearing friction, which had been trans- 
lated into German in 1887. In 1886 Osborne 
Reynolds took up the subject, and made the dis- 
covery of the viscous fluid wedge, showing at the 
same time that the wedge-shaped space would 
carry enormous pressures. In the paper dealing 
with this, Reynolds had given a diagram show- 
ing the essentials of the Michell thrust bearing 
principle. The mathematics of this paper were 
very difficult and that had prevented wide recogni- 
tion. In 1904, Sommerfeld, a Munich professor, 
produced a more lucid exposition, and for the 
first time demonstrated the complete curve of the 
path of the bearing centre, coining also the term 
‘‘ attitude.” This theory had been worked upon 
also by Sir Thomas Stanton and Professor Goodman. 
In 1914, Professor Giimbel, who died in 1923, dealt 
with Sommerfeld’s theory, and worked out that the 
curve of attitude was approximately a semi-circle. 

The present condition of the theory as worked 
out by Stanton, Goodman, Giimbel, and others 
was clearly set out in the paper now before the 
meeting. He agreed with Professor Charnock that 
the most suitable oil clearance for any particular 
case was best determined experimentally. His own 
experience led him to this conclusion; and it was 
borne out by a vast amount of motor-car high- 
speed practice, in which tolerances in bearings 
could not be fixed beforehand, but must be adjusted 
after weeks of experiment. One of the main 
difficulties of the whole subject was the great 
variation in the viscosity of the oil, due to the 
changes of temperature in the oil film as it passed 
through the bearing. This rendered the theory at 
best very incomplete, and made practical experi- 
ment and adjustment imperative. 

Mr. C. H. Smith, who said he spoke as an anti- 
friction bearing engineer, expressed pleasure at 
Professor Charnock’s conclusions regarding the 
merits of ball and roller bearings over plain bearings. 
Apparently it was only in first cost that the latter 
had the advantage. But it did not follow that in 
a new installation the overall costs were necessarily 
increased by the adoption of ball or roller bearings, 
as considerable economies could be effected by 
increasing the running speed and reducing the size of 
the shafting, pulleys, belts, &c., and by a reduction 
in the size of the motor due to the resultant lower 
starting torque. It was true that generally ball or 
roller bearings were more difficult to replace than 
plain bearings, but it was also true that with certain 
types of bearing mounting this did not apply. 
With these types of bearing the expansion couplings 





mentioned in the paper were not required. On the 
question of durability, he would say that out of 
30,000 ball and roller shaft bearings fitted by his 
firm only 35 complaints had been received, in 
some of which the bearings were not at fault. If 
these bearings were correctly mounted in the first 
place the possibility of failure was extremely remote. 
Ball or roller bearings never failed by seizure of the 
shaft ; trouble was announced, not by stoppage 
of the machinery, but by noisy running. 

He held that the relative frictional losses of plain 
bearings and ball and roller bearings, given in the 
paper as 4:3, were really more like 8:3. This 
did not mean that the total power bill would be 
reduced in the ratio of 8 to 3, but only indicated 
the relative frictional losses in the bearings them- 
selves. The power bill often depended on the 
condition ot the shafting, pulleys, belts, and so 
forth. In a test carried out at his firm’s works, 
it was found that 144 ft. of 2}-in. line shafting 
running light at 365 r.p.m. and driven by a 12-in. 
wide belt absorbed 2-5 h.p. When the belt was 
replaced by one 2 in. wide the power required was 
reduced to 1-04 h.p. The power required to bend 
the large belt was actually more than the frictional 
loss of the bearings themselves. 

Mr. F. Carnegie, C.B.E., said he was a user of 
shafting, and as such had found ring-lubricated 
bearings generally satisfactory, though he had 
met with a number of failures. It was necessary 
to keep the oil in these bearings very clean, which 
tended to increase maintenance charges, and in a 
Government factory it was desirable to keep down 
costs. Better results were being obtained with 
ball bearings. His experience showed that the 
power required to start shafting on plain bearings 
was 20 to 30 per cent. more than when ball bearings 
were employed. Considered in the light of overall 
final costs, ball bearings showed a 33 per cent. advan- 
tage. These bearings also showed well as regards 
maintenance, some of the shafts used in his Depart- 
ment’s factories had been running for three years 
without attention, a little oil being putin the bear- 
ings only once a year. This meant a considerable 
saving in attendance as oiling was generally done 
when the shafts were not working, and much oiling 
meant overtime. He had found that the possibility 
of breakdown with ball bearings was almost negli- 
gible. They had had one shaft running for twenty 
years, including the war period, and it was still 
in almost as good condition as when first put in. 
The advantages of ball bearings were almost more 
marked in the case of a countershaft than with a 
line shaft. He was of opinion that the manufacturer 
of ball and roller bearings in this country had now 
reached such a stage of efficiency that no engineer 
need hesitate to replace plain bearings by ball or 
roller bearings. ° 

Mr. E. R. Dolby said it was stated in the paper 
that an arc of 110 deg. of bearing surface was the 
desirable maximum. He would ask if this was 
allowing for the “‘ attitude ’’ of the journal rotating 
in either direction. Speakers on Mr. Hodgkinson’s 
paper read before the Institution on Novem- 
ber 15 (see page 690, ante) had laid stress on the 
necessity of providing clearance above the arc 
of contact. It would be useful if general opinion 
could settle whether 110 deg. or some other arc 
should be accepted as a rule, and beyond that 
limit clearance should be provided. He might 
comment on the subject of dry lubrication from 
his own experience. Line shafting lubrication with 
oil was not always desirable in such places as a 
steam laundry where drip might cause damage, 
and in one case he had tried, on a guarantee from 
the inventor, a type of bearing lubricated with 
graphite. The bearing surface was provided with 
holes of about } in. in diameter and } in. in pitch 
which were filled with hard graphite paste. These 
bearings were ultimately removed on account of the 
whistling noise set up, but it was not impossible 
that something of a similar type could be devised, 
and thus avoid local lubrication by hand. 

Mr. Sidney Kay found himself unable to agree 
with Professor Charnock as to possible trouble with 
ball or roller bearings having split races. His own 
experience of upwards of 100,000 split roller bearings 
for line shafting had convinced him that there were 
no grounds for such views. These split bearings 
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ranging from the smallest size up to 28 in. in diameter, 
had been run as long as 18 years with uniformly 
satisfactory results. Mr. Kay then proceeded to 
illustrate his point by the exhibition of a number 
of lantern slides of various types of split bearings, 
some of the examples shown being of large size 
and operating under very onerous conditions. 

Professor W. E. Dalby, the next speaker, said 
that it would appear from the paper that the 
problem of bearings for line shafting in mills was 
one of maintenance, and if plain bearings were 
the most reliable this reliability seemed preferable 
to any small gain in efficiency, as the stoppage of 
a mill for say half-an-hour might result in the idle- 
ness of perhaps a thousand men, when the savings 
effected by increased efficiency for several years 
would vanish. This seemed to be the only valid 
reason for the use of a plain bearing, for it certainly 
resulted in loss of power. In a college works he 
had been connected with, there was a good deal of 
shafting leading from one room to another, with 
bevel gears in the corners. Indicator diagrams 
were made on the engine every quarter of an hour, 
in a test he instituted, and a curve was plotted 
showing indicated horse-power. Simultaneously, 
other observers were recording the performance of 
every power-consuming unit. Combining the results, 
it appeared that from 65 per cent. to 70 per cent. of 
the power devgloped in the engine had been absorbed 
by the shafting and gearing. The bearings were not 
ring-oiled, but were of the ordinary type, usually 
fitted at the time. Later, he had had an oppor- 
tunity of putting a 60-ft. line shaft ina new workshop. 
The pull due to belting was carefully balanced by 
equalising the loads on each side of the shaft. Ball 
bearings were employed, and the shaft had been 
running since 1911 without incurring any costs for 
maintenance. Personally, he felt it was wrong to 
sacrifice so much power for the sake of ensuring 
freedom from breakdown as the use of plain bearings 
implied. The modern ring bearing was, however, 
undoubtedly an entirely satisfactory article for use 
in case in which ball or roller bearings could not be 
fitted. 

Continuing, Professor Dalby eulogised the work 
of the Institution in the encouragement it had given 
to researches in bearing problems, notably those of 
Beauchamp Tower, and advised the members to 
read the papers recording them. The data collected, 
however, had not been sufficiently appreciated at 
the time by engineers generally. Alluding to the 
work of Osborne Reynolds, he had understood Mr. 
Rowell to say that a Michell bearing could be made 
from the original sketches in Reynold’s paper. He 
intended to re-examine that paper to see how it 
could be done. The mathematics in it were certainly 
difficult, but this arose not from the hydrodynamical 
theory propounded, but from the integration of the 
equations. If people were content with approxima- 
tions, the necessity for long integrations dis- 
appeared, and the various simplifications of Perry’s 
Calculus for Engineers were well worth looking into. 
Professor Dalby concluded his remarks on the paper 
by observing that no one, so far, had been successful 
in applying ball or roller bearings to a locomotive, 
while no one ever heard of a plain bearing ina 
motor car. There must be, he thought, common 
ground somewhere between the usages in these two 
forms of high-speed transport. 

Mr. J. D. Twinberrow thought the case of the 
formation of oil-films under such conditions as 
obtained in the locomotive where the journal 
oscillated forcibly between one side of the bearing 
and the other would form a profitable subject for 
investigation. In electric locomotives, the same 
conditions arose in severe form, when the power 
was transmitted through :oupling rods from, say, 
a jack shaft. The problem was not yet solved, 
though there were many such locomotives working 
more or less satisfactorily. In one case he had in 
mind the oil was lifted from a sump by means of 
a disc, and was then directed over the top of the 
bearing, forming an efficient film in the regions of 
greatest pressure. It then returned to the sump 


and the heat it had acquired from the bearing was, 
to a certain extent, dissipated. These jack shafts 
had been made with both vertical and horizontal 
bearing joints, the most intense pressure being 
somewhere about the horizontal diameter. 
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was still a considerable difference of opinion as to 
the position of the joints and the provision of oil 
grooves. Locomotive engineers seemed to favour 
a large number of grooves, but it would appear that 
the load capacity of the bearing could be reduced by 
their injudicious application. 

Mr. J. R. Hopper gave some account of con- 
tinental practice, which differed in many cases 
from the usual gunmetal bearings with sufficient 
shaft clearance, common in this country. On the 
Continent shaft bearings had a helical groove, 
sometimes two of different “hands.” A scraping 
fit was generally worked to in the case of Babbitt 
metal bearings for heavy shafting, and it was 
difficult to see how the film theory could be main- 
tained in the face of such a wide use of grooves. 
A favourite method of lubrication was the employ- 
ment of a fixed collar on the shaft in the middle of 
a bearing. This dipped into an oil bath, and the 
oil was scraped off it at the top by tongues which 
delivered it into deep grooves. These bearings were 
made to very close limits and were a fine job. At 
high speeds this system might cause frothing, 
which was rather fatal to the formation of an oil 
film. He thought the practice of using locating 
bearings and expansion couplings on a line shaft 
with ball bearings, referred to in the paper, would 
add considerably to the cost. 

Mr. R. H. Stotesbury regretted that the Cooper 
split roller bearing had not been discussed in the 
paper. He had found it very satisfactory, particu- 
larly in re-fitting old factories where the shafting 
had become worn on the bearing surfaces. He 
thought a breakdown on a shaft with dozens of 
pulleys and bearings with solid races would result 
in a very serious delay while repairs were being 
carried out. A split-race roller bearing would not 
necessitate removal of the pulleys. 

Mr. W. Taylor, O.B.E., recalled that on his first 
visit to the United States, some forty years ago, 
he had met with the self-oiling bearing made by 
the Brown and Sharpe Company, and had adopted 
it in his works as a standard. At that time there 
was no English-made self-oiling line shaft bearing. 
The subject of the paper was an old one, but it had 
been hitherto much neglected. Professor Charnock 
had combined theoretical knowledge with practical 
experience in an illuminating way. It had been 
stated in the paper that the locating bearing should 
be placed next to the main drive. This was an 
example of standards of practice that should be 
formulated for the guidance of engineers. He had 
himself had to work out practice of that kind for 
the guidance of the works’ millwrights; and he 
had many years ago arrived at the conclusion that 
a line shaft should be prevented from endwise 
movement at a point near the main drive. Mr. 
Taylor then recounted the method he had employed 
in combating the tendency to oil throwing in the 
end-movement device of the Brown and Sharpe 
self-oiling bearing, in which the collar was outside 
the bearing. 

Mr. L. A. Legros observed that there were other 
line shafts with journal bearings outside the works 
line shaft which did not share the peculiarities of 
the latter, as, for example, the important line shafts 
of a big turbine-driven steamer. Then there were 
the composite shafts of a motor-car. In the latter 
case, with forced lubrication, pressure made a great 
deal of difference. He had put up the bearing 
pressure on his own car from 20 lb. to 40 Ib. per 
square inch, and it was possible to run between 
60,000 to 80,000 miles without doing anything to 
the bearings. With 2,000 to 3,000 revolutions per 
minute, this meant a large total number of revolu- 
tions of the journals, but such a shafting would not 
wear out in a lifetime. The question of oil films 
had been largely gone into in France, and he would 
hand in some papers for record, dealing with the 
formation of pressure oil wedges, in which the point 
was treated in a simpler manner than in English 
papers, which were apt to be somewhat mathe- 
matical. The papers had evidently been printed 
since Professor Charnock’s paper was written. 

Lieut.-Colonel E. Kitson Clark, referring to 
Professor Dalby’s comments on locomotive axle 
bearings, said that the applications of roller bearings 
to locomotives had not met with any great success 
hitherto owing to the numerous shocks and varia- 











tions of pressure to which they were subjected, 
together with troubles possibly due to the wind 
blowing dirt from the ballast on to them. 

Mr. F. Wigglesworth, in making a brief reply, 
said it must not be thought the mention of names in 
the paper implied any desire of advertisement. He 
thought it should rather indicate that the subject 
had been dealt with in a truly practical manner. 
Referring to Mr. Smith’s comments, he would 
question that an overall economy could be obtained 
in the way suggested. It was rarely possible to 
put up speeds, as these were often determined by 
the machines driven. As to fitting ball and roller 
bearings, he had mounted several hundreds of 
thousands, and had not found them as easy to 
handle and put on the shafts as plain bearings. 
He could quote examples of ball bearings seizing. 
and also of stoppages due to broken balls. He 
had made tests of ball and roller bearings, and, as 
a matter of fact, had a machine at the moment with 
a Hoffmann ball bearing which had been in use 
since 1921. He had made other tests of this type 
of bearing, both ball and roller, and the best 
co-efficient of friction he could get was 0-0029, 
with an average of 0-0036. It appeared, therefore, 
from the point of view of power saving when the 
shaft was in motion there was no advantage over 
the ordinary ring-lubricated bearing correctly 
fitted, though there might be considerable saving 
when starting. 

He could hardly support Professor Charnock’s 
views on split roller bearings, and wished the 
subject had been treated more fully. He had had 
a Cooper roller bearing on a 7-in. shaft running 
satisfactorily since 1902. It was, however, neces- 
sary with such bearings to choose positions care- 
fully. It was no use, for instance, putting them 
near gearing, as actual experience had taught 
him. He thought the claim that ball and roller 
bearings were cleaner in use than plain bearings 
would be difficult to substantiate, though the claim 
for economy was more justifiable. Unless, however, 
a ball bearing was well flooded with oil it was 
very often noisy in operation. As regards power 
saving, he had taken tests in a factory having a 
500 h.p. steam engine with line shafting fitted with 
ball bearings throughout. The friction diagrams, 
including the engine, showed 27} per cent. of the 
power absorbed. He thought that a defect in 
present-day ball and roller bearings was that they 
were too light, and had not a large enough factor 
of safety. He had never been able to understand 
the rationale of dry graphite lubrication. 

The secretary then announced that the third 
Thomas Lowe Gray Lecture would be delivered 
by Eng. Vice-Admiral R. W. Skelton, C.B., C.B.E., 
D.S.0., on Friday, January 3, 1930, at 6 p.m.. 
the title being ** Progress in Marine Engineering.” 
An informal meeting would be held on Friday, 
January 17, 1930, at 7 p.m., when Mr. Thomas 
Walley would open a discussion on ‘ The Pooling 
of Experience—A Function of the Institution ? ” 
The next ordinary general meeting would take place 
on Friday January 24, 1930, at 6 p.m., when a 
paper on ‘‘ General Operating Experiences with the 
first Wood’s Steam Generator ” would be presented 
by Mr. E. Watson Smyth. 








NOTES. 


INSTITUTION OF MECHANICAL ENGINEERS : 
NORTH-WESTERN BRANCH. 


THE annual dinner of the North-Western Branch 
of the Institution of Mechanical Engineers always 
proves to be a pleasant event. Expectations were 
once again realised on Thursday, the 12th inst., 
when Mr. H. L. Guy occupied the chair at the 
function, which was, as usual, held at the Engineers’ 
Club, Manchester. The toast list on these occasions 
is commendably short, but the few speeches are 
usually good. On the evening in question the toast 
of “The Institution”? was given by Dr. W. H. 
Moberly, D.S.O., Vice-Chancellor of the University 
of Manchester, to whose speech, however, it would 
be hopeless to attempt to do justice in cold print. 
We must, therefore, with apologies, pass to the reply 
given by Dr. Adamson, who reminded those present 
that no body had done so much to strengthen the 
bonds between a university and local interests as 
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their university had done. Dr. Adamson also spoke 
on the subject of Local Branches, of which Manches- 
ter is such an outstanding example, and wished 
that they might flourish, a sentiment with which, 
with our traditions, we are, of course, in full agree- 
ment. The subject of local federation among the 
technical bodies in the district was raised again— 
this time by the Lord Mayor in response to the toast 
of “‘ The Guests,” and the point was later touched 
upon by Mr. Guy, who said that because things 
had not, so far, been accomplished they should not 
necessarily be deemed impossible. Mr. Guy, we 
may say, is to be heartily congratulated on being 
chairman-elect for another term of: office in the 
North-Western Branch. We understand that Mr. 
Harry Richardson, who has acted as local hon. 
secretary since Professor Dempster Smith’s duties 
made it impossible for him to continue the work of 
the office, has, in turn, found it necessary to relin- 
quish the position. Mr. Richardson’s health has 
latterly, as is well known, been far from good, and 
we sincerely hope that he may benefit from the relief 
he willthus have. He will be followed in the position 
by Mr. N. W. Coe, of the College of Technology, 
Manchester, who will thus be able to benefit 


by the experience of Professor Dempster Smith. | 


Members of the Institution who enjoyed the lavish 
hospitality provided at, and excellent arrangements 
made for, the summer meeting, will be interested to 
learn that Mr. Harry Richardson, as hon. secretary 
of the local committee, has been presented by 
Headquarters with a very handsome rose bow! 
suitably inscribed in recognition of his successful 
efforts on that occasion. 


BERYLLIUM AND Its ALLoys. 


In the course of a lecture delivered in London 
before the Royal Aeronautical Society on December 


12 last, Dr. W. Rosenhain, F.R.S., of the National | 


Physical Laboratory, gave some interesting informa- 
tion regarding the metal beryllium. He stated that 
the strength/weight ratio of the metal was from 
two to three times that of Duralumin. It also 
resisted corrosion, for although no systematic tests 
had been made in this direction, a polished specimen 
of beryllium remained bright in the atmosphere of a 
chemical laboratory for years. The cost of pro- 
ducing the metal was high, but this was largely due 
to the fact that beryllium-bearing minerals were, at 
present, priced at much too high a figure. New 
sources of beryllium ores were constantly being dis- 
covered, however, and it might be that, in the not 
too distant future, the price of beryllium would come 
down to about twice that of tin. It was interesting 
to recall, in passing, that tungsten, which, at one 
time, was a chemical curiosity, was now a good deal 
cheaper than chromium. So far, metallurgists had 
been unable to produce a ductile specimen of beryl- 
lium, but this peculiarity was probably due to 
impurities in the metal and to defects in the processes 
of manufacture. Although a great deal of investi- 
gatory work was required to ascertain definitely the 
properties of the metal, some interesting results had 
been obtained from alloys of beryllium with other 
metals, particularly the copper-beryllium series. 
It had been found, for instance, that an addition of 
only 3 per cent. of beryllium to copper greatly 
increased the elastic modulus of that metal. Dr. 
Rosenhain’s lecture was entitled ‘“‘The Develop- 
ment of Materials for Aircraft Purposes,’ and he 
gave a survey of the properties required of materials 
used for aircraft construction rather than accounts 
of the individual materials themselves. He dealt 
briefly and in a general manner with such matters 
as tensile and other mechanical test figures, fatigue- 
test results, existing methods of combating corrosion, 
recent processes for increasing the wear-resistance 
properties of materials by nitrogen-hardening and 
cloud-bursting, the properties of heat-resisting 
steels, and creep test results. He stated that ex- 
periments recently carried out at the National 
Physical Laboratory had resulted in the production 
of alloys which afforded great resistance to creep 
at high temperature. 


Tue Instirution oF STRUCTURAL ENGINEERS. 

There is a tendency at the annual dinners of our 
technical institutions for the speakers to ignore 
the economic side of their profession, and the insis- 
tence of Dr. Daniel Adamson on the vital importance 
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of the study of it, when proposing the toast of 


“The Institution of Structural Engineers,” at the 
function held on Friday, December 13, is an example 
that might well be imitated. The staple industries, 
he said, were being starved, and large concerns 
occupied with scientific developments of the highest 
commercial—as well as technical—value made little 
or no return to their shareholders. The business 
side of engineering was of first importance, 
and should be more considered by engineers. No 
firm would expect its designers to prepare drawings 
for an unsafe structure, but the same confidence 
was not placed in the estimating department, with 
very often disastrous results. Dr. Adamson 
pleaded for greater attention to be given to industrial 
economics and finance as affecting individual 
firms, and concluded by a comparison between 
the work of the Institution and that of the Institu- 
tion of Mechanical Engineers, particularly referring 
to the activities of the local branches of the former, 
of which there were now six. The toast list was a 
short one, Sir Roland Nugent proposing “‘ Our 
Country and Empire,” and Major A. H. S. Waters, 
V.C., that of “‘ Our Guests.’ This latter was replied 
to by Sir Banister Fletcher, and that of ‘“ The 
Institution of Structural Engineers”’ by the Presi- 
dent, Lieut.-Colonel J. Mitchell Moncrieff. The 
Institution is showing a steady growth, the member- 
ship now exceeding three thousand four hundred, 
-admission being by examination only. It is carrying 
out much work of public and professional utility 
and importance. 








LETTER TO THE EDITOR. 


THERMAL EFFICIENCY OF HIGH- 
PRESSURE STEAM. 
To THE EpIToR OF ENGINEERING. 


Str,—The publication of new values for the properties 
of steam, such as the agreed international values for 
which “ skeleton tables ” are given in the report of the 
British Electrical and Allied Industries Research 
Association, published in your issue of December 6, 
1929, raises anew the question of the theoretical and 
practical advantages of increased pressure and tem- 
perature in steam engines, more particularly in steam 
turbines, viz., to what extent the previous conclusions 
on this subject, based on properties of steam which are 
now superseded, are still valid. 

The answer to this question is that they are not 
seriously affected, for the reason that the gain in 
efficiency on thermodynamic grounds depends more 
upon the temperature of heat supply than upon the 
particular values of the specified volumes and total 
heats, if these latter are thermodynamically consistent 
with one another. 

In considering the temperature of heat supply, it 
has to be recognised that at such pressures as are under 
consideration in practice the major portion of the heat 
supplied to the steam is supplied during the process of 
evaporation, and the temperature at which this portion 
of the heat is supplied can therefore only be raised by 
increasing the pressure. 

On the other hand, the amount of heat supplied 
during superheat is a comparatively small proportion 
of the total, so that increase of temperature without 
increase of pressure is less beneficial. 

It is necessary to stress this point, because there is a 
tendency to consider that a high initial temperature, 
such as can be obtained by superheat, is all that is 
required for high efficiency ; in other words, that with 
superheat to the same maximum temperature, increase 
of pressure is unnecessary—or, at any rate, adds little 
to the efficiency. 

It is regrettable to find an example of this error in 
Professor Callendar’s recent Thomas Hawksley Lecture 
(see ENGINEERING, November 8, 1929). It is there 
stated that on the basis of the new extended heat 
tables for steam there is no gain in adopting a higher 
pressure than 500 lb. per square inch, provided the 
same maximum temperature holds at the beginning of 
expansion—taking, for example, 670 deg. F. This 
conclusion can be easily disproved by calculating the 
adiabatic heat drops and efficiencies for a particular 
comparison. Thus, using Professor Callendar’s own 
extended tables published in the Institution of 
Mechanical Engineers Proceedings of May, 1929, it 
will be found that with an initial temperature of 
670 deg. F. and an exhaust vacuum of 29 in. Hg. the 
available heat drop per pound of steam is 4-05 per cent. 
greater for 1,000 lb. than for 500 Ib., and at the same 
time the heat input per pound of steam is 2-64 per cent. 





less, with the resulting consequence of an increase of 








thermal efficiency of 6-87 per cent. at the higher 
pressure. 

The relative importance of increasing pressure rather 
than temperature is shown more strikingly if we 
consider it with regard to such ranges of pressure as are 
at present engaging attention in practical design. For 
example, with the same vacuum, viz. 29 in. (Bar. 30 in.), 
steam at an initial pressure of 600 lb. per square inch 
and superheated to an initial temperature of 750 deg. F. 
gives a thermal efficiency 12-8 per cent. greater than 
steam at an initial pressure of 200 Ib. per square inch 
with superheat to the same temperature. 

Professor Callendar bases his conclusion on the 
adiabatic heat drop.alone, regardless of the heat input 
per pound of steam, which heat input is considerably 
reduced as the pressure increases, as is shown by the 
steepness of the isothermals in the diagram, Fig. 8, 
of his Thomas Hawksley Lecture. But even with the 
neglect of this factor, as the above calculation shows, 
there is still an advantage with increasing pressure. 
Moreover, his conclusion is given without any reference 
to back pressure, whereas the efficiency with any 
particular initial pressure and initial temperature is 
also a function of the back pressure, and no comparison 
between different conditions can validly be made 
without the assumption of a value for the back pressure. 
In the figures given above a high vacuum of 29 in. is 
assumed, and with lower vacua the gains due to 
increased initial pressure would be greater than the 
figures given above. 

The improvement in efficiency derivable from higher 
pressures where regenerative or partly regenerative 
feed heating is employed is still greater. 

How much of these advantages of high-pressure 
steam can be realised in practice is a practical question 
for builders and users. Efforts have been made and 
are being made to realise as much as possible of it in 
both land work and marine work by engine builders 
in all countries, but chiefly in the United States and on 
the Continent. In fact, Great Britain appears to be 
falling behind in this respect. 

It is most unfortunate, therefore, at this time to 
have a misleading pronouncement as to the value of 
high-pressure steam coming from an eminent autho- 
rity on the subject of thermodynamics and steam 
properties. 

Yours faithfully, 
Stan.eEy 8S. Cook. 
The Parsons Marine Steam Turbine Company, Limited, 
Turbinia Works, Wallsend-on-Tyne. 
December 14, 1929. 








LABOUR NOTES. 


Tue Unemployment Insurance Bill passed the third 
reading stage in the House of Commons on Monday 
night. The Government majority was 74, 273 votes 
being given for, 199 votes against. Clause 4, as re- 
drafted, reads as follows :— 

‘“*(1) If on a claim for benefit it is proved by an 
officer of the Ministry of Labour that the claimant, 
after a situation in any employment which is suitable 
in his case has been notified to him by an employment 
exchange or other recognised agency, or by or on behalf 
of an employer, as vacant or about to become vacant, 
has without good cause refused or failed to apply for 
such situation, or refused to accept such situation when 
offered to him, or if it is proved by an officer of the 
Ministry of Labour that a claimant has without good 
cause refused or failed to carry out any written direc- 
tions given to him by an officer of an employment 
exchange with a view to assisting him to find suitable 
employment (being directions which were reasonable 
having regard both to the circumstances of the claimant 
and to the means of obtaining that employment usually 
adopted in the district in which the claimant resides), 
he shall be disqualified for receiving benefit for a period 
of six weeks or for such shorter period and from such 
date as may be determined by the court of referees or 
the umpire, as the case may be. 

““(2) For the purposes of this section employment 
shall not be deemed to be suitable employment in 
relation to any claimant if it is either— 

(a) employment in a situation vacant in conse- 
quence of a stoppage of work due to a trade'dispute; or 
**(b) employment in his usual occupation in the 

district where he was last ordinarily employed at a 

rate of wage lower or on conditions less favourable 

than those which he might reasonably have expected 
to obtain, having regard to those which he habitually 
obtained in his usual occupation in that district or 
would have obtained had he continued to be so 
employed ; or 

‘“*(c) employment in his usual occupation in any 
other district at a rate of wage lower, or on conditions 
less favourable, than those generally observed in 
that district by agreement between associations of 
employers and of employees, or, failing any such 
agreement, than those generally recognised in that 
district by good employers.” 








A memorandum issued by the Ministry of Labowy 
shows what the financial effect of the new clause will be. 
Making such assumptions as appear probable with 
regard to the extent of the disqualifications, it seems 
reasonable, the Ministry states, to estimate that the 
further number becoming eligible for benefit might 
represent an annual cost of from 4,000,000/. to 
4,500,000/. The possibility should not, however, be 
overlooked, it is added, that the new provision may 
have the effect of bringing certain other persons into 
benefit—married women, for example, who have done 
little or no work since marriage, and seasonal workers 
during their off season. ‘* These two classes of cases,” 
the memorandum states, “ will serve as illustrations of 
what in the aggregate may amount to a considerable 
group of new claimants consisting of persons who, so 
to speak, are not really in the market as competitors for 
employment, but may hold themselves out as such if 
they are thereby enabled to qualify for benefit. There 
are, however, no data to enable any estimate to be 
made of the additional cost arising under this head.” 





Excluding any charges that may arise in these cases, 
the probable effect on the Exchequer is officially 
summarised as follows:—The increased charge im- 
posed on the Exchequer in 1930-31 will be about 
2,000,000/. Add the total charge in that year as 
stated in the memorandum prefixed to the Bill— 
24,500,0001. This will make a total Exchequer charge 
in 1930-31 of 26,500,000/. The effect on the Unem- 
ployment Fund is to add to it a charge of 2,000,000/. 
This will have the effect of reducing from 1,200,000 to 
1,160,000 the yearly average number of persons whose 
benefits with costs of administration can be met out of 
revenue. This compares with 1,000,000 prior to June, 
1929. Mr. Alfred W. Watson, the Government Actuary, 
appends a statement which says that the estimated 
effect of the new amendments, after allowing for the 
increase in the charge on the Exchequer, is to make such 
an addition to expenditure as would involve an increase 
in the debt of the Fund during 1930-31 by upwards of 
2,000,0007. 


‘“A member of the Minority Movement Advisory 
Committee” for the steel industry, writing in the 
Worker, calls upon the steel workers of Britain ‘‘ to 
close their ranks, establish all-in Committees of Action 
representative of the organised and unorganised 
workers in every steel works, and go forward now for 
the abolition of the sliding scale.”” They should also, 
he declares, reject the proposed new agreement, 
repudiate the principle of local settlements, insist on 
the stabilisation of current wage rates as minimum 
rates in the various grades, and demand a 13s. per 
week increase for all grades. Other claims which he 
advises steel workers to make are (1) full overtime 
rates for all hours worked or tonnage produced between 
1 p.m. on Saturdays and 6 a.m. on Mondays, (2) extra 
pay for night-work and the guaranteed week, (3) equal 
pay for equal work irrespective of the age of the 
worker, (4) all workers over 18 years of age to be 
reckoned as adults, (5) half the increase of 13s. per 
week for workers under 18 years of age. 


An editorial note in the December issue of the 
Electrical Trades Journal, the organ of the Electrical 
Trades Union, states that there is very little unemploy- 
ment amongst members of the organisation, and that 
the demand is generally very good for their labour. 
** Of course,” the writer adds, ‘* there are, and always 
will be, exceptions, but luckily in this case they prove 
the rule.” 





The wages question is also referred to in one of the 
other notes. ‘‘ During the past month,”’ it is stated, 
““a very important meeting took place between the 
Engineering Employers Federation and the _repre- 
sentatives of the Engineering Trade Unions. At this 
Conference Sir Allan Smith, on behalf of the employers, 
made it perfectly clear that they were not prepared 
to give any advance of any description on the present 
rates. This position, which apparently was made in 
a final and definite form, automatically breaks up the 
wages movement which -was initiated by the trade 
unions some time back. There is an adjourned meeting 
of these unions to be held in January, but it would 
appear that the only hope of continuation can be the 
formation of a further wages movement to continue 
what, undoubtedly, is a hopeless movement in its 
present form. It seems very likely that the E.T.U. 
Executive will decide on some change.” 





Writing in the December issue of J'rade Report 
of the United Pattern Makers’ Association, Mr. Findlay, 
the General Secretary, says: ‘‘ This time last year 
our unemployment figure was 760. Other members 
on benefit numbered 629. This year the figures are 
521 and 716. A total of 1,237 as against 1,389— 
a reduction of 152—and that has been approximately 
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the measure of improvement throughout the past 
year.” The total membership of the organisation is 
11,070. 





During November the home branch membership 
of the Amalgamated Engineering Union increased 
from 194,013 to 195,201, and the colonial branch 
membership decreased from 27,541 to 27,457. The 
number of members in receipt of sick benefit increased 
from 5,407 to 5,610, and the number in receipt of 
superannuation benefit decreased from 10,396 to 
10,363. The total number of unemployed members 
decreased from 12,408 to 12,356. 





The financial report of the Amalgamated Engineering 
Union for the third quarter of 1929 states that, unfortu- 
nately, the number of unemployed members increased 
during the three months. In July the figures were 
10,888, in August 11,053, and in September 11,815. 
Notwithstanding that, there was, Mr. Smethurst 
points out, an increase in the General Fund as compared 
with the June quarter of 24,290/. 18s. 6d. and an 
increase in the Superannuation Reserve Fund of 
4201. 8s. 1ld. At the end of September the General 
Fund stood at 297,9031. 7s, 8d., and the Superannuation 
Reserve Fund at 1,623,264/. 2s. 3d. During the quarter, 
donation, sick, superannuation, funeral and_bene- 
volent benefits cost a total of 124,4251. 10s. 5d., or 
16s. 73d. per paying member. These figures relate 
to payments out of the union’s own funds, and do not 
include State benefits or moneys received on behalf 
of members as compensation for accidents, &c. 


Parts II and III of the Coal Mines Bill, which has 
been under discussion in the House of Commons during 
the week, are single clause sections dealing with hours, 
and the constitution of the National Industrial Board, 
respectively. The Coal Mines National Industrial 
Board is to consist of 16 members, in addition to the 
chairman, appointed by the Board of Trade in the 
following order of representation :—Mining Associa- 
tion (6), Miners’ Federation (6), Federation of British 
Industries and Association of Chambers of Commerce 
(1), Trade Union Congress (1), Co-Operative Union 
(1), National Federation of Employers’ Organisations 
(1). It is provided that any agreement between the 
owners and miners for the regulation of wages or con- 
ditions of labour may be sent to the National Board 
and recorded. Disputes over wages and conditions 
may be referred to the Board, investigated and subse- 
quently reported upon to the parties interested. 
April 6, 1930, is specified as the operative date for the 
alteration in hours of work, but this may be changed 
during the discussion. The working hours are to be 
reduced from 8 to 73 per day. 





The Amalgamated Engineering Union’s Monthly 
Journal for December gives the constitution of the 
proposed Advisory Labour Council in connection with 
Imperial Chemical Industries, Limited. The Council 
is to act as a standing committee for the purposes 
(a) of examining, from the point of view of the organised 
workers, such questions affecting the relations between 
the company and its operative employees as may be 
referred to it by the Board, and submitting recom- 
mendations thereon ; (6) of giving consideration to 
suggestions that may be put forward from time to 
time by the representatives of the organised workers, 
and making such recommendations thereon as may be 
appropriate. It will consist of seven representatives of 
Imperial Chemical Industries, Limited, two repre- 
sentatives of the National Union of General and 
Municipal Workers, the Transport and General Workers’ 
Union, and the Amalgamated Engineering Union, and 
one representative of the Boilermakers and Iron and 
Steel Shipbuilders’ Society, and the National Federa- 
tion of Building Trades’ Operatives. 


Meetings are to be held three times a year, and as 
often in addition as may be necessary. The agenda 
for each meeting is to be circulated to all members 
seven days in advance, and notice of matters to be 
placed on it is to reach the secretary 14 days prior to 
the meeting. The reports of the proceedings of the 
Council are to be regarded as confidential by the mem- 
bers, and recommendations by the Council are to be 
submitted to the Board of Imperial Chemical Indus- 
tries, Limited, by the secretary of the Council. The 
Executive Council of the Amalgamated Engineering 
Union have decided to become members of the Council, 
and have appointed the President and General Secre- 
tary as their representatives. 





At the annual congress of the Japanese Federation 
of Trade Unions the following resolution was passed : 
‘Considering the seriousness of the present state of 
unemployment, and the possibility of aggravation of 
the situation in the future, the Federation, in order to 


safeguard the right of the workers to live, requests 
the Government and employers to adopt immediately 
the following measures, which the Federation will 
co-operate in putting into practice: Indemnities for 
dismissal, unemployment insurance, the eight-hour 
day, unemployment funds, and improvement of 
employment exchanges.” Resolutions were also 
adopted calling for opposition to rationalisation on a 
capitalistic basis, re-organisation of the executive 
of the Federation, the introduction of trade union 
legislation, amendment of the Factory Act and the 
Health Insurance Act, introduction of a Workmen’s 
Compensation Bill for workers engaged in construc- 
tional and other outdoor work, negotiations for the 
unification of .the labour movement, establishment 
on a national scale of consumers’ co-operative societies, 
and a general programme of social reform. 

A report issued by the Bureau of Social Affairs 
states that the number of trade unions in Japan at the 
end of June, 1929, was 542, with a total membership 
of 321,125 (307,821 men and 13,304 women). This 
shows an increase of 41 unions and 12,225 members 
(10,931 men and 1,294 women), as compared with the 
figures at the end of December, 1928. 








On December 9, 1929, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain was 1,309,500. Of these, 966,900 were 
wholly unemployed, 268,300 were temporarily stopped, 
and 74,300 were persons normally in casual employ- 
ment; 1,011,400 were men, 31,700 boys, 238,300 
women, and 28,100 girls. Of 1,302,930 on the registers 
on December 2, 1929, 962,280 were wholly unemployed, 
266,163 were temporarily stopped, and 74,487 were 
persons normally in casual employment; 1,003,338 
were men, 32,437 boys, 237,530 women, and 29,625 
girls. The number of unemployed persons on Decem- 
ber 10, 1928, was 1,320,912, of whom 1,039,213 were 
men, 33,872 boys, 217,676 women, and 30,151 girls. 








NON-METALLIC RESISTANCE 
ELECTRIC HEATING ELEMENTS. 


A DISPLAY, which attracted a good deal of notice at 
the recent Bradford Engineering Exhibition, illustrated 
several applications of non-metallic resistance elements 
for electrical heating. The elements, which have 
been given the trade name Globar, were exhibited by 
Messrs. British Resistor Company, Limited, Clare-road, 
Halifax. Two methods of employing them on a large 
and small scale, respectively, are shown in Figs. 1 to 3 
on the opposite page. The Globar element is made 
in rods of various sizes, and resembles in appearance 
the compound known commercially as carborundum. 
The specific resistance can be varied, and the standard 
types can be operated with uniformly distributed 
temperatures of between 2,000 deg. F. (1,093 deg. C.) 
and 2,750 deg. F. (1,510 deg. C.), though specially 
constructed elements can be made to give 3,000 deg. F. 
(1,648 deg. C.). In all cases, the ends are specially 
treated so that the resistance is lower at these points, 
with a consequent decrease of temperature. The 
elements are stated to have a lower thermal coefficient 
of expansion than iron, and to be sufficiently strong 
require no support at any point between the contacts 
at the ends. 

The application of the elements to an electric 
furnace is shown in Fig. 1, and the method of mount- 
ing them in Fig. 2. The furnace is designed for the 
heat treatment of carbon and alloy steels, and works 
up to temperatures of 1,350 deg. C. (2,462 deg. F.). 
The terminal mountings are, therefore, water cooled. 
The system of supporting the rods is that of applying 
pressure at the points of electrical contact. It permits 
the withdrawal and replacement of any element while 
the furnace is in operation. The ends of the element 
which, it will be remembered, are relatively cool, are 
recessed about 2 in. within the refractory lining of the 
chamber. They are rounded and are held in a conical 
recess in the water-cooled terminal socket by the 
pressure exerted by the helical spring shown on the left 
in Fig. 2. The degree of compression on this spring is 
regulated by a wing nut, and the pressure is transferred 
to the terminal socket through a lever acting on a 
spherically-seated fulcrum at one end, and on a 
spherical boss on the terminal head at the other. 
Both the electrical connections and the water-supply 
connections will be readily made out from the figure. 
The water connections are made with rubber tubing, 
and only asmall amount of water is required, though it 
is desirable to keep it to the point of a visible discharge 
to enable its rate of flow and temperature to be noted. 
The temperature of the water should not be permitted 
to fall below 100 deg. F., or to rise above 180 deg. F. 
When furnace temperatures below 2,000 deg. F. are 
maintained continuously, a water-cooled terminal is 
not necessary, and the hollow socket is then replaced 
by a solid one. 








The water-cooled part of the terminal socket passes 
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Fig. 1. Exrectric Hreat-TREATMENT FURNACE. 

















Fig. 3. Exectric Paint BuRNER 


through a tube and a special brick in the furnace 
wall, both these parts being made of material having 
an unusually high dielectric strength at elevated tem- 
peratures in order to prevent electrical leakage through 
the furnace lining. An element may be changed in 
three to five minutes. The electric power is switched | 
off, and pressure is removed from the terminals by 
slacking back the wing nuts. The sockets are then 
removed and an operator at each side of the furnace | 
inserts a pipe into the tube, until it comes into contact | 
with the convex end of the element. One operator then 
pushes the element out against a resistance on the 
part of the other sufficient to hold it between the 
ends of the two pipes. The reverse procedure is 
followed in putting the new element in place and, 
if the furnace is well insulated, there will be very little 
drop in temperature during the operation. 

The furnace shown in Fig. 1 is of the door type, 
but an interesting application of Globar elements 
is in a furnace with an entirely closed chamber used 
for the heat treatment of rock drill steel. This chamber 
is about 3 ft. 9 in. long inside, and has a width of 
11 in. and a depth of 22 in. Three pairs of Globar 
elements run through it longitudinally, and virtually 





WITH GLOBAR HEATING ELEMENTS. 


an internal diaphragm in the centre, and the 
result is the formation of chambers to accommodate 
40 drills, half that number being introduced from each 
side of the furnace. The total electrical loading of 
this furnace is approximately 100 kv.-a. A_ test 
with drills 6 ft. to 8 ft. long, heated to a temperature of 
1,250 deg. C. (2,282 deg. F.) at one end for about 3 in., 
showed a production rate of 1,500 drills per 8-hour 
shift. The drills were 1{ in. across the flats, and the 
inickel-chrome tubes would have accommodated 
drills of 2 in. across the flats. The furnace operated 
on single-phase current at 220 volts, 50 cycles, and 
the elements were connected two in series and three 
sets in parallel. In this type of furnace, the temperature 
is automatically controlled from a main panel with 


| switchgear, and an auxiliary panel with temperature 
| indicator, relays, &c. 


The appliance shown in Fig. 3 illustrates the employ- 
ment of the Globar elements on a small scale. It is 
known as the Utility electric burner and is primarily 
intended for burning off old paint. The construction of 
the apparatus will be sufficiently clear from the figure 
to render detailed comment unnecessary. It may be 
stated, however, that the elements, which are visible at 


divide the chamber into two smaller ones having | the upper part of the figure, are held in spring catches 
heating elements at the top and bottom. Through each | and are replaceable in a few seconds without any 
of these two spaces are run transversely 10 tubes of a | | special knowledge or appliances. The use of electrical 
cast nickel-chrome alloy. The tubes are cast with| heat in paint burning removes a good many of the 
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objections to this necessary operation. The usual 
blow lamp is noisy, results in unpleasant fumes and 
odours, gives trouble in a high wind, and occasionally 
scorches the material, if used on woodwork, by reason 
of the difficulty in regulating the temperature of the 
flame. None of these charges can be laid to the 
electric burner, and the advantages of the blow lamp 
must be sought for in portability and low cost of 
running. With reference to the first of these, the 
electric burner above described weighs only 2-5 lb. 
and, provided a source of electric current is available, 
is readily handled with a flexible cable attached. It 
is made for either single phase alternating current or 
direct current, at from 100 volts to 250 volts. The 
cost of running depends, of course, on the rates charged 
for current, but it may be remarked that the maximum 
loading of this burner is approximately 1,200 watts, 
7.e., it consumes 1-2 units per hour. 








THte MANUFACTURE OF QuaRtTz GLASS WINDOWsS.— 
One of the features of a new sanatorium which has 
recently been opened at Saranac Lake N.Y., is a large 
sun-parlour, which is lighted by windows made of 
fused quartz. This quartz glass was manufactured by 
crushing the crystals, until they would pass through a 
j-in. mesh, and then placing them on flat graphite discs 
held between thin graphite slabs. A number of the 
trays thus obtained were then stacked in a form and 
placed in a high-temperature vacuum furnace. When the 
— fused, nitrogen gas was admitted at a pressure of 

150 lb. per square inch, to compress the bubbles. The 
resulting plates measured 74 in. by 74 in. by } in. thick, 
and only required grinding to square their edges. This 
method, it is claimed, obviates a great deal of cutting, 
grinding and polishing, while the trays can be used 
several times. 

Evectriciry Suppty rv Sourn Arrica.—The sixth 
annual report of the Electricity Supply Commission of 
South Africa, which deals with the year ending December 
31, 1928, shows that five power stations, with an aggregate 
capacity of 207,350 kw., are now being operated. Of 
these, the largest is the one at Witbank, which, at that 
date, contained 80,000 kw., though afurther 20, 000 kw. is 
now being added. The smallest, at Sabie, contains 
1,350 kw. It is also the only hydro-electric station. 
The station known as Natal Central (60,000 kw.), wus 
originally built to supply the Glencoe-Pietermaritzburg 
railway and was taken over from the Railway Administra- 
tion in 1927. The others have been built by the Commis- 
sion itself. The Commission is also responsible for the 
operation of 403 miles of overhead lines and 50 miles of 
cables, as well as for 281,720 kv.-a. of transformers and 
68,000 kw. of converting plant. The consumers number- 
ed 731 of which 46 were large industrial or mining under- 
takings. This is an increase of 345 over the previous 
year. The total electricity sold amounted to 627,912,295 
kw. - hours, compared with 551,018,733 kw.-hours in 
1927. Of this total, 468,120,459 kw.-hours was 
delivered in bulk. The total capital expenditure was 
7,423,5961., to the reduction of which a sum of 132,5711., 
representing net revenue, was applied during the year. 
The sinking and reserve funds stand at 189,5171. and 
95,888/., respectively. 
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CRYSTALLISATION AND SEGREGA- 
TION IN SMALL 1°10 PER CENT. 
CARBON-STEEL INGOTS.* 


By AXEL HULTGREN. 


In the present paper the results are given of an 
investigation commenced in 1926 at the Sdéderfors 
Steelworks in Sweden. The paper deals mainly with 
1-10 per cent. carbon steel with the following average 
contents: Silicon 0-20 per cent., manganese 0-30 per 
cent., phosphorus 0-012 per cent., and sulphur 0-009 
per cent. The steel was made in a 3-5-ton Elektro- 
metall basic electric arc furnace. Ferro-silicon was 
added in the furnace, and aluminium usually in the 
ladle, though sometimes in the mould. The furnace 
process is not further considered here. The ingots were 
top-poured, large end up, through a nozzle generally 
25 mm. to 28 mm. in diameter, though occasionally 
23 mm. to 35 mm. in diameter. The ingot sizes 
investigated were 12, 10, 9, 8, 7, 6, and 4 in. square 
at the top, with rounded corners. The moulds were 
generally cold or slightly warm. A preheated refrac- 
tory-lined sink-head was used. The sink-head question 
is still being investigated, and will not be dealt with 
here. Experiments have also been made with a water- 
cooled copper mould. Since they are not completed 
they will not be discussed here. 

In casting test ingots, the mould walls were usually 
not coated, thus enabling the temperature of the stream 
issuing from the nozzle to be measured with a Holborn- 
Kurlbaum optical pyrometer without disturbance from 
smoke. The pouring temperatures are given without 
correction for emissivity. From the ingots longitudinal 
slabs were cut out, and usually axial sections were 
prepared and etched to develop the solidification 
structure. It may be noted that two principal etch- 
ing methods have been employed, namely, “ mild” 
and “strong ’’ etching. The former, involving Stead’s 
or Le Chatelier and Lemoine’s reagents, will bring out 
details of crystallisation, and the latter, involving 
Stead’s reagent followed by treatment with Rosenhain 
and Haughton’s reagent, shows segregation clearly. 
Kalling’s acid cuprous chloride reagent, and ferric 
chloride solution were also employed. 

As a result of the work of many investigators, a 
large amount of information regarding the structure 
of steel ingots has been collected. The general charac- 
teristics may be summarised as follows: Near the 
surface is usually found a comparatively thin skin 
or layer consisting of small crystals, for which the 
term surface crystals will be used. Farther in, a 
layer of elongated crystals, often called ‘“‘ columnar” 
usually follows, their average direction being approxi- 
mately perpendicular to the surface. The central 
portion is generally occupied by equiaxed crystals, 
usually called free crystals. Segregation phenomena 
of various kinds have been observed, for which the 
following terms have been or may be employed : Inverse 
segregation, that is, higher concentration near the 
surface; ,-segregates observed in large ingots, 
consisting of marked lines of segregate, sloping upwards, 
in an intermediate zone; V-segregates or marked lines 
or areas of segregate, sloping downwards in certain 
parts of the central portion; negative segregation, 
that is, lower concentration in the lower central 
portion of the ingot; top segregation, namely, higher 
concentration in the uppermost portion of the ingot, 
particularly in the centre. 

It is believed that some of the conclusions to be drawn 
from the present investigation are applicable to other 
compositions of steel and other sizes of ingots, whereas 
others may not permit of such generalisation. The 
author wishes, however, where it is not otherwise 
stated, to confine the discussion strictly within the 
boundaries of the evidence here presented as indicated 
in the title of the paper. 

Surface Crystals and Elongated Crystals.—Fig. 1, on 
this page, shows the structure after ‘ mild” etching, 
of a 12-in. ingot, about halfway between the top and 
bottom. The zone of elongated crystals occupying 
the main part of the figure is characterised by numer- 
ous light lines, which may be called ‘‘ beams.” Nearer 
to the surface, the direction of the beams varies con- 
siderably about an average, which is approximately 
perpendicular to the surface. Farther in, they slope 
more and more upwards and become at the same time 
more parallel. It should be noted that all the beams 
are straight. Here and there, particularly in the outer 
half of this zone, short bands are seen crossing the 
beams in various directions. Passing from right to 
left, a lattice of transverse lines becomes more and more 
prominent, filling the space between the beams. The 
zone of elongated crystals ends on the left along an 
irregular zigzag line, situated at a greatly varying 
distance from the surface, beyond which line the central 
area of free crystals follows. Isolated free crystals 
also appear among the elongated crystals. 





* Paper read before the Iron and Steel Institute, 
Newcastle-upon-Tyne, on Wednesday, September 11, 
1929. Abridged. 
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In order to study the structure of the elongated 
crystals, a series of small sections, parallel to the surface 
of the ingot, was prepared from the same ingot imme- 
diately above the area shown in Fig. 1; the sections 
were taken at depths of 5 mm., 10 mm., 20 mm., 30 mm., 
40 mm. and 50 mm., respectively. The structure in 
the 5 mm. section was partly indistinct, but wherever 
a pattern was visible, numerous lines crossing each 
other at right angles were seen. Adjacent crosses 
often had the same orientation, being sometimes con- 
nected, sometimes not. At depths of 10 mm. and 
20 mm. the same features were noted. The areas 
of uniform orientation as well as the distance between 
parallel branches increase, however, at greater depth. 
Still farther inwards the distance between the branches 
does not appear to increase further, but the branches 
would seem to be of two kinds. Some are long and 
marked, others short and less prominent. In Fig. 2 
(50 mm.) three-directional patterns of free crystals 
are present besides the rectangular ones of the elon- 
gated crystals. 

In sections taken at depths of 40 mm., 39 mm., 38 mm. 





Fie. 1. Axtat SEcTIon oF 12-1n. INGOT. 
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and 37 mm., obtained by successively grinding away 
1 mm. at a time, the same individual crystals could be 
identified, and the gradual change of detail during the 
growth of elongated crystals could thus be studied. 
The conclusion is that the main branches actually 
represented sections through planes or plates, whereas 
the auxiliary branches were more or less rod-shaped, 
and therefore properly deserved the name of branches. 
One may, therefore, distinguish between dendritic plates 
and plate crosses on the one hand, and dendritic 
branches on the other. It was interesting to note the 
formations of some of the crystals seen in the four 
sections. 

In the sections referred to above, the boundaries 
between the crystals could not be distinguished with 
certainty. This was, however, possible in the case of a 
section taken from another ingot at a depth of 30 mm. 
beneath the surface. This section was strongly etched. 
The crosses appeared dark. The white network which 
appeared between the crystals was cementite, which 
separated while the ingot cooled in the mould. A 
comparison of sections of this ingot, taken from 5 mm. 
and 30 mm. below the surface, confirmed the fact that 
the crystals increase in width as they grow. This means 
that some of them outgrow the others by extending their 
branches sideways ahead of the latter. 

When the evidence of crooked branches, as demon- 
strated in Fig. 2, is also considered it may be inferred 
that each crystal skeleton, at a certain stage of growth, 
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nected, slender stems having the shape of plate crosses, 
which easily suffer deformation by twisting or bending ; 
further, that stems from one crystal may grow between 
those of another. 

Axial sections through the zones of surface crystals 
and elongated crystals will next be considered. Fig. 
3 was taken from a 12-in. ingot cast at 1, 338 deg. C., 
poured very slowly. In the right-hand half of Fig. 
3 the structure consists mainly of finely branched 
dendritic patterns arranged at random, only a few 
short elongated crystals being visible. On passing to 
the left of the illustration there follows a fairly abrupt 
change into a more open pattern of small free crystals 
with few dendritic branchings. It may be concluded 
that the layer of surface crystals decreases in thickness 
with increasing pouring temperature ; further, that if 
the pouring temperature is low, elongated crystals may 
be absent. 

Dendritic Growth in Steel—Regarding the growth of 
idiomorphic crystals, it has been established that growth 
perpendicular to a densely packed plane is always 








may consist of several parallel, more or less discon- 


slower than growth in any other direction, for which 
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reason those planes form the stable faces of the crystal. 
The idiomorphic crystal of a face-centred cubic lattice is 
an octahedron. Since, in the dendritic growth of steel. 
crystals regular faces have not been observed, and, 
further, dendrites of body-centred $- and face-centred 
y-iron seem to have essentially the same structure, one 
is led to look for some other fundamental law governing 
dendritic growth. The shape of growing dendritic 
skeletons strongly suggests the existence of directions of 
maximum rate of growth, which must coincide with the 
tetragonal axes of the crystal lattice. 

if this were the only governing factor, in other 
words, if atoms could be attached to the surface atoms 
of a growing nucleus in the three axial directions with 
equal facility, and in these directions only, the shape 
of the crystal would obviously also become an octa- 
hedron, which is the locus of points of equal total 
distance from the nucleus as measured along the axial 
directions. If to this condition be added the well- 
known retarding effect on growth caused by the 
increased concentration in the liquid steel immediately 
surrounding the growing crystal, the fundamental 
facts of dendritic growth in steel can be satisfactorily 
explained. The similar effect of the liberation of the 
latent heat of solidification may here be neglected. 

It is assumed, therefore, that a small octahedral 
crystal has formed. The amount of enrichment in the 
surrounding liquid is a function of the mass of solidi- 
fied matter at that point, and is therefore greatest at 
the face centres, less at the edges, and least at the 
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corners. The concentration gradients in the liquid 
lead to diffusion, which is restricted at the faces, but has 
many directions open at the corners. For both reasons 
the growth of the crystal will be retarded most at the 
face centres, less at the edges, and least at the corners. 
The shape that must develop, if the assumptions be 
correct, is a star of six branches radiating from the 
nucleus, each branch having a cruciform cross-section 
and tapering towards the point. The more concave 
the faces become and the more acute the edges and 
corners, the more will the differences in facility of 
diffusion at these places be accentuated. 

In the angle between two neighbouring branches of 
the star, the zones of enrichment surrounding the 
branches will interfere with each other, causing a region 
of maximum retardation of growth to form in the angle. 
Beyond this region, growth is more rapid. The result 
is that each branch, at a certain stage of growth, will 
be thin at the root, then becoming gradually thicker up 
to a certain point from which it tapers towards the 
point. The break in the profile constitutes a projection, 
where growth is facilitated, for the reasons given, a 
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but will be modified by the temperature gradient, 
corners turned towards the hotter interior becoming 
less acute than others. Still, it is obvious that those 
crystals that happen to have an axis perpendicular 
to the existing isothermal will form an apex in this 


Fig.¢. DIAGRAM OF PRIMARY AND 
SECONDARY CRYSTALLISATION 
IN A CORNER REGION. 
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germ, as it were, from which a secondary branch will 
develop in an axial direction. The distance from this 
branch to the main branch with which it is parallel is 
governed mainly by the factors that affect diffusion, 
namely, time, temperature, and composition, in their 
relation to velocity of crystallisation, that is, degree of 
undercooling. This process will repeat itself at the 
outward angle formed by the first secondary branch, and 
in this manner the dendritic growth of branches in any 
of the two axial directions perpendicular to existing 
branches is explained. Under uniform conditions the 
points of all branches taken together will form an 
octahedron. 

If crystallisation is very rapid compared with the 
retarding influences at work, two results may be 
expected. (i) The branches will be closely spaced 
and thin; (ii) the cruciform shape of the branches 
will be intensified, the wings of neighbouring branches 
finally joining to form continuous plates. 

The Formation of Surface Crystals and Elongated 
Crystals.—The first contact between the molten steel 
and the mould wall will immediately cool down a 
surface layer to such low temperatures that, in accord- 
ance with the results of the well-known investigations 
by Tammann and by Miers, numerous nuclei of 
random orientation will be formed. These will rapidly 
grow into dendritic skeletons. Obviously these skeletons 
will obstruct one another’s growth to a great extent, 
but intergrowth will perhaps also occur. The formation 
of fresh random nuclei will continue to some depth, 
depending upon the chilling effect of the mould, 
counteracted by the excess temperature of the liquid. 
With increased flattening of the temperature gradient 
the rate of formation of new nuclei decreases, and the 
existing skeletons will have an opportunity to grow 
inwards, Disregarding obstruction by other skeletons, 


the external shape of a skeleton will not be octahedral, | 
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direction and thus reach a given depth faster than 
other crystals. Hence the favourably orientated 
crystals will have an opportunity of spreading trans- 
versely in advance of the others. At a certain depth 
the former will outgrow the latter, and the base of 
the zone of elongated crystals will be thus established. 

The average direction of the first elongated crystals 
is determined by the isothermal at this depth. Owing 
to local irregularities in the isothermal, caused by the 
uneven surface of contact with the mould, frozen 
splashings, &c., the first elongated crystals will, 
however, show great variations in direction, but 
the process of selection will continue, and, as the 
isothermal is smoothed out, the crystals remaining 
in growth will become more and more parallel. This 
selection is rendered possible by the slender construction 
of the skeletons, which allows branches from one 
erystal to grow between the branches of another. In 
consequence, in the earlier stages of growth there 
are everywhere numerous crystals from which a 
selection may be made. 

In an ingot of inverted taper the freezing isothermal, 
while moving inwards, will deviate more and more 
from parallelism with the mould wall, moving faster 
in the lower portions of the ingot. While a sufficient 
intergrowth of stems still remains, the process of 
natural selection would be expected to cause those 
stems that are perpendicular to the new positions of 
the isothermal to survive. A gradual but discontinuous 
change of direction upwards would then follow. The 
fact is, however, that in the interior part of the 
elongated zone the stems slope still more upwards. 
The reason probably is that, owing to the gradual 
filling of the mould, the steeper stems, having started 
from lower points on the surface, are always older 
and therefore have grown longer than the others, 
which are thus outgrown. 





Turning to the structure of the individual elongated 
crystals it has been shown that a great number of 
parallel cruciform stems or plate crosses may develop 
within each crystal at an early stage in its life. In 
transverse section such plates appear as lines forming 
crosses, in longitudinal section as so-called beams, 
and in oblique sections as bands. The spacing of the 
plates is very close at the root, but increases rapidly 
as the crystal grows, probably discontinuously. This 
may be explained schematically as follows. Dis- 
regarding obstruction, the growing stems will be 
longer the nearer to the nucleus they started, the 
main stem from the nucleus keeping the lead. As 
growth is retarded, the enrichment of the melt in the 
neighbourhood of the main stem will spread trans- 
versely, by diffusion, and reach the point of the next 
stem, the growth of which is retarded and finally 
discontinued. The next stem but one will carry on, 
exerting a similar influence on its neighbour, and so 
forth. It would appear that the individual plates or 
stems belonging to each crystal during their growth 
may often lose connection with each other—that is, 
become separated by the melt over a considerable 
length. Deformation due to shrinkage stresses or 
other causes will easily distort the slender structure, 
so that the uniform orientation within each crystal is 
lost. When a crystal grows without obstruction at 
its front, the latter will probably assume the external 
shape of an acute pyramid with concave faces, the 
apex of the pyramid being formed by the main stem 
emanating from the nucleus, the points of other 
stems and branches lying upon the surface of the 

mid. 

Secondary Structure.—A diagrammatic representation 
of the mechanisms of primary and secondary crystallisa- 
tion is given in Fig. 4, a and 6, respectively. The 
liquidus isothermal and the $—y transformation iso- 
thermal are indicated, the effect of a transformation 
range being neglected. Referring to Fig. 4, 6, repre- 
senting the $-y transformation, the austenite crystals 
from the bottom face entering the cooler corner region 
will grow faster than their neighbours to the left, and 
by so doing will have an opportunity to grow sideways 
ahead of them. Thus the crystal boundaries in this 
region will gradually curve, probably being roughly 
perpendicular to the isothermal as it moves inwards, 
while at the same time the crystals preserve their 
original crystallographic directions. On solidification, 
on the other hand (Fig. 4, a), the pointed main stem 
of each crystal skeleton advances along a straight line 
so much faster than the rest that the boundaries, 
forming later between the stems, cannot conform 
appreciably to the curvature of the isothermal. If a 
sufficient number of skeletons of varying orientation 
growing through one another were present, those 
growing at right angles to the isothermal at any depth 
would outgrow the others. A gradual but discontinu- 
ous change in direction of the beams would then result. 
Such a primary structure is, however, seldom observed 
in corner regions, probably because the divergence in 
existing crystal directions is too small to accommodate 
the rapid change in direction of the isothermal as it 
moves inwards. The result is that the crystais starting 
from one face grow in straight lines until they meet the 
set of crystals from the other face on the diagonal plane. 
In any case the individual axes or beams of the primary 
crystals seem to be straight, except when they have 
been deformed. 

If the above reasoning is correct, the absence of 
curved boundaries of primary crystals is a phenomenon 
bound up with the very pointed shape of the crystals 
during their growth. A pure metal, for instance, 
might not satisfy this condition ; in fact, curved crystal 
boundaries in cast zinc have been observed occasionally 
by von Gdéler and Sachs.* 

The boundaries of secondary elongated crystals are 
not, however, determined by the transformation 
isothermal only. This is illustrated in Fig. 5, which 
shows the secondary structure of an axial section taken 
from the bottom portion of a 7-in. tungsten magnet- 
steel ingot (carbon 0-65, tungsten 6-0 per cent.), 
etched with ferric chloride. The direction of the 
secondary crystals in the outer zone of the ingot is 
governed by the existing primary elongated crystals. 
This is probably due to the effect of composition on 
the temperature of transformation. Whether the 
purer or the impurer portions of the primary crystals 
transform first, the result will be similar. In another 
ingot of tungsten magnet steel, the primary structure 
consisted mainly of small free crystals, a result of low 
casting temperature. In consequence, the secondary 
crystals were free to conform to the direction of the 
isothermal. The secondary crystals had ragged 
boundaries, this being probably the result of the 
heterogeneity pattern of the primary structure. 

Fig. 6, A and B, showing the secondary structure of 
an axial section of a 9-in. ingot of chromium-nickel 
steel (carbon 0-08, chromium 18-5, nickel 7-6 per 


* Zeitschrift des Vereins deutscher Ingenieure, vol. lxxi, 
Fig. 14, page 1,355 (1927). 
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cent.), after prolonged etching with Rosenhain and | particularly small, indicating too early afterpouring. 


Haughton’s reagent (copper deposit), gives an insight 
into the manner in which heat is dissipated from the | 
interior of a cooling ingot. If the isothermals be | 
reconstructed as orthogonal trajectories of the grain 
boundaries—excluding the outer third of the ingot, | 
where primary elongated crystals have determined | 
the boundary directions—it will be seen qualitatively | 
how they are rounded off when the axis of the ingot | 
is approached. The retarded cooling within the | 
refractory sink head and the position of the point in 
the centre, where heat is most sluggishly retained, are 
plainly indicated. 

Elongated secondary crystals have also been observed | 
in ingots of low-carbon steel. In such cases, the 
orientation of each austenite crystal is preserved in the | 
Widmannstiatten pattern of the « ferrite. In ingots of | 
high-speed steel a secondary austenite structure may 
also be observed. Generally, secondary austenite | 
structures may be expected in all steels that solidify | 
more or less completely as §-iron and then transform 
to austenite. 

Free Crystals.—-Free crystals grow from independent | 
nuclei in the molten steel. When conditions are such | 
that few nuclei are formed, the crystals develop into | 
large dendrites. Compared with those of elongated | 
crystals, the branches of free crystals have more | 
rounded edges and corners, the more so the slower the | 
cooling during freezing. This is probably due to two 
causes, namely, surface tension of the solid phase, and | 
diffusion in the liquid phase, which in the long time | 
available, will flatten the concentration gradients in | 
the neighbourhood of the skeleton, thus counteracting | 
the favoured growth of edges and corners. When, from | 
causes to be dealt with later, numerous independent | 
nuclei are formed in the interior of an ingot, their | 
growth, as will be shown, is apt to be slower, and in 
consequence, the branches will assume a more rounded 
contour than those of larger crystals. Still the | 
characteristics of dendritic growth are generally 
present in small-grained structures also, only the 
branches are short owing to obstruction from neigh- 
bouring crystals. 

The Influence of Afterpouring on Crystallisation.— 
Afterpouring, or pouring a small quantity of steel | 
into the sink head some time after the main pouring, | 
is sometimes employed, usually with the object of 
compensating for the shrinkage occurring during the 
first period of solidification, and thus enabling a 
smaller sink head to be used than would otherwise be 
required in order to confine the pipe cavity within the 
sink head. Certain unexyected variations in the 
structure of ingots from the same heat, cast at similar 
temperatures, led to a series of experiments being 
carried out during which, among other factors, the 
influence of various conditions of afterpouring—time, 
quantity, and force, that is, height of fall—was studied. 
The time of afterpouring will first be dealt with. | 

Longitudinal sections, extending somewhat beyond | 
the axis, of a series of 9-in. ingots, cast in succession | 
from the same heat, were prepared. An ingot, cast | 
at 1,383 deg. C. by first filling the mould and half the | 
sink head, then afterpouring after 30 sec. to a level 
6 in. high in the box, was first investigated. The upper 
surface was then immediately covered with dry sand. 
In the zone of elongated crystals was visible a marked 
line which, in some manner to be discussed later, 
registers the thickness of the layer which had solidified 
at the moment of afterpouring, and will be called the 
“ afterpouring line.” This is approximately parallel 
to the surface. The interior consisted of large free 
crystals. \V-segregates, which were very clearly 
brought out by the strong etching employed, were 
present in the axial region, except in the top and 
bottom portions. 

Further investigation showed that it may be con- 
cluded that, under suitable conditions, afterpouring 
initiates the formation of a great number of crystal 
nuclei, thus producing a small-grained structure. 
The suitable conditions, as determined by other ex- 
periments, are :—(1) The temperature of the interior 
mass of molten steel should be within a certain range, 
coinciding approximately with or somewhat exceeding 
the temperature of sportaneous formation of nuclei. 
If it is too high no nucki will be formed ; if too low, 
nuclei already formed will have grown into large 
skeletons, and the final structure will then be fixed. 
(2) The afterpouring stream should not be strangled 
or else it will be too mild. No extra height of fall is 
necessary—at least for ingots of the size employed. | 
(3) The top crust should not be allowed to become too | 
solid before afterpouring. In the case of large ingots, | 
where the suitable afterpouring interval is longer, 
special arrangements would be required for this 
purpose. 





| 














In a section from a 12-in. ingot, the afterpouring | region and the elongated crystals there was an inter- 
line was visible as a discontinuity in the structure of | mediate zone in which lines or markings sloping in an 


the elongated crystals, which had grown to considerable 
length afterwards before they met free crystals large 
enough to stop them. The free crystals were not 


It was concluded that nuclei, formed in the region 
nearer to the centre of the ingot than the discontinuity, 
did not generally have time to grow to appreciable 
size before they were embedded between the growing 
elongated crystals. Some free crystals were, however, 
visible in that zone. 

A 9-in. ingot was cast very hot (1,442 deg. C.) and 
afterpoured, the time not being noted. The resulting 
structure, taken not far from the bottom, showed a 
surface zone of elongated crystals with a downward 
slope. As a result of the afterpouring, those crystals 
ceased to grow and a zone of random orientation fol- 
lowed, from which developed later an inner zone of 
elongated crystals with a steep upward slope, obviously 
by natural selection amongst the crystals of the inter- 
mediate zone. Solidification in that case was neces- 


| sarily slow. 


Segregation as Affected by Type of Crystallisation.— 
In order to demonstrate the common types of erystalli- 
sation and segregation in 12-in. ingots of 1-10 per cent. 
carbon steel, three typical ingots cast under different 
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conditions were selected :—(1) Casting temperature 
1,355 deg. C., quiet solidification. (2) Casting tem- 
perature 1,354 deg. C., a small quantity of steel after- 
poured after 1 min. 35 sec. (3) Casting temperature 
1,338 deg. C., slow pouring, no afterpouring. The first 
two ingots were cast from the same heat through a 
35-mm. nozzle, the only difference between them being 
the afterpouring. The last ingot was cast from another 
heat through a 32-mm. nozzle, partly frozen, the 
pouring being, in consequence, very slow. Drillings 
were taken with an 8- or 12-mm. drill from various 
positions in the ingots, and analysed for carbon in 
order to demonstrate segregation; each figure was 
the average of two or more determinations. 

Quiet Solidification—The structure of this ingot 
presented no peculiarities. Elongated crystals extended 
to varying depths, about halfway to the axis, except 
near the top, where they met at the axis. The free 
crystals were of medium size, except in the upper por- 
tion, where they were larger. V-segregates were present 
in the middle part of the central region. The figures 
for the carbon contents at various positions showed 
that there was a slight negative segregation along the 
middle part of the axis, and positive segregation at 
the centre of the top. 

Afterpouring.—As a result of afterpouring, the zone 
of elongated crystals was terminated at a depth of 
44 mm. near the bottom and 33 mm. near the top. 
The interior consisted of small crystals except in the 
extreme bottom and the central top portions. V- 
segregates were practically absent, but a faint V- 
structure was visible in the centre. Between this 


| opposite direction to the V-lines might be seen. For 
| convenience this structure will be referred to as “‘ A- 











| structure,” without implying that it is identical with 
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the so-called A-segregation observed in large ingots. 
Turning to the figures for carbon content, a notable 
difference between this ingot and the preceding one was 
evident. The axial region of the small-grained struc- 
ture was accompanied by a marked negative segrega- 
tion, the lowest values being along the axis. Top 
segregation was present as usual. 

Cold Casting, Slow Pouring.—Details of the surface 
structure of this ingot have already been shown in 
Fig. 3 on page 816. An examination of the middle 
portion of the ingot showed that elongated crystals 
were practically absent. Within the surface layer of 
small crystals, which was rather thick—about 14 mm.— 
the whole interior consisted of small free crystals 
except in the extreme top, where the central portion 
was large-grained. Both ,a-structure and V-structure 
were present as in the preceding ingot. The ,-lines 
on close examination, were found to commence almost 
immediately the surface zone ended. As in the 
preceding ingot, negative segregation was evident in 
the axial region, but not so marked. Top segrega- 
tion was also present. 


DIAGRAM OF FIVE /2-IN. INGOT SECTIONS. 
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In order to demonstrate that the segregation 
characteristics of the above three ingots were not 
accidental, the diagram, Fig. 7, has been prepared. 
This shows sections of a series of ingots from another 
heat, afterpoured after 1}, 2, 3, and 4 min., and not 
afterpoured, respectively. Small free crystals are 
represented by dots in the diagram, large dendritic 
ones by crosses. V- and ,-structures are omitted. 
The positions and sizes of the holes drilled for chemical 
analysis and the corresponding carbon contents are 
indicated. It is plainly seen that marked negative 
segregation is consistently present in the central 
region of the structure of small free crystals, whereas, 
in the large-grained structure, negative segregation is 
less developed. The top segregation present in 
small-grained ingots seems also to be more marked. 
A slight but definite amount of segregation at the front 
of the elongated crystals may be noted in all the ingots. 


(To be continued.) 








BRITISH STANDARD SPECIFICATION FOR STEEL BALLS. 
The British Engineering Standards Association has 
just published a specification, designated No. 240, part 2. 
1929, and dealing with the hardness of steel balls for 
Brinell testing. This publication forms the supplement 
to the Report on Brinell Hardness Numbers which was 
issued in 1926. The information embodied in the new 
specification is based upon the results of researches carrie 
out at the National Physical Laboratory. Recommen- 
dations regarding the hardness of the balls to be used in 
testing materials of varying hardness is indicated, and 
tables are given from which the hardness of balls can b¢ 
determined by means of the diamond indentation test 
and the reciprocal pressure test. Copies of the new 
specification may be obtained from the B.E.S.A. Publi 
cations Department, 28, Victoria-street, London, S.W.! 
price 2s. 2d. post free. 
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Fig. 2. ExtTrerior OF SUBURBAN SUBSTATION. 


MERCURY-ARC RECTIFIERS FOR THE 
BERLIN SUBURBAN RAILWAYS. 


THE employment of electric traction has recently 
been considerably extended in the Berlin urban and 
suburban areas, the total length of route now worked 
by this method being 95 miles. The direct-current 
system, with an under-contact third rail, is used, the 
operating pressure being 800 volts. Energy for traction 
purposes is obtained from the Klingenberg station of 
the Berlin Electricity Works, and from the Trattendorf 
station of the Elektro-werke on the three-phase system 
at 30,000 volts, and a frequency of 50 cycles, and is con- 
verted into direct current at the appropriate voltage ina 
number of substations, which are equipped with mer- 
cury-are rectifiers. This type of plant, which has, of 
course, been successfully used on the Midi Railway, in 
France, for a number of years, was chosen in preference 
to the more usual rotary converters or motor-generators, 
as it enables the conversion to be de-centralised, and 
the costs for feeders and the loss from a large voltage 
drop to be reduced. When rotary plant is used, even in 
conjunction with automatic operation, it is advisable 
to employ as few substations as possible for reasons 
both of cost and space, though conditions in Berlin 
were favourable to the employment of this equipment, 
owing to a train service with a headway of only 14 min. 
being maintained. Nevertheless, mercury-are rectifiers 
were chosen principally owing to their efficiency being 
almost independent of the load, and because they are 
only slightly affected by heavy current surges. Further 
points in their favour are that they are simple to start 
up and shut down automatically, while their space 
requirements are small. 





The rectifiers used in these stations were manufac- 
tured by the Allgemeine Elektricitiits Gesellschaft, of 
Berlin, and have a normal output of 1,200 kw. i.e., 
1,500 amperes at 800 volts. They are, however, capable 
of withstanding an overload of 3,000 amperes for 40 
seconds, followed by 300 amperes for 50 seconds. Their 
general design will be clear from Fig. 4, page 820, which 
is a section through the rectifier, and from Fig. 3, which 
is a view of one of the sets and its auxiliary equipment. 
For such an output, the ironclad type was naturally 
chosen. Rectifiers of this kind have undergone con- 
siderable improvement in recent years, especially in 
the direction of simplification. The result is that, 
instead of the necessary auxiliary apparatus, such as 
the vacuum pump, ignition transformer, vacuum gauge 
and vacuum chamber being separate from the rectifier, 
an arrangement which rendered assembly on site 
difficult and occupied considerable space, both the 
rectifier itself and its auxiliaries are now combined in 
one unit. 

As will be seen, the main rectifier chamber is mounted 
on four hollow pillars, A, which are, in turn, supported 
on a bed plate built up of welded wrought-iron sections. 
Two of these pillars are used as the vacuum chamber, 
while the others are connected to the joints on the 
main vessel and to the mercury-vapour pump, B, respec- 
tively. The main vessel, F, in Fig. 4, is made in three 
parts, consisting of a cone-shaped base, a cylindrical 
centre portion, and a domed cover. The last carries 
the pipe flanges through which the main anodes, G, 
three small exciter anodes C, and an ignition anode, H, 
pass. The three portions of the cylinder, which are 
made of high-class mild steel, are welded together. 
The lower part is also closed by a flange, through which 


the cathode connection K passes. After manufacture, 
the chamber was tested at a pressure of 57 Ib. per square 
inch, and its outer surface was then covered with a 
thin layer of vulcanised rubber to protect it, and 
especially the seam, from the action of the cooling 
water. The water jacket, which surrounds the cylinder, 
is enclosed in a sheet-steel cover, which also protects 
the anode connections. 

The anodes are made of steel and are conical in 
shape, the sharp edges of the lower portion being 
rounded off. They are also surrounded by a _ water- 
jacket, the outer surface of which is provided with 
fins. Both the anodes and the porcelain insulators 
which support them, are carried in an anode head, 
which can be dismantled in a few minutes by slacking 
back the bolts shown. The joint between the anode 
head and the main vessel is made with a sandwich 
packing of aluminium, lead and aluminium, the inner 
aluminium being lacquered as a protection against the 
mercury vapour. The interior surface of each packing 
is provided with a small channel, which is connected 
through a copper pipe with one of the pillars forming 
the vacuum chamber. This enables any air which 
leaks past the outer surface of the packing to be 
extracted by the vacuum pump, and allows the air- 
tightness of the anodes to be tested. The exciter and 
ignition anodes are secured to the cover in the same 
way as the main anodes. The ignition anode consists of 
an iron tube, containing an iron core. This core is 
connected to the ignition rod, round which a solenoid is 
wound. The rod is normally held in position by a 
spring, but when the solenoid is excited, it is pulled 
downwards and makes contact with the mercury 
cathode. When this occurs, the solenoid is short- 
circuited, with the result that the rod is pulled up by the 
spring and the arc is struck. This are causes a circuit 
to be established between the cathode and the exciter 
anode, and this, in turn, causes the main are to be 
struck. If the operation which has been described is 
not successful in striking the are the first time, it 
continues automatically until ignition occurs. The 
exciter anodes, C, are of carbon, and are shrouded in 
metal protecting tubes, so that only a short length 
protrudes. The main anodes, G, are also shrouded in 
similar tubes, marked J in Fig. 4, to protect them from 
the effects of the mercury vapour. 

The cathode, K, consists of a wrought-iron bowl, 
which is fastened to the lower flange of the main 
vessel by a pressure ring and bolts fitted with helical 
springs. The packing between the cathode and the 
chamber consists of rubber rings, which also act as 
insulators. No further insulation is necessary, as 
the potential difference does not exceed 20 volts, but 
the rings are separated by asbestos discs, so as to 
prevent the rubber from being bridged by condensed 
mercury. The walls of the cathode are protected 
from the effects of the are by a quartz liner. The 
re-condensed mercury runs back into the cathode 
bowl through a filter, so that any steel particles, or 
other impurities, are removed. The height of the 
cathode above the floor is such that it can be with- 
drawn without lifting the rectifier proper. 

It may be pointed out that this method of ignition 
has enabled rotary direct-current equipment, with its 
inherent disadvantages of wear and noise, to be 
eliminated. The employment of the exciter anodes, 
which enable a continuous exciting arc to be main- 
tained irrespective of the load, also renders the loading 
resistance, which was used to switch the ignition on 
automatically at a certain minimum load and thus 
prevent the main are being broken, unnecessary. 
Owing to the conditions inherent in a traction supply, 
it is necessary for the exciter arc to be constantly main- 
tained, and this can only be effected with direct-current 
ignition by running the exciting converter contin- 
uously. 

As regards auxiliaries, the high vacuum in the 
main chamber (0-001 to 0-003 in. of mercury) is 
maintained by the use of two pumps, which are con- 
nected in series. One of these is a standard rotary 
oil-immersed pump, B, while the other is a high-vacuum 
mercury pump L, which is connected to the interior 
of the chamber through a pipe M. This pipe, as will 
be seen, is connected to the mounting of the ignition 
anode. The mercury in the latter pump is heated 
by induction when current is passed through the 
primary of the transformer, of which it forms the 
secondary. The vapour from the boiling mercury 
then draws the air and mercury vapour out of the 
main chamber, the former being extracted by the 
rotary pump and discharged to the atmosphere, 
while the latter is returned to the cathode bowl. As 
the mercury pump cannot work against a high pressure 
it is necessary that there should always be a vacuum 
on its suction side. This could, of course, be effected 
by running the air pump continuously, but to avoid 
this a vacuum chamber A, is placed between the two 
pumps, and this need only be evacuated when the 
pressure exceeds 0-4 in., or, say, once a week. The 





actual pressure in the chamber is indicated by a 
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gauge D, which is provided with an alarm contact for 
calling attention to any excessive increase. This 
instrument is of the hot-wire type and consists of an 
incandescent lamp filament, the bulb of which 
is connected to the main rectifier chamber. This 
filament itself forms one arm of a Wheatstone bridge 
and is heated by a separate source of current. Being 
exposed to convection and radiation from the sur- 
rounding gases, as the pressure of the latter increases 
its temperature falls. Its resistance, therefore, also 
falls, as the gas pressure rises, and this enables any 
change to be indicated on a suitably calibrated scale, 
either on the instrument itself or at a distance. A 
McLeod gauge is provided for checking purposes. 

The circulating-water system of the rectifier is 
divided into two independent circuits, one of which 
serves to cool the rectifier itself, while the other is used 
to cool the mercury pump, extraction pipe and cathode. 
The flow of water through the former is controlled 
automatically by a valve, and depends on the tem- 
perature. The main connections for the anodes, as 
well as all the auxiliary leads for the pumps, vacuum 
gauge and signal circuits, are centralised on a special 
terminal board E, at the back of the rectifier. The 
cathode leads consist of copper strips, which are 
connected to a *bus bar at the back of the equipment. 

As regards the actual supply arrangements on the 
Berlin suburban railways, it may be mentioned that 
the three-phase current is transmitted to the various 
substations from two main distributing stations 
at Halensee and Markgrafendamm, respectively. The 
whole of the distribution network in the urban area 
is in duplicate, so that it can be fed, in emergency, 
from either Klingenberg or Trattendorf. Normally, 
however, only one half of the network is supplied 
from each station. In this area too, the rectifier sub- 
stations are often, for reasons of space, built into the 
railway arches, but, in the outlying districts, special 
buildings have been erected, of which a typical example 
is illustrated in Fig. 2, while the plant arrangement 
at the Nikolasee substation is shown in Fig. 1. 
The 30,000-volt supply is connected to duplicate 
‘bus bars, the feeders from tne stations on each side 
being looped in. It then passes through oil circuit- 
breakers to transformers, of which there is one for each 
rectitier, and from the latter through reverse-current 
high-speed circuit-breakers to the 800-volt *bus bars. 
Connection between the latter and the traction feeders 
is made through ordinary high-speed breakers. An 
auxiliary high-speed breaker allows a connection to 
be made between the main 800-volt ‘bus bars and 
auxiliary ‘bus bars, from which any traction feeder can 
be supplied by altering the position of the appropriate 
isolating switch. As will be seen, the transformers 
and oil circuit-breakers are contained in open cubicles 
with the rectifiers immediately above the former. The 
twelve leads from the transformer to the rectifier pass 





through the floor to a terminal board and thence 
to the rectifier. The direct-current switchgear is 
on the same floor as the rectifiers and immediately 
above the oil circuit-breakers. Both the oil and the 
high-speed circuit-breakers are remotely controlled 
from operating panels on the upper floor. 

The smaller stations are unattended and are auto- 
matically controlled from the feeding points mentioned 
above, and from the switching station at Béttger- 
strasse. 








THE WORLD ENGINEERING 
CONGRESS IN JAPAN. 


(Continued from page 791.) 


SumMaRIEs of further papers contributed to the 
recent World Engineering Congress in Japan are given 
below. These cover a number of miscellaneous subjects 
on which but few papers have come to hand, as a good 
deal of delay has occurred in getting contributions 
printed. Certain papers of wider interest we propose 
to reproduce at greater length than is now possible, 
at some future date. 


PRODUCTION AND USE OF COAL. 


Of the three papers dealing with coal, probably 
the most interesting was that entitled ‘‘ Coal Cleaning, 
with Special Reference to Japanese Coals,” by Dr. R. 
Lessing. Dr. Lessing stated that many Japanese 
coals had been found very difficult to clean by the 
customary methods, and, according to reliable informa- 
tion obtained from Japanese coal experts, the reduc- 
tion of ash contents below somewhat high limits was 
not considered feasible. In order, therefore, to ascer- 
tain the response of these coals to the newer gravity 
separation process, he had secured six samples of 
Japanese coals, typical of those actually used in that 
country in gas-making and coking practice, as well as 
two samples of Chinese and one of Indo-Chinese 
coals. In the gravity separation process, the de- 
dusted coal was separated from the adjacent refuse 
with the aid of a solution of a salt, usually calcium 
chloride. The most important result of the gravity 
process was the fact that the clean coal contained 
a minimum percentage of ash, such as was repre- 
sented by the true inherent ash of the coal, whilst 
shale and pyrites particles were entirely absent. The 
results obtained by the gravity separation process 
showed that all the Japanese coals yielded a fraction 
of from 70 to 80 per cent., containing between 3 and 
6 per cent. of ash. In this respect they were not to 
be considered abnormal, when compared with European 
coals, although the ash content of the fraction was 
somewhat higher than that of most British coals. The 
Chinese coals, however, gave a considerably smaller 
yield of low-ash product, as also did the fuel from 
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Indo-China, which was anthracitic in character. Actual 
carbonisation assays showed that the fines from the 
Japanese and Chinese coals possessed pronounced 
caking properties. Furthermore, all the fractions 
from these coals showed caking properties, in a gra- 
dually descending order, until a specific gravity of 
1-60 was reached. Above this, the fractions were 
practically non-caking. The results obtained per- 
mitted the conclusion to be drawn that some of the 
typical Japanese coking coals could be commercially 
refined to a degree which had not previously been 
attempted. 

Another paper referring to Japanese coals was that 
by Messrs. Y. Oshima and S. Tashiro, on the subject 
of “The Hydrogenation of Japanese Coal.’’ The 
authors stated that, since Dr. Bergius had published his 
paper on the industrial possibility of coal liquefaction, 
many investigations had been carried out on this 
subject. The viscosity and other properties of the oil 
obtained depended, of course, on the nature of the 
coal under test, and also on the hydrogenation con- 
ditions. In the present investigation, the experiments 
had been carried out using a nickel-chromium steel 
autoclave having a capacity of 600 c.c., and a working 
pressure in the neighbourhood of 350 atmospheres. 
The temperature at which hydrogenation began to 
be observed varied, but ranged mostly from 375 deg. 
to 420 deg.C. The optimum temperature of Berginisa- 
tion depended entirely on the nature of the desired 
product, as did also the duration of the process. The 
cost of the hydrogen was undoubtedly the most 
important item from the point of view of industrial 
enterprise, and it might be said that the economic 
existence of the new process depended entirely on the 
expense incurred by the consumption of that gas. 
Tests had shown, however, that these costs could be 
materially reduced. It was unnecessary to use pure 
hydrogen; a mixture of hydrogen and water gas, 
or, in some cases, water gas by itself, could safely be 
employed. ; 

The third paper on coal was that dealing with 
“The Development of the American Coal Industry, 
1913-1928,” by Messrs. G. O. Smith and F. G. Tryon, 
of the U.S. Geological Survey and the Bureau of 
Mines, respectively. The authors stated that increasing 
fuel efficiency, successful competition of water power 
and petroleum, and the slowing down of the growth 
of the iron industry, coupled with the economic dis- 
organisation caused by the war, had brought about a 
nearly universal tendency to over production in coal. 
In the United States, in 1913, bituminous coal furnished 
70-3 per cent. of the total energy derived from mineral 
fuels and water power; in 1927, its share had fallen to 
54-8 per cent. Since 1923, some 2,600 coal mines had 
been closed, and 160,000 miners had been thrown out 
of employment. In spite of these sacrifices, however, 
the industry was still over developed; out of the 
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potential working year of 308 days, the mines averaged 
only 171 days in 1927, and still less in 1928. 

On the engineering side, on the other hand, brilliant 
progress had been made. The years 1913-1928 had 
witnessed the general electrification of power in mines. 
Electric shovels were fast displacing steam shovels in 
open-pit mining, and, underground, the electric loco- 
motive had become the dominant type of haulage 
equipment. Furthermore, the electric coal-cutting 
machine had almost completely displaced its air- 
driven competitors. The heavy work of shovelling 
coal from floor to mine wagon remained the last strong- 
hold of hard labour, but even in this case the intro- 
duction of suitable machinery was beginning. Above 
ground, the shaker screen, the picking table, and recent 
developments in mechanical cleaning, by both wet 
and pneumatic methods, tended to meet the burden 
imposed by the introduction of machinery under- 
ground, and, at the same time, to improve the quality 
of the product. The net result of these changes was 
seen in the increasing output per worker. In 1913, 
the production per mam per day in bituminous mines 
was 3:61 short-tons; in 1927, it was 4-55 tons, an 
increase of 1-05 tons in fourteen years. In the pre- 
ceding fourteen years, the increase had been only 
0-56 ton. ; 

In a paper on “ Coal and Ash Handling Plant in the 
Modern Boiler House,” Mr. John D. Troup surveyed 
present-day practice in relation to the existing main 
methods of burning solid fuel, viz., on mechanical 
stokers, by pulverising, and by pre-treatment of 
coal by carbonising, hydrogenation, &c. The great 
increase in the weight of fuel to be handled during 
the twenty-four hours was a problem not to be solved 
by mere additions to standard plant, particularly 
as it involved corresponding increases of ash, clinker, 
soot, and flue dust. Large reserves of coal spread out 
over wide areas near the boiler house were also required. 
Figures illustrative of the prime and operating costs 
of all the principal methods of handling raw coal, 
both mechanically and by pneumatic apparatus were 
given. These methods covered the handling of 
the fuel from the railway truck or ship’s hold to 
the stokehold platform, either direct or by way of 
storage dumps. Ash handling, which was a funda- 
mentally different problem to that of coal handling 
due to the abrasive nature of ash and clinker, their 
high temperature and corrosive effect, was dealt .with 
not only with respect to its removal from the boiler 
house to the ash heap, but also as to the possible out- 
lets for its disposal. The utilisation of water for 
quenching was also fully discussed. The problems of 
soot removal from the heating surface were becoming 
more difficult of solution with the increase of size of 
boilers, while the interception of flue dust to prevent 
contamination of the air was becoming of great import- 
ance with the extending use of pulverised fuel. The 
paper concluded with a section on automatic coal 
weighing. 

DigseL ENGINE PROBLEMS. 


The subject of “‘ Recent Developments in the Airless 
Injection of Fuel ’’ was discussed by Dr. Ing. G. Kichel- 
berg, of Winterthur, in a very fully illustrated paper, 
which opened with an account of the present relative 
position of single-acting and double-acting Diesel 
engines and gave an account of the development and 
problems of airless injection. Two main lines of 
airless fuel-injection practice existed, one employing 
quick-delivery pumps, and the other relying on indirect 
injection by storage of the fuel. Difficulties with the 
former had increased to an almost insuperable extent 
with the growth of the Diesel engine in size. An 
examination of the means of overcoming these difficul- 
ties includes such points as the prevention of air 
leakage into the oil, and methods of dealing with 
the compressibility of the fuel and the elasticity of the 
delivery pipes. Compressibility and the mass of 
fuel together occasioned dynamic phenomena in the 
fuel piping, and set up a confused conditicn of pressure 
and velocity waves instead of merely static changes 
of pressure. Experiments carried out with a high 
degree of refinement suggested direct injection with 
accumulation, the fuel being first delivered into a 
pressure accumulator. This might either be a storage 
accumulator or a filling accumulator, the latter term 
being used in the sense that only sufficient fuel 
for the next injection is stored under pressure. The 
filling accumulator method had, however, a number of 
drawbacks which had been overcome by experiment- 
ing with an accumulating valve. The accumulator 
was a spring-loaded plunger which was lifted when 
he measured quantity of fuel, was introduced into 
the valve. The characteristic of the accumulating 
valve was not this special form of accumulator, but 
the fact that the accumulator positively operated the 
closing of the needle at the end of its injecting 
movement. A description of different accumulating 
valves suitable for various types of Diesel engines 
oncluded the paper. : 
In a paper entitled ‘‘ Diesel Auxiliary Generating 





Machinery,” Mr. R. W. Allen discussed the general 


requirements of auxiliary generating sets for motor 
ships, and illustrated them by reference to the particular 
type of engine made by his firm. The use of electricity 
on the modern motorship was extending, and, in some 
cases, the auxiliary machinery required as much as 
20 per cent. of the power of the main engines. Such 
essential services as the steering gear, now generally 
included in the auxiliaries, demanded reliability, and 
the single-acting four-cycle Diesel engine had proved itss 
capacity in this direction. Such engines were installed 
in ships in units ranging from 100 h.p. to 700 h.p., in 
groups of two, three, or four, and the total horse- 
power of the auxiliaries in a motor ship might range 
from 200 to 2,800. The chief developments in the 
later engines were in the direction of improvement in 
material and construction, the fuel-injection system 
having been found satisfactory. Careful attention had 
to be paid to the questions of balance and torsional 
vibration, as the damping effect of the propeller which 
existed in the main engines was absent in an auxiliary 
engine. The layout of the crankshaft had therefore 
undergone alteration. There was no intermediate 
bearing between the flywheel and the dynamo armature, 
the spider carrying the armature core being taken right 
against the flange which coupled the armature to the 
flywheel. 

Improvements made in foundry practice permitted 
the casting of the cylinder bodies with the trunk, so that 
there was only one bolted joint, viz. that with the bed- 
plate. The part of the casting including the tops 
of the cylinders was not continuous longitudinally, 
and this allowed individual expansion of the cylinders. 
The pistons and liners were constructed with very fine 
clearances, the latter being honed. The cylinder heads 
had received special attention as regards stresses and 
water circulation. The work here had been simplified by 
the use of Perlitiron, amaterial which was used wherever 
possible in the engines. The camshaft was chain- 
driven, and the governors were carefully constructed 
so that the paralleling of quite a number of sets was 
an easy matter. The paper also contained much 
information about the construction of other parts of the 
engine and the dynamo. 

MacuINE Toots. 

In a paper on “ Hydraulic Speeds and Feeds,” 
Mr. A. L. De Leeuw gave first an account of the history 
and general design of the mechanisms used in this 
method of feeding machine tools, followed by a survey 
of the characteristics of the different types of pumps 
employed. The advantages of the method were 
then outlined. The amount of feed could be varied 
by infinitesimal steps between the maximum and 
minimum required by the machine. The feed was not 
subject to irregularities, such as might be caused by 
gear teeth or the spring of shafts, and a smooth finish 
resulted. The device could be applied as a unit to 
more than one machine, for the reason that it could 
be fitted in a somewhat independent manner as regards 
the pumps, &c. It was claimed that heavier cuts 
could be made when using hydraulic feed. The loss in 
power was said to be less with it than with mechanical 
gear. The amount of pressure applied to a tool could 
be limited by a relief valve on the system, consequently 
there was no danger of breakage if the carriage ran 
up against a misplaced stop. On the other hand, a 
hydraulic feed had the disadvantage that it was not 
possible to use it where a definite amount of feed per 
revolution of the spindle, or, in general, per cycle, was 
required. It was, for example, not available for screw- 
cutting. The unavoidable leakage of the oil past the 
piston caused a reduction in the theoretical amount 
of feed, which was troublesome owing to its variation 
according to the stroke of the piston or the pressure 
used. Such troubles were increased when air was present 
in the oil. Hydraulic feeds did not lend themselves 
to great accuracy of control of the end positions of the 
feed, unless special devices were employed. The same 
objection applied to the employment of hydraulic feeds 
on automatic machines which had different tools acting 
in a definite cycle, but it was quite practicable to operate 
a number of tools which had independent motion from 
one unit, ¢.g., a multiple-spindle drilling machine. 
The disadvantages enumerated were not necessarily 
insuperable, and investigation was proceeding in 
promising directions. Hydraulic apparatus as a power 
drive, with mechanical apparatus as a controlling 
device seemed to have great possibilities. 

Professor Sadamu Ishii, of Tokyo, has carried research 
in metal cutting farther by his application of kine- 
matography ,with the aid of the microscope, to tools in 
action. The paper is entitled ‘Microscopic Kine- 
matographs Applied to Research on Metal Cutting.” 
The material experimented on was in the form of a 
disc held in a lathe chuck and polished and etched to 
show its micro-structure and flow or deformation. The 
tool was arranged to cut on the edge of the disc and the 
operation was photographed through a microscope, with 
a magnification of about 20, attached to the tool rest. 


where the action of the cutting tool was easily observed. 
Mild steel, rolled brass, cast iron and aluminium alloys 
were experimented upon, an ordinary carbon-steel 
parting tool, and a tool having the cutting edge flattened 
with a horizontal surface half the width of the chip, were 
used without lubrication. The results so far obtained 
showed that, in the ductile metals, a deformed zone was 
created as the edge of the tool progressed, the inner 
part of the zone tending to rotate with the stock and 
the outer part flowing as the chip, while a built-up edge 
adhered to the tool. The built-up edge was more 
easily formed by using the tool with a flattened edge, 
and, in effect, the built-up edge was the actual cutting 
implement, the tool merely serving to support it. 
The durability of the tool was increased by the presence 
of the built-up edge. With a lubricant, the built-up 
edge flowed without adhering to the tool. The increase 
of pressure caused by using a slightly flattened tool 
was very small when the rate of cutting waslow. Ina 
brittle metal, such as cast iron, the chip was crushed 
withl ittle distortion and the form was very irregular. 
Experiments were also made to determine the static 
cutting pressure in chip formation by using a ‘“‘ Mono- 
tron ” hardness tester, in which a cutting tool was sub- 
stituted for the impressing ball. 

In a paper on “ Forces in Machine Tools,” Mr. 
Georg Schlesinger pointed out that interchangeability 
and mass production depended on both the capacity 
and accuracy of operation of machine tools. The latter 
was imperative, if the parts were to be produced in such 
a condition as not to require any subsequent finishing. 
In order to solve this most difficult workshop problem, 
the modern tool must be capable of withstanding severe 
tests, of which examples applicable to a centreless 
grinder and a large boring machine were given in the 
paper. The tolerances allowed in guides, bearings, 
gear-wheels, &c., must not exceed a few thousandths of 
a millimetre, and care must also be taken that, even 
when the driving motor was fully loaded, none of these 
parts was overstressed so that the original accuracy 
of working was lost and the output correspondingly 
reduced. To enable the machines to be constructed 
in a sufficiently rigid manner, the forces set up during 
such operations as turning, boring, grinding, planing, 
&c., with the cuts and feeds usual at the present time, 
must be determined. Data of this kind had been 
collected at the Charlottenburg Testing Station during 
the past twenty-five years, and methods had been 
developed whereby the forces exerted could be deter- 
mined while the tool was in operation. These enabled 
the machine tool to be designed on correct scientific 
lines. The general principle employed in the investi- 
gations referred to was to support the machine, either 
wholly or partially, on a series of hydraulic rams, and 
to measure the forces which were exerted to keep it in 
its original position. 

AGRICULTURAL ENGINEERING. 

In a paper “On the Development and Present 
Status of the Farm Engine in Japan,” Mr. Yoshikazu 
Kanamaru not only described a type of kerosene engine 
for farm use designed and made in Japan, but also 
gave a sketch of the present situation of Japanese 
agriculture in its relation to engineering, which might 
be of interest in other countries. Though nearly 
half the population of Japan was engaged in agriculture, 
the extent of arable land provided an average of only 
some 24 acres for each family so occupied, and the 
agriculture had therefore to be highly intensive. 
Since the war, moreover, the growth of industry had 
attracted an increasing part of the available labour, and, 
coupled with a rise in agricultural wages, had led 
farmers in recent years to make much greater use of 
motors in their work, even buying them co-operatively 
when they could not individually afford the expense. 
The attempt to introduce motors for such work had 
begun as far back as 1905, but it was not until about 
1920 that preliminary difficulties in their use had 
been overcome, and farmers had begun to recognise 
that the application of suitable motors was an important 
factor in the success of farming in any village com- 
munity. From 1785 kerosene engines of less than 
5h.p. employed for farm power in 1920, the number had 
increased, by 1927, to nearly 40,000, and for 1929 was 
estimated at not less than 55,000. These were made 
mostly in Japanese works, and the paper gave particu- 
lars and a specification of a 44 brake-horse-power engine 
of one of the best types. It was a horizontal four- 
cycle single-cylinder engine, with a compression ratio 
of 4-1, running at 600 r.p.m., and consuming at full 
load 273 grammes of oil per brake horse-power per hour. 
The total weight of the engines was 180 kg. The oil, 
usually a Japanese product, had a specific gravity of 
about 0-83. The engines were made throughout to limit 
gauges, thus maintaining good working fits and 
facilitating the supply of spare parts. The cylinder 
liners, pistons and cylinder heads were made in a 
special cast-iron, developed in the maker’s works, 
which offered special resistance to high temperatures 
and wear. 
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Applied to Agriculture ’’ dealt chiefly with practice in 
this branch in the United States. In the earlier colonial 
days, 90 per cent. of the population was directly 
dependent upon agriculture for a livelihood. In 1928, 
less than 24 per cent. was so situated, and yet the 
country produced a surplus of agricultural commodities. 
From 40 per cent. to 80 per cent. of the total cost of 
crop production consisted of power and labour, factors 
in which engineering could be applied to advantage. 
Wind and steam power were utilised by farmers in 
1870, but had no appreciable influence on production 
previous to 1910, when steam power reached its peak of 
application. There was no marked economic influence 
until after 1920, when electricity attained importance 
as a source of farm power.  Internal-combustion 
engines had been applied to drawbar work and trans- 
portation about 1910. At present, the use of mechanical 
power had made it possible for three persons to be 
diverted from agriculture for each one remaining in it. 
Another quarter of a century should increase this ratio 
to 5:1. In 1928, the number of farm tractors in use 
had reached a total of 768,825. The reports of the 
U.S. Department of Commerce showed that the use of 
modern farm equipment in Canada, Argentina, Australia, 
and British South Africa was rapidly increasing. These 
four countries, which were the chief competitors of the 
United States in the cereal markets of the world, 
received more than 60 per cent. of the total implement 
exports of the United States. Education in agricultural 
engineering was developing very satisfactorily both in 
Canada and the United States. Apart from students 
at the agricultural colleges, in the latter country there 
were, during the fiscal year 1926-27, a total of 181 men 
engaged on research work in the Department of 
Agriculture. The American Society of Agricultural 
ingineers also showed steady growth and had, in 
1928, a membership of over 700. In designing new 
equipment the results of the use of animal power should 
not be too closely imitated, as the conditions imposed 
by it were not necessarily the best. ‘Thus, row spacings 
might be changed, speeds varied, &c. Again, working 
procedure could be altered, automatic operation was 
possible, and, by the use of artificial light, a 24-hour 
working day was feasible. The trend of recent tractor 
design was towards greater fuel economy with less 
weight per horse-power, and, in the United States, 
towards an increasing use of petrol. In Europe, a 
Diesel type tractor engine was showing promise. 

The results of the mechanisation of farming were 
surprising: with modern machinery one man could 
harvest as much grain as 30 or more men could a 
century ago. Cotton harvesting had also been greatly 
accelerated. The agricultural engineer must study the 
biological side of the work in order to produce better 
soil conditions. In this latter objective he was assisted 
by the advantage of converting mechanical power to 
other directions than that of the linear motion, which 
was the only one possessed by an animal. propelled 
plough. Such machines as the rotary plough would 
not only turn or stir the soil, but could be made to 
pulverise, mix, and pack the seed-bed area in one 
operation, and seemed to promise greater efficiencies. 
Electricity as an agricultural power had made con- 
siderable strides. In 27 States there was a total of 
339,456 farms, in 1928, receiving electric supply from 
central-station plants, this being nearly three times 
the number so served in 1923. Agricultural engineers 
should be employed in rural-electrification schemes. 
Apart from the more obvious applications of electricity 
as power there were numerous others, such as its use for 
heating hot beds, pre-cooling fruit, de-hydrating farm 
products, controlling insect pests and stimulating plant 
growth. The agricultural engineer was useful, too, in 
the planning of farm structures, those for animals 
requiring more up-to date sanitation, and storage 
buildings requiring more economical design. In agri- 
cultural reclamation work, the field was very wide, 
there being, in the United States alone, an area equal 
to at least 50 per cent. of the improved farm lands 
which would respond to reclamation. 

In a paper on “ The Application of Electricity to 
Agriculture,”’ Mr. G. Tada stated that, in 1928, the total 
electrical equipment installed for farming purposes in 
Japan was: Motors, 74,000 h.p., lighting 1,700 kw., and 
heating 2,900 kw., while recently farmers had shown 
themselves more disposed tu use this form of power. 
The major portion of the power load was absorbed by 
irrigation, and, since this was required when the general 
demand was low and there was surplus water, it was 
supplied at alow rate. On the farms themselves, both 
stationary and portable motors were used, the latter 
being particularly favoured by small farmers. The 
motors were of the single-phase type, with outputs of 
0-1, 0-2, 0-4 and 0-6 kw., and were generally employed 
for threshing, rice hulling and cleaning cereals, as well 
as for straw cutting, rope twisting, macaroni and tea 
preparation, pumping and refrigeration. In the tea 
industry, electric heating and power had enabled the 


quality of the product to be improved at a lower cost | 
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use for this purpose. It had been found possible 
to destroy the Chilo Simplex rice parasite by sus- 
pending electric lamps on the basis of 20 watts per 
hectare about 10 ft. above the fields, a basin of water 
containing a few drops of kerosene being placed below 
the wires. The high intensity of illumination attracted 
the moth, which was directed into the water by the 
reflection from the lamp. Electricity was also being 
used in the silk industry, the output of which was 
30,000 tons per annum, or about 60 per cent. of the 
world’s yield. The outlook in this direction was 
promising, as the demand occurred at the high-water 
period. Among the purposes for which electricity was, 
or could be, used in this industry, mention was made 
of refrigerating the storage chambers, of incubation by 
ordinary thermal means or by causing an electric 
discharge at 20,000 or 25,000 volts to take place across 
the egg cards, and of heating and ventilating the various 
rooms. Electric illumination had also been used in the 
rearing rooms, and heating had been successfully em- 
ployed for heating the filature pans. 


ELEctTRICAL ENGINEERING. 

A paper prepared by Mr. K. Takatsu, dealt with the 
electrical units and standards employed in Japan, and 
included a brief note on the photometric standard. 
The present Electrical Measurements Act of Japan was 
enacted in 1910, in accordance with the resolution of 
the International Conference on Electrical Units and 
Standards, held in London in October, 1908, and has 
been in force since January 1, 1911. The standards 
representing the ohm and ampere were first set up 
at the Electrotechnical Laboratory of the Ministry of 
Communications in 1914 and 1916, respectively, and 
the international units so obtained have been main- 
tained at the same laboratory by successive determina- 
tions, as well as by comparisons with other national 
standardising laboratories. The paper dealt with the 
construction of the mercurial resistance standards, the 
measurements made on them, and the construction 
from them of manganin sub-standards. The results of 
comparisons made between the Japanese standards 
and those at the National Physical Laboratory, the 
Bureau of Standards, and the Reichsanstalt were also 
given. The Smith and Richards forms of silver 
voltameters are used as current standards, and parti- 
culars.of these were given in the paper, as well as 
the results obtained in the comparison of Japanese 
standard cells with those of other countries. The unit 
of luminous intensity in Japan is the tenth part of the 
light given by the Harcourt 10-candle power pentane 
lamp, burning in an atmosphere at normal barometric 
pressure, and with a humidity of 8 litres of water 
per cubic metre of air, as measured by a ventilated 
hygrometer. The standard is deposited, and the unit 
of candle power is maintained, at the Electrotechnical 
Laboratory. 

Mr. N. Kotschubey, in a paper relating to the use of 
mercury rectifiers, expressed the view that, in spite 
of considerable developments in the use of three-phase 
alternating current, direct current possessed many 
advantages, and pointed out that recent developments 
in mercury rectifiers justified their use to a greater 
extent than was now the case. He described the latest 
improvements in rectifier design, and gave brief parti- 
culars of some rectifier plants installed in Japan. 

The characteristics of the asynchronous condenser 
were dealt within a paper by Mr. T. Isono, who explained 
that the term asynchronous condenser was used to 
designate a machine generating or utilising wattless 
power, but not running at synchronous speed. It 
consisted of a combination of an induction motor with 
a variable-frequency alternating-current exciter in the 
secondary circuit. The advantages claimed for the 
asynchronous condenser, as compared with the synchro- 
nous condenser, were that the former is easy to start 
and stop, is flexible in operation, is stable in running 
with any unbalanced polyphase primary voltage, the 
adjustment of the primary frequency in line charging 
is easy, the machine is easily synchronised with other 
lines, and it responds rapidly to variations in excitation. 
The drawbacks, however, are that the construction of 
the rotor is complicated, the efficiency lower, polyphase 
balance in the secondary is desirable, the air gap is 
small, and heavy insulation is necessary in the secondary 
winding. 

Experimental research work in connection with the 
design of oil circuit breakers was described in a paper 
by Messrs. C. Yokota and B. Sekine. The experiments 
show that carbonisation of the oil has but little influence 
on the energy dissipated in the are and the volume of 
gas developed, although the dielectric strength of the 
carbonised oil, in a particular experiment, was only 
66 per cent. of that of fresh oil. Other experiments 
seem to indicate that the extinction of the are is 
| considerably affected by the characteristics of the oil 
| used, the energy dissipated by the arc and the volume 
|of gas produced being greater with an oil of high 
specific gravity than with one of lower specific gravity. 
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moving either one or both contacts to open the circuit. 
The results showed some advantages in moving both 
contacts, but the authors expressed the opinion that 
still better results would be obtained by doing soin the 
case of high-speed circuit breakers. 

In a paper on “ American Power Station Equip- 
ment,” Mr. F. D. Newbury said that, since 1912, the 
energy generated in public power stations had increased 
by 350 per cent., while during the past five years the 
rate of increase had been double that of the previous 
ten years. In 1923 the largest maximum demand 
on any system was 624,000 kw., and this had increased 
to 1,146,000 kw. by 1928. Among the typical American 
developments which had resulted from this increase 
were 100,000 to 200,000 kw. generating units, 50,000 
kv.-a. synchronous condensers and frequency converters, 
100,000 kv.-a. transformer banks, the extensive use 
of tap-changing equipment and the particularly rugged 
construction of the circuit-breakers. 

The difficult mechanical problems involved in the 
construction of the rotors for large turbo-alternators 
had been solved either by using single-piece forgings, 
except in the largest sizes, or by employing a built-up 
design. The most important development had been the 
substitution of forged steel discs about 8-in. in thickness 
for the 2 in. to 3 in. rolled plates originally employed. 
These discs had a central hole 20 in. in diameter, which 
increased the effect of the heat treatment employed. 
Rotor insulation had been improved to resist pres- 
sure by the use of moulded channels of a tempera- 
ture-resisting material or aluminium saddles between 
the coils.and the retaining ring. As regards stator 
ventilation, the multiple radial system was used, while 
the coils were divided into two sections. To reduce 
the cost of the switchgear, the generator voltage had 
been raised to 23,000 volts in several cases, and a 
pressure of 33,000 volts was now possible. The problem 
could also be solved by the use of two independent 
stator windings. This method of double winding 
had been applied to a 160,000-kv.-a. General Electric 
generator. 

As showing developments in hydro-electric practice, 
reference was made to the Conowingo station*, and 
to the 39,000-kv.-a. vertical generators, which were 
under construction for the New England Power 
Company’s plant on the Connecticut River. These 
generators had a single guide bearing in the same hous- 
ing as the thrust bearing, thus giving greater 
accessibility and decreased head room. Welding 
was being largely used in the construction of this type 
of generator. Greater attention was now being paid 
to low losses in hydro-electric generators, while power 
stability was another important factor, owing to the 
increasing use of long transmission lines. The latter 
condition largely depended on the employment of quick- 
response excitation, a pilot exciter being employed 
to excite the main exciter. This had superseded 
the older arrangement of motor-driven exciters. The 
structural design of these machines had also been im- 
proved. Hydrogen cooling of synchronous condensers 
was now in commercial use, and enabled an increase in 
rating of some 25 per cent. to be obtained. 

It was the almost universal practice to work with the 
neutral earthed and, to reduce the stresses on trans- 
formers, the shielded type was now employed, so that 
the winding could not resonate. About 500,000 kv.-a. 
of these transformers were in use. The employment of 
self-cooled units was increasing. The structural parts 
were now being almost universally built-up by welding, 
while paper tape was used as insulation. During 
the past five years the rupturing capacity of circuit- 
breakers had been increased from 1,500,000 to 2,500,000 
kv.-a. There was a growing tendency to place this 
equipment out-of-doors. The largest circuit-breakers 
were those on the Conowingo system.t An important 
development was the Deion breaker, in which the 
current was interrupted in air by dividing the arc 
into a large number of paths about ,',-in. long. Thus 
the thin layer of air adjacent to the cathode became 
deionized, and therefore non-conducting, in a fraction 
of a micro-second following the zero point in an alter- 
nating-current wave so that the current could not be 
re-established. Enclosed type boards and metal-clad 
equipment were being developed, while the use of 
automatic and supervising devices was increasing. 
Mr. Newbury concluded with an account of various 
systems of remote control in use in the United States. 

The subject of control was dealt with in a lengthy 
paper on “ Remote Operating and Control of Electric 
Power Stations and Sub-stations in the United 
States,” by Messrs. C. Lichtenberg and F. Zogbaum. 
The various systems in use were described in detail 
and the radical changes, which had been introduced 
into their design, owing to the need for greater concen- 
tration of supervision, increased speed and_ higher 
reliability, were dealt with. Supervisory equipment 
was usually designed to operate over telephone circuits, 
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while in the case of telemetering apparatus, the terminal 
apparatus was operated by a series of impulses. The 
number of conductors necessary had recently been 
reduced to a maximum of four. The operating and 
indicating devices generally consisted of telephones, 
lamps and keys; while the transforming and checking 
equipment was made up of relays, and in some cases of 
vacuum tubes and small motor-generator sets. The 
principal function of this equipment was to transform 
the operating directions into a suitable code and to 
decode these directions at the distant - terminal. 
Batteries were almost universally used as source of 
power supply. 

Mr. Y. Shimazu presented a paper on ‘‘ A System of 
Supervisory Control,’ which had been developed by 
the Nippon Electric Company. The operation of this 
depended on the transmission of a number of impulses, 
up to 24. At the receiving end these impulses were 
divided into two groups, one of which was used to select 
a given set of apparatus and the other to select an 
individual device in that set. The apparatus used 
included relays and rotary switches with accumulators 
as the source of power. Mr. H. Yagi dealt with ‘* Wire- 
less Remote Control,” pointing out that the essential 
difference between the various systems lay in the method 
of making the controlled mechanism respond to the 
signal. Possible alternatives included the use of 
different wave-lengths for operating the various 
apparatus, but though simple, this was not very con- 
venient. Other methods used a synchronous dial 
switch or employed waves modulated at different 
frequencies. All systems required the use of a trigger- 
circuit, which might be either oscillatory or non- 
oscillatory, while systems with the same object in view, 
but employing magnetic, optical, acoustic or other 
physica] methods could be employed. 

In a paper on “ Electrolytic Corrosion of Under- 
ground Cable,” Mr. 8S. Numata said that the charac- 
teristics of the soil in Japan were such as to cause rapid 
corrosion from stray currents. Where the current 
leakage was small, protection could be afforded by 
connecting the cable sheath to an earth plate of 
zine or other metal, while covering the pipes or duct, 
in which the cables were laid, with asphalt concrete 
was more successful than any other form of surface 
insulation. The armouring was often successful as ¢ 
protection, while the same might be said of the insu- 
lating joint on the cable sheath. 

A paper on “ The Development of Electric Welding 
in Japan ”’ was presented by Professor T. Okamoto, in 
which it was stated that this process had received a 
wide field of application in dockyards, engineering 
works, machinery shops, enamel ware factories and for 
building and bridge construction. More than one 
ship had been electric welded throughout, and the 
same system had been applied to the manufacture of 
buoys and the repair of worn out or corroded parts. 
Coated electrodes were generally used. A number of 
electrically welded penstocks were in use, and the same 
was true of water mains and liquid containers for all 
purposes, especially in the sugarindustry. On the rail- 
ways welding was employed, instead of caulking, on 
feed-water heaters, superheater headers, smoke-box 
joints, steam pipes and for the entire or partial con- 
struction of passenger and goods rolling stock, as well 
as for repair work. 

This progress was largely due to co-operative research 
on the electrode problem. For wrought iron welding 
the electrode was composed of a wire with a 0-04 per 
cent. carbon content and a special coating consisting of 
a mixture of carborundum and graphite, the deposited 
metal showing a good penetration and exhibiting carbon 
flakes just as in ordinary cast-iron. Coated electrodes 
for welding soft and alloy steels had also been made. 
The are welding of brass, gun-metal and other copper 
alloys, as well as alumiuium, had been investigated 
with great success. 

TELEGRAPHY, TELEPHONY, XC. 

A general description of the telephone communica- 
tion system of the United States, including a brief 
outline of some of the engineering problems involved 
and the service results obtained, was given in a long 
paper by Messrs. B. Gherardi and F. B. Jewett, of the 
American Telephone and Telegraph Company. It is 
not possible, in the space at our disposal, to give a use- 
ful abstract of the paper, but some idea of the magni- 
tude of the system, which is entirely owned and 
operated by corporations, partnerships and individuals, 
may be obtained from the fact that nearly 20 million 
telephones are employed throughout the country. 
A group of 24 associated Bell Telephone Companies 
owns and operates 14-8 million telephones and the 
telephone lines used for toll service within their terri- 
tories and, in addition, there are some 4-7 million 
telephones owned by independent companies, having 
operating agreements with the Bell Companies which 
provide for the interconnection of the lines. Thus, 
19-5 million telephones are operated as a single system. 
About 140,000 telephones in the country are not con- 
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nected with the Bell system. The paper explains the 
organisation of the system and the equipment installed 
for local, rural, toll, and long-distance service, and also 
deals with international connections and special services, 
including among the latter the telephone networks 
employed for the land-line transmission of broadcast 
programmes, the electrical transmission of pictures, 
telephony in connection with aircraft operation, ship- 
to-shore telephony, television transmissions, &c. It is 
not possible, of course, to deal in a general paper with 
the detailed technical problems involved, but a very 
extensive bibliography of papers relating to the Bell 
communication system and published in the technical 
Press and in the proceedings of scientific societies has 
been included as an appendix to the paper. 

In a somewhat similar paper, Mr. S. Inada, gave an 
interesting account of the development of telegraph and 
telephone communication in Japan. In connection 
with telegraphy, he pointed out that the Tokyo Central 
Office, and many other offices in Tokyo and Yokohama, 
were destroyed by the earthquake and fire of September, 
1923. They were, however, subsequently restored with 
modern equipment, so that, by the end of 1927, the 
total number of telegraph offices amounted to 7,157 
and the total length of overhead land lines, under- 
ground cables and submarine cables amounted to 
190,000 miles. Recently, five-unit code printers for 
messages in foreign languages and six-unit code printers 
for messages in Japanese characters have been installed 
on certain important circuits. With regard to tele- 
phony, the author stated that, in March, 1928, the 
number of exchanges in use was 2,525, and the number 
of subscribers connected was 609,146, of which 25,726 
were connected to automatic exchanges. The paper 
described the system generally and gave the electrical 
constants of various cables, also dealing with carrier- 
wave telephony, wireless communication and broad- 
casting. 

Professor M. Shibusawa read a paper on the subject 
of the induction interference on communication lines, 
due to the proximity of power lines. At first, the tele- 
phone lines in Japan were on the single-wire system 
and considerable trouble was experienced due to 
induction effects from lighting mains and trolley wires 
of tramway systems. This trouble, however, was elimi- 
nated by changing the telephone system to a complete 
metallic circuit. Afterwards, with the rapid progress in 
electric power transmission, induction eff cts became 
more important, owing to the fact that the routes of 
power and communication lines run in close proximity 
with each other for considerable distances. The solution 
of the induction-interference problem, in fact, deter- 
mines the maximum voltage and the system of the 
power-transmission lines employed. A long series of in- 
vestigations has been carried out on this problem, and 
the paper briefly described the nature of the work and 
the results obtained. The present practice, in the case of 
the principal transmission lines, is to insert an iron grid 
rheostat, of from 400 to 900 ohms, between the neutral 
point and the earth at the generating station, in order 
to limit the earth current, but a Committee is at 
present considering how this resistance can be reduced, 
and whether it can be replaced by Petersen reactance 
coils. In an appendix to the paper, Messrs. 8S. Bekku 
and M. Dote described a bridge method of measuring 
the mutual impedance between a power line and a 
communication line. 

A paper by Mr. Y. Niwa described a system of 
electrical transmission of pictures developed by him 
and Mr. M. Kobayashi, of the Nippon Electric Company, 
and consequently known as the N.E. system. It is 
now in operation between two newspaper offices in 
Tokyo and Osaka, respectively. As in most other 
picture-transmitting systems, the picture to be trans- 
mitted and the film on which it is received are wrapped 
round glass cylinders at the transmitting and receiving 
ends, respectively, the drums being synchronously 
rotated and at the same time moved longitudinally. 
At the transmitting end, light, which is interrupted by 
being passed through openings in a rotating disc, is 
transmitted through the film, or reflected from its 
surface, either of the beams being directed on to a 
photo-electric cell. The resulting current fluctuations 
are transmitted, together with a synchronising current, 
to the receiving apparatus, where they are separated by 
a wave filter, the former being translated into the 
colour tones of the picture by a vibrator of the moving- 
coil type and the latter being used to control the driving 
motor. The apparatus used was illustrated and 
described in the paper, and various points in connection 
with its operation were discussed. The application of 
the system to wireless transmission was also briefly 
dealt with. 

Two papers relating to wireless communication on 
short waves were presented by Mr. T. Nakagami and 
Messrs. T. L. Eckersley and K. W. Tremcllen, respec- 
tively. Mr. Nakagami’s paper described devices em- 
ployed to overcome the difficulties due to rapid fading 
experienced in short-wave reception, dealing with the 
combination of signals received on vertical and hori- 
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zontal aerials and on two aerials spaced at a consider- 
able distance apart. The paper by Messrs. Eckersley 
and Tremellen dealt with the results obtained in the 
continuous interception of signals, ranging from 14 m. 
to 50 m. in wave-length, from stations practically all 
over the world, over the period from October, 1927, to 
October, 1928. As a result of this work, which was 
varried out at Chelmsford, it is concluded that signal 
intensity, apart from abnormal conditions, is dependent 
upon distance and upon conditions of light and dark- 
ness, the latter being dependent upon latitude and 
season. The skip effect either partially or entirely 
eliminates the reflected main-ray signal over a distance 
depending on the wave-length and the light and dark- 
ness conditions at the time. To illustrate the effects 
of light and darkness, shadow charts were prepared 
by the authors, and these were explained in the paper, 
the whole question being discussed at length. Echo 
signals and atmospherics were also dealt with. In the 
conclusion, the author stated that sufficient information 
had now been gained to enable them to predict at 
what times and at what intensity signals should be 
received between any two parts of the world and at 
any season, although this could only be estimated for 
average conditions. 


ILLUMINATING ENGINEERING. 

A paper entitled ‘“‘ An Improved System for Design- 
ing Exterior Illuminations,” was read by Mr. R. 
Kurosawa, of the Tokyo Electric Company, in which the 
author pointed out that the flux method of measuring 
illumination had now replaced the point-to-point 
method for internal lighting, and urged the adoption 
of the former for street lighting. The flux method 
consists in calculating the flux F of the light sources 
used, and the spacing S between any two sources 
arranged in rows, given the width B of the illuminated 
strip, the illumination E, and the coefficient of utilisa- 
tion K. These quantities are connected by the formula 
F/S = BE/K for a single row and by 2F/S = BE/K 
for double rows. As this method does not cover the 
distribution of illumination proposed, the use of a hori- 
zontal illumination rapid calculator particulars of which 
were given in the paper, is suggested. The theoretical 
investigations on the properties of the function denot- 
ing the useful flux, and of the rapid calculator, were 
given in the paper, and were shown to agree quite well 
with practical conditions. 

The progress of illuminating engineering in Japan 
was dealt with in a paper by Mr. S. Seki, also of the 
Tokyo Electric Company. He referred to the develop- 
ment of incandescent, and other, electric lamps, as 
well as of other forms of illuminants, discussed the 
relationship between ocular functions and illumination, 
the calculation of illumination, light distribution, 
transmission and reflection of light by various materials, 
natural lighting, and photometry. The work of 
Japanese investigators in these branches of the subject 
was exclusively referred to. 

Mr. 8S. Tachibana, of the Tokyo Electric Company, 
described, in a paper entitled ‘‘ Special Lamps,” the 
investigations he has made on the discharge through 
rarified gases, with a view to employing such discharges 
for illumination purposes. He first dealt with the 
characteristics of glow lamps and fluorescent lamps, 
the former containing neon gas and the latter argon 
mixed with nitrogen. The fluorescence in lamps of the 
latter type, the author stated, was chiefly due to the 
nitrogen-cathode glow, the function of the argon being 
to reduce the discharge potential. The bulb, being of 
uranium glass, fluoresces with a strong yellowish- 
green colour when excited by the cathode glow. This, 
combined with the reddish-purple of the cathode 
glow, make the lamp, the author states, a source of 
beautiful illumination. The paper also dealt with neon 
arc lamps of the hot-cathode type, and concluded with a 
note on the characteristics of glow lamps and discharge 
tubes. 

Professor E. Aoyagi, of the Kioto Imperial University, 
presented a paper on the development of the low- 
pressure, gas-filled incandescent electric lamp. The 
paper dealt with the relation between gas pressure and 
convection loss, the rise of temperature of the bulb, 
the corona current, the method ®f manufacturing the 
lamps, and their advantages. Among the latter it is 
claimed that the low-pressure gas-filled lamp has an 
efficiency 8-4 per cent. higher than the ordinary high- 
pressure nitrogen filled lamp with the same filament, 
at the same temperature. The cost of manufacturing 
the former is also claimed to be lower, and the tem- 
perature rise of the bulb less. 

The engineering aspects of electric lighting were 
discussed in a paper by Dr. J. W. Lieb, who first dealt 
with factors affecting the life of incandescent lamps 
of various types and sizes, including in this section an 
interesting table showing the lives of American lamps 
in various classes of service. He also discussed the 
subjects of glare, the light requirements in various 
industries, and the effects of globes, reflectors and other 
accessories. Specifications for lighting equipment were 
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also considered, and, in conclusion, the author drew 
attention to the need for further specialisation in the 
production and utilisation of electric light, in order to 
derive from it the maximum of economic advantage 
and the greatest measure of public service. 


THE ENDURANCE Properties oF METALS. 

A paper entitled ‘ Researches on Non-Ferrous 
Alloys for Marine Purposes,” by Dr. T. Ishikawa, 
dealt mainly with the properties of a new alloy called 
by the author Silzin bronze. Dr. Ishikawa stated that 
investigation had shown that the addition of metallic 
silicon and aluminium to the binary copper-zinc alloys 
had the most remarkable influence in increasing the 
strength of these materials. Additions of aluminium, 
however, resulted in a high solidification shrinkage 
and gave rise to other undesirable properties. On the 
other hand, the addition of silicon markedly reduced 
shrinkage and increased the fluidity, except in the 
case of 60 : 40 brass, and good castings were produced. 
The copper-zine-silicon alloys containing less than 
20 per cent. of zinc were those referred to as Silzin 
bronzes. Two of these, containing, respectively, 
85 per cent. Cu, 10 per cent. Zn arid 5 per cent. Si; 
and 80-5 per cent. Cu, 15 per cent. Zn, and 4-5 per 
cent. Si, were to be specially recommended. The 
first had an ultimate strength, when sand-cast, of 
31 tons per square inch, an elongation on 50 mm. 
of 22-6 per cent., and a Brinell hardness number of 109. 
The corresponding figures for the second alloy when 
sand-cast were 34 tons per square inch, 22-8 per cent., 
and 122. The test results for chill-cast alloys were 
slightly higher. They were superior to gun-metal in 
strength, lightness and resistance, both to high pressures 
and to sea-water corrosion. They could, therefore, be 
substituted for gun-metal in marine work and would 
no doubt find a much wider field of application on 
account of their high strength. Taking into con- 
sideration the cheapness of the constituent metals 
and the low density of the alloy it would be possible 
to save 20 per cent. in weight and about 30 per cent. 
in manufacturing costs, as compared with gun-metal 
vastings. 

When presenting his paper, “ Fatigue of Metals 
Under Repeated Stresses,” Professor A. Ono, of 
Kyushu Imperial University, stated that his contri- 
bution was the outcome of investigations concerning 
the fatigue of metals, and more particularly the effect 
of so-called elastic hysteresis. For many years 
rotating-beam machines had been employed to deter- 
mine the fatigue resistance of metals under various 
conditions. The torque applied to rotate the test piece 
had been known to increase with stress, and the 
increase was considerable when the stress was high. 
The energy was partly consumed in overcoming 
friction and the air resistance of the rotating part, 
and the other portion was consumed by hysteresis. 
The measurement of the latter appeared to be an 
important item in the investigation of fatigue. The 
lateral deflection* of a rotating test piece gave a 
ready method of determining this energy, provided 
that a simple and reliable device for the measurement 
was at hand. This had been accomplished by means 
of dial indicators reading to one-hundredth of a 
millimetre and used in conjunction with a rotating- 
beam type testing machine, modified to suit the 
purpose. The results of the experiments carried out 
had shown that, in the case of carbon steels, a more 
or less stationary value of the lateral deflection had 
been observed at each step of stress, particularly 
when the stress was moderate. This could not be 
taken as proving that the same value of the deflection 
might have remained constant for an_ indefinite 
number of repetitions, but so far as the tests had 
been continued, it had been clearly shown that a 
certain amount of werk had been done in hysteresis 
at a stress much smaller than the fatigue limit. 





change of the crystal structure caused by repeating | 


moderate stress seemed to be of such a nature as to 
strengthen the material and cause it to stand a further 
application of the repeated stress. A steel specimen 


first subjected to cycles of moderate stress, generally | 


showed a higher resistance to fatigue than a virgin 
specimen. 

A paper entitled ** The Plastic and Viscous Deforma- 
tion of Metals and the Effect of Time on the Breaking 


Strength at Ordinary and High Temperatures,” was | 


presented by Professor F. C. Lea. The author showed 
that the form of the load-strain diagram for plastic 
materials was not independent of time, and _ that 


materials, under certain stresses, might creep con- | 


tinuously to fracture, while, under other stresses, the 
creep might continue for a long time but would 
eventually cease. Professor Lea stated that the 
limiting creep stress (i.e., the stress at which the creep 
became zero, or, alternatively, the stress at which 
no creep could be observed in many days) up to 
certain temperatures, had a fairly detinite value for 
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each temperature, and could be determined approxi- 
mately in a number of ways. The rate of change of 
the limiting creep stress, with temperature, at tem- 
peratures above 250 deg. C., was very rapid for the 
copper alloys, and, above temperatures of from 
350 deg. C. to 500 deg. C., it was very rapid for steels. 
For all vessels working in the neighbourhood of these 
respective temperatures, it was of the greatest import- 
ance that there should not be any serious increase in 
the maximum temperature. Twenty, or even 10, per 
cent. increase in the absolute temperature might 
reduce the limiting creep stress by a very large per- 
centage indeed. A change of temperature from 
500 deg. C. (773 deg. C. absolute) to 600 deg. C. 
(873 deg. C. absolute) reduced the limiting creep stress 
of a mild steel by 66 per cent. of the value at 500 deg. C. 
In other words, the strength at 500 deg. C. was three 
times as great as it was at 600 deg. C. 

For carbon steels containing not more than 
0-45 per cent. of carbon, the maximum safe tempera- 
ture for vessels having to withstand internal pressure 
was not much more than 500 deg. C., and, even at 
this temperature, creep could be expected at compara- 
tively low stresses even though this might cease. 
The new iron-nickel-chromium-tungsten alloys offered 
a solution for temperatures even higher than 500 deg. C., 
and also had remarkable anti-corrosive properties at 
these high temperatures, but, at present, their cost 
did not greatly encourage their use for large-pressure 
vessels or boilers. The time seemed to be approaching, 
however, when the desire for increased efficiencies 
and reliability might encourage larger capital outlay. 

In the course of his contribution, ‘‘ On the Process 
of the Failure of Metals under Stress,” the author, 
Professor K. Yuasa, stated that the term plastic defor- 
mation, as applied to the deformation of metals beyond 
the elastic limit, was not appropriate. The term 
‘“‘ hyper-elastic deformation” was preferable. His 
own investigations had shown that a great number 
of irregularities might appear in the stress deformation 
diagrams for some kinds of metals, when they were 
tested within certain ranges of temperature and straining 
speed. The name “ sudden-yielding ” was suggested 
for this type of discontinuity in the diagram. For each 
testing temperatures there must exist a straining speed 
at which there occurred a maximum number of sudden 
yields in the stress deformation diagrams. 

The phenomenon of blue-brittleness had been in- 
vestigated by many workers, but a clear explanation 
of the phenomenon had not, as yet, been given. The 
process of the failure of metals under stress was greatly 
affected by the straining speed, and, from the results 
obtained, the temperature of maximum blue-brittleness 
or more correctly perhaps, “ blue-instability,” de- 
pended greatly on the straining speed. On the other 
hand, the range of blue-instability seemed to be inde- 
pendent of the straining speed. For example, the 
temperatures of maximum blue-instability of tungsten 
steel were about 170 deg., 195 deg., and 215 deg. C., 
respectively corresponding to straining speeds of 
0-017 mm., 0-031 mm. and 0-068 mm. per second, while 
the range of blue instability extended, in every case, 
from about 80 deg. to 340 deg. C. The range of blue- 
instability in the case of a 0-19 per cent. carbon steel 
extended from about 100 deg. to 300 deg. C. With 
reference to the intricate problem of the elastic pro- 
perties of metals, the following conclusion was pro- 
posed. The actual stress intensity, and its direction 
at any point in an engineering material, which might 
comprise heterogeneous metals, could neither be 
determined by any mathematical theory of elasticity, 
nor measured by the photo-elastic method, because this 
theory and this method were always based on the 
| assumption that the material was composed of homo- 
| geneous isotropic substances. 
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GENERAL METALLURGY. 
A long paper, presented by Professor K. Honda and 
}entitled ‘** Recent Progress in Japan in the Field of 
| the Science of Metals,’ contained an outline of the 
| advances made in Japan, in the study of the scientific 


| metallurgy of iron, steel and other metals during the 
| period from 1923 to 1929. The researches mentioned 

were mainly concerned with the properties of iron, 
| steel and cast iron, the equilibrium diagrams of ferrous 
|and non-ferrous alloys, and the mechanical proper- 
| ties of metals and alloys. Professor Honda stated 
|that the scientific papers issued annually by the 
| Japanese research institutes and laboratories totalled 
| more than 70. 

A contribution by Professor K. Ikeda dealt with 
the ‘“* Development of Copper Metallurgy in Japan.” 
|The author stated that copper production in Japan 
|far antedated the smelting of the metal in England. 
| Japan produced nearly 6,000 metric tons of copper in 
| 1697, of which 90 per cent. was exported. On the other 
| hand, the output in England was but 7,000 tons in 
| 1799, a century later, and, that country was regarded 
| at that time, as an important producer. The modern 
' development of the Japanese copper industry, how- 





[DEc. 20, 1929. 


ever, was of recent origin and followed developments 
in the United States and Australia. It was only in 
1902 that pyritic smelting had been introduced ai 
Kosaka; excellent results had been obtained. More 
recent developments had followed, however, which 
were not altogether favourable to the Japanese indus. 
try, and this was not, at present, in a particularly 
flourishing condition. The Japanese gross copper 
output during the 25 years ending December, 1927, 
totalled 1,500,000 metric tons. 


MISCELLANEOUS. 


A short paper on ‘‘ The Motor-Cycle Industry of 
Great Britain” was given by Major H. R. Watling. 
This opened by contrasting the greatly increased 
advantages of the motor-cycle of 1929 with those of 
the machine of 1913, while a large reduction in price 
had occurred, a typical example showing that a machine 
costing 57/. 10s. in 1913 now cost only 411. 10s. The 
modern machine was mechanically much superior to 
the old one, and, while the engine size had been reduced, 
a far higher performance was possible with greater 
economy in petrol and lubricating oil. The steering 
qualities, balance, and comfort in riding position had 
all been markedly increased. British motor-cycles 
were now made of all sizes between 147 c.c. and 
1,000 c.c. cylinder capacity, which gave an immense 
range to meet the demands of the world’s markets. 
These machines were exported to over 70 such markets, 
and the deliveries for the years ending December 31, 
1927 and 1928, were 53,000 and 59,000 machines, 
respectively. The use of the motor-cycle for commer- 
cial purposes, both as a solo machine and as a combina- 
tion for the transport of goods, was extending. Such 
public bodies as the Post Office, police and municipal 
authorities, and gas, electricity, and water under- 
takings used the motor-cycle. Goods up to about 
5 ewt. (250 kg.) could be more economically trans- 
ported by this means than by light commercial cars 
or horse-drawn vehicles. The number of motor- 
cycles in Great Britain at the end of 1928 was 712,583. 
This showed an increase of 65-6 per cent. compared 
with the numbers at the end of 1923. The number of 
motor-cycles in Germany in the same period had 
increased 7-3 times, and in France 4:6 times. In 
Italy the numbers, after rising in 1926 and 1927, 
were now estimated to be practically the same as they 
were at the end of 1925, 7.e., 55,310. The number of 
motor-cycles at present in use throughout the world 
was estimated at 1,900,000, of which 75 per cent. 
were of British manufacture. The reliability of these 
machines was evidenced by the fact that the chief 
prizes in the International] Six Days’ Trials for the last 
five years had been won by British teams. Motor- 
cycling was an economical form of travel, as would be 
realised by the fact that a light-weight machine would 
take its rider seven miles for ld. and the motor-cycle 
with a 500-c.c. cylinder engine four miles for the same 
sum. As regards speed in transport, while the motor- 
cycle could not compare with the railway on main-line 
journeys, it would often save time in a cross-country 
journey involving several changes. The ordinary user 
of a motor-cycle benefited from the research and 
experiments carried out to perfect the ‘“ sports ” model, 
and many of the makers were working in their own 
laboratories in this direction, while the British Motor- 
Cycle and Cyclecar Research Association was at the 
present moment specifically engaged on developments 
associated with frame design, silencing, engine lubrica- 
tion, and bearings for engines and other moving parts. 

Mr. R. W. Allen dealt with a special use of pumps in 
a paper entitled ‘‘ Centrifugal Pumping Plant for 
Sewage Installations,” the centrifugal pump now being 
almost universally used in sewage disposal works where 
the effluent had to be discharged against gravity or 
frictional head. The high rotative speeds for which the 
pump could be designed permitted direct motor drive 
wherever electric current was available, an advantage- 
ous arrangement from the point of view of low first 
cost and ease of control. The storm water pump for 
handling sudden rushes of large volumes of surface 
water, usually worked against a low head and allowed 
of a reasonably high speed of rotation. They were often 
designed on the twin parallel principle, and as they 
mainly ran intermittently, smaller motors could be 
used, which reduced the first cost and annual capital 
charges. In general principle the pump was similar 
to that supplied for clean water service, but the large 
amount of grit usually carried in surface water rendered 
the fitting of renewable wearing rings on the cheeks 
of the casing and impeller desirable. For dealing with 
sewage, the extent of screening required depended on 
the relation between the head, quantity, and speed at 
which the pump worked. Sewage pumps ran for long 
periods, and high efficiency was desirable. If circum- 
stances demanded only partial screening, and the 
number of blades of the pump had therefore to be 
decreased, the efficiency fell. Local conditions greatly 
influenced design, thus, in textile manufacturing areas 
fibrous matter caused much trouble by “ balling 
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It carries the bearings for the 
main axle and all the other shafts so that these are 
. ss assembled in one rigid unit on the top of which the engine 
LINCOLN. is bolted directly to machined faces. The fore-carriage 
is a separate casting, being bolted to the main frame 
by closely-pitched fitted bolts. The front roller is 
3 ft. in diameter, and 3 ft, 6 in. wide. It is made of 
steel plate and in two parts to permit easy steering, 
which operation is controlled by handwheel. ‘The wheel 
spindle swivels the fork through a worm and spur gear 
fitted to a steel trunnion as may be made out in Fig. 1. 
The trunnion is turned to fit the fore-carriage and is 
hinged to the steel steering fork, an arrangement which 
eliminates the backlash commonly met with in chain 
steering gear. The back roller is 3 ft. 3 in. in diameter, 
is 4 ft. wide, and is designed for water ballast. Both 
the front and back rollers are fitted with gunmetal 
bushes these being renewable in the latter case. The 
drivers’ seat is at the rear, bracketed out from the oil 
tank, and all the controls are within easy reach. Both 
figures show the manner in which the gears are cased in. 

The drive is taken from the engine crankshaft, 
which has a heavy flywheel at each end, to the two- 
speed gear-box by a steel roller chain, accessible adjust- 
ments for taking up wear being provided. The 
change speed and Teverse gears are machine cut 
and totally enclosed. The final drive from the 
gear box to the back roller is by an adjustable steel 
roller chain. The long lever, seen near the steering 
wheel in Fig. 2, is the speed control lever. It has a 
simple gate change movement. The reverse lever is 
more clearly seen in Fig. 1. There are two clutches, one 
for forward and the other for backward motion, oper- 
ated by the one lever. The speed gears do not 
require disengaging whilst reversing. The crank- 
handle brake gear is at the driver's right hand. It 
Operates an external contracting band by means of a 
Screw. A foot brake, of the internal expanding type, 
is placed near the speed control lever. Both brakes 
are Ferodo-lined and act directly on the back roller. 
At each side of the driver's platform is a multiple oil 
box, from which independent pipes are led to the several 
oiling points. The main bearings and the connecting 
rod ends are oiled by a forced lubrication system. 

As has already been stated the engine is of the single 
cylinder hot bulb type, and means have therefore to be 
provided for starting. These consist of a compressed 
air system and the use of petrol until the engine is 
hot enough to fire automatically. The compressed air 
is stored in a tank underneath the oil tank. The supply, 
when exhausted, is re-charged by using the engine as 
& compressor, actuated by the energy stored up in the 
flywheels, the fuel supply having first been cut off. 
The petrol starter holds about half-a-pint of petrol, and 
functions in the ordinary manner, the gas being 
fired by a Wico* magneto, driven from the engine 
camshaft. It is stated that the whole operation of 
starting up from cold to being ready for the road 
takes only some five minutes. When the engine is 
working normally the supply of fuel is regulated 
to the load by a sensitive governor. At full load 
the speed is 380 r.p.m. The engine generally represents 
the latest practice of Ruston- Hornsby internal com- 
bustion oil engine design, and a detailed description 
is therefore unnecessary. It may be Stated, however, 
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that it is water-cooled by a hopper. The addition of one 
gallon of water per day to the supply is sufficient to 
make up losses and to keep the temperature normal. 
The engine exhaust, as seen in Fig. 1 is led to a chimney 
on the forecarriage. A silencer is fitted at the base of 
the chimney. P 

The firm also showed a crude oil road roller of the 
three-wheel roller type, having a‘ total weight of 11 
tons and a rolling width of 6 ft. 2 in. Allowing for 
the obvious difference in design, the description of the 
tandem or two-wheel roller, approximately covers the 
larger machine, which ig also made up to 15 tons in 
weight. These can be removed and pulleys fitted in their 
place, thus rendering the machine Suitable for driving 
a stonc-breaker or other apparatus. 
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THE LIVERPOOL-MANCHESTER RAILWAY CenTENARY,— 
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locomotives and rolling stock and signalling systems. 


xecutive committee ig desirous of getting into touch 
with engineers and others who could lend _ historical 
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and operates | Whereabouts of such exhibits. All communications 
tary, Liverpool- 
s Committee, 
357, Royal Liver Building, Liverpool. 


* ENGINEERING, vol. €xxii, page 719. 
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BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosion Acts, 
1882 and 1890, inquiries have been conducted by Board 
of Trade officials into a number of explosions. Reports 
of the investigations have been published recently, and 
of some of these we give brief summaries below. 

Failure of a Steel Feed-Water Delivery Pipe.—The 
accident dealt with in Report No. 3017 occurred at 
the works of Messrs. Synthetic Ammonia and Nitrates, 
Limited, Billingham, Stockton-on-Tees, where, on 
April 11, 1929, a feed pipe burst. The pipe which 
failed formed part of the feed system between three 
Green’s economisers and five Babcock and Wilcox 
boilers, and was working under a pressure of 200 Ib. 
per squareinch. The pipe was of solid-drawn steel of 
6 in. nominal bore and 0-232 in. thick, the ends being 
screwed and expanded into mild-steel flanges. After 
the accident, the pipe was found to have been forced 
from the flange, allowing the hot water under pressure 
to escape. The boilers were fed with water from the 
mains of the Tees Valley Water Board, which, however, 
before leaving the feed tank was treated by the linseed 
process patented by Messrs. Filtrators, Limited. In this 
process, an emulsion obtained by steam extraction from 
linseed, on which a little soda ash has been placed, is 
added continuously to the raw water in the feed tank. 
Previous to the accident there had been much _ trouble 
through corrosion, and numerous pipes had _ been 
renewed, Examination of the fractured pipe showed 
that, for about half the circumference, the thickness was 
equal to that of paper while ‘‘ measurements taken 
on the external surface at the point where the thread 
terminated and ran off to the full thickness revealed 
that the pipe, when screwed, had not been accurately 
centred, one side having been, through this cause, 
reduced in thickness about 3 in. beyond that required 
by the thread diameter, while the other side was corre- 
spondingly thicker.”” The cause of the failure was, 
therefore, put down to the combined effects of corrosion 
and indifferent workmanship. There was no lack of 
competent advice available, and inspections were 
carried out by the representative of the Vulcan Boiler 
and General Insurance Company, Limited, but the 
inquiry showed that there was an entire lack of co- 
operation between the firm’s staff of maintenance 
engineers and the surveyor of the insurance company. 
The report is accompanied by an appendix containing 
information on boiler water treatment, corrosion, 
water analysis, and two micro-photographs, 

Bursting of an Old Egg-Ended'Cylindrical Boiler.—One 
of the simplest form of boilers every constructed is the 
egg-ended cylindrical boiler externally fired. Such 
boilers were constructed more than a century ago, 
and they figure in Mr. E, B. Marten’s paper on Boiler 
Explosions, read before the Institution of Mechanical 
Engineers over 60 years ago. Models of exploded 
boilers are to be seen in the Science Museum, and these 
are recalled by the photograph appended to Report 
No. 3018 on the explosion of an egg-ended cylindrical 
boiler at No. 2 Pit, Aldridge Colliery, near Walsall, 
which oceurred on March 1, 1929. This boiler, one of 
nine, worked at 50 1b, per square inch, was 5 ft. in 
diameter and 36 ft.long. Itsexact age was not known, 
but the boiler was mentioned in a lease of 1883. Repairs 
had been carried out at various times, whole plates 
being renewed in some cases, but the last hydraulic 
test appears to have been made in 1920, The explosion, 
happily without any fatal injuries, was of a very violent 
character and the damage very extensive. Though 
subsequent examination did not lead to the finding of 
any plates worn to the extent sometimes found in 
similar eases, test pieces showed that some of the 
wrought iron was of inferior quality, and the inspecting 
officer came to the conclusion that ‘“‘Some of the 
material was no longer able to withstand the stress to 
which it was subjected under normal working 
conditions.” One test specimen gave a tensile breaking 
strength of only 4} tons per square inch, while under 
bending tests some of the specimens broke before any 
appreciable bend was recorded. After the accident, an 
attempt was made to test one of the other boilers to 
destruction by water pressure, but at 180 Ib. per 
square inch pressure the leakage was such that the 
test had to be abandoned. The engineer surveyor-in- 
chief, however, remarks that it would not be justi- 
fiable ‘* to conclude from these results that a test of the 
boiler which failed would have given similar results.” 
Since the accident, the egg-ended boilers have been put 
out of commission and Lancashire boilers have been 
installed. 








CoLovuRED PorRTLAND CEMENT.—A_rapid-hardening 
coloured Portland cement, named ‘ Colorcrete,’’ is being 
placed on the market by Messrs. The Cement Marketing 
Company, Limited, Portland House, Tothill-street, 
London, 8.W.1. The cement has a buff colour, but the 
concrete made‘with it has a pinkish tint ; a red Colorcrete 
can also be supplied. The material is said to be equal 
to Ferrocrete in quality, and its price is such as to enable 
it to be used for ordinary purposes. 


THE SEPARATION OF BITUMINOUS 
SANDS BY THE CENTRIFUGAL 
METHOD. 


For many years past, efforts have been made, by 
chemists, engineers, and others, to discover some method 
by which the supplies of petroleum and asphalt asso- 
ciated with the sand deposits on both banks of the 
Athabasca River, near McMurray, Alberta, can be 
recovered on a commercial scale. These tar-sand 
deposits, which have been recently referred to in our 
columns, occur over an immense area, and are met for 
a distance of 100 miles by vessels passing along the 
Athabasca River, and extending for considerable 
distances along the tributary streams. Among the 
concerns which have taken up options on areas of sand 
are included, it is stated, Messrs. Imperial Chemical 
Industries, Limited, but several other companies have 
been formed to conduct experiments, and much research 
work is being carried out by the Alberta Scientific and 
Industrial Research Council, 

An article published recently in the Edmonton 
Journal suggests, however, that an important step has 
been made by chemists associated with Mr. W. P. 
Hinton, formerly vice-president of the Grand Trunk 
Pacific Railway, who is operating an experimental 
plant at Dunvegan Yards, near to the city of Edmonton. 
In conjunction with Mr. W. C. Laughlin, of New York, 
a process has been developed which, if commercial 
operation can be successfully adapted therefrom, seems 
to provide the solution of the problem in a compara- 
tively cheap manner. The process is one employing 
centrifugal separation. 

Quantities of the bituminous sand have been brought 
down to Edmonton from McMurray by the Alberta and 
Great Waterways branch of the Northern Alberta 
Railways. Without any special preparation, samples 
of the sand are emulsified by boiling in water, in what 
is described as a “ pug mill,” where hot’ water and 
steam are used to wash the oil-bearing sands clean of 
their hydrocarbons. Much of the heavy sand falls 
away from the mass at this point, leaving the oil, 
water, and lighter sand to enter the centrifugal machine 
located underneath. 

This centrifugal process separates out the water. 
A second by-product is a pure white sand, and the 
third the hydrocarbons containing napbtha, fuel oil, 
lubricating oil, kerosene, and asphalt. It is claimed 
that, out of 1 ton of the bituminous sands, 32 gallons of 
hydrocarbons can be produced. Out of every barrel 
of the viscous hydrocarbons, 13 gallons of anti-knock 
petrol, 6 gallons of fine-grade lubricating oil, and 
110 lb. to 120 lb. of asphalt may be obtained. The 
cost of production of a barrel of the heavy oily matter 
is stated to be under 50 cents, and the company 
contemplates establishing a permanent plant of 500 
barrels daily capacity at or near McMurray. 








CATALOGUES. 


Telephone Cables.—A circular issued by Messrs. British 

Insulated Cables, Limited, Prescot, Lancs., contains .a 
description of the types of cable they supply for telephone 
purposes. 
Valves.—Messrs. Crane Company, Chicago, U.S.A., 
and 45-51, Leman-street, London, E.1, have sent us a 
copy of The Valve World illustrating 22-in. gate 
valves operated by electric motors. 

Gas Holders.—We have received from Messrs. Newton 
Chambers and Company, Limited, Thorncliffe, near 
Sheftield, a leaflet. illustrating the three types of gas- 
holders which they construct, viz., dry, spirally-guided, 
and standard. 

Coal.—Messrs. The Birtley Iron Company, Limited, 
Birtley, co. Durham, have issued a leaflet calling attention 
to the economies arising from the use of well cleaned and 
dried coal in boiler furnaces, coke-ovens and gas retorts. 

Graphite——The magazine Graphite, issued by Messrs. 
The Joseph Dixon Crucible Company, Jersey City, 
U.S.A., contains articles on the lubrication of motor-car 
springs, graphite paint, and a foundry moulding machine. 
Milling Machines.—We have received from Messrs. 
The Wanderer-Werke Company, Schénau-by-Chemnitz, 
Germany, a catalogue, printed in German, of a milling 
machine fitted with roller bearings and having an 
enclosed electric-motor drive. 

Motor Starter.—Messrs. The English Electric Company, 
Limited, Queens House, Kingsway, London, W.C.2, have 
sent us a new catalogue describing an oil-immersed 
stator-rotor starter for slip-ring motors, suitable for 
wall or floor mounting. 

Motor Starters.— Messrs. The Brush Electrical Engineer- 
ing Company, Limited, Loughborough, have issued a new 
catalogue describing the construction of their liquid 
starters, and giving notes on the application to various 
types of motor, technical particulars, and prices. 

Steam Wagons.—The Sentinel Transport News, issued 
by Messrs. The Sentinel Waggon Works, Limited, 
Shrewsbury, contains some excellent illustrations of their 
road wagons and of the Sentinel Cammel rail car. it is 
however, mainly occupied with matter relating to roads 
and bridges. 





Oil-Atomising Nozzles.—We have received from Messrs. 
Monarch Manfacturing Works, Inc., of Philadelphia, 
through their “agent, Mr. H. T. Watson, Fairfield- 
road, Widnes, a catalogue of oil-atomising spray nozzles, 
showing the output at various pressures and angles, and 
also mentioniug prices. 

Vertical Boilers.—Messrs. Ruston and Hornsby, 
Limited, Lincoln, have issued a leaflet illustrating their 
“ Thermax ”’ vertical boilers, which are specially suitable 
for oil firing. The statements quoted from users show 
that exceptionally good results have been obtained, 
both in factories and in the open. 


Timing Apparatus.—Messrs. Gent and Company, 
Limited, Leicester, have sent us two catalogues, the first 
describing a means of unifying the times of the various 
workmen’s recorders in a factory, and the second describ- 
ing their “staff locater,” for signalling to the principal 
members of the staff for urgent calls. 


Boiler Furnaces.—A circular describing a bridge for 
insertion in the internal furnace flue of a Lancashire or 
similar boiler is to hand from Messrs. The White-Hall 
Boiler Bridge Company, 35-6, St. Thomas-street, Lyming- 
ton, Hants. The bridge is placed at the back of the 
firebars to intercept and ignite the smoke. 


Motor Starters.—Messrs. Mavor and Coulson, Limited, 
47, Broad-street, Mile End, Glasgow, have issued a 
catalogue of direct-current motor starters for general 
industrial service, and another catalogue of similar 
starters of the flame-proof type. In each case there is 
a range of 18 sizes, from 7} h.p. to 100 h.p. 

Lifting Blocks ——We have received a catalogue of 
lifting blocks from Messrs. The Universal System of 
Machine Moulding and Machinery Company, Limited, 
13-15, Wilson-street, London, E.C.2. The list covers 


as well as a runway gear. Prices are stated. 


Automatic Lathes.—Messrs. Alfred Herbert, Limited, 
Coventry, have sent us a copy of a handbook compiled for 
the operators of their auto-lathes. It contains a detailed 
description of the various parts of the lathe, a section on 
installing and operating, a number of speed, feed and 
conversion tables, and several line engravings with 
dimensions for erecting the lathes and showing the 
capacities. The book seems to be well adapted to its 
purpose. 

Woodworking |Machinery.—A catalogue to hand from 
Messrs. W. A. Fell, Limited, Windermere, illustrates a 
great variety of wood-turning machines, including lathes, 
copying lathes and automatic lathes, some suitable for a 
variety of work and others of the single-purpose type. 
In most cases, the feed is by hand and multiple tools are 
fixed to a rocking shaft. There are also many drilling, 
boring, dowelling, dovetailing, trenching, and sanding 
machines, as well as circular saw benches, and a full range 
of cutting tools. 


Cast-Iron Pulleys.—A particularly attractive and use- 
ful catalogue of cast-iron pulleys has recently been issued 
by Messrs. Smith and Grace, Limited, of Thrapston, 
Northants, whose London office is at 35, Queen Victoria- 
street, E.C.4. Prices are tabulated for whole and split 
pulleys, ranging from 6 in, to 72 in. in diameter, and 
from 4 in. to 24 in, face, any of which can be fitted with 
Smith’s screw boss and bush, as well as for pairs of fast 
and loose pulleys from 3 in. to 60 in. in diameter, and 
from 3 in. to 12 in. face. Particulars are also given of 
special interchangeable pulleys, motor and dynamo 
pulleys, loose pulleys fitted with ball or roller bearings, 
flanged pulleys and step-cone pulleys, Accessories, 
such as cast-iron or gun-metal self-oiling bushes, plain 
gunmetal bushes and cast-iron sleeves, are dealt with, 
and illustrations of plummer blocks, hangers, and other 
power-transmission appliances made by the firm are 
included. Tables of horse-power transmitted by belts 
and of the circumferential velocities of pulleys at different 
revolutions per minute are also given. This catalogue 
is certainly the most comprehensive of its class that has 
been brought to our notice so far, and everything possible 
seems to have been done to facilitate ordering. Special 
attention is called to the desirability of employing pulleys 
of standard sizes wherever possible, since such pulleys 
can usually be supplied from stock. 








Russtan MANGANESE Ore.—The pre-war Russian 
output of manganese ore was considerable. Production 
began as long ago as 1879, and the output grew steadily 
until that from Chiatura, Georgia, the principal ore 
field, reached 954,645 tons in 1913. Work was resumed 
at Chiatura in 1922, after several years of inaction, 
and, in 1925, the Soviet Government granted to a 
United States firm the entire monopoly for work- 
ing and exporting manganese ore from Chiatura. 
This agreement came to an end in the autumn of 1928, 
and a Russian organisation, the Managanese Export 
Company, was established. This concern now has the 
exclusive right of exporting manganese ore from Chiatura 
and from Nikopol in the Ukraine, andiron ore from Krivoi- 
Rog, which is in the neighbourhood of Ekaterinoslav 
and Nikopol. According to the current issue of the 
Bank for Russian Trade Review, the output of ore from 
Chiatura during the period October 1, 1928, when the 
new concern took over the control of the mine, to July 31, 
1929, amounted to 897,389 tons. Furthermore, during 
the nine months ending June 30, 1929, the output 
from the Nikopol manganese-ore field reached 853,800 
tons. The principal importer of Russian manganese 
ore is the United States, who took 150,961 tons in the 
first seven months of 1929. Next in order came Holland, 
with 69,153 tons, France with 58,652 tons, Belgium with 





52,652 tons, Italy with 31,505 tons, Germany wit 
26,324 tons, and Poland with 23,378 tons. 


14 sizes, with capacities ranging from } ton to 20 tons, : 
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CRITICAL SPEEDS OF CRANKSHAFTS. 
By ALEXANDRE GORFINKEL. 


Tue failure of the crankshafts of the four engines 
originally fitted to the Graf Zeppelin has again de- 
monstrated the danger of torsional oscillations. 
These engines were of the Maybach type, having 
2ach 12 cylinders, arranged ina Vee. The calculation 
of the critical speeds of shafts for multi-cylinder 
engines is, however, commonly considered as, at 
best, a laborious undertaking, even if not inherently 
difficult. 
calculation may be simplified and results sufficiently 
exact for practical requirements attained with 
reasonable ease and rapidity. The methods to 
be described were originated in connection with the 
design of the Diesel engines constructed by Messrs. | 
Carels Brothers, in Ghent, but are applicable to all 
multi-throw crankshafts. 

Every rotating shaft carrying heavy masses and 
subject to periodic couples is liable to develop 
torsional oscillations. Suppose such a shaft to 
be fixed at one end and torques applied to it at 
different points. Then, if these are suddenly 
cancelled, the shaft will start torsional vibrations, 
the periodicity of which is known as a natural 
frequency of the shaft.* 

Let us denote the natural frequency by vy, and let 
us assume that v a X, where a is a constant 
characteristic of one cylinder of the engine, and X 
is a fraction which depends on the number and 
arrangement of the cylinders, of the flywheel, and 
of the generator or propeller driven by the engine. 
Now if p be any whole number, resonance may occur 
between the natural frequency of the shaft and the 
torques due to the cylinder impulses if the number 


It is proposed to explain here how the | 


‘ 2 Bes : | 
of revolutions is pin the case of two-stroke engines, 


P % . r “¢ 
or in the case of four-stroke engines. Thus, if | 


for a given four-cycle engine, a = 10,000 r.p.m. and 


X = 0-23, then 


v = 10,000 x 0-23 2,300 r.p.m. 


24 
If £ = 12, then resonance may occur if the 
2,300 


actual speed of the engine is 12 191-5 r.p.m. 





The critical speed of order 
2,300 
11°5 
no wide mirgin between consecutive critical speeds | 

of high orders. However, only those which may | 
occur during the normal running, or during the | 


twelfth order. 


p 23 | 
. 

| 
There is thus | 


= 11} would be 200 r.p.m. 


‘way that the ccmmon centre of gravity of B and C 
|is that of the actual connecting rod. 


ENGINEERING. 


> 


presents the equivalent moment of inertia of all the 
masses moving with one crank. 


: : G 4 
elastic constant equal, as will be seen, to 1° pf 
The value of I is computed from the formula* 
I [|B -- 0-503 (C P)] R? + ¢. rely) 


Here B and © denote the fractions of the total | 
'mass of the connecting rod which can be taken as 


respectively, with the crank and with the 
The partition is to be made in sucha 


moving, 
gudgeon pin. 


The mass of 
the reciprocating parts is denoted by P, whilst 
R is the crank ridius, and 7 the mass polar moment 
of inertia of the section of shaft between adjacent | 
cylinder centres. In the case of a slow-speed Diesel 
engine developing from 40 to 120 h.p. per cylinder, a 


| will generally lie between 7,500 and 10,000 suse 
| 


For heavy motors, such as a two-stroke engine rated 
at 1,000 h.p. per cylinder, a will be much smaller, say, | 
2,500 to 3,000 r.p.m. It is important that the 
value for a should be calculated or determined with | 
some precision, since even approximate methods | 
yield very accurate values of the other factor X. | 
Two approximate methods of computing X are | 
described below, and, as will be shown later, | 
once an approximate value is known, the exact | 
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value can be found very rapidly by a process of 
trial and error. 


Let I, is icin 


, denote the equivalent moments 


starting up of the engine, need be taken into |of inertia calculated for each cylinder by equation | 


consideration. Hence, it is necessary not merely to 


(2). In general, these are all equal. Similarly, let I, | 


determine possible critical speeds, but also to | denote the moment of inertia of the flywheel, and | 


estimate their relative importance. The most | 


I,, that of the rotor of a direct-coupled generator. | 


ene . Ha bl . ° 
dangerous critical speeds are those of which the |The corresponding masses will be denoted by F and | 


order is a multiple or sub-multiple of the number | 
of cylinders in the case of a two-stroke engine, 
and a multiple or sub-multiple of one-half this 
number if the engine is of the four-stroke type. 
Such speeds will be termed principal critical speeds. 
Although torsional oscillations only become impor- 


| EK. Again, let 2), J, 


rn 


2. . J, denote the * equivalent | 
lengths ’’ of the shaft between consecutive cylinders. | 


These again are commonly all equal inter se. We| 


shall denote by ly the equivalent length between | 


TABLE I. 


The term / is an | 


a screw propeller. 


0-85 q and X’ 
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crank to the amplitude A at crank No. 1. Similarly, 


A; Ar 
w= and ar = i 
With the arrangement of cylinders, flywheel and 
generator indicated in Fig. 1, the normal elastic 
curve obtained on plotting down the above ratios 
is of the general type shown in Fig. 3. In this case 
we may use the semi-empirical formula 


xX = (3) 


x 2 
tS aern a 


where ¢ is a coefficient not greatly differing from 


| unity and q is the number of cylinders. Accepting the 


assumptions on which this semi-empirical formula 
is based, the value of the coefficient ¢ would be 


| unity if the torques in successive lengths of the shaft 


formed an arithmetical progression. In the actual 
case of a generator driven at about 250 r.p.m. by a 
Diesel engine, which had a heavy flywheel such that 
ur > 100, whilst Ay was unity and Ag was 0-5, the 
value found for ¢ was 1-11 with g = 3, and 1-14 with 
q = 8. Increasing Ay to 1-5 increases ¢ by 8 per 
cent. in the case of a three-cylinder engine, and by 
5 per cent. in the case of eight cylinders. Reduc- 
ing Ay to 0-7 reduces the value of ¢ by some 5 per 
cent. in the case of a three-cylinder engine, and by 
3 per cent. with eight throws. An average value 
for such Diesel engines is, therefore, about 1-13, 
the maximum error being about 6 per cent. 

With a flywheel much lighter than the generator 
rotor, or when their places are interchanged, the 
node will no longer be situated at the left of the 


| flywheel but, with the arrangement represented in 
| Fig. 1, will be shifted to the right. 
| ¢ may be less than unity. 


In such a case, 


Another special case arises when the engine drives 
The ratio Ay then becomes very 
great, and the frequency given by formula (3) corre- 


| sponds to the natural frequency of the shaft when 
| vibrating with two nodes, one in frent of and one 


behind the flywheel. Values of the natural frequency 
v for a = 10,000 r.p.m., and ¢ ] are given in 
Table I on this page. 

The natural frequency of a crankshaft may also be 


obtained very approximately, both when there is one 


and when there are two nodes, by replacing all the 
cylinder masses by a single equivalent mass assumed 
to be attached to a crank situated at mid-length of 
the engine, as represented in I’ig.2. This equivalent 
mass will be K times tne sum of all the cylinder 
masses, and K is always less than unity, its general 
value being about 0-85. The ratio of the moment 


of inertia of this equivalent mass to I will be 
denoted by w’. 
quency then calculated proves to be too small. 


If K be taken as unity, the fre- 


In the case represented in Fig. 2, we have pp’ = 
4G 1 
z Ap. 


DA 


Taking the case in which this equivalent mass 


and the flywheel are alone concerned, the shaft 
will oscillate with one node, and the natural fre- 








tant in the immediate neighbourhood of a critiéal | ease it Ristbaihdds ; 7 " ; | : 3 ‘ ‘ 

speed, it is usual to allow a margin of 10 per cent. | = - 

between the normal engine speed and calculated | | 

rites ahs He . / 2 

critical shaft speeds. | » = 10,000 » / 10,000 5,770 4,080 3,160, 2,580 2,180 1,890 1,670 
As already noted, the natural frequency » may aq +) 

be expressed as v = a X. | Sr oa awe —— - 
The value of a is calculated from the formula | the flywheel and the centre line of the nearest cy- | queney can be calculated from the formula for 

309 /k |linder, and by J, the equivalent length of the} two masses, 


30 /& rd+ 1 

Nini | 
In this expression G denotes the shear modulus of 
elasticity, and / the ‘‘ equivalent length ” of a section 
of the shaft comprised between the centre lines of 
two consecutive cylinders. This equivalent length 
is found either by experiment or by one of the 
approximate formule, such as Geiger’s or that of 
Major Carter; see ENGINEERING, vol. cxxvi, p. 36} 
(1928). The diameter of this equivalent length of 


a= V/ ' 


us 


t 


| sponding 
| pectively, by Ai, A,. 


jand is calculated by equation (2). 


| shafting between flvwheel and generator. 


The amplitudes of oscillation at points corre- | 
to the foregoing will be denoted, res- | 
A,, and Ay and Ax. 


30 + I, 
vp Jl ey 
7 I, 1, 


| which, on substituting the ratios of the quantities 


It is convenient to replace all the above quan- | involved, becomes 


i : : = l,. 
ities by their ratios. Thus up LE 7 | 


' . 
I? 


| where I is assumed to be the same for each cylinder 
Similarly, we! .. that 


shaft is denoted by 4, and is commonly taken as the | shall denote by Ay the ratio 7 and by Ag, the ratio 


journal diameter of the crankshaft. The term I re- | ; 


* Unless the torques applied to the shaft, as above | , 
deseribed, bear certain relationships to each other the 
vibration, on releasing the strain, will not be a simple | 
harmonic motion, but will be compounded of several | 
terms.—Ep, E. |] 


ame -|7 


", Whilst «, %;, %, . . % represent the ratios of | 


he amplitudes of the oscillation developed at each | 


*See the writer’s article in Le Génie Civil, June 2, 
928, page 536. 
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The coefficients a and k remain the same as in 


equation (1). 


If the whole three masses represented in Fig. 2. 
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are involved, the natural frequency is given by 
the well-known equation :— 


rv\ (l,l, wv\t 1 
(We) (Az) ss ~ (3s) ey i 
{44 +1)+4h0, +1) } z 


+1,+1,+1,=0. 


Substituting the ratios as before, this equation 
may_be written in the form 


nw v\4 mv\2 k {<(- 4 ~ ) 
(Se) ~ (=) se Ny By Me 


eatis2)) 
Ao \He Ms 
ey T = - (= = )(; ~ ) 
+(z) [mak it Me Me Ms 
eu se acl 
Ay Ag * He* 


Bearing in mind that a has been defined by the 
: 30. /k . 
equation a = = r/ T° we get as the two frequencies 


of vibration in the above case, the values 


oy Ay - 
oni (t4 2) ee =a Pe 
cet. #8) 
afi (re t)_. =) (4a) 
In these expressions, ¢ is defined by the equation 


po tee a/ 54Y + : es (48) 


1 


: 


"4 


Vs 


Hence, with the notation of Fig. 2, the two values 


of X are, respectively, 
— eae 
me) tenPte | 


© ie ae 
x-fi (34 r (40) 
7 Sha: or Ss m =e | 
mo Vit in) oOo: 
The value of ¢ is easily found by trial and error, 
using the ordinary slide rule, from the relationship 


¥ : ce -s 
(P + €)(Q — €) = P.Q- ee ee a” 
or, as a given, from 
= 2 P— Q) 3 1 
pam jules Veet ed (4B) 


Since ¢ is often very small, particularly when 
either uz, or A, is very large, its value can be 
found by neglecting its square, which leads to the 


expression 
1 1 1 1 


x’ . ie . br? . P aT 

Approximations to » having been calculated 
by either of the above methods, more accurate 
values can be found very rapidly by considering 
the shaft to be elastic but massless, and loaded at 


€=- (4D) 


the appropriate points with concentrated masses | _ 


equivalent to all the moving parts. 

Then denoting by 1 the crank farthest from the 
flywheel, the torque acting on the mass at this 
point is k; (A: - A,), where A; is the angular deflec- 
tion at this outermcst crank and A, the correspond- 
ing figure for the crank next in succession. We 
have then the equation 

o2 Ay 


ky (A, _ Ag) = — I, FY, 


But, as the motion is of the harmonic type, we have 
A, 


ca = OP A, 
but 
Tv 
Pap” 
and 
A Aam (55) Eh 


so that, if A: be known, A, can be calculated. 
Proceeding to the next point, No. 2, the resultant 
torque acting here is 
oA, \2 
ky (Ag —A 3) — ky (Ay — A,;)= = L535 (35) T, A, 
But 
wy\? 
k, (A, — Ay) = (i) iA. 
hence. 
* _ (wv\?I,A,+1, A, 
Para Re (30) oe i 








rv\? 1m 
Am+1 = Am fy Em 7 imAm 


nd this becomes 


If we write km = 
lm 


a 
2 ln = Im Am 
Am+1=Am— (35) pe 


where J,, is the equivalent len th of the section of 
the shaft following the poini m, whilst J and k 
denote, respectively, the length ..nd elastic constant 
of the section taken as standard, as already ex- 
plained. 

Writing, as before, 


(5) 


_ Im, _ lm. _ An, 2_ (Trl 
i 2 Am = i Im ane and X? = (3) k 
we get, on substituting in (5), the expression 
m 
Om+1 = am -- X?XAm = Mm om . (54) 
1 





and «, can always be taken as unity. 
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Assuming any value of X?, successive values of « 
can be determined. If our provisional value of 
X? is correct, we ought to get 

msn 
R = 2 Umam = 0, 
m=1 
because the amplitude «, is constant at the end 
of the shaft. 
If this test is satisfied, the value of X is that 





corresponding to the natural frequency of the shaft. 
Should the residue differ materially from zero, 





TABLE II.—Catcunation or AMPLITUDES. 


| successive values of «, ca:culated as above, provide 


the means of plotting the normal elastic curve 
which has as many nodes as there are changes in 
the sign of « The calculation is conveniently 
made in a tabulated form, as shown in the example 
worked out below. 

To sum up, the method of calculating critical 
speeds comprises, in the first place, the calcula- 
tion of the coefficient a from equation (1). A 
certain number of planes are then selected and 
the equivalent lengths of the shafting comprised 
between them is calculated. Next, the moments of 
inertia of the equivalent masses applied at the 
selected points are determined. From the values 
thus found, the ratios \ and ware computed. The 
natural frequency of the vibration can now be 
calculated by either of the approximate methods 
given, or, more exactly, by the method of trial and 
error described above. If this natural frequency be 
divided by an integer p, for a two-stroke engine, 


or by , for one of the four-cycle type, we get critical 
Not all of these 


speeds of the corresponding order. 


= J 


O35, 
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are equally dangerous, and the next problem is to 
determine their relative importance. This cannot 
be discussed in detail here, but the formula given 
below makes it possible to evaluate the amplitude 
of vibration at the crank farthest from the fly- 
wheel or compare the amplitudes for critical speeds 
of different orders for the arrangement represented 
in Fig. 1. 
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another value of X? must be chosen, and the calcula- 
tion repeated. In conducting this operation, based 
on trial and error, it should be noted that, in general, 
if the trial value of X? is too small, R will be posi- 
tive if the system of vibrations has one node, but 
will be negative if the system has two nodes. The 


It will be assumed here that the damping out 0! 
the vibrations set up is due entirely to the elastic 
hysteresis of the shaft. The other losses will be 
slight if the amplitude of vibration of the generator 
or propeller is much smaller than the amplitudes 
of the cranks. 
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On this assumption, Professor Lewis* has deduced 
the formula 
1 
« {ee 
saci (my ) 
where T, denotes the energy given to the shaft 
during one vibration by the harmonic forces of all 
the cylinders, and T;, the hysteresis loss for the 
amplitude «, = 1 at the forward end of the engine. 
In practice, in the case of Diesel engines, we may 
write 


(6) 





1 
wS. R. C. Da\r3 

A= ( Ta)! 3 

where S denotes the piston area, R the crank radius, 
and C a coefficient deduced from an harmonic analy- 
sis of the same order as that of the critical speed 
under consideration. Using kilogramme-centimetre 
units, the value of C for critical speeds of orders 
from 6 to 12 can be taken from the curves plotted 
in Fig. 7. These have been calculated completely 
for orders } to 12, with inch-pound units, by Prof. 
Lewis, loc. cit. supra, for the case of a single-acting 
four-cycle engine for a crank-connecting rod ratio 
of 4:25. They are also applicable to two-stroke 
engines, but in this case there are no critical speeds 
of fractional orders, and the values for integral 
orders, as read from the curves, must be multiplied 
by 2 if the engine is single-acting, and by 4 if the 
engine is double-acting. In the latter case, more- 
over, the only curves applicable are those for critical 
speeds of an even order. The term 3g in formula (6) 
is the geometric sum of the angular deflections corres- 
ponding to this critical speed. In the case of a principal 
critical speed, 3% is the algebraic sum of these deflec- 
tions as deduced by the methods explained above. 
In the case represented in Fig. 3, the value of 2% 
can be determined, approximately, once for all, 
from the number of cylinders and the order of firing. 

The term h represents a coefficient which depends 
on the type of motor, on the number of cylinders, and 
on the normal elastic curve. Where relative values 
only are required, it can be omitted. The diameter 
of the shaft is denoted by d. 

A more precise method of determining the work 
absorbed by hysteresis, Th, has been worked out by 
Professor Lewis, but is too elaborate for general use, 
and the simple expression T;, = h d* gives practically 
the same results, and the coefficient h varies very 
little for engines of the same type, with a normal 
elastic curve similar to that of Fig. 3. Thus, 
taking the kilogramme and centimetre as units of 
measurement, we find, from experiments discussed 
by Wydler}, that a value of h = 2,200 held good 
for two six-cylinder engines driving generators and 
developing, respectively, 550 h.p. and 1,200 h.p., at 
450 r.p.m., and h = 3,2@0 for a 10-cylinder engine 
running at 390 r.p.m. and rated at 3,000 h.p. 

As a numerical example illustrating the use of 
the above formulas, we may take Féppl’s typical 
example, discussed by Wydler. This is represented 
diagrammatically in Figs. 4,5 and 6. With the 
notations there indicated, we have for all cylinders 
p= 1 and A=1, whilst up = 10 and Ay=1. We 
have also ug = 15 and Ag =: 2-5. The value of a is 


® V 50 x 10* = 6,750 r.p.m. 


From formula (3), taking ¢ as 0-925, for the case 
of a vibration with one node, the natural frequency 


is y = 6,750 x 0-925 whens = 1,367 vibrations 


per minute. 

Next, replacing the system by three masses, as in 
Fig. 5, and taking uy’ = 6, we have us = 10 and 
vy = 15, A’ = 3-5, and A; = 2-5. Hence from 
formula (4) we get 


- 1 1 1 
xX, = es 4 + a) +e= A/ 0-0763 + ¢ 


. 1 1 1 
X, = / Pe ae \/ : nical 
2 2-5 (at is) € 0-0668 € 


* Torsional Vibration in the Diesel Engine, by F. M. 
Lewis, Soc. of Nav. Arch. and Marine Engineers. New 
York. 1925. Vibration and Engine Balance in Diesel 
Svips, by F. M. Lewis, Soc. of Nav. Arch. and Marine 

ngineers. New York. 1927. 

| Drehschwingungen in Kolb schi lagen und 
das Gese'z ihres Ausgleich, by H. Wydler. Page 54. 
Berlin: Julius Springer. 1923. 




















Hence 
P — Q = 0:0763 — 0-0668 = 0-0095 
and 
. * 2. we ee : 
Whe ah SB eee’ a 7 As & 10. 
Inserting this value in (4B) we get 








. . 2 
on ~ TON /(° oe) + 148 x 10-4, 
Whence . 
€, = — 0-0385 and ec, = 0:02935. 
Thus 
v, = 6750 ./0-0763 — 0-0385 = 1304 vibrations 
per minute. 
and 
vy = 6750 ./0-0668 + 0-0385 = 2195 vibrations 
per minute. 


These are the values given by Féppl and Wydler. 

If, however, in the same example, we take y! = 
0:85 x 6 = 5-1, we get 

vy = 6750 x 0-2018 = 1362 vibrations per minute, and 

Vv, = 6750 x 0-3328 = 2245 vibrations per minute, 
which only differ by very little‘from the values »1 = 
1,367 vibrations per minute, and v, = 2,219, which 
are obtained by taking the whole system of eight 
masses. These values were deduced by the trial and 
error method explained above. The assumed value 
of Xi? is (0-202)? = 0-041 and of X,? is 0-108. 
The calculation is shown in detail in Table II, on 
the opposite page. 

It will be noted that the values of « in columns 
3 and 7 have been obtained in succession, commenc- 
ing with «; = 1, and subtracting from it the values 
of X?\ Su. tabulated in the sixth and tenth columns. 
The elastic curve obtained by plotting the values 
entered in column 3 is shown in Fig. 6. The final 


n 
remainders R =: 5 w« are sensibly zero, so that 


1 
the trial values of X are sufficiently exact. Hence, 
the natural frequencies with one node and with two 
nodes are, respectively, 


v, = 6750 x ./0-041 = 1367 vibrations per minute, and 
vy = 6750 x 4/0108 = 2219 vibrations per minute. 

The critical speed of the sixth order will be “8°! 
=: 228 r.p.m. 

The amplitude of the vibration for this critical 
speed can now be calculated. According to Wydler, 
we have, in formula (6) S = 962-1 cm.?, R =: 17:5 
em., C, = 0-362, whilst (xx), = 4-56. This differs 
slightly from that deduced from the values of « 
given in column 3 of Table II, where the sum of this 
column = 4-6855. We also have d=19-7 cm., 
and thus, with h = 2,200, we get 


1 
aw ( 962-1 x 17-5 x 0-362 x a 
+ 2200 x (18-7)8 
= 0-0197 radian or 1-13 deg. 


This is the amplitude of vibration at the crank 
farthest from the flywheel, and is the value actually 
found by measurement with a torsion meter. The 
increase of stress due to this oscillation in the section 
between cylinder 6 and the flywheel is about 500 kg. 
per square centimetre, and the corresponding 
irregularity in the speed of the flywheel is about 4s. 











THE HAMS HALL GENERATING 
STATION OF THE BIRMINGHAM 
CORPORATION. 


(Concluded from page 796.) 
SWITCHGEAR. 


As already mentioned, the proposed ultimate 
capacity of the Hams Hall generating station 
is to be 300,000 kv.-a., which will be made up 
of three 37,500-kv.-a. and three 62,500-kv.-a. 
units. Provision has therefore been made for 
sectionalising the main ’bus bars into three divisions, 
under which condition operation will normally 
be effected. The sections will, however, be so 
arranged that they can be coupled together. On 
the other hand, the transfer ’bus bars will be con- 
tinuous throughout their length, and it will be 
possible to connect them in parallel with any 
section of the main ’bus bar. One section of the 
main ’bus bars and an appropriate length of transfer 
*bus bars have now been completed, thus providing 
for the control of the main alternators and trans- 
formers, the house transformers, and the alternating- 





current side of the motor-generators at present in- 
stalled. In addition, thereis a bus bar coupler and 
*bus barsectionswitch. The lay-out of this switchgear 
is shown diagrammatically in Fig. 55, on page 830, 
which is largely self-explanatory. It should be noted, 
however, that each alternator is provided with two 
oil circuit-breakers, through which connection can 
be made to the main and transfer ’bus bars, 
respectively, while isolators have been placed 
between the machines and these breakers and also 
between the breakers and the *bus bars. On the 
other hand, the low-tension sides of the main 
transformers are controlled by one circuit-breaker 
only, connection to one or other of the ’bus bars, 
being made through an appropriate combination of 
isolators. 

The whole of the extra-high tension and low-ten- 
sion switchgear, as well as the greater part of the 
equipment for controlling the auxiliary plant, was 
manufactured by Messrs. The General Electric 
Company, Limited, of Magnet House, Kingsway, 
London, W.C.2, at their Witton Works. It is 
mainly housed in a separate switch house, which 
has been built adjacent to and alongside the main 
turbine house. The position of this building is 
shown in Fig. 12, Plate LXTX, published with our 
issue of November 22 last, and a section through it 
is given in Fig. 56, on page 830. 

As this figure shows, the equipment is arranged 
on two floors, the upper housing the ’bus bars and 
the lower the cubicles containing the circuit-breakers. 
The control room, which is adjacent to the engine- 
room, is situated at the same level as the ’bus bars 
and houses panels, on which are the switches for 
controlling all the high-tension and direct-current 
switchgear. This room, which is illustrated in Fig. 
57, Plate LX XIX, also contains the Tirrill-regulator 
panels, the alternator and transformer temperature 
panels, and the standby-exciter and governor-motor 
panels. Immediately below the control room is a 
compartment in which the motor-operated rheostats, 
cables, and multi-core control cabling are placed. 

The extra-high tension switchgear is designed for 
controlling a three-phase supply at a pressure of 
11,000 volts between phases and a frequency of 25 
cycles, and is capable of withstanding continuously 
a pressure of that value to earth. It is contained 
in cubicles, consisting of a steel framework filled in 
with moulded-stone panels 1} in. thick. This stone- 
work is capable of withstanding great heat without 
splintering or disintegrating. The steel framework 
of the cubicles supports the oil switches, none of 
the weight of which is borne by the filling, while 
the cubicles themselves are so constructed that 
the separate phases are completely isolated. The 
bush insulators used on the connections between 
the cubicles and cubicle compartments are of 
porcelain, and are bushed with mica tubes, so 
that safety is ensured in event of cracking. These 
insulators were filled in solid with cement, after the 
connections had been made, to prevent smoke from 
spreading from one cubicle to another. Each 
cubicle is closed with a steel-plate door, j-in. thick, 
which, in the case of the cubicles housing the oil 
switches, is protected on the inside by Uacolite sheets, 
} in. thick. This lining is secured to the doors at 
the top and bottom in such a way as to leave an air 
space, 1 in. wide, between it and the metal. 

The maximum current density on both the main 
and transfer bars does not exceed 700 amperes 
per square inch, where copper strips with an air 
space are used, and 600 amperes per square inch, 
where copper rod is employed. A maximum 
current density of 50 amperes per square inch only 
has been allowed across the bolted joints and contact 
fuses. The method of ’bus bar insulation adopted by 
Mr. Chattock at Nechells is also employed at Hams 
Hall. This consists in covering the whole of the ’bus 
bars and their connections with a micanite sheath, 
as shown in Fig. 60, Plate LX XIX. This sheath 
is capable of withstanding an alternating pressure 
of 22,000 volts between its interior and exterior 
surfaces for five minutes. The ’bus bars themselves 
are clamped every 3 ft. of their length to prevent 
movement on short-circuit, but the insulators 
are of the sliding type, so that expansion of the bars 
is possible without producing undue stress. They 
are designed to resist current leakage under all 
atmospheric conditions. Before erection, they were 
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tested at a pressure of 40,000 volts across their | 
working faces for a period of five minutes. 

The oil circuit-breakers on the alternator and 
feeder circuits are of the same design, and are rated 
at 3,000 amperes and 1,000 amperes, respectively, 
the maximum breaking capacity being 750,000 kv.-a. 
in both cases. Fig. 62, Plate LX XIX, is a side 
elevation of one of the larger breakers, while a 
front elevation is given in Fig. 63. These circuit- 
breakers are of the electrically-operated solenoid 
pattern, and are capable of carrying their normal 
full load current continuously with a temperature 
rise not exceeding 54 deg. F. above the surrounding 
air. The main frame of each phase is a casting, 
which is mounted directly on the cubicle frame- 
work. This casting does not, however, extend over 
the area covering the tank, the opening above the 
latter being closed by a rolled-brass plate, which 
is bolted to a machined face, as shown in Fig. 63. 
The objects of this design are to prevent heat 
being generated by hysteresis, and to eliminate 
fractures of the tank enclosure by the high 
pressures generated by the are explosions, when 
a fault is being cleared. A deep channel is formed 
in the under side of the frame casting, in which 
a gasket is laid for bedding the upper edge of the 
tank. Each phase is enclosed in a separate tank 
of welded steel plate, which is reinforced by angles 
and channels, the whole being bolted together 
by steel bolts which extend the entire length of the 
switch frame. The dimensions of the tank are 
based on a pressure of 200 Ib. per square inch, 
which means that the total force on each side works 
out at over 11 tons. 

Another feature to which attention may be 
drawn is the lightness of the linkwork employed. 
This is of great importance, since every addition 
to the moving mass of a switch of this kind involves 
an increase in the spring pressure used to accelerate 
the break. For this reason, rolled steel has been 
substituted for castings wherever possible. The 
linkwork layout also ensures that the _ sliding 
steel rods which carry the moving contacts shall 
always move vertically. The contacts themselves 
are closed, and the break-accelerating springs com- 
pressed, by a powerful toggle. This reduces the 
force necessary for closing and also relieves the 
trip gear of the greater part of the pressure when 
opening. In this way, high accuracy of calibration 
with low energy consumption is, it is claimed, 
obtained. 

The main moving contacts are wedge-shaped 
copper bars, while the fixed contacts consist of 
pairs of copper-tipped fingers with rounded contact 
faces. This design, it is claimed, is superior to 
flat-faced contacts of the same size, however well- 
bedded down, a claim, which is borne out by 
exhaustive voltage-drop tests. Being in pairs, the 
pressure between the contacts is increased by 
the electro-magnetic attraction during periods of 
overload. On the other hand, when copper brushes 
are used, the tendency is for the contact faces to 
separate before the breaker opens, thereby striking 
an are which may subsequently fuse the contacts 
together. The fixed insulators on these breakers 
are of porcelain, except where the voltage and 
space conditions are such as to necessitate the 
employment of condenser bushing, while the 
insulators on the moving contacts are of bakelite. 
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follows: The two plates A, only one of which is 
shown in Fig. 64, are not fixed to the main shaft C. 
They are, therefore, rotated clockwise by the magnet 
plunger D, as it falls to the stops E. Between these 
plates is a locking lever F, which is held by a cam H 
in the position indicated. In the figure, this lever 
is sectioned to disclose the groove G. The main 
lever B is keyed to the main shaft C and is provided 
with a case-hardened nose K. As the plates A 
rotate, the nose K enters the groove in the lever F, 
the latter being at the same time released by the 
cam H, so that K drives F in a clockwise direction, 
until the tip M passes over the tip N. The positions 





of the various parts of the mechanism are now as 


Transfer Bus-Bars,3 Ph.01,000 V. 25 Gycles. 
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the breaker has been opened, and, being permanently 
open a pre-determined amount, allows sufficient air 
to escape when the plunger is rising to bring the 
breaker to rest without shock at the end of the closiny 
stroke. If for any reason the closing-coil circuit is 
not opened when the breaker is tripped, pumping 
cannot occur, since the plunger must fall before 
the breaker can be closed again. The contacts will 


open at the guaranteed velocity of 5 ft. to 6 ft. per 


second, even when the pressure of the direct-current 
operating circuit falls to 60 per cent. of its normal 
value. 

As regards the rest of the high-tension equipment, 


the isolating switches are of the knife type, and are 
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One release coil is fitted for protective purposes, | shown in Fig. 65, the main lever B being locked to 
the operation of which is effected through biassed | the plates A, so that, when the magnet is energised 


beam and discriminating relays of the McColl | 
The breakers are opened and closed from | 
| 


pattern. 
the control room throuzh a 220-volt direct-current 
circuit. The closing magnet, release gear and all the 
auxiliary switches are mounted outside the cubicles, 
complete isolation between the high-tension and low- 
tension circuits being thus obtained. This arrange- 
ment has the further advantage of facilitating 
inspection and maintenance. 

The operation of the mechanism used on these 
breakers may be explained by reference to Fig. 64, 
Plate LX XIX, which shows the position of the parts | 


| 





breaker is closed. At the end of the closing stroke, 


the mechanism is locked in position by the catch | 
|The circuit containing these transformers includes 


Q, so that the closing coil can be switched off. 
When the trip coil R is energised, the hammer 8 


no longer restrains M. The weight of the moving 
system then rotates the shaft C to the position shown 
in Fig. 64, when the main lever raises the catch Q. 
The weight of the magnet plunger will now drive 
the mechanism back to the position indicated in 
Fig. 65, so that it will be ready for the next closing 


when the breaker has been released, but before the | operation. The breaker can be released manually 


mechanism has been re-set, and to Fig. 65, which | 
shows the same parts when the breaker is open. In| 
the latter diagram, the trip gear has been auto- | 


matically re-set ready for the next closing operation. | regulator. 
The way in which the various parts function is as’ above the plunger when the latter is falling, after | placed in a control room, 


by pushing up the plunger U. The closing-magnet 
plunger works inside a brass cylinder, which is 


hermetically sealed with the exception of an air | eph 
| telegraphs, and transformer-indicator devices, are 


This regulator admits air into the space 


and the plunger rises, shaft C is rotated and the | 
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operated by means of pull-rods. They are also 
provided with hold-on safety catches. The single- 
phase potential transformers are of the oil-cooled 
type. and have a capacity of 500 watts. Each 
transformer is enclosed in a separate metal tank. 


‘an Aeroflex fuse and a resistance, so that the current 


' alternating-current 


rises and lifts the trip lever P, so that the tip N|on short-circuit 


is limited to 5 amperes. The 
current transformers are of the air-cooled ring type, 
and have a capacity of 40 volt-amperes. The 
induction instruments were 
supplied by Messrs. Everett, Edgecumbe and Com- 
pany, Limited, of Colinale Works, Hendon, while 
the other instruments were manuiactured by Messrs. 
The General Electric Company, Limited. 

The control panels for the turbo-alternators, 
feeders and other extra-high tension circuits, as we'll 
as for the loud-speaking telephones, engine-room 


which, as already 
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mentioned, is situated between the switch house 
and engine room. These panels are equipped with 
switches for operating the various circuit-breakers, 
as well as with indicating lamps, synchronoscopes 
and synchronising plugs. The machine-instrument 
and relay panels carry indicating wattmeters, 
ammeters, voltmeters and power-factor meters, as 
well as a Chamberlain and Hookham integrating 
watt-hour meter, which is calibrated to 40,000-kw. 
The other instruments for each alternator include 
a McColl biassed beam type three-phase circulating- 
current protective relay, a single-pole relay for the 
closed-air system circuit, and an exciter-field breaking 
and reversing switch, which is equipped with two 
separate 220-volt skunt trip coils. Switches for the 
governor-control circuits, and for operating the 
yenerator-neutral earth switches and the exciter 
shunt-field rheostats, are also provided, so that the 
whole of the station can be operated from this point. 

All the relays are wound to withstand a current 
five times that of the normal full-load current 
for five minutes without injury. The overload 
time-limit relays are capable of adjustment for 
various currents between 100 and 200 per cent. of 
normal load, and a time lag varying from } second 








Fie. 66. Matn-Tra 
to 8 seconds, and are also capable of withstanding | 
currents of ten times the normal full-load value for | 
short periods. They are fitted with indicators 
showing when they have tripped. The oil-switch 
operating devices are designed for working with 
direct-current at a pressure of 220 volts, but will | 
continue to function when that pressure falls to | 
130 volts. 

Owing to the decision to operate the station with 
the main ‘bus bars sectionalised, every oil circuit- 
breaker across which synchronising will be neces- 
sary, is provided with its own synchronoscope and 
synchronising plugs, while the incoming machine 
or circuit plug is provided with two additional 
contacts in series with the contactor in the circuit- 
breaker closing circuit. This enables the interlocks, 


Which are necessary when sectional synchronising | 


is employed, to be eliminated. The various patterns 
of plug are non-interchangeable. 

As will be seen by reference to Fig. 55, both the 
alternators and the main transformers are equipped 
with neutral-earthing resistances, which can be cut 


into or out of circuit by a 1,000-ampere electrically- | 


operated remote-controlled oil-switch of the armour- 
clad type. These switches are provided with 
auxiliary switches, which are connected, so that 
only one earthing switch on a ’bus bar section can 
be closed at a time, and with an alarm:bell device, 
so that the operation of a breaker due to the 
passing of an excessive earth current is indicated 
in the control room. The earthing resistances 
themselves are of the water tvpe, their resistance, in 
the case of those on the alternator neutral, being 





4-25 ohms, so that they are capable of limiting the | 
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earth current to 1,500 amperes at 6,350 volts. The 
similar resistances on the transformers have a 
resistance of 95 ohms, and will therefore limit 
the earth current to 200 amperes at 19,000 volts. 
In both cases, the resistances consist of a tank of 
}-in. boiler plate, the shell of which is in one part 
with a vertically-welded joint, while the bottom 
is dished, and is 3 in. thick. The tank cover is 
also of }-in. plate, and carries a porcelain insulator 
from which the electrode is suspended. The copper 
earth connection is bolted to a lug, which is riveted 
and electrically welded to the bottom of the shell 
plate, and measures 3 in. by } in. 

The equipment on the panels controlling the 
works transformers and motor-generators is arranged 
similarly to that for the main generators, so that 
| attention need only be called to the fact that one of 
| the motor-generator circuits includes a 300-ampere 
| circuit-breaker, and has two sets of isolating switches, 
|in order that it can, later on, be adapted for use with 
|a testing transformer. It may be added that the 

*bus bar coupler and “bus bar section switches have 
a normal capacity of 4,000 amperes, and are of the 
same design as that of the generator circuit-breakers, 
which have been described above. 








NSFORMER CUBICLES. 


It has also been necessary to equip the station 
with a considerable amount of low-tension switch- 
gear. For instance, the output of the secondaries 
of the works transformers is controlled from a 
separate board. As will be seen from Fig. 58, 
Plate LXXIX, this board is of the metal-clad, 
drop-down type, and is made up of twelve panels. 
| Two of these control the low-tension side of the 
| 1,750-kv.-a. works transformers, and are equipped 
with hand-operated oil circuit-breakers, with a 
capacity of 3,000 amperes, and the usual instru- 
/ments and instrument transformers. The other 
|ten panels are equipped with 600-ampere hand- 
|operated switches in duplicate, so that the latter 
|can be employed as selector switches. The circuits 
|from these panels are run to an equal number of 
| distribution boards in the boiler house, each of 
| which consists of an ironclad box enclosing a slate 
base. On this base are carried a series of six-way, 
three-phase distribution links, through which the 
various sub-circuits are fed. 

The direct-current switchboard, which controls 
the output of the two 1,875-kw. auxiliary generators 
and the two 500-kw. motor-generator sets, is of 
the flat-backed panel type, and is arranged in two 
sections, the positive circuits being on one section 
and the negative circuits on the other, with a clear 
passage of 6 ft. between them. Its equipment is 
electrically operated. 

Each generator and motor-generator panel on 
this board is equipped with a single-pole remote- 
controlled circuit-breaker, which is fitted with the 
usual tripping devices. The capacity of these circuit- 
breakers is 4,000 amperes, in the case of those control- 
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ling the generators, and 1,200 amperes in the case of 
the motor-generators. They are of novel design, 
some details of which are given below. The panels 
are also equipped with knife switches, which are 
fitted with blade-clamping devices, as well as with 
isolating links and the usual measuring and record- 
ing instruments. Four circuit-breakers, one of 
which is connected in each of the neutral leads, are 
mounted on a separate panel, their capacity being 
1,000 amperes, in the case of the generators, and 400 
amperes in the case of the motor-generators. The 
control panels from which this board is operated 
are equipped with switches for the positive, negative 
and neutral breakers, together with the usual 
indicating lamps, measuring instruments and acces- 
sories. 

The direct-current board also comprises two 
positive and two negative feeder panels. These are 
used for supplying those boiler-house auxiliaries 
which are driven by direct-current motors, and 
each is equipped with a 4,000-ampere single-pole 
isolating link which connects the main to an 
auxiliary “bus bar. Supply is given from the 
latter to five circuits, each of which is equipped 
with an 800-ampere single-pole knife switch and a 
carbon-break fuse. These single-pole switches are 
grouped so that the two adjacent switches on the 
two panels can be used as section switches between 
the two sets of auxiliary *bus bars. The four panels 
from which the condenser auxiliaries are supplied 
are equipped with a 1,000-ampere remote-controlled 
circuit-breaker and two 1,000-ampere single-pole 
switches. The panels for the two 400-kw. auxiliary 
generators are similarly equipped. The board also 
comprises four panels which carry 400-ampere 
double-pole switches, single-pole fuses and am- 
meters for supplying the lighting and small power 
circuits in the station. In addition, there are two 
master panels, from which the main switchgear 
trip circuits are supplied either from the ’bus bars 
or from the battery. These are equipped with 
500-ampere circuit-breakers and instruments, while 
the panels from which the lighting and small power- 
circuits can be supplied in the same way in emer- 
gency are fitted with 2,000-ampere circuit-breakers. 
All this equipment is operated from appropriate 
panels in the control room, the various trips being 
arranged on thirty-two circuits, each of which is 
protected by Aeroflex fuses. These fuses are fixed 
on a separate board, while a similar board controls 
the governor-motor and telegraph circuits, of which 
there are also thirty-two in all. 

The direct-current switchgear further includes 
two battery and booster panels, each of which 
is equipped with two 400-ampere circuit-breakers 
and a reverse-current relay. These are connected 
to two 1,000-ampere battery circuit-breakers, which, 
with their auxiliary apparatus, are erected in 
stone cubicles alongside the battery in the battery 
room. ‘These panels are controlled from a common 
panel in the control room. The remaining equip- 
ment consists of a panel for controlling the stand- 
by motor-generator exciter panel. This is mounted 
in the control room itself, and carries a double-pole 
exciter field-breaking and reversing switch. 

As already mentioned, the circuit-breakers con- 
trolling the direct-current generators are of novel 
design since, as will be gathered from the photo- 
graphs reproduced in Figs. 59 and 61, Plate LX XIX, 
they incorporate a new form of laminated contact. 
The laminations, of which these contacts are built 
up, are in the form of Vee-edged blades, which 
bed into corresponding grooves in the contact 
blocks. The number of blades used is determined 
by the current the breaker is designed to carry, 
and it is stated that, as a result of considerable 
experimental work, a high current-carrying capacity 
can be obtained without risk of breakdown. This 
experimental work was largely directed to discover- 
ing the most suitable Vee-angle and contact pressure, 
the inclination finally chosen being such as would 
produce twice the applied pressure per inch of 
contact. The control spring of each blade can 
exert a force of 28 lb., and, since the length of 
blade in contact with each block is 1 in., the working 
pressure on each side of the Vee is therefore 14 Ib. 
per linear inch. Each blade is designed to carry 
125 amperes, and, at this current, there is an overall 
voltage drop of 8 millivolts, 2 millivolts of which 
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is in the blade and the remainder in the contacts. 
The contacts themselves are not only self-aligning 
but self-cleaning, since the blade is given a vertical 
sliding motion in the grooves during the closing 
operation. 

The battery, which is used for supplying current to 
operate the trip circuits on the main switchgear, was 
manufactured by Messrs. The Tudor Accumulator 
Company, Limited, of London, and is installed in 
a separate battery room, the position of which is 
shown in Fig. 56, page 830. It consists of 230 cells, 
and its output is 230-4 amperes on the 10-hour rate. 
The normal charging current is 400 amperes, and the 
maximum 600 amperes. Its ampere-hour efficiency 
is 90 per cent., and its watt-hour efficiency 75 per 
cent. on the 10-hour discharge rate. The plates 
forming the cells are contained in lead-lined pine 
boxes. The positives are of the Tudor type, which 
were cast in one piece and formed by an improved 
Planté process, while the negatives are of the 
box pattern, and are composed of two half-grids 
riveted together, the outer surfaces being smooth 
sheets, which are perforated with a large number 
of small holes. The space thus formed is filled 
with porous paste. Each cell contains 21 plates, 
the total weight being 650-6 lb., while the approxi- 
mate weight of each cell, when filled, is 1,160 Ib. 
The battery room is equipped with an acid neutraliser 
and fan, the latter being capable of dealing with an 
air volume of 4,500 cub. ft. per minute. 

The plant for charging this battery consists of an 
80-kw. booster set, which was manufactured by 
Messrs. ‘The General Electric Company, Limited. 
It is made up of three machines, there being a 440- 
volt motor in the centre with a generator capable of 
supplying a direct-current of 400 amperes to 480 
amperes at 100 volts to 83 volts on each side. The 
speed of the set is 500 r.p.m., and each generator 
is used for charging half the battery. Both motor 
and generators are of the shunt type, the fields of 
the latter being separately excited. The usual 
starting and control gear is provided. 


Main TRANSFORMERS. 


The *bus bar voltage of 11,000 is stepped up 
to 33,000 volts for transmission to the high-tension 
network through six trunk feeders by an equal num- 
ber of 12,000-kv.-a. transformers, only isolating 
switches being included in the secondary circuit of 
the latter. These transformers, as shown in Figs. 
56 and 66, are housed in brick cubicles below the 
switch-house, the outer wall being cut away so that 
they are virtually in the open air. They were manu- 
factured by Messrs. Ferranti, Limited, of Hollinwood, 
and are of the three-phase core type, being physically 
the largest entirely self-cooled transformers in the 
country. The cores of these units are interleaved 
throughout, this construction having been found 
effective in reducing the hum which is so often met 
with in large cores of the ** butt” design. Each core 
weighs 28 tons with its clamps and coil supports, 
the latter being made particularly massive, so as to 
provide adequate protection against the very large 
mechanical forces which are set up on a short- 
circuit. The clamps are built up of welded rolled- 
steel sections of standard shapes, and, together with 
the core, are secured by four large square bolts, 
which are keyed into the latter at each corner. In 
this way, the use of tie bolts with their attendant 
disadvantages is eliminated. The whole trans- 
former is provided with a centre point lift, thus 
eliminating excessive stresses on the lifting slings 
and bolts. 

The windings are of the usual concentric type, 
and consist of disc coils, which are connected in 
parallel down the leg. -\ considerable area of axial 
and radial cooling ducts is provided, so that every 
conductor is in contact with the cooling oil. All the 
spacing pieces are self-locking, so that they cannot 
float out, while any coil shrinkage that may occur 
in service is guarded against by the use of the firm’s 
spring-clamping devices. The conductors are in- 
sulated with Manilla paper, like cables, while the 
coils were impregnated hot under vacuum, after- 
wards receiving special shrinkage treatment. In 
particular, care was taken to maintain relative 
electro-magnetic balance between the high and low- 
tension windings, so as to reduce any mechanical 
forces resulting from overloads or surges. The main 








insulation is made up of the oil and solid paper 
barriers in series, uneven stressing of the material 
being avoided by a careful control of the dielectric 
field. As a further precaution, guard rings are 
fitted at the ends of the windings, and are arranged 
so that, in combination with the coil-to-coil and 
coil-to-earth capacitance, and the turn-to-turn 
insulation, any danger from voltage surges is elimi- 
nated. It may be added that creepage insulation 
is not thought suitable for this purpose, since its 
time lag is much less than that of the solid insulation, 
and it is considered that a higher factor of safety is 
obtained by its omission. 

The thermal losses in these transformers are 
dissipated by detachable radiators, which are 
fitted with valves at the top and bottom, so as to 
facilitate transport. These radiators are of similar 
construction to those employed on the “ grid” 
transformers, while oil-seal breathers and _ con- 
servators are also fitted. It is claimed that the 
cooling system employed ensures perfectly balanced 
coil and winding temperature gradients and elimi- 
nates excessively hot and wasteful cold spots. The 
star point of the 33,000-volt winding can be earthed 
through an oil circuit-breaker and water-type 
resistance, which are placed alongside each cubicle. 

The main transformer tank is mounted on swivel- 
type steel rollers, which are carried on ball bearings 
and can be easily set or locked for a particular 
movement. These rollers rest on rails, so that the 
transformer can be drawn out of its cubicle on 
to a railway wagon without difficulty. The weight 
of each transformer complete is 60 tons, and, on 
test at three-quarter load, an efficiency of 99-125 
per cent. was obtained, compared with the guaran- 
teed figure of 99 per cent. 

In addition to the main units which we have 
just described, three 1,750-kv.-a., 11,000/440-volt 
transformers have been installed for house-service 
purposes. These were manufactured by Messrs. 
The General Electric Company, Limited. Two of 
these transformers are placed in a cubicle alongside 
those containing the main transformers, while the 
third is spare. They are provided with an extern- 
ally-operated tapping switch, so that their ratio 
can be varied by + 24 per cent. and +5 per 
cent. by altering the number of windings in use on 
the high-tension side. The cores are built up of 
laminations of silicon-steel, the vertical links being 
of cruciform section. In general, the design, both 
of the cores and the windings, follows that of the 
main transformers, though it may be mentioned 
that, in this case, the low-tension winding consists 
of a two-layer helical coil with a }-in. duct between 
the layers. On the high-tension side, 5 per cent. 
of the ends turns are reinforced, so that 1 per cent. 
will withstand the full line voltage between the turns 
for five seconds, the remainder being graded down 
to the normal insulation. The tanks are of the 
indoor sheet-steel tubular type, and are also carried 
on rollers to facilitate transport in any direction. 
The neutrals are earthed directly. 

The equipment of the station also comprises 
a large amount of other auxiliary plant which, 
owing to considerations of space, it is impossible 
to describe in detail. This includes such items as 
travelling cranes and lifts, locomotives, boiler- 
cleaning apparatus and soot blowers, coal-measuring 
devices, and engine-room telegraphs. It might also 
be mentioned that there is well-arranged accommo- 
dation for the office staff and other personnel, as well 
as workshops, which are completely equipped for 
carrying out small repairs. 

As regards performance, it is expected that the 
overall efficiency of the engine-room plant will 
reach 28-59 per cent. at the economical rating of 
the main sets. This figure includes the auxiliary 
power used by the condenser auxiliaries, and the 
feed and make-up pumps. The overall efficiency 
of the boiler plant, when using coal as received, 
and having a gross calorific value of 8,000 B.Th.U. 
per lb., is expected to be 81-75 per cent., with the 
boilers working at their normal rating. This 
figure is inclusive of the power used in the coal 
and ash plant, pulverisers and draught equipment. 
The theoretical maximum overall efficiency of the 
complete station, including all auxiliary power, 
should therefore be of the order of 23-3 per cent. 
It may be added that this plant is already urgently 





needed to meet the electrical requirements of 
Birmingham, where the maximum load, in 1928, 
was 145,200 kw., and the total output 376,641,360 
kw.-hr. About 10,000 new consumers and 15,000 
kw. of load are, however, being added every year. 
so that the demand on the existing stations is 
excessive. 

In conclusion, we should like to thank Mr. R. A. 
Chattock, City Electrical Engineer, for permission 
to publish an account of this interesting power 
station, and for supplying us with some of the 
drawings from which our illustrations have been 
prepared. 








THE WELLAND SHIP CANAL 
VIII*—(continued). 


In the so-called Harbour Division of Section 
No. 8, which extends from about Station No. 1370 
to No. 1395, just short of the shore line, the walls, 
&c., of the present canal are to remain as they are, 
on the west side, and will form the west wall of the 
finished Ship Canal. From the old guard locks 
to about Station No. 1390, this wall will still only 
have in front of it about 15 ft. of water, corresponding 
with the present canal depth, the west edge of the 
deeper Ship Canal channel being some distance east. 
At Station No. 1390 the two coincide, and from there 
onward the depth in front of the old wall has had to 
be increased to bottom El + 542, compared with the 
present canal grade of El. + 550. This west wall 
is of the usual type of timber crib construction, 
rock filled, and provided with concrete coping. 
The old east wall was similar in construction, but 
has had to be completely removed, as the new 
channel has cut right through it. As already de- 
scribed, a good part of the inner harbour east wall 
is rock cut facing, with a gravity section upper 
portion. At Station No. 1,390 the construction 
changes to crib work. This point is at the north 
end of the Canadian Furnace Company’s ore dock. 

The dock is carried southwards by new con- 
crete cribs for a length of 910 ft., while a short 
length of concrete placed under water forms the 
junction between it and the new monolith wall. As 
far as Station No. 1380, the rock was fairly near 
the surface, with a tendency to dip to the south. 
Beyond this point the rock surface was undulating 
at a much lower level, approximately at E]. + 542. 
For all the cribs, therefore, rock had to be cut 
away to canal grade for their seats to be pre- 
pared, and in position the cribs are backed by 
natural rock to a greater or less height, this height 
diminishing with the distance towards the harbour 
mouth. 

When work on this part of the Section was 
started, the first operation put in hand was the 
stripping of overburden on the east side of the 
channel beyond the shore line, this being followed 
up by drilling over the same area. The latter was 
carried on continuously night and day in 1924, 
by means of four drill boats, each equipped with 
three submarine drills, until ice caused the work to 
be suspended in December. The yardage thus 
drilled and shot was about 102,500 c. yds. Com- 
pressed air was employed to blow out the holes at 
intervals, and accelerated operations considerably. 
Rock excavation was carried on concurrently by 
two dredgers, but the amount handled was regulated 
by the demand for crib filling, which at this stage 
was small. 

Drilling restarted in 1925, as soon as ice conditions 
permitted, and was continued except in bad weather 
till November, restarting again in February, 1926, 
making use of the ice cover as a protection. Work 
was carried on night and day by three drill boats, 
and rapid progress was made, though 12} per 
cent. of the time was lost on account of bad weather. 
At the end of the 1925-26 period, 137,500 yds. had 
been taken out by a dredger loading hopper barges. 
These barges dumped the rock alongside the 
cribs of the breakwater extension, where it was 
rehandled by a second dredger and used for crib 
filling. Some of the rock was also dumped to 
form protection for the breakwater on the deep 
water side. 


* The first part of Article VIII appeared on page 763, 
ante. 
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Fic. 199. CanapiaANn Furnace Company’s NEw Ore Dock. 


Similar procedure was followed in the 1926-27| out. The site for the Canadian Furnace Company’s 
season, work continuing till November and re-| dock and most of the area in front of the new east 
starting in February, 1927; 11 per cent. of the time | harbour wall was cleaned up, involving a good 
was lost by the drill boats due to bad weather. In | deal of earth excavation in addition to the rock 
addition to work on the channel, the work that year | work. At this time, the harbour and channel on the 
included drilling and blasting for the seats of the cribs | east side of the ship canal centre line were 
at the south end of the east harbour wall. A third | completed to final depth, and sweeping was carried 


dredger was brought onto the site that year, and | 
157,000 yds. were taken out. Before work on the | 
east harbour wall crib seats could be started, the | 
old dock had to be removed. The earth behind | 
was taken out by a dragline loading into barges, | 


out with satisfactory results in 1928. The following 
year, 1928-29, work was concentrated on the west 
side of the centre line, drilling operations being 
carried on in the harbour or on the outer channel, 
as weather permitted. On this side for the deep- 





which were dumped in the lake. This dragline is | ening along the existing west wall face, close drilling 
shown at work in Fig. 198. The drill boats followed | along this line was necessary, so that the old cribs 
into the cut made, as shown, to drill the rock for the | should remain undisturbed. In the case of five of 
crib seats. Meanwhile a derrick barge stripped | the existing timber cribs of the west harbour wall 
the upper work of the four southernmost timber | underpinning was found to be necessary before close 
cribs of the old east wall, being followed by| drilling and dredging could be proceeded with. 
dredgers, which removed the old rock fill and|This work was completed between July and Sep- 
timber work. This work was hampered by a row | tember, 1928. In the year 1928-29, 104,000 c. yds. 
of 6-in. square steel anchor bars, which had been let | of rock were dredged, making to the end of last 
ito the rock to prevent the cribs sliding forward. | March, 90 per cent. of the total rock required to be 
By the end of 1926, the old cribs had been cleared | taken out. This rock was all used in the protection 
ut. | on the deep water side of the breakwater extension, 
The drill boats worked for much the same period | the cribs both here and in the harbour having all 
in the 1927-28 year and three dredgers were kept in | been filled by this time. 
service. About 128,000 c. yds. of rock were taken! The following notes on the drill boats and their 


| work are of interest. The boats are 80 ft. long, 


| by 30 ft. beam and depth of 8 ft., drawing 5 ft. of 
water. Each boat is equipped with three Ingersoll- 
Rand submarine drills, the necessary steam plant, 
air-compressing plant for clearing the drill holes, 
blacksmith’s shop for sharpening, and electric light 
| plant. The boats have been operated 120 hours 
| per week in six 10-hour day shifts and five 12-hour 
| night shifts. The depth of rock drilled ranged up to 
20 ft. The harbour bottom consists of hard lime- 
stone, in places full of flint. The steel used is of 
2-in. diameter for lengths up to 20 ft., and for lengths 
between 20 ft. and 39 ft., 2 in. for the top 20 ft. 
and 2} in. for the balance. The bit varies from 
3} in. to 2? in. diameter, according to the length of 
steel. Holes were drilled at 5-ft. centres and cleaned 
| out by compressed air through a }-in. pipe lowered 
| to the bottom of the hole. Where rock is covered 
with clay, a 6-in. pipe is driven to rock, and the 
hole drilled through this. About 1} Ib. of 75 per 
cent. gelatinised Forcite are used per foot of hole, 
or per c. yard of rock. Holes are not sprung, the 
dynamite being tamped down into the bottom of 
the hole and each hole fired individually, so that 
the boats do not have to be moved for firing the 
shots. The crew consists of 1 foreman, 3 drillers, 
3 helpers, 1 powderman, | fireman, blacksmith, and 
2 blacksmith’s helpers. 

The following figures show the length drilled in 
feet, in each fiscal year (ending March 31) since the 
commencement of the work on Section No. 8 :— 











Ft. 
1925... aes waa iti ies 130,052 
1926... ree waa aaa aids 195,112 
1927... poe tia ad “a 142,229 
1928 ... ah 0) ee oi 161,871 
1939 ... aes maid waa ea 160,768 
Total to Mareh 31, 1929 aii 790,032 


We have already above referred to the ore un- 
loading dock of the Canadian Furnace Company 
at the southern end of the east harbour wall. The 
new dock, in the rearrangement involved by the 
new channel and harbour works, has been set back 
63 ft. from its former position. The facing wall of 
the dock is composed of nine cribs, each 100 ft. 
long, built of reinforced concrete and floated to 
site and sunk, the junction with the monolith wall, 
as stated above, being effected by means of a short 
length (10 ft.) placed under water. These cribs 
were built at Port Maitland, 25 miles west of Port 
Colborne, on Lake Erie, and were towed thence to 
be sunk in position. They were built to a height of 
27 ft. at Port Maitland, and then towed to Port 
Colborne, where they were completed in front of 
the new east wall of the inner harbour, to 35 ft. 
in height. After being permitted to cure for one 
month, they were sunk in position and filled with 
rock. The cribs are finished with a heavy mass- 
concrete retaining wall and coping, and decking at 
a total height of 43} ft. above the prepared crushed 
stone seating on which they rest. 

The nine cribs were built at Port Maitland in 1926, 
and they were wintered afloat there. They were 
towed to Port Colborne in the summer of 1927, 
and were all placed in position between the beginning 
of May and the end of September. Rock filling 
proceeded expeditiously and the construction of the 
superstructure followed. The whole work was com- 
pleted with back-filling early in November of the 
same year. The Canadian Furnace Company had 
unloading equipment on the old dock consisting of 
two large McMyler unloading travelling gantries. 
In the reconstruction it was necessary to shorten 
these, to bring the front legs back on to the new 
dock wall. This was accomplished between July 
and October, 1927, and the remainder of the old wall 
which had been left until this was done, was then 
cleared away. The new dock is shown in Fig. 199. 

The only remaining piece of constructional work 
of importance in Section No. 8, which we still have 
to deal with, is the breakwater extension. We have 
already described the principal features of this, and 
have only to give a brief account of its construction. 
The arm is composed of 21 cribs, all of which were 
built at Port Maitland, as was the case with those 
above mentioned. The breakwater cribs were 
100 ft. 9 in. long by 50 ft. wide. Their height varied 
between 18 ft. to 31 ft. according to their situation. 
The sub-contractors commenced operations in 
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1924 at a suitable site at Port Maitland within a 
couple of months of the awarding of the main con- 
tract, and constructed a pile dock with concreting 
plant, shown in Fig. 200, laid out a camp, and made 
connection with the railroad. Two pontoons with 
detachable sides and the necessary inside and 
outside forms were built, and concreting commenced 


in the middle of July the same year. By the end | 
of the working season eight cribs had been con- | 


structed, and of these, six had been successfully 


towed to Port Colborne and sunk in position. The | 
remaining two were wintered at Port Maitland. | 
For the first two cribs it was necessary to prepare | 
the site by rock drilling and blasting, before the | 


crushed stone seats could be spread. For the 
remaining four placed in 1924 no excavation was 


necessary, as the natural rock bottom was _ low | 


enough. All these cribs were filled with rock 
by the dredger, as described above, and a quantity 
of rock was placed on either side to protect the 
cribs against movement in the winter storms. The 
material placed on the east side was of a temporary 


nature, and was removed when the structure was | 


entirely completed. The tow from Port Maitland 
to Port Colborne occupied about 7 hours. 

In the following year (1925), the two cribs which 
had wintered at Port Maitland were towed to Port 


Colborne and placed in May, and all the rest of the | 
cribs required were built, but it was only possible | 


to take ten round to the site, and three cribs were 


therefore wintered at the building yard. When} 


all the cribs had been constructed, the contractors 


proceeded to rebuild the pontoons and forms to | 


suit the cribs required for the Canadian Furnace 
Company’s dock already described. At the 
breakwater site, a good deal of preparation by 
blasting and dredging was necessary for the remain- 
ing cribs. When placed, rock filling followed as 
rapidly as possible, all but the last being completely 
filled by the end of the season. The last crib was 
only two-thirds filled, but, fortunately, withstood 
the winter satisfactorily. In the spring of 1925 a 
floating concrete plant illustrated in Fig. 201, with 
several decked barges, was placed alongside the 
sarlier cribwork adjacent to the old breakwater 
and the concrete superstructure was proceeded 
with. This plant consisted of a l-vd. mixer, 


AXbD ConxchetinGg PLant For Crip ConstrRucTION ; Port MAITLAND. 
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the concrete. The placing of concrete began 
in July, and by October, 1,000 ft. of superstructure 
had been completed, involving close upon 11,500 
ce. vds. No further work of this nature was con- 
sidered avisable until the remaining cribs had 
had longer time to settle. The building of the 
superstructure was continued the next season 
| (1926) and completed for all but the three outermost 
cribs, which were only placed in that year, and after 
filling with rock were allowed till 1927 to settle. 
In 1926, concrete to the amount of 11,187 ¢. yds. 
were again placed. The remaining work was 
completed in 1927, this consisting chiefly of the 
terminal head block of the breakwater, formed of 
two cribs side by side, filled, and with a super- 
structure making a platform 100 ft. sq., on which the 





| Department of Marine and Fisheries have erected a | 





Lng neering 


Fic. 201. Frtoatinc ConcRETING PLANT COMPLETING BREAKWATER SUPERSTRUCTURE. 


derrick and belt conveyor arm for delivering | permanent reinforced-concrete lighthouse. The main 


length of wall is well shown in Fig. 202, on page 835. 

After the placing of the first cribs, rock was dumped 
on both sides of the breakwater as the work pro- 
ceeded. That placed on the shore side was, however. 
as stated, not intended to be permanent, and was 
either used for crib filling, or transferred ultimately 
to the outside. A great deal of material was placed 
outside, and provisicn was made, as the work pro- 
ceeded, for the use of more than the designed slopes 
demanded, owing to the great quantities removed 
during winter gales. Much of the outside protection 
was dumped direct from hopper barges, but as the 
level of the fill rose other steps were adopted. 
A travelling derrick was erected on the breakwater 
in 1926, and this placed rock on the outside, by means 
of skips filled by a dredger inside the breakwater, 
drawing on rock dumped there previously. The 
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Fie. 202. ComMPLETED BREAKWATER EXTENSION. 
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rock was brought up to coping level in this way, 
and above, being piled for a width of 40 ft., from 5 ft. 
to 10 ft. above the coping in anticipation of wastage. 
In 1920, over 100,000 c. yds. of material were placed, 
the top width being 40 ft., but during last winter 
this width was reduced to an average of 20 ft. as 
a result of storms, making a long gentle slope on 
this side. The total quantity of rock used was 
about 179,000 c. yds., and still more was added 
last summer to make up the wastage. 

Figs. 203 to 206 show four typical sections on 
the Land and Harbour Divisions of Section No. 8. 
Fig. 203, showing a cross section at Station No. 1,340, 


is typical of a good deal of the northern end, so far 
as the wall shown on the left-hand of that figure 
is concerned. As already explained, where new 
work was through rock which was not far from the 
surface, a 5-ft. concrete facing was applied. The 
method shown on the right was adopted for small 
portions, where the rock was extra sound, the upper 
wall being built on a shelf of rock below which 
the face was close drilled and finished by hand. 
Near the walls, rock excavation was carried down 
4 ft. below canal bottom level, in order to meet 
requirements for future deepening without disturbing 
the works. Where the rock fell away the facing 





wall gave way to a gravity section upper part 
| and facing wall below, varied from point to point 
|according to the rock level. A typical cross- 
| section of this form of construction is shown on the 
| left of Fig. 204, relating actually to Station No. 1,375. 
| This cross section shows the present canal on the 
|right, and the old east and west harbour walls, 
| composed by timber crib work with concrete coping. 
| At Station No. 1390 (Fig. 205), the rock has fallen 
| away more still and the new wall (left) is of full 
| gravity section. The old harbour walls are for the 
|most part of much deeper cribs than shown in 
| Figs. 204 and 205. Still further on, the gravity wall 
|changes as. described to concrete crib work, as 
| represented in Fig. 206. 

The total quantities involved in Section No. 8 
were originally estimated as follows: rock excava- 
tion 2,770,000 c. yds. (exceeded only by Section 
No. 3, which included the twin locks in flight) ; 
earth excavation, 1,360,000 c. yds.; concrete, all 
classes, 358,000 c. yds. The following Table VI 
shows the progress made in thesé major items in 
the various years, as percentages of the total 
involved. 





TABLE VI.—Percentages Completed. 


-| 





1927-28|1928-29 








| 
—_ 1924-25! 1925-26/1926-27 
Rock excavation .. | 16 56 82 86 96 
Earth excavation 33 60 85 92 92 
Concrete 2 7 30 62 83 


The main contractors for Section No. 8 were as 
stated, Messrs. A. W. Robertson, Limited, of Mon- 
treal. This firm has employed as sub-contractors the 
Northern Construction Company, Limited, who have 
done all the dry earth excavation, rock excavation 
and concrete work, except the harbour cribs and 
breakwater extension. Messrs. the Boone Dredging 
Company were sub-contractors for all the dredging 
work, and Messrs. Kilmer and Barber, Limited, 
sub-contractors for the crib work and _ super- 
structure. We give below, as in other cases, the 
principal rates on which the award of the main 
contract was based. Cement was furnished by the 
Department. 





Class I. Excavation, including 
disposal Land Division. 


1-50 dols. per ec. yd. 





Class II. Excavation, including 0-67 ‘“ id 
disposal Land Division. 
| Class I, Excavation, including 3-88 
disposal Harbour Division, 
| Class II. Excavation, including 0-60 eS ‘ 
disposal Harbour Division. 
Class I. Excavation, including 4-90 
disposal Lake Division. 
Class II. Excavation, including 1-00 - 
disposal Lake Division. 
| Rock filling of cribs, &c. 0-50 
| Stone placed in crib seats 7-00 : = 
Mass concrete aaa eo. 4°70 ; 
Reinforced concrete in cribs ... 15-00 is 9% 
Close drilling sides of rock cuts 5-50 per sq. yd. 
Handling, towing and placing 
cribs, each ee .» 1250-0 dols. 
Guniting rock faces... .-- -1-00 dol. per sq. yd. 
Unwatering Section (bulk sum). 





200,000 -0 dols. 


| PERSONNEL. 


Having now covered the construction of the 
several sections of the Ship Canal, it will be appro- 
priate, before we proceed to a description of the 
design of its various features, to make some men- 
| tion of the personnel who have been responsible for 
| Supervising the work we have described. Since the 
work has been carried on over a long series of years, 
which themselves have seen far more changes than 
usual, references to all the appointments is im- 
possible. 

At the commencement of the work, as we have 
already recorded, Mr. J. L. Weller was Engineer-ine 
charge, acting in this capacity from 1912 until 
the works were suspended in 1916, and the staff 
was disbanded in 1917. On restarting in 1919, 
Mr. Alex. J. Grant, now holding the position, was 
appointed Engineer-in-charge, Mr. W. H. Sullivan 
filling in the interregnum in connection with the 
winding up of contracts, sale of plant, &c. Mr. Sulli- 
van was Principal Assistant Engineer from 1913 
till 1923, and was followed by Mr. E. G. Cameron, 
who still holds this appointment. On Section No. 1, 
Mr. C. L. Hays acted as Division Engineer before 
the war. On restarting this post was allotted to 








Mr. E. P. Johnson, who was followed in 1921’ by 
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Mr. F. C. Jewett, who since 1919 has also had 
charge of Section No. 2 as these were made one 
post-war contract. Section No. 2, before closing 
down, was successively in charge of Messrs. J. J. 
Aldred, E. G. Cameron, and H. M. Balfour. Section 
No. 3, before the war, was in the charge first of 
Mr. H. M. Balfour and then of Mr. E. G. Cameron. 
Since 1919 this section and No. 4 have together 
been under first Mr. F. S. Lazier and now of Mr. C. W. 
West. Section No. 5 from 1914-17 was in the 
charge of Mr. J. J. Aldred, and since work on it 
was restarted, together with Sections Nos. 6 and 7, 
has been under Mr. E. P. Johnson. Section No. 8 
from 1924-27 was in the charge of Mr. G. Kydd, 
who was then transferred to the Fort Churchill 
Terminal of the Hudson Bay Railway. On Section 


No. 8 Mr. Kydd was followed by Mr. E. P. Murphy. | 


The Port Colbourne harbour improvements, dating 
from 1900, were successively under Mr. J. L. Weller, 
Mr. F. Lawlor, Mr. Alex. J. Grant, and Mr. J. L. 
Weller again when the work at Port Colbourne was 
brought under the Welland Canal organisation, 
instead of being dealt with separately under the 
Department. 

We would at this point like to express our cordial 
thanks for the assistance we have received in the 
preparation of these articles, not only from the 
Engineer-in-charge and his immediate assistants 
at St. Catherines, but from the Division Engineers 
who have also so willingly rendered us a great deal 
of help. 








BEARINGS FOR LINE-SHAFTING.* 
By the late Proressor G. F. CHaRNnook. 
(Concluded from page 802.) 


Tne author carried out, in the engineering laboratory 
of the Bradford Technical College, a large number of 
tests for Mr. F. Wigglesworth, of Shipley, to ascertain 
the efficiency of various types of line-shaft bearings, 
under varying loads and at different speeds. The 
results led to the design and construction of the special 
bearing-testing machine shown in Fig. 10. The test 
shaft A is 3 in. in diameter, supported in ball-bearings 
B, C, and D, attached to a strong cast-iron baseplate E. 
The test shaft is driven by means of fast and loose 
pulleys F, G, from an electric motor, a variable-speed 
gear being interposed to permit any desired speed to 
be obtained. The bearing H, under test, is applied 
to the shaft A in the usual upright position, midway 
between the bearings B and C, and is mounted on a 
frame I, Fig. 11, suspended by two links J, K from the 
beam L, which, by means of a third link M, hangs from 
the end N of the short arm of the main lever NOP. The 
fulcrum O of the main lever, and the ends of the links 
J, K, M, are provided with knife-edges to reduce 
friction. A double-side jockey weight Q may be 
moved along the main lever to enable the total load 
on the bearing to be adjusted to any desired amount 
within the limits of 1,100 1b. and 6,000 Ib. With the 
jockey weight shown, the machine is therefore capable 
of applying a pressure of from 60 Ib. to 350 lb. per square 
inch of projected area on a three-inch bearing two 
diameters long, while, for lighter loads, a smaller jockey 








and it was found that the diminution in viscosity 
caused by the rise in temperature was the cause of 
the reduction in the value of u« at the higher speeds. 
The viscosity of the oil was then measured by means 
of a Michell viscosimeter, which was found quite useful 
for this purpose. The important conclusion has been 
arrived at that, in many cases, the bearing surfaces of 
plummer-blocks, &c., used in mills and factories, are 
too large and the load too light, not only for maximum 
efficiency but even for economy and freedom from 
trouble in running. It was also shown that bearings 
lubricated by oil bottle or syphon cups are very 
inefficient, the coefficient of friction being, on the 
average, four times as great as with ring oiling. Some 
interesting results were also obtained with grease 
lubrication, Fig. 14, and the machine has enabled 
useful comparisons to be made between self-oiling, 
ball-, and roller-bearings. 


BEARING-TESTING MACHINE. 
































found to be very much out of line and level, and, in 
consequence, a considerable amount of power may be 
absorbed in the drive. The swivelling or self-aligning 
bearing was first introduced by Sellers, about sixty 
years ago, to overcome this defect. This bearing 
automatically adjusts itself to the shaft and is in- 
dependent of exact level or alignment of fixings on 
which it is supported, thereby ensuring that the shaft 
is in full contact throughout the whole length of the 
bearing. Self-adjusting bearings, made in halves of 
close-grained cast iron carefully bored to a very smooth 
and true surface, have been used with considerable 
success. In the original form, the bearing was made 
four diameters long. It has been found that this bear- 
ing should not be loaded to more than 50 Ib. per square 
inch, or less than 35 lb. per square inch of projected 
area, and, with modern ring-oiling methods of lubrica- 
tion, the length of the bearing surface need only be 


Fig. 13. COEFFICIENT OF FRICTION AT VARIOUS 
RUBBING SPEEDS AND WITH 
VARYING LOADS. 
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weight may be substituted. The friction moment is | 
measured by means of the graduated steelyard R, | 
and is counterbalanced by moving the small poise | 
weight 8 until the lever is brought to.its zero position, | 
as indicated by the spirit-level T. In making a test, 
the shaft is run alternately in a clockwise and a| 
counter-clockwise direction, and the mean of the two | 
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The results of these tests have shown unmistakably | three diameters. Even within these limits of pressure, 





friction readings is taken. As the lever R is graduated | that, as regards its suitability for line-shafting, the 


on both sides of the centre-line, it is only necessary to 
move the weight S to right or left, as the case may be, 
to obtain the torque readings. The method of loading 
the bearing, and of measuring the friction torque is 
shown diagrammatically in Fig. 11. 

The results of a series of tests on a rigid ring- 
oiling plummer-block, 3 in. diameter, with gun- 
metal steps 2 diameters long, to ascertain the value 
of the coefficient of friction at varying speeds and 
pressures, are shown in the diagram, Fig. 13. Before 
proceeding with the tests, the machine was run about 
16 hours under moderate load until the bearing had 


run itself in. The oil used was ‘‘ Gargoyle Vaculine | 


Cc.” The reduction in the coefficient of friction with 
increase in pressure was most marked, falling from 
0-0094 with 25 lb. per square inch, to 0-0016 with 
300 lb. per square inch. Beyond a speed of 250 ft. 
per minute, some falling-off took place with increase 
in speed. The temperature of the bearing was there- 
fore measured at frequent intervals during the test, 


* Paper read by Mr. F. Wigglesworth before the 
Institution of Mechanical Engineers on Friday, Decem- 
ber 13, 1929. Abridged. 





ring-oiling type of bearing stands out prominently, 
and may be accepted as the safest and most efficient 
type under ordinary conditions of service. The bearing 
must be made dust-proof, and a device should be 
provided to prevent oil creeping along the shaft. As 
an additional safeguard, self-contained completely 
enclosed dishes are sometimes embodied in the casting, 
and felt washers, or textile pads, secured at each end 
of the bearing by brass plates held in position by 
countersunk screws, should be employed to close the 
space between the oil dish and the bearing. Too much 
importance cannot be attached to these apparent 
refinements. 

Bearings are classified as either rigid or swivelling, 


|to each of which the same methods of lubrication 


and of adjustment for purposes of alignment and 
level, are equally applicable. With a rigid bearing, 
it is essential to efficiency and durability that the shaft 
should bear over the full length of the bearing. This 
may be attained on erection, but due to subsidence 
of foundations, deflection of columns, walls, girders, 
&c., from which the shaft is supported, some displace- 
ment will almost inevitably occur after running some 
time under fullload. Shafting in factories is frequently 





the coefficient of friction is greater than with gunmetal- 
lined self-lubricating bearings. 

The grease-cap bearing has found much favour 
in some quarters, the advantages claimed being 
cleanliness and economy in the use of lubricant, 
simplicity of application and automatic action, as 
well as requiring very little supervision. For slow 
speeds and high bearing pressures, or where the tem- 
perature of the rubbing surfaces is high, a lubricant of 
high viscosity is, of course, required. The frictional 
resistance due to viscosity is, however, often overlooked. 
As this depends largely on speed, it follows that, for 
slow-speed machinery running at 30 or 40 r.p.m. with 
heavy journal pressure, the use of solid grease repre- 
sents correct practice. But it becomes difficult to 
maintain a cool bearing unless artificial cooling be 
resorted to at high speeds. 

Lubricating greases are of two kinds: (1) A pure 
mineral product, and (2) an emulsified mixture of 
mineral oil, tallow or other fat, and soap. Semi-solid 
lubricants are also produced by working up animal 
fats or vegetable butters with soap and water, or 
mineral oils of extreme viscosity may be thickened 
with soap. These substances cannot be described 
as remarkable for their lubricating properties. Pure 
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high grade solidified oils and greases may be success- 
fully used for bearings which have to withstand heavy 
duty, but it does not follow that this is equally true 
for lighter work at moderate speeds. The use of 
grease as a lubricant for ordinary shafting is not to 
be recommended, as it certainly wastes power by 
resistance to motion due to its extreme viscosity. 
Tests with mill shafting have shown that the extra 
loss due to solid grease as compared with oil will 
reach 24 per cent. of the full load. 

Fixings for Line-Shaft Bearings.—Supports for 
shaft bearings are classified according to location, 
whether fixed to floor, wall, column, or overhead 
girder. The present tendency is to provide a mechanical 
form of adjustment, which not only facilitates erection, 
but is a great convenience when any readjustment of 
the shafting has to be effected. In a modern de- 
sign of fixing, provided with four-way adjustment, 
the bearing may be adjusted both vertically and 
laterally within the frame by means of screws. For 
all normal transmissions this is the cheapest and best 
form of shafting support extant. 

Erection and Alignment of Shafting—It may be 
taken that, in the manufacturing districts of Lancashire 


Fig. 25. CHART SHOWING CAPACITIES OF 
VARIOUS MEDIUM TYPES OF BALL AND 
ROLLER-BEARINGS OF SIMILAR 
DIMENSIONS AT 500 R.P-M. 
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and Yorkshire, the loss of power due to friction amounts, 
on an average, to 35 per cent., reaching, in some extreme 
cases, as much as 50 per cent. It is assumed that 
this loss is primarily due to weight of shafting and 
pull of belts, but inaccurate methods of supporting 
and aligning shafting preclude the possibility of any- 
thing approaching an economical drive. The sub- 
sidence of foundations, bulging of walls, and deflection 
of columns and girders, take place to a greater or less 
extent after the mill is set to work, and necessitate 
frequent examination and testing of the whole installa- 
tion. It is impossible when levelling shafting to 
obtain correct results by the ordinary method of using 
a spirit-level. A straight-edge at least 6 ft. long 
should be used for testing discrepancies in level. A 
better plan is to hang the straight-edge on hooks 
suspended from the shaft, and place the spirit-level 
on the straight-edge, but it is scarcely possible to 
adjust a line over 50 ft. long in this way. Where 
possible, an engineer’s dumpy level should be used 
in place of the spirit-level. All shafting should be 
inspected at least once a year in this way. 

Properties and Uses of Ball and Roller Bearings.— 
The outstanding feature of both ball and roller bearings 
is their low starting friction, which is practically the 
same as the running resistance and renders them 
particularly well adapted for machinery which has 
frequently to be started from rest. In an electrically- 
driven factory, the use of ball bearings for the line 
shafting will, on account of the low starting torque, 
enable a motor of less power to be employed for this 
reason alone, and, as the peak load is considerably 
reduced, the cost of current will be reduced in propor- 
tion. For light duty, ball-bearings can be run at higher 
speeds than plain bearings without danger of over- 








heating and seizing. For the spindles of spinning 
frames, where speeds of 3,000 to 6,000 r.p.m. are 
common, and for mules, looms, and textile machinery 
generally, they have proved to be light running and 
durable, and to require very little attention. For 
taking up end-thrust, the ball bearing is indispensable, 
and has a field of application entirely its own. 

Professor Goodman has stated emphatically that 
power can be transmitted over long distances by means 
of shafting with much higher efficiency than by any 
other means, provided the shafting is run in properly- 
mounted ball bearings. But it is more important to 
be in possession of exact information as to the trust- 
worthiness and durability of the bearings than on the 
saving in power alone. The use of ball bearings for 
line shafting is subject to the disability that they can 
only be run successfully in whole or one-piece races, 
and not in halves. The objection that replacements 
may thus entail cost and trouble is a valid argument 
which has done more than anything else to retard the 
general adoption of anti-friction hearings for line- 
shafting. The possibility of failure is, however, 
remote if the bearings are of ample size and are 
correctly mounted in the first place. 


Fig. 26. LIFE DIAGRAM FOR RADIAL BEARINGS 
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Load-Carrying Capacity of Ball Bearings.—The 
working load should be given not as a static load 
merely, but in terms of the running speed in revolutions 
per minute, and approximate rules have been evolved 
in which a variable factor is employed for this purpose. 
But the selection of the proper type and size of bearing 
for any given duty is, at present, largely a matter of 
judgment, and, to some extent, rule of thumb. The 
values which are commonly accepted have had to be 
derived from laboratory research combined with the 
results of actual experience. A comparison of the 
maximum safe loads obtained in this way for different 
types of bearing is shown in Fig. 25. 

Life of Ball Bearings.—Reliable information con- 
cerning the life of bearings is difficult to obtain, and the 
study of the subject from the point of view of dura- 
bility has only recently engaged attention. We may 
have reason to know that a particular bearing will 
carry satisfactorily a given load at a given speed, but 
whether it will do so for an indefinite period or require 
renewal in a year or two, is not equally certain. Stresses 
in a ball-bearing may easily be repeated 100,000,000 
times in the course of a year’s running. Neglect of 
what might be termed the “life factor” has un- 
doubtedly been the cause of the unsatisfactory service 
or untimely failure of many installations. 

Load Factor for Given Life.—Attempts have been 
made to establish, by reference to actual experience, a 
factor which, when divided into the load figure taken 
from the makers’ tables, will give the carrying capacity 
of the bearing for any given life. A factor of endurance, 
corresponding to the desired life of the bearing ex- 
pressed in hours of service, is employed as shown in 
the diagram, Fig. 26. The load falls off very rapidly 
with increase in speed, but even a slight reduction in 
load causes a very great increase in the life of the 
bearing. The load figure taken from load tables 
issued by one maker divided by the factor obtained 
as above, gives the load on the bearing which must 
not be exceeded if the required life in hours is to be 
obtained. This relation applied to radial bearings only, 
and to cases in which the inner ring rotates. If the 
outer ring rotates, the life of the bearing will be about 





75 per cent. of that found as above. The result 
can only be regarded as a preliminary approximation, 
subject to modification in special cases as dictated by 
experience. 

Moment of Friction of Ball Bearings.—The saving in 
power to be expected from the adoption of ball-bearings 
is generally estimated by reference to the coefficient 
of friction, and it is assumed that the lower the co- 
efficient the greater the saving in power. Suppose 
P is the total load on a bearing, and F the frictional 
resistance, which, to include both inner and outer races, 
is taken to act tangentially to the circle of radius 


R passing through the ball centres. Then yu 


and the moment of friction = My = PRz. With the 
object of obtaining a direct comparison with plain 
bearings, Stribeck adopted what he termed the ideal 
coefficient of friction « referred to the shaft diameter 
the radius of which is r, instead of the circle through 
the ball centres. The moment of friction is then 
My = Pry. This method is subject to the disadvantage 
that the ratio of the diameter of the ball circle to the 
diameter of the shaft is not constant for different 
types of bearing. The diameter of the ball circle may 
be about 1-6 times that of the shaft, and as PRu = 
Pry, the value of » is, therefore, about 0-625 that of 
#4,, for one and the same bearing. Other experimenters 
have referred the coefficient us to the radius of the 
inner race, measured to the bottom of the groove, in- 
stead of the surface of the shaft, when « = 0-74u, 
approximately. This has been the cause of much 
confusion, and care must be exercised in comparing 
the results obtained by different observers. It would 
appear that Stribeck’s method is mostly in use, and it 
could be generally adopted with advantage. 

Coefficient of Friction with Varying Loads and Speeds. 
—Experiments show that within the limits which occur 
with line-shafting, the coefficient of friction is constant 
for all loads and speeds, and is not affected by tempera- 
ture. It is slightly higher when the bearing is lubri- 
cated with oil than when dry, and increases appreciably 
when the bearing is packed with grease, as is the usual 
practice. For this reason, the housing should on no 
account be packed tight, as is liable to be the case 
when a grease gun is used, but should be filled to about 
three-quarters of its capacity only. For single-row 
and also for double-row self-aligning ball-bearings, 
the coefficient of friction under the most favourable 
conditions may be taken as 0-0015. From laboratory 
tests it has been found that the frictional resistance 
coefficient of a self-aligning ring-oiling gunmetal-lined 
bearing of a well-designed modern type may be reduced 
to 0-002 to0-003. Hence, under favourable conditions 
as regards lubrication, the fricticaal loss of a good plain 
bearing will be to that of a ball-bearing as 4 to 3. The 
loss will, of course, be much greater in the case of the 
badly lubricated old-fashioned rigid bearing, for which 
» will not be less than 0-015. 

Self-Aligning Bearings.—As friction is constant 
at all speeds and loads, ball-bearings show to greater 
advantage with increase in load when the conditions 
of alignment are bad. But the correct alignment of 
ball- and roller-bearings is of no less importance than 
that of plain bearings, if freedom from breakdown 
is to be ensured. A rigid ball-bearing may be severely 
overloaded by lack of alignment, or by a slight deflection 
in the shaft, such as occurs in ordinary conditions of 
working both in line-shafting and machinery. At 
least two methods of self-alignment are in extensive 
and successful use for the bearings of line-shafting. 

Provision for Expansion and Contraction of Shaft.— 
If there is no definite end thrust, it is not necessary 
to provide a ball thrust-bearing, but provision must 
be made to permit lateral movement caused by expan- 
sion and contraction of the shaft with varying tempera- 
tures. For a short shaft, the most lightly loaded 
bearing, or that nearest to the centre of the shaft, must 
be secured against lateral movement by a special 
** guide ” or “‘ locating’ bearing. To resist movement 
of the shaft, distance-pieces are fitted on both sides 
of this bearing, but all others must have side clearance 
in both directions to permit the necessary lateral move- 
ment. A long shaft should be divided into lengths, 
not exceeding 70 ft., to fix the position of the locating 
bearings, one of which should be placed next the main 
drive. If bevel-gear drives are employed, the gears 
should be opposed in order to minimise the thrust in 
the locating bearing on the main shaft.‘ A locating 
bearing between the gears, with expansion couplings 
having a bearing close to each side, will be necessary 
to ensure that the teeth mesh correctly. Combined 
radial and thrust-bearings should be placed immediately 
behind the gears on the cross shafts to take the thrust. 
If ring-oiling bearings are used, only one collar bearing 
is needed for the whole line of shafting, and this should 
be placed between the bevel-gears. No expansion 
couplings would be necessary in this case. 

Roller-Bearings.—It is erroneous to‘ regard roller- 
bearings as a substitute for ball-bearings. In roller- 
bearings, the point contact of balls is replaced by the 
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Fic. 1. Set-up ror First OPERATION ON PISTON. Fig. 2. Turnina Conicat SURFACE OF PISTON. 
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line contact of rollers. A roller-bearing is, therefore, | 
capable of carrying a greatly increased load, say, from | 





















50 to 100 per cent. greater than a ball-bearing of the | i XQ wo = ——————_ = a 
same dimensions. In the earlier types of roller-bearing, | Taper of Cotter Hole 
trouble was experienced in keeping the rollers parallel | a 

to the axis of the shaft. The long rollers first used | Fia.4 a ——e 

wore into a taper, ran askew to the axis, and finally | iq. Taper of Pistor Rod 


bent and failed. Various devices were adopted with | 
the object of retaining a roller from 3 to 12 diameters | 
long, which it was thought afforded the only means | 
of reducing the heavy pressure on the narrow line of | 
contact between the roller and its sleeve. The trouble | 
was finally overcome by shortening the rollers, and in | 
the type originally developed by the Hoffmann Com- | 
pany, but now adopted by other firms, the length of the | 
roller is made equal to its diameter. The rollers are 
spaced out by a cage, and the tendency to skew is 
prevented by carefully fitting the ends of the rollers 
in grooved races. 
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PISTON AND PISTON-ROD 
MACHINING OPERATIONS. 


In the belief that some account of the variety of 
operations which can be carried out on the modern 
lathe on repetition work will prove of interest to those 
engineers who have, for some reason or other, lost 
touch with production methods, as well as to those who | 
are actively engaged in them, we are illustrating in 
Figs. 1 to 9, on this and the opposite pages, the steps | 
taken and the tools used in machining a locomotive pis- | 
ton and its rod on a Herbert No. 20 combination turret 
lathe. This machine, as its name implies, is made by 
Messrs. Alfred Herbert, Limited, Coventry. It has 13-in. | 
centres, and is equipped with a turret which, however 
heavily and unevenly mounted with tools, can be 
rotated by a very light touch of the hand, a movement 
which is claimed to be not only very much quicker than | 
that of a power-operated turret, but which eliminates 
the danger to the operator attendant on the latter | 
method of tool changing. 

A general view of the cross-slide with its back and 
front tool holders and of the hexagonal turret is given | 
in Fig. 1, and a closer view of the front tool holder with 
an actuating former in Fig. 2. These will be referred 
to again later, but the description of the operations 
really commences with a reference to Fig. 3, which 
shows the steel forging, previously rough-turned inside, 
which is being machined. In Fig. 4 is shown the finished 
piston, to enable an idea to be obtained of the amount | 
of metal removed from the several parts. The tool | 
set-up for the first opera ion on the underside of the | 
piston is shown in Fig. 5. On the left is seen the piston, 
gripped in a 25-in. Coventry chuck. Tool No. 1 in| 
the turret is merely a flat drill used to start the bore. 
This done, the turret is rotated to No. 2 position. | 
Two tools now come into action simultaneously, viz., 
a drill, with oil feed to the cutting edges, to drill right 
through the boss, and a standard turning tool, held in 
a knee-holder bolted to the turret, to rough-turn the | 
outside periphery of the piston for finishing to 192 in. 
in diameter. The turret is again rotated until the | 
face carrying the former, 3B, is on the centre line. It is 4 
then locked, and the former occupies the position shown | being guided by the roller in contact with the former, ; portion of the former lying parallel to the chuck face, 
on the right in Fig. 2. The front tool holder on the | travels in an angular direction and faces the conical | and traverses the small tool 3a across the bottom end 
cross-slide occupies a position at right angles to the | interior of the piston. When this roller has reached | of the piston. 
position it occupies in Fig. 5, and the tool 3 in it, | the end of its angular travel, it moves across a small The next cut is taken by tool No. 4 on the front 
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Fie. 9. RoLtitER-StEADY ON Cross SLIDE. 


tool holder of the cross-slide. It is that of boring a 
taper hole in the boss, the taper-turning attachment on 
the machine being used. The tool holder is then rotated 
into the position indicated in Fig. 5, the tool 5A being 
used to rough-cut the piston-ring grooves consecutively. 
SYCWEE RING Before the commencement of these cuts, the turret has 
been turned so that the conical roller steady support 5 
can be fed into the inside of the piston from the boring- 
bar holder on the turret. The piston is thus firmly 
supported. Tool No. 6 of the front holder is then 
moved into position, and with its curved edge rounds 
off the corners of the bottom face. The next posi- 
tion of the turret brings into operation two tools, 
numbered 7, the right-hand one of which finishes the 
periphery to 19% in. in diameter, while the left-hand 
one reams out and finishes the taper hole in the boss. 
The final operation again necessitates the use of the 
roller support 5 on the turret, as it consists of finishing 
the ring grooves by the three tools, numbered 8 in 
Fig. 5, carried in the back holder of the cross-slide. 
The front tool holder of the slide is shown in the same 
position in Figs. 1 and 2, but tool No. 4 is removed in 
the latter figure to show the contact of the guide roller 
and former. For the sake of clearness also, tke turret 
in Fig. 1 is run back a little. The actual] machining 
time of the whole of the operations above described is 


lay | 65 minutes. 

a |e : ’ | The process of machining of the outer surface of the 
— piston is shown in Figs. 6 and 7. As will be clear from 
5 : both figures, only three faces of the turret are used. The 
Op — FT piston is reversed in the chuck, and special jaws to 
—J give a deep grip are used. The first operation employs 
the two tools, numbered | in Fig. 7, mounted in the back 
a tool holder of the cross slide, one being used to rough 
face the edge of the piston rim, and the other te rough 
form the boss. The inside face of the rim, including 
the radius at the bottom, is then roughed out by tool 
No. 2 in the front holder of the cross slide. The holder is 
next rotated to bring tool No. 3 into position for rough 
— facing the top of the boss by cross traverse of the slide. 
Afterwards this tool is used for turning the conical 
top surface of the piston. The turret is locked in the 
position shown in Fig. 7, and the cross slide is guided 
by the former 3A against which a roller on the tool 
holder runs. It should be noted that, whereas the 
tool for turning the inner conical surface started 
cutting at the rim and moved towards the centre, 
in turning the outer surface, it starts cutting at the 
boss, and travels outwards until it meets the radius of 
the rim. 

The top of the boss and the edge of the rim are next 
finished by tool No. 4 in’the front tool holder 6f the 
slide, followed by a finish cut of the form inside, 
and the inner radius by tool No. 5. At this stage 
the turret comes into operation, using the two tools 
numbered 6 in the knee holder. The inner one of these 
finishes the periphery of the boss, and the outer one 
finishes the edge of the rim to a radius of #{ in. The 
final operation also requires two tools, viz., the pair 
numbered 7, the inner one of which puts a radius of 
4 in. on the boss, and the outer one a radius of } in. 
on the outside edge of the rim. The whole of the above 
operations are completed in the actual working time 
of 55 minutes. The piston is thus completely machined 
all over in 2 hours, plus the time required for re-setting 
the tools. 

The piston rod naturally does not require such a 
|range of tools, and the operations can quite well be 
| followed, without explanatory diagrams, from Figs. 8 
and 9. The rod is made from steel bar, previously cut to 
|length, of a tensile strength of from 32 to 38 tons per 


Fig. 8. Set-Up ror Turnina Piston Ron. square inch. The same chuck is used as before, but the 





Fic. 6. Set-Up ror SEcOND OPERATION ON PISTON. 
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rod is gripped by bar jaws, as shown in Fig. 8. The 
machine is set for length by the stop in the tool holder 
on the turret, shown in front of the back centre in use | 
in the figure. The rod is then centred by a drill held 
in another holder on the turret. It is next supported 
with a half-section dead centre on the turret, and the 
end is faced and turned to 2} in. in diameter by a tool 
in the front tool holder of the cross slide. The finished 
sizes of the rod are given in Fig. 4. A groove is then 
turned, by another tool in this holder, to a bottom 
diameter of 3} in., and of sufficient length to enable 
the roller-steady turner to be brought into operation. 
This roller steady is shown in Fig. 9, and is attached to 
the back of the cross slide. The taper portion is then 
turned by the front tool-holder, the normal taper 
attachment of the machine being used. 

The rod is now supported at the taper end by a full- 
section dead centre, held in a special adaptor on the 
turret, which adaptor is seen in Fig. 8 in line with the 
stop used in the setting operation. The full length 
is then turned to 3} in. in diameter by the tool shown 
in Fig. 9. The arrangement of roller steady seen with 
the tool results in a very well-finished job, in spite of 
the'length of the rod. While still supported on the dead 
centre,another tool on the front holder is used to turn 
the 3%-in. diameter portion behind the taper at the 
outer end, and other tools on this holder form a 4-in. 
radius at the back of the taper portion, and a ;-in 
radius at the end. This concludes the first operation, 
which takes an actual machining time of 35 minutes. 
In the second operation, much the same procedure is 
followed, the rod being reversed and the end previously 
held in the chuck is taper turned. It is finished by 
cutting the 2{-in. end portion with six threads per inch 
by means of a 3-in. Coventry self-opening diehead, held 
in an adaptor bolted to the turret. 








THE INTERNATIONAL STEAM TABLE 
CONFERENCE. 


In connection with the skeleton steam tables drawn 
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TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date of 
each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Motor Omnibuses.—The supply of 20 motor omnibuses. 
The Oslo Tramways, Norway; February 1, 1930. 
(Ref. No. A.X. 8929.) 

De-aerators, &c.—The supply and delivery of two 
complete de-aerators, with extraction pumps, steam- 
operated air ejectors, and thermal regulators. The 
Victorian Railways Commissioners, Melbourne ; Febru- 
ary 26, 1930. (Ref. No. A.X. 8935.) 

Locomotive Boilers.—The supply of three class ‘‘ GF” 
locomotive boilers. The South African Railways and 
Harbours Board, Johannesburg; February 6, 1930. 
(Ref. No. A.X. 89388.) 

Goods Wagons.—The supply of 65 narrow-gauge, 
low-sided bogie wagons. The South African Railways 
and Harbours Board, Johannesburg; January 30, 1930. 
(Ref. No. A.X. 8939.) 

Steam Locomotives.—The supply of 14, class “19” 
4-8-2 locomotives. The South African Railways and 
Harbours Board, Johannesburg; January 23, 1930. 
(Ref. No. A.X. 8940.) 

Breakdown Steam Cranes.—The supply of two steam 
cranes of 50-metric-ton capacity for railway breakdown 
service, on track of one-metre gauge, together with plat- 
form, living wagons and accessory tackle. The Argentine 
State Railways, Buenos Aires, February 17, 1930. (Ref. 
No. A.X. 8943.) 








BOOKS RECEIVED. 


United States Geological Survey. Water-Supply Paper 
No. 599. Ground Water in Yellowstone and Treasure 
Counties, Montana. By G. M. Hatuand C. 8S. Howanrp. 
[Price 25 cents.] No. 600. Geology and Ground-Water 
Resources of Central and Southern Rosebud County, 
Montana, By B.C. Renicx. With Chemical Analyses 
of the Waters. By H. B. Rirrensure. [Price 35 





up by the International Steam Table Conference, and 
reproduced in our issue of the 6th inst., page 751 ante, 
we have been requested to give prominence to the 
letter reproduced below, addressed by Sir Richard T. 
Glazebrook, Chairman of the Conference, to Mr. I. V. 
Robinson. 

Dear Mr. Robinson,-—I must ask you to put on 
record my dissent from one recommendation of the 
International Steam Tables Conference. This might, 
perhaps, be done by circulating this letter to the mem- 
bers of the Conference and to the engineering Press. 

I appreciate very highly the value of the work done, 
and it was a source of great satisfaction to me to take 
some small part in it, but I think it unfortunate that 
the Conference should have attempted a new definition 
of the kilo calorie. This has long been defined as the 
heat required to raise the temperature of 1 kg. of 
water at constant pressure 1 deg. C. Its value, of 
course, depends on the temperature through which the 
rise takes place. 

The mean kilo calorie is one-hundredth part of the 
heat required to raise 1 kg. of water under standard 
atmospheric pressure from the freezing to the boiling 
point of water. The value of 1 kw.-hr./860 is a 
very close approximation in international electrical 
units as at present defined to the mechanical equivalent 
of the mean calorie, and as such is quite suitable 
for use in steam tables. 

This is the sense in which I should hope the state- 
ment in the report will be interpreted, and not as 


cents.] Washington: Government Printing Office. 
Tokyo Imperial University. Report of the Aeronautical 
Research Institute. Vol. IV. October, 1929. Tokyo: 
Aeronautical Research Institute. 
Society of Chemical Industry. Chemical Engineering 


Group. Proceedings. Vol. X. 1928. London : 
Chemical Engineering Group. 
Egypt. Ministry of Public Works. Physical Depart- 


ment. Paper No. 24. The Measurement of the Discharge 
of the Nile through the Sluices of the Aswan Dam. Final 
Conclusions and Tables of Results. By H. E. Hurst 
and D. A. F. Warr. Cairo: Government Press. 
[Price P.T. 10.] 

United States Bureau of Mines. Bulletin No. 309. Rock 
Bursts in the Lake Superior Copper Mines, Keweenaw 
Point, Mich. By W. R. Crane. [Price 20 cents.] 
No. 310. Metal Mine Accidents in the United States 
During the Calendar Year, 1928. By W. W. Apams. 
[Price 15 cents.] Technical Paper No. 453. actors 
Governing Removal of Soluble Copper from Leached 
Ores. By J. D. SuLtiIvaAN and A. J. Sweet. [Price 
15 cents.] Washington : Government Printing Office. 

Questions and Answers on the Construction and Operation 
of Diesel, Semi-Diesel and Other Internal-Combustion 
Engines, Air Compressors, d&c. By JoHN Lams. 
Third edition. London: Charles Griffin and Company, 
Limited. [Price 10s. net.] 

The Theory and Practice of Modern Framed Structures. 
Part Il. Statically Indeterminate Structures and 
Secondary Stresses. By the late L. B. Jounson, C. W. 
Bryan, and F, E. TURNEAURE. Tenth edition. New 
York: John Wiley and Sons, Inc. London: Chap- 
man and Hall, Limited. [Price 25s. net.] 

Building Construction. Types of Construction, Materials, 
and Cost Estimating. By W. C. Huntineton. New 





an attempt to re-define the kilo calorie for all 
purposes. 
Yours truly, 
R. T. GLAZEBROOK, 


Chairman of the Conference. | 


Ballards Oak, 
Limpsfield, Surrey. 
December 16, 1929. 





CANADIAN IMPORTS FROM GREAT BRITAIN AND THE 
Unirep States.—It is stated, in a circular letter issued 
recently by the Royal Bark of Canada, that Canada is 
importing five times as much from the United States 
as she is from Great Britain. Some striking figures are 
contained in a table given. In the machinery section, 
for instance, the value of imports from the United 
Kingdom totalled 4,118,667 dols., during the twelve 
months ending June 30, 1929, whereas that of imports 
from the United States amounted to 58,465,778 dols. 
Corresponding figures for aluminium products were 
273,648 dols, and 5,290,848 dols.; for brass products, 
695,547 dols. and 6,034,977 dols. ; for copper products, 
422,719 dols, and 14,807,713 dols. ; for electrical appara- 
tus, 2,021,441 dols. and 26,803,601 dols. ; for iron and 
iron products, 20,535,298 dols. and 330,699,984 dols. ; 
for rolling-mill products, 7,435,470 dols. and 52,851,896 
dols.; for engines and boilers, 1,227,303 dols. and 
18,673,700 dols.; for farm implements, 144,364 dols. 
and 40,911,712 dols ; for tools, 330,542 dols. and 2,634,591 
dols. ; and for vehicles, including motor cars, 857,379 dols. 
and 103,734,686 dols. 


York : John Wiley and Sons, Inc. London: Chapman 

| and Hall, Limited. [Price 30s. net.] 

| Foundry Practice. By R. H. Patmer. Fourth edition. 
| New York: John Wiley and Sons, Inc. London: 
| Chapman and Hall, Limited. [Price 17s. 6d. net.] 

| A Text-book of Illumination. By Wit1am KuNERTH. 

| New York: John Wiley and Sons, Inc. London: 

| Chapman and Hall, Limited. [Price 15s. net.] 

| Stresses Statically Determined. By JouN CLayToN 

| Tracey. New York: John Wiley and Sons, Inc. Lon- 

| don: Chapman and Hall, Limited. [Price 30s. net. ] 

| Seven Place Natural Trigonometrical Functions. By 
H.C. Ives. New York: John Wiley and Sons, Inc. 
London : Chapman and Hall, Limited. [Price 12s. 6d. 
net. } 

Highway Curves, By H.C. Ives. New York: John 
Wiley and Sons, Inc. London: Chapman and Hall, 
Limited. [Price 17s. 6d. net.] 

United States Bureau of Standards. Miscellaneous 
Publication No. 95. Protection of Electrical Circuits 
and Equipments against Lightning. Washington : 
Government Printing Office. [Price 25 cents. ] 

Home Office. Report on Conferences between Employers, 
Operatives and Inspectors concerning Fencing of 
Machinery, First Aid, and other Safeguards in Cotton- 
Weaving Factories. By Eutot F. May. London: 
His Majesty’s Stationery Office. [Price 3d. net.] 

Department of Scientific end'Industrial Research. Food 
Investigation. Special Report No. 37. The Handling 
and Stowage of White Fish at Sea. By A. LuMLEy, 
J. J. Pique, and G. A. Reay. London: His Majesty’s 
Stationery Office. [Price ls. 6d, net.] 
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LAUNCHES AND TRIAL TRIPS. 


‘** MARKLAND.”—Twin-screw steamer for transporting 
paper rolls; triple-expansion engines. Trial trip, 
December 16. Main dimensions, 338 ft. by 53 ft. by 
30 ft. Built by Messrs. Earle’s Shipbuilding and Engi- 
neering Company, Limited, Hull, for Messrs. The Mersey 
Shipping Company, Limited, Liverpool, Nova Scotia. 


**Vicroria Crry.”—Grain-carrying steamer; quad- 
ruple-expansion engines. Trial trip, December 16. 
Main dimensions, 400 ft. by 54 ft. 3 in. by 28 ft. Built 


by Messrs. William Gray and Company, Limited, West 
Hartlepool, for Messrs. Sir William Reardon Smith and 
Sons, Limited, Cardiff. 

“‘ ANTIOPE.”’—Single-screw cargo steamer; triple- 
expansion engine supplied by Messrs. J. G. Kincaid and 
Company, Limited, Greenock. Launch, December 17. 
Main dimensions, 400 ft. by 54 ft. by 27ft.9in. Built by 
Messrs. Napier and Miller, Limited, Old Kilpatrick, to 
the order of Messrs. J. Langdon Rees, Limited, London, 
for the New Egypt and Levant Shipping Company. 


‘“* KtRKwooD.”’—Single-screw  self-trimming collier, 
triple-expansion engine supplied by Messrs. The North 
Eastern Marine Engineering Company, Limited, Wallsend. 
Launch, December 17. Main dimensions, 316 ft. by 
44 ft. by 21ft.6in. Built by Messrs. R. & W. Hawthorn, 
Leslie and Company, Limited, Hebburn, for Messrs. W. 
France Fenwick and Company, Limited, London. 


‘“* Busuwoop.”’—Single-screw _self-trimming collier ; 
propelling machinery supplied by Messrs. The North 
Eastern Marine Engineering Company, Limited, Sunder- 
land. Launch, December 17. Deadweight carrying 
capacity, 3,500 tons. Built by Messrs. S. P. Austin 
and Son, Limited, Sunderland, for Messrs. W. France 
Fenwick and Company, Limited, London. 


“‘ DyEBEL-AURES.’’—Single-screw passenger and cargo 
steamer; double-reduction geared Parsons turbines. 
Launch, December 17. Main dimensions, length 336 ft., 
beam 44 ft. 9 in., deadweight carrying capacity, 3,500 tons. 
Built by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Newcastle-on-Tyne, for La Compagnie de 
Navigation Mixte, Marseilles, France. 

‘“* PorTREGIS.”—Screw cargo steamer; triple-expan- 
sion engines supplied by Messrs. Blair and Company, 
Limited. Stockton-on-Tees. Launch, December 17. 
Main dimensions, 392 ft. 6 in. by 52 ft. by 27 ft. 8 in. 
Built by Messrs. Craig, Taylor and Company, Limited, 
Stockton-on-Tees, for Messrs. The Portfield Steamship 
Company, Limited, Cardiff. 

‘** AcHIMoTA.’’—Twin-screw mail and passenger motor- 
ship for the West African service ; single-acting, eight- 
cylinder, Harland-B. & W. Diesel engines. Launch, 
December 17. Main dimensions, 460 ft. by 63 ft. 6 in. 
by 34 ft. 6 in. Built by Messrs. Harland and Wolff, 
Limited, Belfast, for Messrs. Elder Dempster and Com- 
pany, Limited, Liverpool. 

‘* ATHELLAIRD.”’—Twin-screw petroleum- and molasses- 
carrying motorship ; single-acting, four-cycle, six-cylin- 
der, Burmeister and Wain Diesel engines supplied by | 
Messrs. J. G. Kincaid and Company, Limited, Greenock. 
Launch, December 18. Main dimensions, 475 ft. by 63 ft. 
by 35 ft. Built by Messrs. Cammell Laird and Com- 
pany, Limited, Birkenhead, for Messrs. United Molasses 
Company, Limited, London. 

‘* GRANVILLE.”—Screw steamer. Launch, December 
18. Main dimensions, 170 ft. by 28 ft. by 11 ft. 3 in. 
Built by Messrs. Cochrane and Sons, Limited, Selby, 
for owners at Le Havre, France. 

‘* MENESTHEUS.’’—Twin-screw passenger, Oriental- 
pilgrim, and cargo steamer ; eight-cylinder, four-stroke, 
single-acting, airless-injection Diesel engines supplied 
by Messrs. Burmeister and Wain, Copenhagen. Trial 
trip, December 18. Main dimensions, 452 ft. by 59 ft. 
by 35 ft. 3 in. Built by Messrs. The Caledon Ship- 
building and Engineering Company, Limited, Dundee, 
for Messrs. Alfred Holt and Company, Liverpool. 








CoMBINED LAMPHOLDER AND Piuc.—Messrs. W. E. 
Beardsall and Company, Limited, 5, Victoria-bridge. 
Manchester, have sent us a sample of a neat form of 
combined lampholder and plug, for which they are the 
sole selling agents. This fitting, which is of bakelite 
construction, can be substituted for an ordinary lamp- 
holder when it is desired to supply an additional appliance, 
such as an electric iron, table lamp, fan, &c. For this 
purpose, the upper part of the body of the lampholder 
is provided with two sockets into which a two-pin plug 
connected to the additional appliance can be inserted 
in a horizontal direction. When the plug is not in 
position, the connection to the contact pins for the lamp 
is made through two spring plungers, and the insertion 
of the plug forces these apart and provides a supply for 
the additional appliance without breaking the circuit 
to the lamp, current flowing to the latter across the pins. 
One of the latter, however, is fitted with an insulated 
section on one side, and so located that, when the plug 
is inserted with this section uppermost, the lamp will 
be on, and vice versa. It is thus possible to use the 
additional appliance with or without the lamp, at will. 
Among the advantages claimed for this fitting, to which 
the trade name ‘“‘ Xtra Point”’ has been applied, are that 
it will hang vertically, has a particularly effective cord 
lock, the current for the additional appliance is not taken 
through the lamp contacts, and the plug, if violentl) 
pulled, will be merely withdrawn without dragging down 
the pendant. We understand that a similar fitting of the 
Home Office pattern, provided with a skirt, and suitable 
for use with portable tools in factories, will shortly be 
Placed upon the market. 
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SHEFFIELD, Wednesday. 

Iron and Steel.—At the big steel and engineering 
works, the Christmas shut-down will average three to 
ten days, as has been the case in recent years. The 
longer period applies to steel furnaces, which it is impos- 
sible to start up profitably for short-time operations. 
A good deal of work will be carried over into the new 
year, when the benefits of rationalisation schemes are 
expected to be more in evidence. Additional schemes 
will also be announced shortly. The time is not far 
distant when virtually the whole of the local heavy 
trades will be operating under the principle of rationalisa- 
tion. While a considerable area of plant still remains 
idle, or only partly employed, the district’s gross output 


is still substantially in the ascendant. Compared with | 
a year ago, the average weight of steel of all classes | 


turned out by works in this neighbourhood is 500 tons 
a day greater than at the corresponding period last year. 
Further experiment is proceeding towards the produc- 
tion of improved steels for heat and corrosion resistance. 
On both these counts, Sheffield is well ahead of foreign 
rivals. The Greek project, which involves an expendi- 
ture of six million pounds on reclamation and irrigation, 
will be of substantial benefit to Sheffield. The labour 
employed will be native, but British experts will supervise, 
and British plant and machinery will largely be used. 
Little is now heard of new business in munitions. 
This week, however, the Air Ministry has ordered bombs 
from a Sheffield firm. Contracts have also been booked 
from the Admiralty, the War Office and the Crown 
Agents for the Colonies for railway carriages, wagon axles 
and tyres, irrigation pipes, steel bars, steel castings, and 
tool steel. The lighter trades have bright features. 
These include the manufacture of fine instruments for 
the cloth trade, and bread knives with serrated edges 
for America. 

South Yorkshire Coal Trade.—A somewhat firmer tone 
has characterised the final stages of pre-Christmas trade. 
There has been a tightening in the demand for best- 
quality housecoal, and a somewhat fuller call for secondary 
sorts, of which there were full stocks at pit-heads and 
depots. A considerable quantity of slack has been 
reserved for colliery use during the holidays, a feature 
which has not been without influence on the market. 
There has also been a steady run on coking slack. Indus- 
trial sorts have maintained recent conditions. Inland 
needs have been up to the average of the past few weeks, 
while export demands have been of a healthy character. 
There has been no easement in the market for furnace 
and foundry coke. Latest quotations are as follow: 
Best branch hand-picked, 26s, 6d. to 28s. ; Derbyshire 
best brights, 21s. 6d. to 23s.; best house, 20s. 6d. to 
21s. 6d. ; screened house coal, 18s. 6d. to 20s. ; screened 
house nuts, 16s. 6d. to 18s.; Yorkshire hards, lis. 6d. 
to 17s.; Derbyshire hards, 15s. 6d. to 17s.; rough 
slacks, 9s. to 10s. ; nutty slacks, 7s. 6d. to 8s. 6d. ; and 
smalls, 3s. to 5s. 








CHINESE Atr-Mait SERVICE.—The Shanghai-Hankow 
air-mail service was officially inaugurated on October 22 
last. A daily service is being operated, for which fleet 
four Loening amphibians have been imported from the 
United States by the China National Aviation Corporation. 


PERSONAL.—The pyrometer and temperature-measure- 
ment department of Messrs. Siemens Brothers and Com- 

any, Limited, Woolwich, London, S.E.18, is to be 
transferred, on January 1, 1930, to the firm’s associated 
company, Messrs. Elliott Brothers (London), Limited, 
Century Works, Lewisham, London, S,E.13.—Mr. J. 
Allan Thornton, works manager of Messrs. Dorman, 
Long and Company, Limited, Britannia Works, Middles- 
brough, has been appointed general manager, under 
Mr. J. S. Kerr, managing director, of Messrs. Partington 
Steel and Iron Company, Limited, Irlam, Manchester. 
—The Board of Trade has appointed Mr. James Henderson 
to be a member of the Area Gas Supply Committee, 
in the place of Mr. M. Mannaberg, who, we regret to state, 
died on the 18th inst.—Messrs. Graesser-Monsanto Chemi- 
cal Works, Limited, King William-street House, Arthur- 
street, London, E.C.4, have acquired the Wear Tar 
Works, Sunderland, from Messrs. Brotherton and 
Company, Limited. These works have an annual distil- 
ling capacity of 60,000 tons. Messrs. Wm. C. Grootenhuis 
are removing their offices on January 1, 1930, from 
Beursplein, 24, to 23, Wijnhaven, Rotterdam. 


ENGINEERS’ SMALL Toots.—The Brown and Sharpe 
Manufacturing Company, Providence, R.I., U.S.A, have 
recently put upon the market a micrometer provided with 
four interchangeable anvils, which enable lengths ranging 
from 0 in. to 4 in. to be measured by thousandths of an 
inch. The micrometer screw has a range of | in., and 
the four anvils increase in length in steps of 1 in., so 
that, by inserting the appropriate anvil, the whole of the 
above-mentioned range is covered. The instrument is 
specially suitable for use in connection with motor-car 
repair work, for measuring crankpins and journals, cam- 
shaft bearings, pistons, &c., its range being sufficient to 
cover practically all the parts requiring accurate measure- 
ment in this class of work. Another recent production 
of the firm is a wire-gauge selector, which consists of a 
steel plate with a radial slot formed in it, and is designed 
so that it can be firmly clamped on to an ordinary Brown 
and Sharpe circular wire gauge. In position, the selector 
covers a few of the gauge slots on each side of the particular 
slot to be used, leaving the latter exposed. Considerable 
time can thus be saved when a large number of wires of 
the same size have to be gauged. Messrs. Buck and 
Hickman, Limited, 2, 4 and 6, Whitechapel-road, London, 
E.1, are agents for both the appliances referred to above. 
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The Coal Trade.—F ollowing the placing of the Egyptian 
| State Railways’ contract for 165,000 metric tons of Welsh 
| large coal with a Cardiff firm, the Palestine Railways 
| have ordered 18,000 tons of locomotive coal, while the 
| Andalusian Railways of Spain are also asking for tenders 
| for 30,000 tons of large. The decision with respect to the 
| 200,000 tons required by the Brazilian Central Railway 
| has been postponed until after the holidays. Meanwhile, 
new business has been brought to a standstill by the holi- 
days and by the fact that collieries were already full up 
with orders for shipment this year, shippers having 
covered their immediate requirements. In the cireum- 
stances, the arrangement of fresh items was a matter of 
great difficulty, with prices maintained at recent levels 
for the oddments changing hands. At the docks, ship- 
ments proceeded actively, and at Barry no less than 
49,857 tons of coal and coke was shipped in one day, 
this being the largest daily clearance for ten years. 

Coal Trimmers and Overtime Work.—Owing to the 
arrival of a considerable number of vessels in the 
South Wales docks after the gales, congestion was created 
in respect to the loading of vessels. With the Christmas 
holidays so near, it was felt that many boats would be 
held up in dock unless extra time was worked by the coal 
trimmers and tippers. At one time, there were no fuwer 
than 58 vessels waiting for berths to load, and, in order to 
diminish the congestion, the employers requested the 
trimmers and tippers to work two hours’ overtime at the 
end of each shift until Christmas, and offered extra pay- 
ment on the tariff rates of 1s. 6d. per man per hour for 
overtime. This offer was refused by the men’s repre- 
sentatives, who contended that there was no conges- 
tion and that the work could be dealt with in the nor- 
mal time of eight hours per shift. This decision brought 
forth some outspoken remarks by Mr. Dan Radcliffe, 
Chairman of the Area Trimming Board, who charged 
the men’s representatives with standing in their own light, 
and said ‘‘ as a country we are going back as fast as it is 
possible for any country to go. If we are going to regain 
our trade and position in the world, it will not be achieved 
by the attitude you have adopted. I must say that your 
intensely selfish decision shows that you have not taken 
into consideration the gravity of the situation at the South 
Wales ports. Every single one of you who have refused 
this offer are not doing yourself justice or the cruse you 
represent. I do not think your decision worthy of you, 
and it is a decision that, no doubt, in tims vou will much 
regret.”’ It was said by some of the men’s leaders that 
the tips at the docks were under-manned, but this 
allegation was denied by the Great Western Railway 
Company, though it was explained that, in some cases, 
tips were unworkable because of overlapping caused by 
the extreme size of some large boats. In such cases 
tippers displaced by this overlapping were used to speed 
up at other appliances. 


| 
| 
| 
| 








CrysTaL Patace ScHooL or ENGINEERING.—The 
171st distribution of certificates gained by students of 
the Crystal Palace School of Practical Engineering was 
held at the School on December 13. In the first year’s 
course in mechanical engineering, 22 certificates were 
awarded, while in the second year’s civil engineering 
course, 16 certificates were awarded. The certificate of 
honour, given for six certificates obtained in the school 
course, none lower than third in order of merit, was 
gained by Mr. E. Furley. The chair at the function 
should have been taken by Mr, C. P. Sandberg, who, 
however, was unable to be present. A message to the 
students, sent by him, was read by the principal, Mr. 
Maurice Wilson, M.Inst.C.E. Mr. Sandberg urged the 
engineering students to acquire a knowledge of foreign 
languages, to study his fellows in order to fit himself to 
become a leader of men, and to cultivate ambition. 








Russian Imports FROM GREAT Britatn.—According 
to a recent issue of the Bank for Russian Trade Review, 
purchases by the Soviet Union in Great Britain, during 
the year ending September 30, 1929, have shown an 
increase, over the preceding 12 months, of 70-4 per 
cent. The total value of the orders placed during the 
year under review was 9,912,433/. These comprised 
foodstuffs and animals, raw materials and semi-manufac- 
tured goods, and manufactured goods. In the second 
section, non-ferrous metals represented the largest item, 
namely, 1,374,749/., the next largest being rubber, 
830,581/.. In the manufactured-goods section, machin- 
ery imports from Britain totalled 2,196,884/., wire 
imports, 103,445/., hand tools, 27,542/., motor cars and 
cycles, 29,0561., steamship and aircraft equipment, 83, 869/., 
and electrical apparatus and accessories, 20,8941. 


Carson Brack MANUFACTURE IN THE UNITED STATES. 
—A bulletin issued by the United States Bureau of Mines 
shows that the total production of carbon black in 
that country amounted to 248,790,000 Ib. in 1928. This 
figure represents an increase of 25 per cent. over that for 
1927. The rubber industry is by far the largest consumer 
of carbon black, and a large portion of the increased 
outputs in recent years has been due to the growth in 
the number of motor-car tyres manufactured. Louisiana 
again takes first rank among the states producing the 
material; Texas is second, and Wyoming third. Pro- 
ducers of carbon black estimate that they burned 
175,137,000,000 cub. ft. of natural gas in 1928. This 
indicates an average recovery of 1-42 lb. of carbon black 
per 1,000 cub. ft. of gas consumed, the figure for the 
previous year being 1-38 lb. The total exports of 
carbon black for the year were 77,903,000 lb. The 
|leading importer of the material was Great Britain, 
| followed, in turn, by France, Germany, and Canada. 











NOTICES OF MEETINGS, 





INSTITUTION OF PRODUCTION ENGINEERS.—Thursday, 
January 2, 7.30 p.m., Society of Motor Manufacturers and 
Traders, Limited, 83, Pall Mall, S.W.1. ‘ Commer- 
cialising Laboratory Methods in the Production of Light 
Casting and Forging Alloys,” by Mr. W. C. Devereux. 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
January 3, 6 p.m., Storey’s-gate, S.W.1. Thomas Lowe 
Gray Lecture. ‘‘ Progress in Marine Engineering,” by 
Eng.-Vice-Admiral R. W. Skelton. 

INsTITUTION oF EtrcrricaL ENGINEERS.—Friday, 
January 3, 7 p.m., Victoria-embankment, W.C.2. Meter 
and Instrument Section Meeting. ‘‘ Instrument Trans- 
formers,” by Mr. J. G. Wellings and Mr. C. G. Mayo. 








_TuHe Royat Sanrrary Instrrure.—The Health Exhi- 
bition, which is to take place in connection with the forty- 
first Congress of The Royal Sanitary Institute, at Margate, 
from June 23 to 28, 1930,°will include appliances for 
housing and general sanitation, and all matters relating 
to health and physical welfare. The exhibition will be 
held at Hartsdown, a suburb of Margate, and applications 
for space, which must be made on the official form, should 
be returned to the secretary of the Institute, 90, Bucking- 
ham Palace-road, 8.W.1, not later than May 31 next. 


THE Soctety or ENGINEERS.—A number of awards 
have recently been made by the Council of The Society 
of Engineers. These include the President’s gold medal 
to Major E. Scott-Snell, for his paper, “‘ The Vacuum 
Power Oil Lamp ”’; the Bessemer Premium to Mr. C. 8. 
Chettue, for his paper, ‘‘Some Points in Reinforced- 
Concrete Bridge Design”; the Nursey Premium to 
Lieutenant-Colonel H. R. Lordly, for his paper, ‘‘ The 
Waterproofing of Concrete Structures’’; the Bernays 
Premium to Mr. G. A. Wright, for his paper, ‘‘ Land 
Drainage ”’ ; and special premiums to Mr. G. H. Gardner, 
for his paper, ‘‘ Inspection of Public Works,” and to 
Mr. A. 8S. Lowe, for his paper, ‘‘ The Laying of Sub- 
Fluvial Pipe Lines Across a Tidal River.” 


Visits or British OvERSEAS COMMERCIAL REPRE- 
SENTATIVES.—The Department of Overseas Trade, 35, 
Old Queen-street, London, S.W.1, informs us that 
Mr. H. O, Chalkley, the Commercial Counsellor at Buenos 
Aires, and Mr. H. J. Brett, the British Commercial 
Secretary at Shanghai, will shortly be in attendance at 
the offices of the Department to interview manufacturers 
and merchants interested in the export of British goods 
to the Argentine and to China. Mr. Chalkley will be in 
the Department from January 13 to 17 and from February 
3 to 7, and Mr. Brett from January 16 to 24. Both will 
afterwards visit a number of provincial industrial centres. 
Firms desiring interviews with Mr. Chalkley should 
apply to the Comptroller-General of the Department, 
quoting Reference 5534/1/29, and those wishing to see 
Mr. Brett should quote Reference No. 2203/1/29. 


THe SPECTROGRAPH IN METALLURGICAL ANALYSIS.—— 
A particularly good example of the high standard now 
attained by literature partaking partly of the trade type, 
is afforded by two recent publications of Messrs. Adam 
Hilger, Limited, 24, Rochester-place, Camden-road, 
N.W.1. The first of these is a list of the firm’s spectro- 
graphic outfits for metallurgical analysis, and is intended 
as a guide to the choice of apparatus suitable for use in 
a technical laboratory. For this work, the firm’s quartz 
spectrographs are recommended, and full particulars are 
given of the large and medium sizes of this instrument. 
The medium size, it is pointed out, has ample dispersion 
for most work with non-ferrous metals, and has the 
advantage, over the large instrument, that the whole 
spectrum is obtained on a single plate on which a scale 
of approximate wave-lengths can be photographed. 
Where, however, the spectrum of the main substance 
is very complex, the large spectrograph must be used. 
In this case, the full spectrum extends over four plates, 
although a sufficient range of distinctive lines for most 
purposes can be photographed on one or two plates. 
The list gives full particulars of complete outfits for 
spectrographic analysis, and also illustrates and describes 
the apparatus necessary for the new methods of quanti- 
tative spectrographic analysis due to Barratt, Scheibe 
and Neuhiusser, and Occhialini. The other publication, 
the price of which is ls. 6d. net, is entitled The Practice 
of Spectrum Analysis with Hilger Instruments, and has 
been compiled by Mr. F. Twyman, F.R.S., with contri- 
butions by Dr. E. N. da C. Andrade, Dr. 8. J. Lewis, 
and Messrs. D. M. Smith, 8S. Barratt, A. A. Fitch, and 
J. W. Ryde. It deals with the types of problem to 
which spectrum analysis is applicable, describes methods 
of exciting emission spectra, of taking spectrograms, 
measuring wave-lengths and identifying elements, and 
explains various methods of quantitative analysis by 
means of the spectrograph. A particularly interesting 
section deals with the use of the R.U. (raies ultimes) 
powders. These powders, which provide a new and 
rapid means of spectrographic analysis, were devised in 
the Wembley Research Laboratories of Messrs. The 
General Electric Company, Limited, by Messrs. J. W. 
Ryde and H. G. Jenkins. A spectrum of the substance 
to be analysed is photographed by the side of one from 
the R.U. powder, in which some fifty elements are mixed 
in such proportions that only their rates ultimes, i.e., 
their simplest spectrum lines, are produced. By reference 
to photographic charts prepared for the R.U. powders, 
the lines originating from any impurities present in the 
substance under investigation can thus be identified 
without actually determining their wave-lengths. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 
TELEGRAPHIC } “ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NuMBER—TEMPLE BAR 3663 
(2 lines). 





SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 


For the United Kingdom....................00 £3 5 0 
For Canada— 
Thin paper Copies ...............cccce0 £2 18 6 
Thick paper copies..................00 £3 3 0 


For all other places abroad— 
Thin paper copies 0 
Thick paper copies 6 
Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 








When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Poston Thursday. In consequence 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of publication. 


All accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








AGENTS FOR “ ENGINEERING.” 

AUSTRALIA: Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
N.S.W. T. Willmett and Company, Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

LELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Limited, 91-93, Queen-street, East. 

DENMARK, Copenhagen: Kaat-Jensen and Company, Vester 
Farimagsgade 22. 

EDINBURGH: John Menzies and Company, Limited, Rose-strect. 
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TEACHINGS OF EXPERIENCE. 


Every great civilisation has, without exception, 
been based pre-eminently on the work of the 
engineer, which has alone made possible the aggrega- 
tion of men into large communities. It was the 
irrigation engineer who was, primarily, responsible 
for the wealth of Babylonia, which was, Herodotus 
reports, such that this province bore one-third of 
the whole cost of the army and household of the 
Great King, the other two-thirds being apportioned 
over the remainder of his vast empire. It was, we 
believe, the elder Mill who pointed out that the 
whole of the non-mental activities of mankind 
consisted simply in changing the position of things, 
and for this shifting of things, whether it be the 
transport of a 50-ton granite block from the quarries 
at the First Cataract, to the Great Pyramid, or the 
transfer of electrons from the power house to the 
lamp filament of a householder, the engineer is 
predominantly responsible. There is, in fact, not 
a little justification for Kipling’s adage that “ trans- 
portation is civilisation.” In primitive times, no 
discrimination was possible between the architect 
and the engineer, but to-day it would probably be 
generally admitted, by those competent to judge, 
that in the main the modern architect is more of an 
imitator and decorator than an artificer, using the 
latter term in its primitive sense, of “‘one who 
makes or contrives.”’ 

This distinctive characteristic of the engineer was 
well exemplified in the presidential address delivered, 
on the 13th inst., by Sir Ernest Moir before the 
Junior Institution of Engineers. In this, the 
speaker described a few of the difficulties he had 
encountered in the course of his varied experience. 
In not a few cases, the problem presented to the 
engineer has been to find not merely an adequate, but 
also a prompt solution, as, for example, when the 
rivet holes at the junction on the eastern side of the 
central girder of the Forth bridge failed to register, 
owing to the cooling of the metal work by an easterly 
wind. Unless an immediate remedy had been 
found, it would, in this instance, Sir Ernest 
notes. have been necessary not merely to postpone 
the making of the joint to another day, but also 
to take apart work already assembled. 





Some of the particulars given in the address 
regarding the erection of this great bridge, appear 
to be new, or at least unfamiliar. That the whole 
of the steel work was assembled for the first time 
in the actual structure has not, so far as we are 
aware, been previously stated, and that it went 
into place without a hitch testifies strikingly to 
the competence and care of those responsible for 
setting out and marking off the work. Further 
evidence of this is provided by the fact that the 
tops of the 300-ft. towers deviated on first assembly, 
by only 6 in. from their intended positions, and the 
foresight by which provision was made for this 
possibility when starting the erection is worthy of 
note, as is also the method by which the initial 
error was rectified. 

How costly an apparently trivial oversight may 
prove is exemplified by Sir Ernest’s description of 
the troubles attendant on the foundering of the 
north-west Queensferry caisson. The accident, 
due initially to an abnormally low tide, would have 
had no serious consequences but for the fact that 
the hand wheels controlling certain submerged 
valves were unprovided with indicators to show 
how they should be turned. As a consequence, 
the valves were closed, when it was intended to 
open them. The ultimate result was that many 
weeks of work were needed to refloat the caisson, 
and the cost of this was such that, had it been 
practicable, it would have been cheaper to have 
built an entirely new caisson, scrapping the old one. 

The Hudson River tunnels provided another 
instance in which difficulties were increased by the 
existence of work previously executed, but which 
had gone wrong. When Sir Ernest assumed charge 
of the undertaking he found that the pilot tube 
had been displaced so that it lay right athwart 
the tunnel. The problem of carrying this through 
the almost liquid mud of the Hudson was suffi- 
ciently serious without this added complication. 
Nevertheless, the difficulties were all surmounted, 
and the work brought to within 1,600 ft. of the 
New York shore, when the Baring crisis made it 
impossible to finance further operations. 

In the course of this work, the lecturer came 
across a specimen of that peculiar type of calculator 
with whom every successive generation of engineers 
appears, in turn, to be burdened. At one stage of 
the work, the cast-iron lining fractured under the 
pressure of the mud in which it lay. The ring 
of segments contracted in the vertical direction, 
and spread horizontally, a behaviour the opposite 
of which had been anticipated by the resident 
engineer on the strength of his theory. However, 
since it was the actual, and not the computed de- 
formations against which it was necessary to guard, 
Sir Ernest had to make his own estimates as to 
what was necessary, and he records a remark of 
Sir Benjamin Baker that these involved so many 
assumptions that it would have been simpler to 
have guessed off-hand the scantlings required. It 
is, of course, quite true that the engineer has often 
perforce no other resource than to follow the tradi- 
tional rule of “‘ guessing half and doubling it,” but 
this procedure may in actual fact be less absurd than 
it might at first sight appear. It is indeed often 
easier to guess the part than the whole, and as mat- 
ters stand the current practice of bridge designers 
is logically indistinguishable from that embodied 
in the above citation. No engineer can, in fact, 
forecast with certainty the loads his bridge may 
ultimately have to carry. He has, therefore, to 
guess something, and it is easier to guess this than 
to guess the sections and weights required. 

Sir Ernest notes that in the case of the Blackwall 
tunnel the design of the caissons was left to the 
contractor. This increased his responsibilities, 
but gave him the opportunity of reducing costs 
by a meticulous study of the requirements, and 
of thus re-imbursing himself for the added burden. 
In some important public works now in progress, 
however, the less legitimate requirement is reported 
to have been made that the contractor should 
guarantee the adequacy of a consultant’s designs, 
for which he was in no way responsible. This 
attempt to transfer responsibility from the engineer 
to the contractor, would seem to argue that the 
former is suffering from a certain “ inferiority 
complex ”’ and would never have been countenanced 
by the great engineers of a past generation. 
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The engineer’s difficulties test his initiative and 
ingenuity, but he may also be called on to face 
both hardship and danger. In the case of the 
Hudson River tunnels, for example, the cracking 
of the lining, not unnaturally, caused such a scare 
among the workmen that they refused to proceed 
until the engineer had gone almost alone to the 
threatened point and made certain that work 
might safely be resumed. In other cases engineers 
have had, at times of emergency, to work for days 
and nights without sleep, or are called out at 10 
o’clock on a stormy winter’s night to improvise, 
say, means for preventing the collapse of a lock 
gate, which, should it occur, might hold up the 
work of a large port for a fortnight. Such inci- 
dents are seldom reported, and Mr. Kipling is 
practically alone amongst popular writers in 
appreciating the work of the engineer. As a 
profession, in view of the training required and 
the responsibility carried, engineering is less appre- 





nationalisation is attempted, opportunities will 
arise, as have occurred in Australia and in some of 
our own municipalities, for political jobbery and 
similar influences, by which the economic direction 
of the industry will be distorted. The surest way, 
in Sir Lynden’s opinion, to prevent the mischievous 
interference of the State, is to fortify the organisation 
of manufacturers in one or more bodies,who jointly 
with trade unions can decide the conditions of 
employment and the rates of labour. If industrial 
organisation is so weak that it cannot keep the worst 
members of an industry in check, and impose proper 
conditions of wages and employment, the door will 
be opened for the State to come in, and it is right 
that it should. 

This is substantially the view outlined in Sir 
Lynden Macassey’s interesting address. There is 
much in it with which engineers in general will 
agree, and, indeed, the policy is expressed in terms 
so general that it is hardly possible to disagree. In 


ciated than any, and were men so consistently the short discussion that followed the address, Sir 
actuated by purely monetary considerations as some | Robert Hadfield, indeed, was disposed to dissent from 
of our social reformers assume, recruits would be | what had been said in regard to organisations. 
seanty in numbers and indifferent in quality. | From his long experience he had found that, on the 
here are, however, as Mr. Mc.Andrew remarks, | whole, arrangements and discussions within the trade 


some compensations. 


In spite of “no pension and | itself had led to the best results, as, of course, 


> id ; Teo ” | . . 
the most we earn is four hundred pound a year,” he | has long been notable in the steel trade, and in any 


liked ‘“‘ the wark” and as ‘‘Man—the Arrtifex ”’ | 


felt some of the joy of a creator. 





THE STATE AND INDUSTRY. 

THE coal industry is threatened with another 
periodical attack from the wisdom of Parliament. 
Composed as it is of mines which present every 
variety of natural conditions, it is proposed to 
carry further the Procrustean policy of prescribing 
a common rule for them all. Production at the 
present rates being insufficient to enable the 
industry to pay its way, and wages higher than 
are paid by any European competitors, it is intended 
to reduce the hours of work still further. These 
measures are understood to be only an instalment 
of the interference contemplated in the affairs of 
this complicated industry, by which the co-operative 
efforts of those responsible for conducting it are 
to be superseded, and the artificial uncertainty 
of their position is to be continued. The coal 
industry carries on its back, moreover, the iron 
and steel and other coal-consuming manufactures 
of the country, and the experience of 1926, from 
which it is just beginning to recover, has shown the 
disastrous consequences to the entire prosperity of 
the nation whichill-advised interference may produce. 
The State can doubtless control industry to any ex- 
tent it chooses, but its citizens have to pay the bill 
if its control is extravagant. The time, therefore, 
is certainly opportune for considering within what 


ae - 4 ; | 
limits the control of the State over industry is to 


the advantage of its citizens as a whole. 

This was the subject of an address given the week 
before last by Sir Lynden Macassey at a meeting of 
the British Engineers’ Association, whose gatherings 
afford opportunity for so many fruitful discussions 
on matters of interest to the engineering trades. 
Sir Lynden adopts the view, which he imagines 
must be accepted justly by all reasonable people, 
that the State is a service which exists for the 
sole purpose of promoting the interests of society. 
The benefits it can confer are great if its powers 
are used for that purpose, but they are propor- 
tionately mischievous if their use is affected by 
other considerations, such, for instance, as political 
or personal interests. Experience has shown that, 
without exception, the great inventions by which 
material culture has been advanced to the remark- 
able extent that has been apparent in the last 150 
years, have been made in countries which enjoyed 
private enterprise, and only under conditions in 
which such enterprise is not cramped can this 
country win back to a full economic prosperity. 

The true function of the State is to give industry 
every assistance it reasonably can in conducting its 
enterprises, and it is only when its needs cannot be 
met by any reasonable help from the Government 
that it may be necessary to consider the desirability 
of the industry being nationalised and worked by 
the State. Until the policy of granting such assis- 
tance has been tried and has failed, there is no case 
for nationalisation, and in any industry in which 








case, he agreed with Sir Gilbert Vyle that, except in 
so far as the Government could give assistance in 
finding new markets and similar ways, manufac- 
turers did not want State interference. It is pro- 
bable that the general sense of the engineering 
trades will lie this way. There are two evident 
objections to the national, and sometimes even 
to the trade-wide, regulation of terms and conditions 
of employment. Common experience has shown 
in a variety of trades that between practical men 
of. goodwill, familiar with each side of an enterprise 
or an industry, a fair solution of such problems can 
generally, and, indeed, almost always, be found. 
The further the range of enterprises represented is 
extended, the greater is the risk that the fairest 
and most expedient solution for one enterprise or 
industry will have to be compromised, in order 
to include other undertakings in a single settle- 
ment. The greater, too, is the possibility that the 
terms ultimately introduced may be dictated by 
political and not industrial considerations. The 
arrangement of terms, again, for common adoption 
by enterprises, whose conditions are not necessarily 
similar, is liable to give rise to needless sacrifices 
on the part of one or other of them. In particular, 
the attempt to secure a satisfactory standard 
applicable to all may impose limitations, mischievous 
equally to workers and to their industry, on the 
extent to which the best advantage can be taken of 
the opportunities of production. 

Looking at the situation broadly, it must be 
admitted that it has many aspects, and it is not 
safe to draw general conclusions from individual 
circumstances. It is possible to have every sym- 
pathy with Sir Lynden Macassey, in resenting his 
unfortunate experience of having had to pay for 
more than twice the telephone calls he has had, 
without regarding the fact as characterising a 
State service and not any other monopoly. Due 
weight may be attached to the Lord Chief Justice’s 
grave warning of the existing tendency to depart- 
mental legislation, without forgetting that, asa body, 
the civil servants of the country are above the 
average in their zeal and efficiency, and that, in the 
delicate work of factory inspection, have shown 
what has been characterised recently by Mr. 
Clements as a remarkable discretion. There is 
nothing to be gained by disparaging needlessly the 
abilities of the various protagonists in the many 
aspects of industry, or by imputing motives reck- 
lessly to all who sit on the same benches as those 
who pursue political objects under an industrial 
mask. The problems of industry would, indeed, 
be much nearer solution if those whose interests 
are truly industrial would continue to give them the 
co-operative attention they so sorely need, and to 
“frustrate the knavish tricks’? of those whose 
industrial action is subordinated to their political 
designs. But whatever may be the dispositions 
of the several parties in industry and the State, 
the country has to stand the effect of their resultant 
actions. 





The worst fault in a designer is to complicate 
his mechanism, and, by endeavouring to make 
good one defect, merely adding still another 
element. For mazy years past the mechanism of 
Government has suffered notoriously from this 
defect, particularly in industrial matters. It has 
piled up complexities without an apparent thought 
of how far they may be appropriate to the circum- 
stances in which they are to be applied, and the 
policy now threatening industry seems to be of 
still further adding to the grievous burden which 
industry has to bear. Apart, however, from the 
mere accumulation of a mischievous assemblage 
of mechanism, there appears to be a disposition to 
regard mechanism as in itself a source of power, 
instead of a means for transmitting it at some loss. 
The legislative ‘control of industry, if it is to be 
useful and in many instances if it is not to be even 
mischievous, must act as a relay or servo-motor. 
The industry of our island country acts under the 
operation of economic forces from every direction, 
which may assist or impede it. The object of 
industrial legislation is to provide a mechanism 
by which the natural play of favourable economic 
forces may be admitted in aid of industrial enterprise, 
and others may as far as possible be excluded. 
The authority of Parliament is great, as in his day 
was that of King Canute, but it is subordinate to 
that of economic law. It has power enough at its 
command, if it chooses to use it, to open the valves 
through which forces incomparably superior to 
its own may be brought to the help of industry. 
The attempt to substitute its own power for these 
forces can lead only to disaster. 








PHYSICS IN RELATION TO THE 
UTILISATION OF FUEL. 


Fue utilisation occupies a foremost place among 
the problems of present-day technical science, and 
Dr. C. H. Lander, when delivering, on November 27, 
his lecture on Physics in Relation to the Utilisation 
of Fuel, the fifteenth of the lectures on Physics in 


‘Industry of the Institute of Physics, had a subject 


falling well within the sphere of the Institute and 
yet of great practical importance. The lecture was 
given at the Institution of Electrical Engineers, Dr. 
W. H. Eccles, F.R.S., president of the Institute of 
Physics, being in the chair. 

Dr. Lander divided fuel problems broadly into 
three sections: The preparation and specification 
of the fuel, the treatment prior to combustion, and 
fuel utilisation. Taking samples for analysis, he 
remarked, was one of the difficult problems of 
practical work. The sample should be truly repre- 
sentative, and there was no point in carrying the 
analysis to greater accuracy than the sampling. 
Some progress had been made in scientific sampling, 
but much remained to be done. in the classification 
of coal, which was commonly based upon volatile 
content, flaming characteristics and ultimate ana- 
lysis, attention was now being directed to physical 
structure. The aid of the microscope was utilised 
for the examination of thin sections by transmitted 
light and for the study of polished and etched surfaces 
by reflected light. In the sections, the various entities 
were seen in colours ranging from pale yellow 
through orange and red to opaque black. Pale 
yellow spore exines and cuticle fragments stood out 
against a dark background, sometimes showing 
traces of cell structure, but, in the absence of colour 
shades, the differences in the refractive indices 
were too small to reveal these features, except with 
special illumination. A polished surface might be 
regarded as a section of extreme thinness, the finest 
detail of which etching might bring out. By this 
method, which admitted of viewing a small fragment 
in three planes at right angles to one another, C. A. 
Seyler had actually observed, in a single fragment, 
the stages by which a structure passed into an 
obscure nebulous state and was finally lost. With 
the aid of X-rays, C. N. Kemp had studied the distri- 
bution, nature, and amount of mineral constituents 
in coal, which had an important bearing upon coal 
washing. At the Fuel Research Station, they had 
apparently demonstrated by X-rays the presence 
of graphite in all types of coke examined ; the most 
reactive coke seemed to be made up of the smallest 
graphite crystals. That was an interesting result 





of physical research in an unexpected direction. 
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The necessity for a more general adoption of coal 
cleaning was becoming more apparent, even with 
the high-quality, clean coal characteristic of this 
country. The methods in use depended upon differ- 
ences in the physical properties of the coal substance 
itself and its impurities—differences in density, size, 
shape, and surface tension, &c., relative to water 
and other liquids. The terminal velocity of fall in 
a medium less dense than either the coal or its 
impurities depended upon the size and shape of the 
particle and of the relative densities of particle and 
medium. When an upward stream of water was 
maintained at suitable velocity, it was possible, pro- 
vided the material were initially screened to fairly 
uniform size, to ensure that the larger coal particles 
were carried upward, whilst the smaller coal par- 
ticles would sink; that was broadly the basis 
of the Draper washer. In another class of washer, 
the mixture was introduced into a shallow current 
of water moving in a horizontal trough. The coal 
particles tended to keep near the surface, while 
the dirt slid down the floor of the trough, and, since 
the water velocity was greater near the surface, 
the coal was swept along more rapidly than the 
dirt, and the two materials could be separated by 
inserting weirs in the trough. Factors to be con- 
sidered in this washer were the settling rates, the 
friction between the trough bed and the dirt par- 
ticles, and the fact that the coal particles were 
fairly equidimensional and tended to roll, whilst 
the flat pieces of dirt were merely sliding down the 
trough. 

The mechanical principles underlying the jigs 
and bashes, widely used for coal washing, were by 
no means completely understood. With the fre- 
quent reversals of the direction of flow, steady 
relative motion between particles and fluid, Dr. 
Lander suggested, was probably never attained, 
and the action depended upon the differential 
behaviour of the particles during acceleration. The 
greater sliding friction of the flat particles of shale 
and dirt was utilised in the Pardee spiral separator, 
but the superior rebounding power of the more 
nearly cubical lumps of coal also came into play. 
Attempts had been made to utilise this resilience, 
which made the coal proceed by Jeaps and bounds, 
while the dirt simply slid. When a long flat piece 
of shale struck an inclined plane, it might rebound 
in any direction, according to its accidental orien- 
tation just before impact, and might acquire con- 
siderable spin, which would reduce the height of 
rebound, whilst a sphere would rebound only with 
normal] velocity. The real nature of froth-flotation 
was likewise still obscure. 

Passing to retort carbonisation, Dr. Lander 
pointed out that a coal charge was a heterogeneous 
mass of unevenly packed pieces, which, in due 
course, softened, evolved gases and became coked ; 
heat convection, combustion and radiation played 
continually-changing parts during that period. As 
long as the coal pieces remained separate, the 
hot upward gas currents and the interchanges of 
radiation between the pieces assisted in attaining 
temperature uniformity. Afterwards, heat trans- 
mission from the retort walls to the core was 
practically limited to conduction through the plastic 
material, which formed an envelope that was gradu- 
ally moving inwards and caused a steep temperature 
gradient. As regards the physical and chemical 
problems of combustion, and the design of burners 
and combustion chambers for pulverised fuels, it 
had been thought that a state of turbulence should 
be created in order to obtain rapid combustion 
and high heat release. But the resistances oppos- 
ing the motion of fine solid particles through gases 
were greater than the effect of inertia, and the 
particles tended to drift with the air instead of 
moving through it, except in the comparatively 
short periods during which the particle velocity 
increased or decreased or changed its direction. 
External forces might promote steady relative motion 
between particle and air. But the force of gravity 
was too small, and, in practice, we seemed to require 
as stable and as streamline a form of motion of the 
air particles as possible, with means for inducing a 
controlled motion of the particles. The primary 
combustion air might, for instance, be arranged 
to form a vortex, the air entering at the perimeter 


fuel particle would be carried round with the 
moving air, and would, further, tend to move 
radially across the streamline under the combined 
action of centrifugal force and the inward pressure 
gradient due to the radial distribution of the 
velocity in the vortex. The latter motion would be 
opposed by the ordinary frictional air resistance, as 
the air possessed a steady inward radial component 
owing to its inflow at the perimeter and outflow at 
the axis of the vortex. In this way, the particles 
would be scrubbed by a continually-changing 
atmosphere, and it might be possible to cause them 
to remain suspended in the vortex sufficiently long 
for complete combustion under these conditions. 

The physics of the furnace remained compara- 
tively undeveloped, partly owing to the manifold 
nature of the problems, complicated chiefly because 
they involved heat transfer from a moving medium. 
Matters were much simpler in the completely 
enclosed electric furnace. Radiation from furnace 
gases was one of the factors, the great importance of 
which was now realised. Physicists concerned 
with heat problems might “look with envy upon 
the results of small-scale model experiments which 
aeronautics obtained in wind tunnels. There was, 
unfortunately, no equivalent in heat to the wind 
tunnel. Instead of the one Reynolds’ number of 
aerodynamics, there were many criteria in thermal 
problems impossible to satisfy concurrently, and 
model experiments could not directly be correlated 
with full-scale working. In any type of fired fur- 
nace, for instance, there were, in addition to the 
flow of the combustion gases, heat interchanges by 
conduction, by natural and forced convection, and 
by radiation. The conditions were of such com- 
plexity that the heat engineer or physicist had 
generally to conduct their experiments on a full scale, 
involving not only great expenditure of money, 
time and labour, but also difficulty of control and 
of interpretation. The empirical formule deduced 
could hardly be applied, even if the conditions 
differed only slightly from those under test, and 
that rendered comparison with other researches 
extremely difficult. Despite the complexity of 
industrial heat problems, however, Dr. Lander 
pleaded, in his conclusion, for analytical methods of 
attack by physical methods, because they would help 
us to a wider understanding of the principles for 
the rational designs of furnaces and other heating 
appliances. 


LETTERS TO THE EDITOR. 


THE ARCHITECTURE OF ENGINEER- 
ING STRUCTURES 


To THE EprTor OF ENGINEERING. 


Srr,—The writer was deeply interested in your 
editorial discussion of his new book, The Ideals of 
Engineering Architecture, in your issue of September 2U. 
The book, so far as he is aware, is the first serious 
attempt at formulating a system for the artistic 
design of engineering structures. That the endeavour 
is much appreciated, and, to some extent, misunder- 
stood, is evidenced by the hundreds of letters 
received regarding the book, which are, for the most 
part, however, extremely commendatory. The attempt 
has been made to call attention to those things 
which ought not to be done, and to those things 
which ought to be done to improve the appearance 
of engineering structures. The fundamental or basic 
principles have been set forth, and the details of 
design emphasised by the favourable or unfavourable 
criticism of existing works. So far as bridges are 
concerned, the basic idea of using an uneven num- 
ber of spans, was gleaned from many years study 
of Fergusson’s History of Architecture, of Banister 
Fletcher’s great work on architecture, and many other 
lesser treatises, but it is not possible for the writer to 
state just where the idea originated, although it has 
doubtless occurred to many designers that it is more 
pleasing for the eye to find an opening at the centres of 
a bridge than to find a pier which is an obstruction to 
the vision. Certainly there is no desire to claim the 
idea as original, nor to proclaim against the possibility 
of planning an artistic bridge of an even number of 
spans, although such a design is much more difficult 
of artistic execution. 

The objection to the use of extraneous architectural 
details, such as the classic columns and entablatures 
employed on Waterloo Bridge, is voiced by all writers 














and leaving axially, and the fuel being injected into 
the vortex at any convenient point or points. The 





for all classes of structures, yet the writer would be 
one of the last to wish to see such a monumental and 


historical structure destroyed. The desecration of the 
Pont de la Concorde in Paris, to widen it for modern 
traffic, called for a letter of protest from the writer to 
the President of the French Republic. Generally, 
those that live near such works of great historical 
interest and value do not have the proper perspective 
to appreciate them fully. The bridge in Paris is only 
a comparatively small structure, but of very chaste 
design, and a very pleasing three-span stone-arch bridge. 
Such monuments to great engineers, like unto Perronet, 
are too uncommon for the engineer to wish to see 
them destroyed. 

There is very naturally a great divergence of opinion : 
as to what constitutes a really artistic engineering 
structure, and a recent European book on artistic 
bridges is written from the view point of an environ- 
ment, which educates the engineer to appreciate a 
class of structures that, to an American observer, are 
oftentimes positively forbidding. The Tower Bridge in 
London has always been pleasing to the writer, because 
of the harmony of the design with the Tower of London. 
The towers, in this sense, are not a mere covering for the 
steel towers they enclose, and all of the vital parts of 
the spans are open to view, except the ties which are 
covered by the footwalk spans from top to top of the 
towers. Thus it might be considered that the towers 
are the predominant features of the design. The old 
London Bridge is of very great and pleasing simplicity 
of design, and the historical association with the 
original London Bridge of nursery rhnyme—‘‘ London 
Bridge is falling down ”’—leads one to hope that it 
will never be razed to make way for another structure 
of more modern, but less pleasing design. Waterloo 
Bridge is also of very great interest to many, on account 
of its historical associations; one drives down Welling- 
ton street, crosses the Waterloo Bridge, and traverses 
Waterloo-road to Waterloo Station, and teeming 
visions of the historical events connected with Welling- 
ton and Napoleon, and this greatest period of the 
world’s history, are conjured up for the beholder. 
One wonders when the engineer will have a like oppor- 
tunity afforded to him again—perhaps prays that he 
will not on such a basis—and perforce must turn to 
the consideration of designing structures of such 
inherent beauty that they will command the considera- 
tion, admiration, and respect of the beholder for their 
intrinsic artistic value. If, perchance, the writer has 
contributed to such a consummation, which is 
devoutly to be wished, he must for this reason be well 
satisfied with his life work. 

Very respectfully yours, 
CHARLES Evan FowLer. 
Consulting Engineer. 
25, Church-street, 
New York City. 








THE DISCHARGE FROM THE SLUICES 
OF THE ASSOUAN DAM. 


To THE Eprror oF ENGINEERING. 

Sir,—In an article in your issue of September 27, 
Mr. J. H. Jones criticises the work of Mr. D. A. F. Watt 
and myself contained in Physical Department Paper 
No. 24, ‘‘ The Measurement of the Discharge of the 
Nile through the Sluices of the Assouan Dam.” 

It is difficult, however, to treat his criticism seriously. 
He offers a formula developed in the manner of the 
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elementary textbook on hydraulics, but, instead of 
acknowledging that the treatment is elementary and 
inadequate, he states that it is completely logical. 
It is true he says that his formula must be applied with 
a full appreciation of the effect of constructional details, 
but he gives no indication of how this appreciation 
should be expressed. 
In fact, his formula does not fit any set of the Assouan 
sluice discharges, as he should have been able to see at 
once. As an example, I give a diagram showing the 
discharge of an Assouan sluice 3 m. open. 

Mr. Jones’s theory is inadequate, because it is based 
only on the equation v? = 2gh. This equation will not 
give a complete solution to the discharge of an orifice, 
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because it gives no indication of the amount of con- 
traction which will take place in given circumstances, 
or of the energy which will be lost through turbulence. 

At present, the mathematical difficulties in the way 
of a complete solution of this are too great, and the 
only way of progress is to accumulate observations and 
classify them carefully, putting forward only such 
theories as are supported by the facts. 

Yours faithfully, 
H. E. Hurst. 
Ministry of Public Works, Physical Department, 
Cairo. 
December 4, 1929. 








THE DESIGN AND PERFORMANCE OF 
THE BOILERS OF THE “ VICEROY 
OF INDIA.’’* 


By A. L. MELtor. 


THE latest addition to the fleet of the Peninsular and 
Oriental Steam Navigation Company, the “ Viceroy of 
India,”’ contains the first high-pressure turbo-electric 
propelling machinery installed in a British liner, and 
Mr. R. T. Clarke, the superintendent engineer of the 
company, is to be congratulated upon its success. 
Although the machinery has been fully described in the 
technical Press, it was felt that some further particulars 
of the design and performance of the boilers fitted in 
this vessel would be of interest. 

The specification called for a total output of 160,000 
lb. of steam per hour, from six water-tube boilers, at a 
pressure of 375 lb. per square inch, and a steam tem- 
perature of 700 deg. F. from a feed temperature of 300 
deg. F. The boilers, designed and built by Messrs. Yar- 
row and Company to the order of Messrs. Alexander 
Stephen and Sons, the builders of the vessel, are 
arranged four in the after boiler-room and two in the 
forward boiler-room, together with two cylindrical 
boilers. To suit the service conditions, the machinery 
was arranged so that the four after boilers and either of 
the two turbo-generators could generate the power 
required for the reduced speed of the ship to Marseilles. 
For this reason, these four boilers are larger than the 
other two. Each of the four larger boilers has a 
generating heating surface of 5,700 sq. ft., a super- 
heating surface of 1,820 sq. ft., and an air-heating 
surface of 5,700 sq. ft. The corresponding figures for 
each of the two small boilers are 4,850, 1,550, and 
5,000 sq. ft., respectively. 

The boilers are of the five-drum single-flow type. 
There are three water drums connected to the saturated- 
steam drum by water tubes, and the superheater drum 
with its tubes is arranged between two of these genera- 
tingelements. With this design, a large water surface 
is exposed to the furnace, and, for this reason, boilers 
of this type are steady and easy in steaming, and 
require very little renewal of the furnace refractories, 
as, owing to the high rate of heat absorption by radiant 
surface, the temperature of the gases in the combustion 
chamber is reduced to a degree which good-quality 
firebricks can easily withstand. Of large volume, the 
combustion chamber has a shape which ensures the 
efficient burning of the fuel. The element on the side 
opposite to the superheater is a water screen with four 
rows of tubes, and its efficiency may be gauged by the 
fact that the temperature in the space behind the tubes 
is very moderate. The tubes are pitched so that 
radiation through the bank on to the casing is not 
possible. 

The element before the superheater has five rows 
of tubes, which is enough to reduce the gases to a 
temperature sufficient to give the required superheat | 
without an excessive size of superheater. The super- 
heater is of the Yarrow type, with U-tubes expanded 
intoadrum. The tubes are nearly vertical, and, there- 
fore, easily supported, and they are self-draining. A 
baffle between the steam drum and the superheater 
loops rests upon the outer tubes of the five-row element, 
and this has a channel fixed to its bottom edge to 
support the superheater tubes. 

The tubes are in four groups. The steam enters at 
one end, flows in series through them, being directed 
by the troughs fitted in the drum, and leaves at the 
other end of the drum, where the main and auxiliary 
boiler stop-valves are fitted. The superheater drum | 
is connected to the saturated-steam drum by a pipe | 
without any shut-off valve. Each and every tube in | 
the superheater can be removed and replaced without | 
disturbing the superheater drum. After passing | 
through the superheater, the gases flow through the | 
upper generating element and then enter the air heater, | 


which is of the Yarrow tubular type. The air makes | 





three passes through the heater, and is then led over | 


the boiler casing down to the oil burners. Retarders | 
are fitted in the tubes. | 


The boiler casings are arranged in panels to allow | 


easy access to all parts. They are of steel plates, 





* Paper read before the Institution of Engineers and 
Shipbuilders in Scotland, on December 3, 1929. Abridged. 
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with 3 inches of lagging covered with ,-in. sheet steel. 
Care was taken to cover all bars and other projections, 
and, in consequence, the boiler-room temperature at the 
floor-plate level is not much above that of the outside 
air. There is an air screen over the front boiler casing, 
and the outlet is led to the eye of the forced-draught 
fan, which ensures a current of cool air in the vicinity 
of the men attending the oil burners and a cool boiler 
front. 

The importance of reducing riveted and bolted joints 
to a minimum, especially with high pressures, received 
careful consideration in working out the design, and 
attention is drawn to the fact that all the drums are 
solid forged with pressed-steel ends riveted in. There 
are, therefore, no longitudinal riveted joints, and in this 
type of boiler there are practically no bolted joints. 
All the drums or headers are of a circular section, 
especially desirable with high steam pressures. The 
steel of the drums has an ultimate tensile strength of 
from 28 tons to 32 tons per square inch. The tubes 
throughout are of solid cold-drawn steel. Although 
cold-drawn tubes are more expensive than hot-drawn 
tubes, it is important to obtain a good smooth surface, 
thereby reducing the risk of corrosion and, conse- 
quently, repairs. 

The oil-burning installation was supplied by the 
Clyde Oil Fuel System Company, and there are five 
burners on each boiler. The automatic-feed regulator 
is of the latest Mumford pattern. The safety valve is 
of the Cockburn-MacNicoll high-lift type, and is fitted 
at the outlet end of the superheater. This also ensures 
that any steam taken from the boiler must pass 
through the superheater. All the other mountings, 
such as water-gauge fittings, auxiliary steam stop-valve, 
auxiliary feed check-valve, air valve, and superheater 
drain valve, were supplied by Messrs. Yarrow and 
Company, but the plate-glass water-level indicator for 
the water-gauge fittings is of the Dewrance and Wall 
extra-heavy pattern. Each of the boilers is also fitted 
with the Kelvin, Bottomley and Baird pneumercator 
gauge, this gauge being fixed at a convenient height 
above the firing floor. 

Two of the boilers have a saturated auxilary steam 
connection, but this steam is also taken from the outlet 
end of the superheater, and passes through a de-super- 
heater which is arranged in the steam drum, and thence 
to the stop valve on this drum. The weight of each 
large boiler, complete with mountings, superheater 
and air-heater, is 86 tons. This includes 7 tons of hot 
water. The corresponding figures for the smaller 
boilers are 80-75 tons and 6-5 tons. 

Performance.—The specified boiler efficiency was 
84 per cent. when producing the guaranteed amount of 
steam. Two consumption trials were run, one with 
four larger boilers in use, and the other with all six 
boilers under steam. Readings were taken at frequent 
intervals, and the following are the mean figures :— 


First CONSUMPTION TRIAL, 


Boiler pressure, lb. per square inch ee 
Final temperature of steam, deg. F. ... 690 
Net feed water per hour, lb. ; ---» 105,560 
Feed temperature, deg. F. ... cee owe BAD 
Oil-fuel pressure, lb. per square inch : 80 


Temperature of oil at the burners, deg. F. 133 
Air pressure at fans, inches... a a 


Air pressure at the furnaces, inches cue eee 
Temperature of air at fan inlet, deg. F. ... 50 
Temperature of air entering air-heater, 

deg. F. ae an > one sos DM 
Temperature of air leaving air-heater, 

deg. F. nes es aS ore vos (OHS 
Temperature of air at air distributors, 

deg. F. oes = ans es .- 316 
Temperature of gases entering air-heater, 

deg. F. soe pie sae aR -.. 530 
Temperature of gases leaving air-heater, 

deg. F. cis = ee ve .. =822 
CO,, per cent. ee eee oe wos =14°5 
Oil fuel per hour, Ib. ‘ 7,200 


Calorifie value of oil fuel, B.Th.U. per Ib. 18,700 


Boiler efficiency, per cent. ... 86 
SECOND CONSUMPTION TRIAL. 

Boiler pressure, lb. per square inch os ee 

Final temperature of steam, deg. F. --- 693 

Net feed-water per hour, Ib. 148,420 

Feed temperature, deg. F. .. 278 


Oil-fuel pressure, lb. per square inch = 
Temperature of oil at the burners, deg. F. 143 


Air pressure at fans, inches = - 2-05 
Air pressure at the furnaces, inches ven (OS 
Temperature of air at fan inlet, deg. F. ... 66 
Temperature of air entering air-heater, 

deg. F. a = ue oa on ee 
Temperature of air leaving air-heater, 

deg. F. cae a cas an ics ee 
Temperature of air at air distributors, 

deg. F. peter! cee. Oe Oe eee 
Temperature of gases entering air-heater, 

deg. F. ae cee soe a evs One 
Temperature of gases leaving air-heater, 

deg. F. ses wate ee can --. 332 
CO,, per cent. aon wee eee os (eeee 


Oil fuel per hour, Ib. , o> ce ee 
Catorific value of oil fuel, B.Th.U. per Ib. 18,700 
Boiler efficiency, per cent. ... ns coe 


On this trial, the whole six boilers were in use for 
two-thirds of the time, after which one of the small 
boilers was shut down. Up till the end of October, the 
boilers had steamed over 3,000 hours, and Mr. Clarke 
states that the boiler efficiency in service averages 
85 per cent. 

The question of the durability of the furnace refrac- 
tories is mentioned earlier in the paper, and on this 
point I have been informed by the Peninsular and 
Oriental Company that about 300 bricks have been 
renewed. These cost about 8d. each, so that the price 
of brickwork for approximately 3,100 hours steaming 
is only about 101. The cost of other repairs to the 
boilers is understood to be very low. 

High steam pressures and temperatures were used in 
marine engineering many years ago, but with inditferent 
success, and practically no attempt was made to 
continue the practice until two or three years ago. 
Since then, great progress has been made, and several 
vessels with boilers such as are described in this paper 
have been put into service, and are giving entire 
satisfaction. The experience gained with these boilers, 
and the improvements in design thereby suggested, 
have enabled still higher efficiencies to be guaranteed 
for the boilers of installations of far greater power now 
building. 


THE ROYAL METEOROLOGICAL 
SOCIETY. 


THE usual monthly meeting of the Royal Meteoro- 
logical Society was held on Wednesday, December 18, 
in the Society’s Rooms, 49, Cromwell-road, South 
Kensington, Sir Richard Gregory, D.Sc., president, 
being in the chair. The following papers were dis- 
cussed :—- 

‘** Floral Isophenes and Isakairs,” by J. Edmund 
Clark, B.A., and I. D. Margary, M.A. Dates of first 
flowering of certain widely distributed plants have been 
collected by the society with the help of volutaryn 
observers all over the British Isles since 1890. The 
results of these observations can often be best inter- 
preted by presentation in map form, and this was 
first attempted with the society’s data in 1916. The 
mean date of flowering of 12 plants, ranging from hazel 
in January to greater bindweed in July, was given 
for as many observing stations as possible. Lines of 
equal flowering date (isophenes) were then drawn on 
the map through stations of equal date, thus disclosing 
areas in which plants flowered definitely later or earlier 
than in neighbouring areas. Eventually it became 
possible to prepare a map showing the average distribu- 
tion of these dates and isophenes, and this was done 
for the thirty years 1891-1920 and for the thirty-five 
years 1891-1925, the two maps proving so closely 
similar that it was clear that the averages thus obtained 
were reasonably reliable and fixed. It is now possible, 
therefore, to compare the annual isophene map with 
the average map, and to prepare from it a map showing 
for that year the variations from the average in all parts 
of the country. Lines are drawn through points of 
equal variation defining areas of real earliness or late- 
ness, and are called Isakairs (equal unseasonable- 
ness). Maps so prepared are more instructive than 
the original isophene maps, for these are based on the 
original observations, which are always dependent on 
altitude, latitude, &c., in addition to the changing 
weather factors. In the isakair maps, these constant 
influences are removed, and the relation of weather to 
plant growth can thus be more readily followed. 
Isakair maps have been prepared for every year from 
1891, and are published together with the isophene 
maps upon which they are based. They show the 
general distribution and degree of earliness and lateness 
in the first eight months of each year, and form a unique 
series for such information. Local effects of abnormal 
weather are shown clearly in some instances (e.9.. 
marked lateness in England, 8.W., in 1905 and 1907, 
due mainly to very deficient sunshine rather than 
to low temperature), but it must be remembered 
that these maps show the mean effect of eight months 
during which weather conditions suffer marked changes. 
Much more definite relations between the isakairs 
and weather would be seen if shorter periods, such as a 
month, could be taken, but it has not yet been possible 
to undertake the lengthy preparation involved. 

“On the Mechanism of Tornadoes,” by Sir Gilbert 
|'T. Walker, C.S.I., F.R.S. The prevailing idea that 
| the axis of a tornado is roughly vertical has been 
| opposed by Wagener, who maintained that it is hori- 
zontal. In this paper, it is urged that, while Wagener s 
evidence against a vertical axis is conclusive, he does 
not provide an adequate explanation of a horizontal! 
direction, and that the rotation of the earth will, when 
convergence occurs, set up a spin parallel to its axis. 
This view is supported by the almost universal anti- 
clockwise rotation of tornadoes in the Northern 
hemisphere and, in general, by the photographic 
evidence. 5 

‘* A Study of Rainfall in the West Indies,” by E. W. 
Bliss, M.A., was also read and discussed. 
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LABOUR NOTES. 


ImportanT proposals affecting British industry were 
adopted unanimously at the resumed full joint con- 
ference in London last week of the Trade Union Con- 
gress General Council, the National Confederation 
of Employers’ Organisations, and the Federation of 
British Industries. They were presented in the form 
of a report from the Joint Committee appointed on 
April 23, when the Conference first met, and may be 
briefly summarised. It is agreed that the T.U.C., 
the Confederation, and the F.B.I., can propose for 
discussion any matter within their respective provinces 
which is of common interest to British industry, but 
these discussions are not to invade the provinces, nor 
trespass upon the function of the individual consti- 
tuents of the three bodies. An Allocation Committee 
is to be established by the Confederation and the 
F.B.I., to determine which of the two employers’ 
organisations the T.U.C. shall deal with on any matter 
raised for discussion, or if it shall deal with both. 
That point having been settled, the bodies concerned 
will proceed to make arrangements for discussion 
direct, without further reference to the Allocation 
Committee. When one body feels itself unable to 
discuss a subject proposed, it will explain its reasons 
to the organisations proposing. 





All discussions are to be confidential unless otherwise 
agreed, and no action is to be taken on any conclusions 
reached until these conclusions have been approved by 
the organisations concerned. In the opinion of the 
Joint Committee, the following subjects could be 
discussed: (1) Unemployment; (2) Industry and 
Finance ; (3) Taxation of Industry ; (4) Co-ordination 
of Social Services; (5) Education and Industry ; 
(6) Delegated Powers of Government Departments ; 
(7) Inter-Empire Trade; (8) International Trade; 
(9) Trade Facilities ; (10) Insurance of Export Credits ; 
(11) General International Labour Questions ; and (12) 
(Industrial and Commercial Statistics. The proposals 
have already been approved by the General Council of 
the Trades Union Congress, and require the approval 
of the Council of the Confederation and the Grand 
Council of the Federation before becoming operative. 
These Councils are to meet shortly. 





Although the policy of the Amalgamated Enygineer- 
ing Union is decided by the National Committee, and 
merely applied by the Executive Covncil, several 
of the fifteen candidates who aspire to succeed Mr. 
Brownlie as president, discuss questions relating to it 
in their election addresses. Even one or two of the 
members of the Executive Council, who are candidates, 
do so. “In accepting nomination,” says Mr. W. H. 
Hutchinson, “for the responsible post of President, 
I declare that I stand for economy in our own affairs, 
but I also know that our greatest need is an enlightened 
efficiency. To secure the right relationship and bearing 
of these two important factors would be my constant 
study and care. . . . The industrial world is growing 
in complexity and is constantly changing, but change 
is not necessarily progress, as represented by benefit 
to the working class, and, in this changing industrial 
order, the need for our Union and its careful watchful- 
ness on behalf of the membership is greater than ever.” 





Mr. James Kaylor, another member of the present 
Executive Council, devotes his address almost exclu- 
sively to a record of his services to the organisation. 
‘“ T have made no reference,” he says, ‘“‘ to the policy 
of our Union, firstly, because it is well-known to our 
members, and secondly, because the only honourable 
course for a President to pursue is to give effect to the 
policy laid down by our National Committee.” Mr. 
A. B. Swales, who has been a member of the Executive 
Council since 1917, and was President of the Trades 
Union Congress in 1925, says: “I believe it is not 
realised by many members that the most serious 
problem during the past eight years has been to keep 
the unions intact. After the longest depression in our 
history, and the consequent strain upon the financial 
resources of the Union, great anxiety is still felt by 
those responsible for Trade Union management. Of 
this depression, the A.E.U. has had its share, but careful 
attention has enabled the Union to meet its commit- 
ments with credit, and to establish a record of financial 
assistanee unequalled by any other trade union. 
More needs to be done, which will necessitate the care 
and thought of responsible administration. In my 
view, the chief task for the next few years will be to 
free the unions from debt and enable them to function 
fully at the earliest opportunity.” 





The war and its aftermath, Mr. Swales goes on to 
remark, brought a host of problems calling for atten- 
tion. ‘* Not the least of these,’’ he says, ““ was unem- 
ployment, and as the result, the engineering industry 
has had to shoulder a greater burden than most others. 
Markets open to engineering products were lost, with 
disastrous results upon employment, and at a cost of 








3,500,000/. to the Union. The chief relief will be found 


in securing new markets. To overcome the great 
blunder of the late Government in practically closing 
the engineering industry to the Russian market with its 
demand for millions of pounds worth of engineering 
products and a preference for British manufactures, 
a continuous propaganda has had to be maintained. 
In this propaganda I have centinuously at branch 
meetings, conferences, and in public speeches, en- 
deavoured to influence opinions and persons to secure 
trading relations, my objective being employment for 
members—the best form of relief to our unemployed 
problem.” 





Avowing himself, a member of the Minority Move- 
ment which “ stands for a policy of mass resistance to 
rationalisation and a forward struggle for better con- 
ditions,’ Mr. Jack Tanner says: ‘“ Our failure to 
effectively organise the engineering workers is due, 
I am convinced, to the lack of a progressive policy, 


}and a militant leadership prepared to organise for 


struggles against the employers. An earnest and 
vigorous attempt to obtain the 4/. per week minimum, 
44-hour weekly, abolition of systematic and excessive 
overtime, and the other points of the Charter will be 
the greatest and most successful organising effort 
we can make. The Union’s benefits, although valuable 
to members, do not appeal to the workers as they did 
before the war, when conditions were relatively stable 
at a better level. Now, we are constantly attacked in 
the factories, and the Union must prove to the workers 
that it is making determined moves to improve wages 
and conditions before it can hope to enrol them—and 
remember, a continuous influx of new members is 
necessary to ensure the financial position and guarantee 
benefits to our older members.” 





Mr. Tanner proceeds to express the opinion that the 
one union for metal workers can only be brought 
into existence ‘‘ by a militant leadership, prepared to 
overcome all impediments to the creation of such an 
instrument, so essential for the defence and improve- 
ment of our living standards.” ‘One of the most 
important objections in the Charter is,’”’ he says, ‘“ the 
formation of factory and workshop committees. These 
are absolutely essential to maintain and improve con- 
ditions on the job, to prevent victimisation, &c.” 


The Ministry of Labour Gazette states that there was 
a further decline in employment during November, 
due mainly to seasonal causes. Among the work- 
people, numbering approximately 12,100,000, insured 
against unemployment in Great Britain and Northern 
Ireland, the percentage unemployed in all industries, 
taken together, was 11-0 at November 25, 1929, as 
compared with 10-4 at October 21, 1929, and 12-1 at 
November 26, 1928. The percentage wholly un- 
employed at November 25, 1929, was 8-8, as compared 
with 8-2 at October 21, 1929; while the percentage 
temporarily stopped was 2-2, the same as a month 
before. For males alone the percentage at Novem- 
ber 25, 1929, was 12-1, and for females 7-9. At 
October 21, 1929, the corresponding percentages were 
11-5 and 7-5. 








The greater part of the increase in unemployment 
occurred in the building industry, public works con- 
tracting, brick, tile, artificial stone and cement manu- 
facture, mining industries other than coal mining and 
slate quarrying, constructional engineering, the clothing 
trades, road transport, shipping, and dock and harbour 
services. There was also some decline in employment 
in the pottery, iron and steel, cotton, silk and artificial 
silk, jute, lace and rubber industries. There was some 
improvement, however, in coal mining, coke oven and 
by-product works, glass bottle manufacture, ship- 
building and ship repairing, textile bleaching, dyeing, 
and finishing, and in the motor vehicle industry. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during November resulted in an increase of about 
2,000/. in the weekly full-time wages of 50,600 work- 
people, and in a reduction of 635/. in those of 5,900 
workpeople. Among the principal bodies of work: 
people whose wages were increased, were coal miners 
in Warwickshire and Siemens steel makers in South 
Wales. The wages of the former were increased by 
1 per cent. on basis rates, while those of the latter were 
increased by 1} per cent. on basis rates, except in the 
case of the lowest paid men, further additions being 
granted to men in certain wage categories in the form 
of increased bonuses. Other workpeople, whose wages 
were increased during the month, included iron miners in 
Cumberland, Lincolnshire and Northamptonshire, blast- 
furnace workers in Cumberland, Lincolnshire and Scot- 
land, ship joiners at Belfast, lambs’ wool and worsted 
yarn spinners at Leicester, and leather belt makers. 











During the eleven completed months of 1929, the 
changes reported to the Ministry of Labour in the 
industries for which statistics have been compiled have 
resulted in net increases of 10,900/. in the weekly full- 
time wages of 131,500 workpeople, and in net reductions 
of 90,5501. in those of 922,500 workpeople. In the 
corresponding 11 months of 1928 there were net 
increases of 21,100/. in the weekly wages of over 
211,000 workpeople, and net reductions of 166,100/. 
in those of 1,638,000 workpeople. 

The number of trade disputes involving stoppages 
of work reported to the Ministry of Labour as 
beginning in November, was 33. In addition, 18 
disputes which began before November were still in 
progress at the beginning of the month. The number 
of workpeople involved in all disputes in November 
(including workpeople thrown out of work at the 
establishments where the disputes occurred, but not 
themselves parties to the disputes) was about 15,000, 
and the aggregate duration of all disputes during 
November was about 139,000 working days. 








The aggregate duration of all disputes in progress in 
the first 11 months of 1929 was about 8,241,000 working 
days, and the total number of workpeople involved in 
these disputes was about 525,000. The figures for the 
corresponding period of 1928 were 1,375,000 days and 
121,000 workpeople, respectively. 





Mr. T. Clark, Mr. P. Dickinson, and Mr. H. Berry 
have been re-elected to the Executive Council of the 
Amalgamated Engineering Union for Division No. 1, 
Division No. 3 and Division No. 5, respectively. The 
majorities were, in each case, substantial. A vacancy 
has been created by the death in London last week of 
Mr. A. Lorimer, who represented the area of which 
Belfast is the centre. 

At a delegate conference of the National Union of 
General and Municipal Workers, it was decided to 
support a claim for a 4s. per week advance for rivet- 
heaters and platers’ helpers employed in shipbuilding 
yards, but application for the increase is not to be made 
to the Shipbuilding Employers’ Federation until it has 
been approved by the National Executive of the Union. 
In the recent wages settlement it will be recalled that 
pieceworkers and men in receipt of enhanced time rates 
were excluded. Rivet heaters and platers’ helpers belong 
to that category. The General and Municipal Workers 
are affiliated to the Federation of Engineering and 
Shipbuilding Trades, which took part in the negotia- 
tion of the national settlement with the Shipbuilding 
Employers’ Federation. 

The total membership of the International Federa- 
tion of Trade Unions, on December 31, 1928, was 
13,525,263, 4s against 13,144,225 in the previous year. 
There was thus an increase of 381,038, or 2-9 per cent., 
while the increase for the previous year had been 
305,051, or 2-4 per cent. The number of national 
federations affiliated was 28. The Lithuanian Federa- 
tions had been obliged to terminate its affiliation owing 
to conditions in Lithuania, but this loss was compen- 
sated by the affiliation of the Greek Federation. 


Industrial and Labour Information states that the 
German Federation of Trade Unions recently called 
attention, through its official organ, to a revival of 
separatist activity on the part of German Communists, 
for the purpose of weakening the social democratic 
trade unions. In particular, it invited all trade union 
and branch organs to warn members against taking 
part in a ‘‘ Congress of the Trade Union Opposition ” 
convened by the Communist Party to be held in Berlin, 
apparently with the object of promoting a cleavage in 
the trade union movement, and the establishment of 
Communist organisations in opposition to the existing 
unions. anid: 

In the same connection it is reported that at the 
beginning of November the Central Executive Com- 
mittee of the Carpenters’ Union expelled the Executive 
Committee of the Berlin branch of that organisation, 
placed its funds under legal custody, and closed for 
the present the premises of the branch. These measures, 
it is stated, were necessary owing to the fact that the 
Executive Committee of the Berlin Branch had re- 
peatedly and grossly disregarded the principles and 
decisions of the Union. Mention is also made of the 
suspension of a plumbers’ branch of the Metal Workers 
Union in Berlin, following the expulsion of an alleged 
Communist agent from the Union. In the course of 
subsequent negotiations for the renewal of a collective 
agreement, the dissident members, acting as a Com- 
munist Union, opposed the conclusion and putting into 
operation of the terms accepted. by the established 
organisation, even to the extent of attempting to foment 
strike action. 
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40-TON SIDE-DISCHARGING COAL 
WAGONS FOR ‘THE’ LONDON, 
MIDLAND AND SCOTTISH RAILWAY. 


TueErE has been a good deal of uninformed discussion 
lately on the subject of coal transport by large wagons, 
it being apparently widely believed that it was only 
conservatism on the part of the railway companies 
that was preventing their general adoption. On 
Friday, December 20, we had an opportunity of 
witnessing the handling of a 40-ton side-discharging 
coal wagon at the Stonebridge Park Generating Station 
of the London Midland and Scottish Railway Company. 
The wagons, which are illustrated in Figs. 1 to 5 on this 
and the opposite pages, are at present only operating 
between the collieries of Messrs. Shipley Collieries, 
Limited, Derbyshire, and Stonebridge Park, as these 
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Fig. 4. 


collieries are one of the very few in Great Britain having 
screens of sufficient height to permit of their being 
loaded. It will be apparent that in a large capacity 
wagon with side-discharge, the height must be increased 
over those of smaller capacity. Increased width is 
limited by the British gauge and increase in length, 
apart difficulties arising from sharp curves in the 
colliery sidings, would prevent a closed side wagon 


being used on existing tipplers, etc. As it was clearly 
desirable to arrange for mechanical discharge, side- 
tipping has been employed. 

The general construction of the wagons, of which 
30 altogether have been made for the railway com- 
pany by Messrs. The Birmingham Railway Carriage and 
Wagon Company, Limited, Smethwick, will be almost 
self-evident from the drawings reproduced in Figs. 1 to 3, 
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but a comment or two may be helpful. Longitudinal 
stiffness is obtained by cross bracing the sloping plates 
which form the bottom of the wagon. The sloping 
edges of the top portion give added stiffness to this part, 
though this construction also enables the coal to be 
loaded to a higher level in the centre than would be the 
case if flat sides were employed. The manner in which 
the commonly unused space over the buffers is utilised 
by overhanging the top portion of the wagon may also 
be noted. This portion is 33 ft. 6 in. long by 8 ft. 11 in. 
extreme width, the length over the buffers being 35 ft. 

The body is attached to an underframe carried on two 
four-wheeled bogies 18 ft. between the centres, each 
with a 6-ft. wheelbase. The wheels are 2 ft. 83 in. in 
diameter on the tread with axles running in journals 
5 in. in diameter by 10 in long. They are fitted with 
compound lever brakes, and also with automatic 
vacuum brakes. The latter, which look somewhat 
unusual on a mineral train, are necessitated by 
its great weight. As already stated, the load of 
a wagon is 40 tons. The average tare is about 
18} tons. The designed load on the rail per axle 
is 14-69 tons. The capacity is 1.794 cubic ft., and 
the contents can be completely discharged if both 
doors on both sides are opened. In the test we 
witnessed however, the gantries were arranged on 
each side of the storage hoppers, and discharge could 
only be made from one side. Only about two-thirds of 
the coal, therefore, 7.e., 27 tons, could be discharged, an 
operation which was completed in 38 seconds, one door 
on one side not being opened until the coal had ceased to 
flow from the other. To empty the remaining third 
of the load, the train was shunted on to the gantry 
on the other side of the storage hoppers. In a coal 
storage built with this wagon in normal use, a central 
gantry would naturally be provided so that both sides 
could be opened at once, and a whole train could be 
discharged in almost as short a time as the men could 
walk down it. 

This speed in discharging is contributed to by the 
simplicity of the door locking gear. As best shown 
in Fig. 5, the doors are hinged at the top, and have 
two slightly curved planes of which the lower one is 
of greater area than the upper one. This arrangement 
brings down the centre of gravity of the doors and 
makes them self-closing. Along the bottom edge runs 
a rod connected with the opening gear at each end and 
provided with four hooks or catches, which engage 
with projections on the underside of the sloping bottom. 
The opening gear consists of a bar or lever with 
notches on its edge at the open and closed positions. 
A pawl carried on a second horizontal lever engages 
with the notches. When the wagon is to be loaded 
up and the doors are closed the pawl is in the lower 
notch, and, by way of additional security, a pin is 
put through a coincident hole in both levers. To 


open the door, the pin is withdrawn and the horizontal ! 
lever lifted by means of a tommy bar. This disengages | roads, buildings, &c., the majority of which will finally 








the pawl, and the weight of the coal pushes open the 
door. The fulcrum of the horizontal lever is a hori- 


become productive as revenue producers and lead to 
improvement generally in public health. 

The principal new work carried out by the Irri- 
gation Department is to ensure sufficient Nile water 
during the low-water period, the work includes the 
heightening of the Assouan Dam, the continuation 
of the main and ancillary works for the Nag Hamadi 
Barrage and the White Nile projects, including 
£40,000 for air surveys. Instead of Diesel engine 
plant in Upper Egypt it is proposed to use water turbine 
generating sets at Nag Hamadi with a number of motor- 
driven pumping stations north and south. 

The initial expenditure for three-phase transmission 
lines to the 14 subsidiary pumping stations has been 
allowed for, the final cost is estimated at £500,000. 

The principal drainage works are at Demanhour, 
Port Said and Zagazig, with additional works in the 
programme for the completion of the Cairo scheme. 

The Egyptian State Railway budget for new works 
(££1,739,430) allows for the enlargement of the electric 
power station at Gabbari, part construction of an 
hotel at Cairo station, and the Cairo-Suez line (£20,000, 
estimated cost ££180,000). Other railway projects 
for which some provision has been made in the budget 
are for the electrification of the Matarieh line and the 
construction of the new Kosseir and Mersah-Matruh 
lines. It has been decided to postpone the electrifica- 
tion of the Helouan line, although international 
tenders have been invited. 

The Cairo Tanzim Department receive ££356,411 for 
new works, chiefly for the widening and macadamising 
of roads. 

The Main Roads and Bridges Department have a 
grant of ££535,849 ; no new roads of importance are in 
view but several are to be widened and improved, the 
Cairo-Luxor, Cairo-Alexandria and Aboukir roads in 
particular and the programme includes a Nile Bridge 
at Benhar. 

An interesting development is the purchase of 4 
portable wireless installations for use in the desert and 
the installation of wireless stations in the Oases. 

The total cost of new works in 1929-30 is nearly 
eleven millions E., which necessitates the heavy draft 
on the reserve fund of ££8,460,000. 

Contracts for the construction of important pumping 





zontal rod which runs between the top of the under- 
frame and the bottom of the wagon, thus connecting 
the levers at both ends of the door. A door can thus 
be opened from either end. 

On opening, the momentum of the door carries it 
out to a distance determined by the upper notch in 
the bar, with which the pawl then engages, and the 
door remains open, at a width of 16} in. To close it, 
the pawl is again released by a second movement of 
the horizontal lever, when it swings to by its own 

; weight, and is locked by the bottom catches and the 
pawl. The insertion of the safety pin completes the 
| Operation. 
| 
| BRITISH TRADE WITH EGYPT. 
| To us the political stability and economic progress of 
| Egypt are matters of significant interest. In the report 
|on the Economic and Financial Situation in Egypt, 
| June, 1929, by Mr. R. M. A. Turner, 0.B.E., Com- 
| mercial Secretary Cairo (issued by the Department of 
| Overseas Trade, price 2s. 6d. net, H.M. Stationery 
| Office), we are given the finance and trade statistics 
| for the year 1928, and as far as available up to June of 
| this year. The economic situation during the time 
| under review and factors affecting development in the 
| near future are also discussed. 
| Financially, the Egyptian Government is in a 
| position of undoubted strength. With a reserve of some 
| £240,000,000, in 1928, Egypt had an active trade 
| balance of nearly ££5,500,000. Trade with the United 
Kingdom for the year showed a balance in Egypt’s 
favour of some ££10,200,000, an increase of over 
££3,000,000 as compared with the previous year. 

During 1928, Egypt imported from the United 
Kingdom goods to the value of ££11,326,000, or rather 
| more than ££1,100,000 less than in 1927 and exported 
| to the United Kingdom produce valued at ££21,532,000, 
| or some ££2,394,000 more than in 1927. These figures 
as Mr. Turner observes, do not support the contention 
advanced in some quarters that from the Egyptian 
point of view the United Kingdom’s market is of 
lessening importance. 

The principal British imports come under the heads 
of metal and metal-ware, including motor cars 
(££,9,000,0001, Egyptian exports to the United King- 
dom being chiefly raw cotton and its derivatives. 

The State budget for 1929-30 provides for the 
expenditure of ££47,410,000, while revenue is estimated 
at ££38,950,000, the deficit of ££8,460,000 being 
charged to the reserve fund. In justification of this 
heavy draft on the Reserve Fund the Egyptian Govern- 
ment urges the necessity, in the interests of the develop- 
ment of Egypt, for the construction of important works 
of irrigation, drainage, communications, sanitation, 














stations at Mex, Abu-el-Menaga, Seru, Atf, Esna and 
Belcas were placed during the year at £551,797. 
These form part of the ambitious programme of 
development in irrigation and drainage throughout the 
Delta and at separate stations in Upper Egypt. Of 
these large mechanical orders only that for the supply 
and erection of a station of three turbo alternator 
generating sets with auxiliary Diesel engine and 
generator was secured by a British firm. Mr. Turner 
comments that the general success of Continental 
manufacturers has been due to a certain extent to the 
preference shown by the Mechanical Department for the 
open-framed type of Diesel engine, which particular 
form appears to be mostly produced in Central 
Europe. 

The large pumping station at Amria (the contract for 
the machinery for which had been secured by a British 
firm in 1926) was officially opened by t .M. the King of 
Egypt early in this year. Although United Kingdom 
manufacturers secured an important order for a 46-in. 
diameter cast-iron rising main in the Damanhour area, 
the contract for the installation of the piping required 
for Amria was taken by a French firm at a lower quota- 
tion. 

The most important orders secured by British firms 
from the State railways and Ministry of Communica- 
tions were for the roofing required for the new loco- 
motive workshops, 13 steam rail coaches, underground 
cable—Cairo to Alexandria, and automatic exchanges 
at Cairo and Mansourah. 

Ambitious schemes, in which interest has been shown 
by British and other groups, contemplate the more or 
less general electrification of the whole of the occupied 
country either from thermo-electric or hydro-electric 
stations or a combination of both. In their report 
on the question of heightening the Assouan Dam, the 
international experts advised that the dam should not 
be pierced for the purpose of power development ; 
it is, however, held in some quarters that the required 
result could be obtained by other methods, and that 
the economic losses on long-distance transmission 
from such a distant source to the centres of consump- 
tion can be overcome. 

The proposal to flood the desert area at Quattara, 
which lies several metres below sea level from the 
Mediterranean, is considered by many observers to 
be uneconomical, if not impracticable. This scheme 
would need extensive tunnelling operations, and 
although of evident interest, is unlikely to be under- 
taken at an early date. Surveys and borings are, 
however, being carried out. 

The advantages of electrification in Egypt, where 
agricultural development is depending more and more 
on a very large number of pumping stations, is evident. 





Cheap power available at practically all centres would 
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materially assist the growth of the Egyptian industrial Fig.5 
movement, through which it is hoped to solve the pus. dake 
question of the employment of the rapidly growing ; il 
surplus population. 

The sales of internal-combustion engines in Egypt 
fall into three distinct classes: (a) small paraffin ! 
engines up to 10 h.p.; (b) larger heavy-oil engines, ' 
10 h.p. to 100 h.p.; (c) large multi-cvlinder Diesel : 
engines. Imports into Egypt amounted in value to t 
£452,203, compared with £&277,519 in 1927. Of this S Nat bel 4 
total the United Kingdom’s share stood at ££285,440. : | yeny ranrerare's)| 
Mr. Turner observes that so far as engines of an average : oS | 
of 45 h.p. are concerned, the United Kingdom continues ' | \- aS } 
to predominate; but in the larger machines of over yi | [free | i 
100 h.p. United Kingdom quotations are far in excess | | 4 ; f 
of Continental prices. In fact, Continental engines Bite, crs --> | 
can be delivered in their packing cases c.i.f. Alexandria |<-- 8'10% over Gls >: 
for something like £27 per horse-power. : \«-9'0' over Footplates >| 

The only portable steam engines imported during (1796.€, siaaismiiaiaiaaes 


the year under review were supplied by the United 
Kingdom, which also furnished the greatest quantities 
of threshing machines, boilers, sewing machines and 
parts (££101,162), textile machinery, unenumerated 
machinery (nearly half the total import of ££569,803), 
motor-cycles (££17,188), road locomotives, and gramo- 
phones. 

The cause in the decline in the sale of British imports 
of electrical machinery is to be sought in the fact that 
British prices are far in excess of Continental quota- 
tions, as British firms do not manufacture the cheaper 
lines so popular in Egypt. As in Argentina, British 
trade is made more difficult by the absence of electrical 
regulations in Egypt. 

Although many of the more important banking 
institutions established in Egypt are registered as 
Egyptian, with the sole exception of the Banque Misr 
they have very extensive foreign connections. The 
Banque Misr is a purely national institution with 
exclusively Egyptian capital and restricting its board to 
Egyptian nationals only. The avowed object of the 
local bank is not only banking proper, but its energies 
are also directed to the education of its compatriots in 
financial and commercial methods, and to the fostering 
of purely Egyptian industrial enterprises. During 1928 
the managing director visited the United Kingdom, 
Belgium and Germany, with the object of studying 
industries which his bank intended to establish in 
Egypt. The chief results of this visit were the estab- 
lishment of the Misr Spinning and Weaving Company 
and the Misr Press. For the first company a British 
firm secured the contract for the spinning and weaving 
machinery. The bank has its closest foreign connection 
with the Banque Belge et Internationale of Cairo. 








HIGH-PRESSURE 4-6-2-2-TYPE LOCO- 
MOTIVE ON THE LONDON AND 
NORTH EASTERN RAILWAY. 

Amone the interesting developments which the 
mechanical departments of our railways are con- 
sidering with a view to making motive power more 
efficient, are to be found trial designs of locomotives 
with high pressures. We have on previous occasions 
illustrated developments abroad in this direction, and 
above, and on page 842, are now able to give illustrations 
relating to an engine just completed on the London 
and North Eastern Railway, to the designs of Mr. 
H. N. Gresley, ©.B.E., Chief Mechanical Engineer, in 
conjunction with Messrs, Yarrow and Company, 
Limited, Glasgow, who have been responsible for the 
construction of the boiler. 

The locomotive is of the 4-6-2-2 type for express 
passenger work. It has four compound cylinders, and 
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the boiler pressure is 450 lb. per square inch. It will 
be noted from our illustrations that the machine has 
been designed to take the fullest advantage of the load- 
ing gauge limits, and the usual projections above the 
boiler line have completely disappeared. The boiler 
we understand follows the lines of the design illus- 
trated, under the joint names of Mr. H. N. Gresley, and 
Mr. H. Yarrow, in our ENGINEERING Patent Record, 
in our issue of April 12 last, page 474. It consists 
of one steam drum indicated in Fig. 4, 3 ft. in diameter 
inside, and 27 ft. 112 in. long, and four water drums. 
The latter are in two pairs, one on either side of the 
grate, the other two being at a slightly higher level 
and arranged close together between the driving wheels. 
The firebox drums are each 18 in. in diameter, and 
li ft. 03 in. long, while the forward, or combustion 
chamber drums are 19 in. in diameter by 13 ft. 53 in. 
long. Connecting these water drums with the steam 
drum there are 756 tubes, 2 in. and 24 in. in diameter. 
These are arranged as follows: 444 2 in. and 74 2$-in. 
tubes extend from the forward water drums to the 
steam drum. The firebox drums are connected with 
the steam drum by 238 24-in. tubes. There is a back 
screen from headers to the steam drum of 12 tubes 
24 in. in diameter. The boiler drums are forged steel, 
machined all over. 

The firebox is fitted with an arch and the gases of 
combustion, passing over this, flow forward through the 
central space between the front sets of tubes. Passing 
among the latter they flow outwards and forward 
to the chimney through two flues. An air space is 
arranged between these flues and the outer casing, 
and combustion air is heated in this space and led to 
the ashpan, the arrangement also tending to cool the 
casing itself. Air is taken in at the front of the smoke- 
box through three rectangular openings shown in 
Fig. 2. The actual supply to the ashpan is controlled 
by damper. The usual ashpan damper can also be 
used if necessary, but is normally intended only for 
cleaning. A superheater is fitted in the main flue, 
between the front sets of tubes, coupled with the steam 
drum, the elements from the two headers passing back 
towards the firebox. 

In order to meet possible difficulties with regard to 
scaling, the feed water is delivered into a forward part 
of the steam drum, cut off from the remainder by @& 
weir. The water has to pass over this weir to the 
evaporative surface and water drums, and it is antici- 
pated that it will reach a temperature of 400 deg. 
before doing so. In this way deposit should collect 
mainly, if not wholly, in this part only, where it can 
be dealt with by blowing off. The boiler under test at 
Messrs. Yarrow’s works, on a four-hour test at 450-Ib. 
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pressure, showed an evaporation of 20,000 Ib. per hour. 
The boiler is fed by a high-pressure Gresham and 
Craven injector and a Davies and Metcalfe low-pressure 
injector. The latter is supplied with steam from a 
low-pressure manifold on the boiler front, and to be 
seen in Fig. 3 above the firehole door. This manifold 
is supplied from the boiler through a Cockburn reducing 
valve which maintains a pressure of 200 Ib. for the 
supply of the ejector, steam sanders, whistle and heater, 
in addition to the injector. Messrs. Cockburn and 
Company, of Glasgow, also supplied the safety valves, 
relief valves, regulators, etc., the designs varying from 
the usual fittings on account of the high pressure. The 
main regulator, fitted on the cylinder side of the super- 
heater, which is therefore always under full steam 
pressure, an unusual feature in locomotive practice, 
supplies steam to the high-pressure steam chests. 
There is, however, for starting purposes, a 1-in. regulator, 
which can be used for supplying steam direct to the 
low-pressure cylinders. This is shut off when the 
engine is running. The low-pressure cylinders are 
provided with valves blowing at 200 lb., in order to 
prevent the pressure in them rising too high. 

The two high-pressure cylinders are 12 in. in diameter 
and the two low-pressure 20 in. in diameter, all by 
26-in. stroke. The high-pressure cylinders are placed 
very close together, only 14} in. cr. to cr., and well 
forward, driving on to the front coupled axle. By 
placing the cylinders close together and designing 
the crank with a single web, large bearings for the 
axle-boxes have been provided. The cylinders, steam 
chests and receiver, are a single steel casting, the 
cylinders being fitted with cast-iron liners. The low- 
pressure cylinders are outside and drive on to the 
middle coupled axle. Walschaert valve gear is fitted 
to the outside cylinders, and the inside valves are 
operated off this by means of rocking shafts, the end 
of one being visible in Fig. 1, over the low-pressure 
steam chest. The inner arm of the rocking shafts 
is provided with a slot, in which works a die block, 
to which the valve rod is attached. By this means 
Mr. Gresley has made provision for the cut-off of the 
high-pressure cylinders to be varied independently 
of the low, by altering the position of the die-block 
in the slot. Two sets of steam reversing gear are 
provided, one fot the Walschaert gear and the other 
to control the high-pressure cylinder cut-off. These 
gears are worked by telemotors by Messrs. McTaggart 
Scott, of Edinburgh. 

The piston valves are 6 in. in diameter in the case 
of the high-pressure cylinders, and 8 in. in diameter in 
the case of the low, the maximum travel being 6} 
and 64 in. in the two cases, respectively. The steam 
lap is 13 in. for the high-pressure valves and 13 in. 
for the low-pressure, the exhaust lap being nil. The 
cut-off in full gear is 80 per cent. for the high-pressure 
cylinders and 75 per cent. for the low-pressure cylinders. 

The driving wheels are 6 ft. 8 in. in diameter, and 
the front bogie wheels 3 ft. 2 in. in diameter. The 
trailing end is carried on two independent axles. The 
foremost is provided with Cartazzi boxes, while the 
rear axle is mounted in a Bissel truck, the centre of 
which is located just behind the fire-box. The wheel- 
base is 40 ft., and length over engine and tender 
buffers 75 ft. 3Z in. The load on the driving wheels is 
62 tons. 

The front end has been designed after experimental 
work at the City and Guilds Technical College, South 
Kensington, in a wind tunnel at velocities equivalent 
to 50 miles per hour. The smoke-box is tapered, and 
side screens brought in to surround the chimney 
cause the rush of air to lift the steam and smoke well 
clear of the cab and line of vision of the driver. 
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CRYSTALLISATION AND SEGREGA- 
TION IN SMALL 1°10 PER CENT. 
CARBON-STEEL INGOTS.* 

By AXEL HULTGREN. 
(Concluded from page 818.) 


Aw attempt to explain the segregation phenomena 
recorded must form part of a general discussion of the 
successive process of solidification in the ingot. Before 
proceeding, the fundamental nature of segregation will 
be briefly discussed. 

General Theory of Segregation.—H the Ludwig-Soret 
effect is disregarded, no conclusive evidence of its 
occurrence in steel having been preserited, segregation in 
steel is always a result of selective freezing, that is, of the 
existence of a composition range between liquidus and 


solidus. The amount of segregation is, therefore, always | 
a function of the width of this range. Every growing | 


crystal is purer, and the surrounding liquid impurer, 
than the original liquid. Whereas, however, no con- 
dition of freezing can cause the growing crystal to be 
purer than is indicated by the equilibrium diagram, 
the last amount of liquid to freeze, under practical 
conditions, is always more impure than is indicated by 
the diagram, owing to incomplete diffusion in the solid 
phase during the time available. Very rapid freezing 
will (i) refine the dimensional scale of heterogeneity, 


Fig 8. DIAGRAM ILLUSTRATING QUIET SOLIDIFICATION 
IN THE INTERMEDIATE ZONE OF AN INGOT. 
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| gation ”__ is either (i) relative movement of solid and 
| liquid during solidification, causing accumulation of 
both in larger volumes, or (ii) diffusion or movement of 
| atoms in the liquid, whereby part of the accumulated 
| solutes in the enriched layer of liquid around a crystal 
skeleton is transferred to another portion of the liquid, 
which is thus enriched before starting to freeze. In 
both cases, there can be no positive segregation without 
negative segregation elsewhere. Examples of (i) are : 
|(2) Removal of liquid from an aggregate of growing 
|erystals (pasty condition) by pressure (vacuum) or 
| various stresses—inverse segregation, ,-structure, 
V-segregation. (b) Separation by sedimentation of 
| suspended skeletons from the liquid in which they have 
| grown, the former, being heavier, accumulating at the 
| bottom (negative segregation), the latter at the top 
| (top segregation). An example of (ii) is the positive 
segregation at the front of the growing zone of elon- 
| gated crystals, which must have as its counterpart 
negative segregation in an intermediate part of this 
|zone. Segregation according to (i, 6) and (ii) requires 
|time. In certain forms of segregation according to 
| (i, a) the time element is of little importance. 

| The Process of Solidification of Ingots and Mechanism 
| of Various Segregation and Deformation Phenomena.— 
| The skin of solidified steel, first formed in contact with 
'the mould, is immediately cooled further by the cold 
|mould. It cannot follow its tendency to contract, 


Fig.9. DIAGRAM ILLUSTRATING QUIET 
SOLIDIFICATION IN THE AXIAL 
REGION OF AN, INGOT. 
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however, because the heavy pressure of the 
molten steel forces it against the mould. 
The suppressed contraction of the skin im- 
plies that it is virtually being permanently 

one expanded and stretched in proportion as it 
f is cooled below the freezing point. This 
stretching is further increased when the 
mould starts to expand with the heat. The 
skin, being outwardly solid, consists, further 
inwards, of a mass of skeletons with liquid in 
between. The thickness of the skin being 





Crystals 








(/631.C. 


(ii) counteract diffusion in the solid, and (iii) in the 
liquid also, and (iv) hypothetically, by depressing the 
temperature of freezing, remove the composition of the 
nucleus to a point of higher concentration on the solidus, 
which, if true, would cause the remaining liquid to be less 
concentrated than otherwise. Probably the net effect 
is that the range of concentration present in the 
structure is narrowed. Still, there are reasons to 
believe that, even on quick freezing, the last liquid to 
freeze is highly concentrated. The following evidence 
may be given: 

A 9-in. ingot of 1-10 per cent. carbon steel was cast 
in a water-cooled copper mould with a sink head. At 
the transition between the body of the ingot and the sink 
head a large exuded drop was found to be attached, 
probably an accumulation of the liquid remaining in the 
numerous pores in and between the growing skeletons 
near the surface, which were, of course, small and 
finely branched. The composition of the heat and of 
the drop were as follows : 





Man- | Phos- 


| 
| 
ganese. | phorus. | 


j Carbon. | Silicon. Sulphur. 





| 
| 
| 
| 
| 


Per Per Per Per Per 

cent. cent. cent. cent. cent. 

Heat .. ..| 1-10 0-26 | 0-30 | 0-015 | 0-006 

Drop .. xa EOF 0-33 | 0-46 0-029 0-019 
Segregation, per 

ent. ji 70 27 53 93 217 


[t may be noted that the order in which the elements 
have segregated is that usually found. 

Thus, a marked heterogeneity between solid and 
liquid, or segregation ona small scale, is always present 
during freezing. The cause of segregation on a large 
scale—the more usual meaning of the term “ segre- 








* Paper read before the Iron and Steel Institute, 
Neweastle-upon-Tyne, on Wednesday. September 11, 
1929. Abridged. 
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irregular, on account of local irregularities 
of contact and cooling efficiency, the stretch- 
ing may cause rupture, either generally 
between the crystals, or locally at weak points, 
where liquid from interior portions of the skin 
will be forced out. Such liquid, being enriched, will 
form intercrystalline or local segregates in the surface 
layer. As the skin grows in thickness and strength, 
the pressure against the mould wall is more and more 
relieved. Finally the skin will leave the mould in 
places, where exuding liquid may collect on the surface 
of the ingot. On steel ingots of high carbon and alloy 
contents, a continuous thin surface layer of segregate 
may sometimes be observed, probably formed by the 
process outlined. This is an example of inverse 
segregation. In 1-10 per cent. carbon steel ingots, 
surface segregates, believed to be of the nature described, 
have also been noticed ; the mould used was not coated. 

If the ingot hangs, for instance, on a fin formed at the 
top, it will usually ‘* pull ’’—that is, the weight of the 
ingot causes the skin to break near the top, where it is 
thinnest. The light lines parallel to the surface, which 
were shown in Fig. 7, on page 818, ante, appear to be 
discontinuities in the structure not unlike those that 
result from after-pouring. The sudden break in the 
direction of the crystal stems at the lines would indicate 
that the skin was subjected to a shock which caused the 
free tips of the crystal stems to bend downwards near 
their base. It is conceivable that the skin, having 
become fairly thick, while receding from the expanding 
mould wall from the bottom upwards, will inter- 
mittently settle down to the bottom as a result of the 
friction at the surface still in contact becoming inade- 
quate to carry the ingot. The presence of lines along 
the bottom surface and the inward slope of the elongated 
crystals, often found in the outer portion of this 
surface, possibly call for another explanation. It may 
be suggested that, at an earlier stage, while the skin is 
still in contact with the mould, it will, from its relative 
contracting tendency, sooner or later begin to glide 
inwards at the bottom and downwards at the sides. If 
this takes place in jerks, the effect may be similar to the 
one described. 








Irrespective of jerks, the stretching of ! 


the skin, under the influence of friction at the surface 
and pressure from within, would be apt to cause a general 
tilting of the crystals in the direction observed. 

As stated, the rate of growth of the elongated crystals 
is gradually retarded, leaving time for diffusion towards 
the interior to set in from the enriched liquid around the 
front of the crystals. The zone of liquid from which 
diffusion issues will thus become purer than it would 
otherwise be, and the final composition of this zone 
accordingly shows negative segregation. Further in- 
wards, a zone of positive segregation must necessarily 
appear. Probably owing to the comparatively rapid 
freezing of the small ingots studied in the present 
investigation, the former type of segregation could not 
be found with certainty and the latter was of minor 
account. The concentration gradient set up in front 
of the elongated crystals will counteract the temper- 
ature gradient and further retard their growth. In 
discussing the process of solidification further, the 
following alternatives will be considered separately : 
quiet solidification, solidification after stirring (after- 
pouring), and cold casting. 

Quiet Solidification.—As the temperature gradient at 
the front of the elongated crystals is flattened, a point 
will be reached where independent nuclei are enabled 
to form in the outer part of the interior liquid that has 
not yet been contaminated by diffusion from the front. 
Those nuclei will grow, and form a barrier which will 
stop the growth of the elongated crystals. The 
change from elongated crystals growing from the wall 
to free crystals, at first suspended in the liquid, intro- 
duces certain new conditions. During the freezing of 
the interior of an ingot from the sides inwards, four 
zones may be distinguished: (1) The central liquid 
region. (2) An intermediate zone of liquid with 
suspended crystal skeletons. (3) A second intermediate 
zone, consisting of an aggregate of skeletons, con- 
tinuous in the sense that the projections of adjacent 
skeletons touch one another or have grown together, 
but still containing liquid in the interstices—the 
“‘ pasty zone.”’ (4) The solid surface zone. 

The diagram, Fig. 8, serves to show the distribution 
of these zones at a certain stage of solidification. A 
represents the liquidus temperature. Owing to under- 
cooling, nuclei are not formed until the temperature B 
is reached. The nuclei will first grow fairly rapidly 
and form large dendritic skeletons. At the tempera- 
ture C, the skeletons will begin to touch one another ; 
at D solidification is completed. Assuming the tem- 
perature in the ingot to be distributed according to 
curve 1, the lateral position and thickness of the 
zones will be as indicated at the bottom. Assuming, 
further, for the sake of simplicity, that the temperature 
at the surface of the ingot remains constant until the 
ingot has solidified, a series of temperature distribution 
curves (1 to 4) may be drawn for succeeding stages of 
solidification. It is seen that the thickness of the 
pasty zone remains fairly small until the last stages 
of solidification. This is a consequence of the fact 
that the drop in temperature between C and D is small, 
owing to undercooling. 

Solidification is accompanied by shrinkage. In the 
zone of suspended crystals, the whole mass will con- 
tinuously settle downwards to compensate for the 
shrinkage. In the pasty zone, however, the shrinkage 
in the outer portions will produce a vacuum (dissolved 
gas is here disregarded). Because the zone is thin and 
the channels through the large skeletons comparatively 
straight, liquid from within will be drawn through the 
channels in an outward direction without appreciable 
resistance—in other words, without serious disturbance 
of the aggregate of skeletons. 

Later, when the pasty zone reaches the axis—curve 5 
—conditions will be different. The pasty zones from 
all sides will meet, as shown in Fig. 9. The thickness 
of the zone AB, as measured vertically along the axis, 
is considerable, and increases as the steepness of the 
zone increases, which is generally equivalent to a 
decrease of the taper of the ingot. The vacuum at B, 
resulting from shrinkage, cannot be relieved by a 
general passage of liquid, because the channels are too 
long and the resistance, in consequence, too great. 
Instead, the pressure from above will cause a general 
sagging of the crystal aggregate in the central region. 
From C, where the mass is solid, to A, where it is on 
the verge of mobility, the downward deformation will 
increase, a sloping set of deformation lines being 
produced. The looseness of the aggregate in the 
interior portions of the zone AC accounts for the 
formation of cavities, which are now more or less 
completely filled by liquid squeezed out from the 
channels of the aggregate. Those seas of enriched 
liquid form the V-segregate. 

So far, bottom and top effects have not been con- 
sidered. In the schematic representation followed, 
the outer and inner boundaries of the pasty zone 
obviously represent isothermals, deviating from concen- 
tricity with the surface of the ingot in a direction and to 
an extent determined mainly (i) by the taper of the 
mould, and (ii) by the fact that the lower part of 
the ingot was filled and started to freeze before the 
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upper part. So far upwards as cooling from the | during pouring, the temperature at which nuclei Repeated oscillation of a 12-in. ingot cast at 1,385 


bottom surface affects the shape of the isothermals, | may form under turbulent conditions is thus reached, | deg. C., 


beginning immediately after casting and 


the acute shape and the great depth of the pasty zone the stream at the finish of pouring will have the same | continued during the whole time of solidification, gave 


shown in Fig. 9 will not come into existence, and, in 
consequence, no marked V-segregates will arise in the 
lowest portion of the ingot—a conclusion borne out 
by all ingot sections examined. In the last stages of 
freezing, when the pasty zone approaches the heat- 
insulated top, its progress is retarded, its steepness 
and thickness being at the same time diminished. For 


| effect as the after-pouring stream applied at a suitable 





|rise to a peculiar structure. The elongated crystals, 
time—i.e., numerous nuclei will be formed through- | after they had reached a certain depth, became con- 
| out the ingot. This result may be obtained in two} tinually broken. The zone of elongated crystals was 


ways: (i) by using a low pouring temperature, or (ii) | separated from the interior region of free crystals by 
| by employing a long time of pouring at normal pour-|a very sharp line of segregation. Furthermore, the 


| ing temperature (small nozzle). 
| In the case in whicha fairly low casting temperature 


segregation amounted to a rise in carbon content 


|from 1-07 to 1-36 per cent. The middle of the 


all those reasons, the compensation of shrinkage by | and slow pouring are adopted, it is suggested that the | elongated zone and the axis of the ingot showed 
the passage of liquid through the zone is facilitated. | layer of random surface crystals, formed at low tem- | negative segregation to 1-02 per cent. and 0-91 per 


Thus V-segregates will be absent near the top of an 
ingot if the heat insulation there is efficient. This is 
also confirmed by the ingot sections examined. 
Solidification after Stirring (After-Pouring).—The 
fact that, for ordinary casting temperatures, after- 
pouring at a suitable moment produces a small-grained 
structure throughout the interior of the ingot, whereas, 
on quiet solidification, the free crystals become large, 
shows that such a violent disturbance causes crystalli- 
sation to set in earlier and at a higher temperature 
than would otherwise be the case. In other words, 
there is no appreciable undercooling. Referring to 
Fig. 10, which should be compared with Fig. 8, the 
temperature of incipient crystallisation, B, in this case 


| perature, could not develop into elongated crystals, 
| because at that stage the free nuclei within, formed 
| during pouring, would have already grown to form 
an effective barrier (see Fig. 3, on page 816, ante). From 
|that time on, freezing would proceed as described 
|above for solidification initiated by stirring (after- 
| pouring), the structure in both cases having the follow- 
ing same general characteristics : Small-grain; A-struc- 
|ture in the intermediate zone and faint V-structure 
|in the central region; and presence of negative segre- 
| gation along the axis. 
| Hot Casting.—Ahighcasting temperature will cause :— 
| (i) the layer of surface crystals to be thinner ; (ii) the 
| elongated crystals to grow to greater depth, the boun- 


almost coincides with the liquidus temperature, A.| dary between elongated and free crystals being uneven ; 
The temperature at which the growing crystals com- | and (iii) V-segregation usually to be more pronounced, 
mence to touch one another, C, is probably also raised, | Two 9-in. ingots were cast from the same heat a 


since crystal growth cannot be delayed in the 
presence of the great number of nuclei formed. 
The temperature of completed solidification, 
D, is assumed to be unaffected. The diagram 
shows that the pasty zone is at any time con- 
siderably thicker than in Fig. 8. The shrinkage 
in this zone will tend to cause liquid to be 
drawn through its channels, whereas the large 
dendritic skeletons formed during undisturbed 
solidification form straight paths for the liquid 
to pass, the small rounded crystals may be 
assumed to pack closely, leaving narrow, 
crooked channels, which, moreover, are long 
because the pasty zone is thick. The resistance 
thus offered to the passage of the liquid will, 
presumably, cause the latter to seek its way 
where the cohesion of the aggregate happens 
to be loose, the channels thus selected being 
forced open to greater widths. 

While the pasty zone moves inwards, the 
process continues until the zones from the 
sides meet in the centre. Thus, a series of 
parallel bands of segregate—the ,A-structure— 
will be formed, extending from the zone of 
elongated crystals to the central region, where, 
as discussed in connection with Fig. 9, 
shrinkage in the pasty zone causes another 
type of deformation, leading to V-segregates. 
It was once thought that segregation in front 
of the elongated crystals was the main cause 


of the A-structure, but thisidea wasabandoned Axis 


for two reasons : (i) the ~-structure is at least “°?”*” 


as prominent in ingots that have been cast 
underconditions of extremely rapid cooling (water-cooled 
copper mould) or very low temperature, that is, 
under conditions of restricted diffusion, and (ii) the 
great depth of the a-zone seems incompatible with 
such a supposition. The main fact upon which the 
explanation given is based is the absence of the A-struc- 
ture in the large-grained 12-in. ingots, from which it 
follows that the structure is related to the existence 
of free crystals at the time of its formation. It is 
admitted that the persistent steepness of the A-structure 
is, at first sight, difficult to explain according to the 
theory proposed. This steepness seems to require 
that the inner boundary of the moving pasty zone 
should be almost horizontal. 

In large ingots, negative segregation has usually 
been found in the lower portion along the axis, whereas, 
in the present investigation, the lowest carbon contents 
were found in the middle part of the axis. This is 
probably an effect of the accelerated cooling of the 
bottom portion, due to the large taper of the ingots 
bere investigated. The sinking crystals will displace 
a corresponding volume of liquid upwards, and, at the 
same time, the continuos shrinkage will cause the 
whole mass to settle downwards. Near the top is 
a region whence the nuclei, once formed by stirring. 
wil! pass downwards without being replaced by others 
entering from above. This region should, therefore, 
show a large-grained structure and positive segre- 
gation. The former conclusion is borne out by Fig. 7, 
on page 818, ante; the latter conclusion also finds 
support, but not, perhaps, to the extent expected. 

Cold Casting.—The significant casting temperature— 
that is, the temperature that determines the type of 
structure formed in the ingot—is not that of the enter- 





Ftg.10. DIAGRAM ILLUSTRATING SOLIDIFICATION 
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| 1,405 deg. and 1,320 deg. C., respectively, without 
|after-pouring. The former showed a deep zone of 
|elongated crystals, large free crystals, and marked 
V-segregates. In the latter, elongated crystals were 
absent, free crystals were small, the ~-structure was 
faintly visible, and V-segregates were present, but not 
so marked as in the former. 

Hot Mould.—A 9-in. ingot was cast at 1,355 deg. C. 
in a red-hot mould and not after-poured. The zone 
of elongated crystals was fairly thir. The interior 
consisted mainly of small, free crystals ; A- and V-struc- 
tures could hardly be detected. It may be suggested 
that the slow freezing, per se, had a favourable influence 
on the ,- and V-structures, because slow feeding of 
liquid through a pasty aggregate might take place 
without serious deformation of the aggregate. 

Other Methods of Stirring to Initiate Crystallisation.— 
From the experiments made on after-pouring, it was 
concluded that similar results would be obtained if 
the stirring were effected by mechanical means. Experi- 
ments of that kind were made as described below. 

Stirring with a Rod.—A 9-in. ingot was cast at 
1,380 deg. C. and stirred, after 1 min. 30 sec., with a rod, 
to the end of which was attached a transverse disc. 
The rod was pushed down about 200 mm. below the 
top crust, and moved down and up twice. There was 
a sharp line of demarcation between the elongated 
crystals and the interior, which consisted entirely of 
small free crystals. This method, then, produced the 
same effect as after-pouring. In both methods, there is 
a certain danger of introducing oxidised parts of the 
top crust into the metal. 





Oscillating the Mould.—For this purpose, a machine 
was built, in which the mould could be firmly attached 


ing stream, but that existing in the interior at the finish | to a horizontal table, and oscillated about its vertical 
of pouring. During pouring, the mould appreciably | axis through an angle of 36 deg. at the rate of 30 
cools the molten steel, the cooling being transmitted | oscillations per minute. The movement in one direc- 


to all parts of the mass owing to the turbulence. If, | 


tion was stopped abruptly. 


cent., respectively. It is suggested that the enriched 
liquid surrounding the tips of the elongated crystals, 
owing to the agitation, was continually mixed with 


| other parts of the molten steel and thus diluted, while a 


zone of concentrated liquid was accumulated in front of 
the crystals. Free nuclei first formed in the interior 
beyond the concentrated zone. The latter was thus 
caught between the two regions of crystallisation. 
When the oscillations were violent and persistent, the 
free crystals in the interior were found to become 
more numerous than when stirring at a suitable moment 
was adopted. 

In order to minimise the segregation effects, experi- 
ments were made with less violent oscillations, which 
were started after the elongated crystals had grown to 
appreciable length and were repeated at longer 
intervals. In this manner, structures very similar to 
those obtained by after-pouring were obtained. While 
the experiments with repeated oscillations of the mould 
hardly give promise of practical application, they serve 
to show the effects of continued violent agitation during 
freezing. It may be concluded that, in ingots of soft 
steel from which a copious evolution of gas arises 
during solidification—rimming steel—the purer surface 
zone and the sharp line of segregation between it and 
the interior are due to the agitation of the liquid steel 
by the gas given off at the growing surface layer. 

Blowholes in 1-10 per Cent. Carbon-Steel Ingots.— 
The structure of a 9-in. ingot containing blowholes 
was investigated. The amount of gas given off in 
this case was small, and the effects produced on the 
structure are not, therefore, comparable with the case 
just mentioned. The gas started to be evolved after 
a certain depth of solidification had been reached. 
Steeply-sloping segregation lines were seen to emanate 
from blowholes ; they are believed to have originated 
as follows: A gas bubble rising through a liquid 
containing suspended crystals, which liquid is on the 
verge of turning into the pasty condition, will, on 
pushing aside the solid-liquid mixture, cause the 
crystals to adhere to one another ; only the liquid will 
return behind the bubble, and thus a band of segregate 
will be formed. In displacing the mixture, the greater 
resistance offered by the further solidified outside 
portions will deflect the path of the bubble inwards. 
The absence of blowholes in the central region is 
probably a result of the top crust having formed. at 
this stage of solidification. The increased pressure 
was thus resisted, and the gas was forced to remain in 
solution in the solid steel. 








APPLICATIONS OF THE OUT-OF- 
BALANCE DRIVE. 


Two interesting applications of the phenomenon 
that so often forms a bugbear with rotary motion, 
viz., vibration when the shafting is out of balance, are 
illustrated on the opposite page. Both the machines 
concerned are made by Messrs. Samuel Pegg and Son, 
Alexander-street, Leicester, and attracted considerable 
attention at the recent Public Works, Roads and Trans- 
port Exhibition, at the Royal Agricultural Hall. The 
power-operated road tamper, Figs. 1 and 2, has been 
designed generally as an auxiliary to a road roller. 
but in some cases, e.g., where patching is required, or 
in minor operations in localities to which the cost of 
transporting a road roller would be prohibitive, it 
replaces the latter machine. As will be seen from Fig. 
1, it is mounted on two wheels with pneumatic tyres 
and is readily transportable. It weighs only 270 lb.. 
but it must be remembered that the action of a tamping 
machine in the consolidation of tar and bituminous 
macadam is entirely different from the squeezing 
action of a road roller, in which weight is the main 
factor. In the machine shown, there are one or more 
tamping plates which deliver direct vertical blows to 
the surface at the rate of from 600 to 1,000 per minute. 
This consolidates the material without spreading it. 
and, in addition, the blows bring the liquid part of the 
matrix to the surface, thus more effectively sealing it. 

The frame of the machine is formed of pressed steel. 
and carries the 3}-h.p. petrol engine. This is controlled 
from the handlebars, and the drive is transmitted 
to the tamper gear by a clutch and chain. The tampe" 
plate is attached to the frame by links which carry the 
vibrator shafts at one end and are pivoted to the 





frame at the other, and by two semi-elliptical springs 
| rigidly fixed to the frame at one end and coupled to 
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the tamper plate by shackles at the other. The 
springs take the weight of the plate and are provided 
with means of adjustment, enabling the height and 
force of the blows to be controlled by the operator to 
within very fine limits. The vibrator gear consists 
simply of two shafts, carrying eccentric weights 
attached to the tamper plate. The shafts are geared 
together so that corresponding angular positions of 
the weights are maintained throughout their revo- 
lution, although they rotate in opposite directions. 
It will be realised that this arrangement, which is shown 
in Fig. 2, enables the maximum out-of-balance effect, 
which vibrates the plate as the shafts are rotated by 
the engine, to be obtained in a vertical direction. 
Vibration in a horizontal plane is practically absent. 

The out-of-balance principle is employed in the 
sifting screen shown in Fig. 3, in a slightly different way, 
for, as both vertical and transverse motions are required, 
one shaft only is employed. This is fitted with two 
eccentric weights, and rotates at 1,800 r.p.m. It is 
provided with a pulley for a belt drive, and runs in 
large self-aligning ball bearings with a labyrinth seal 
to exclude dust. It is further, as shown in the figure, 
covered in with a cylindrical casing. The shaft 
bearings are, of course, attached rigidly to the screen 
frame, so that the vibrations set up by the out-of- 
balance discs are transmitted to it, and thence to the 
screen itself. Free movement of the frame is obtained 
by mounting it on elliptic springs at one point at the 
top and one at the bottom. This method of suspension 
permits a uniform ovoid motion over the whole area 
of the screen, which, coupled with the rapidity of 
movement set up by the rotation at a high speed of the 
out-of-balance shaft, produces a high intensity of 
vibration. The efficiency resulting is stated to be 
91-5 per cent. with limestone fragments having a 
moisture content of 6 per cent., and passed through a 
t-in. mesh at the rate of 18 tons per hour. Coal, 
through the same mesh, at the rate of 15 tons per 
hour, gave an efficiency of 95 per cent. when sprayed, 
while with sand and gravel containing 7 per cent. of 
moisture on a screen of #,-in. mesh, and a feed of 15 tons 
per hour, an efficiency of 90 per cent. was obtained. 
The screen cloth is 3ft. wide by8 ft. long, and, when used 
‘or heavy abrasive materials, is made from mangan- 
ese-steel wire. It is attached to the frame by light 
angle irons with bolts, and is tensioned by a simple 
device. A change of screen can be made in 10 minutes. 
The machine, shown in Fig. 3, is of the single-deck 
type, but can be made with two or three decks, if required. 
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Fig. 3. Srnate-Dreck VIBRATORY SCREEN. 


|THE WORLD ENGINEERING CON- 
| GRESS IN JAPAN. 
(Concluded from page 825). 


WE conclude below our summaries of papers pre- 
|sented to the World Engineering Congress recently 
| held in Tokyo. Certain further papers are being held 
| over, as we intend to reproduce them in early issues at 
| greater length than is now possible. 


AERONAUTICS. 


Among the aeronautical papers was one by Mr. F. 
| Handley Page, entitled ‘“‘ Commercial Aviation and Its 
Development Towards a Self-Supporting Basis.” The 
conclusion arrived at in this paper was that, if civilian 
flying was to be economical, independent of subsidy and 
free from all the attendant disadvantages that resulted 
from Government interference where subsidies were 
concerned, every effort should be concentrated on the 
production of improved aircraft, rather than on the 
extension of air lines employing inefficient equipment, 
the operation of which was only possible by subsidy from 
public funds. The improvements foreshadowed, the 
author stated, would enable the present fares to be 
charged and operation to be made remunerative with- 
out subsidy, or existing fares to be lowered and a great 
increase in traffic obtained. In a short paper dealing 
with the business side of aviation, Mr. C. M. Keys 
stated that the greatest need, at the present time, was 
for lower costs, more durable equipment and lower over- 
head charges. At present, he said, aircraft were being 
employed in which the total cost amounted to not less 
than 12 cents per passenger-mile, whereas a cost of 
4 cents or 5 cents per mile was aimed at. 

Baron C. Shiba presented a brief report on the work 
carried out within the last four years at the Aero- 
nautical Research Institute of the Imperial University 
of Tokyo. The Institute was organised in April, 1918, 
but the buildings and equipment were destroyed by 
| the earthquake and subsequent conflagration of 1923. 
| Reconstruction work was, however, recommenced in 
| the following year, and is now practically completed, 
| except for the physical laboratory, which, it is anti- 
cipated, will be finished early next year. In the new 
Institute, at Komaba, a wind tunnel 1-5 metres in 
diameter was first installed, and another, 3-0 metres 
in diameter, has recently been completed. Both are 
of the open-jet, closed-return type, and the driving 
motors are of 100-h.p. and 500-h.p., respectively. Work 
has been done in recent years on feathered wings, air- 
brake dynamometers, the overheating of aero engines, 
light alloys, aeroplane noises, fluid motion, dopes, &c., 
and some brief particulars of these researches were given 
in the report. 

A mathematical paper was presented by Mr. K. Wada 
on the subject of the induced velocity due to the 
oscillation of the main plane of an aeroplane. For 
investigation purposes, the oscillating main plane was 
replaced by a bound vortex and a trailing vortex sheet 
extending to infinity. The strength of the bound vortex 
varied according to the periodic change of lift, while 
that of the vortex sheet was distributed so that the total 
circulation in any circuit moving with the air remained 








downwash of the main plane was obtained by a succes- 
sive partial integration in a form of infinite series. A 
simple formula giving the induced velocity at any 
point was obtained, under the assumption that the 
distance of the point from the vortex sheet was small, 
compared with the wave-length of oscillation, presum- 
ing a simple-harmonic oscillation of the main plane. 
The change of the induced velocity due to a simple- 
harmonic oscillation of the main plane was also simple 
harmonic, with varying amplitude and phase. The 
amplitude decreased with the increase of the distance 
from the main plane and rapidly approached its 
asymptotic value. The phase of oscillation of the in- 
duced velocity at a point, the distance of which was large 
compared with the wave-length of oscillation, varied 
with the velocity of general flow, but, fora point nearer 
the main plane, the variation of phase was much slower. 

Professor T. Suhara described a new ultra-speed 
kinematographic camera capable of taking photographs 
at the rate of 40,000 per second, used in connection 
with aeronautical research work at the Aeronautical 
Research Institute of the Imperial University of Tokyo, 
referred to above. This camera employed a rotating 
mirror, of stainless steel, in the form of a frustrum of a 
regular polygonal pyramid having 180 sides, all of 
which were highly polished. The image formed by a lens 
was reflected from the flat faces of the rotating mirror 
on to the film, which was fixed to the inner periphery 
of a drum and had a length of about 4 metres. 
The film drum was driven by an electric motor, which 
also drove the rotating mirror through gearing, the 
mirror rotating in the same direction as the drum, and 
the speed ratio being such that the image reflected by 
the mirror on to the film moved at the same speed and 
in the same direction as the film. An adjustable slit 
was provided between the mirror and the film, to enable 
the range of the image projected on to the film to be 
limited and adjusted. With the arrangements 
described, 180 photographic images were impressed on 
the film for each revolution of the mirror, and as the 
maximum speed of the latter was 225 revolutions per 
second, as many as 40,500 images would be recorded per 
second. An automatic shutter was fitted in front of the 
lens to ensure that-the film was only exposed during one 
complete revolution of the film drum. With regard to 
the uses of this camera, it may be pointed out that, 
since the velocity of sound in air is 340 m. per second, 
the wave will only travel about 8-5 mm. in the time 
interval between two successive exposures made at the 
rate of 40,000 per second, so that it is quite possible 
to take slow-motion films of sound waves. 


STEAM PLANT. 


In a paper entitled ‘‘ Piston Engine and Steam 
Turbine as Prime Movers for Locomotives,” Mr. A. 
Lysholm, M.E., compared the performance of the two- 
types. The figures given were based upon comparative 
tests, on the Swedish Railways, of a Ljungstrém loco- 
motive and of one of their standard goods engines of 





approximately the same tractive power. The goods 
engine was of the 0-8-0 type weighing 67-6 tons, and 
was designed for a maximum speed of 38 miles per 
hour. The steam was supplied at 200 lb. per square 


constant. The induced velocity at any point in the! inch, and at a total temperature of 642 deg. F. Working: 
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with the same steam conditions, the turbine engine 
developed a higher torque at all speeds between 10 and 
40 miles per hour, and had a lower steam consumption 
at all speeds between 8 and 30 miles per hour. Below 
8 miles per hour, the piston locomotive was superior, 
but such speeds are, the author notes, very transitory. 
At 15 miles per hour, the steam consumption of the tur- 
bine locomotive was 17-7 lb. per effective horse-power, 
as compared with 20-7 Ib. for the piston engine. At 
30 miles per hour, the corresponding figures were 16-1 lb. 
and 18-2 lb. Higher superheats, the author stated, 
could be used with the turbine than were permissible 
with piston engines, and with a total temperature of 
842 deg. F., the steam consumption per effective horse- 
power of the turbine locomotive would be 15-6 lb. at 
15 miles per hour and 14-2 Ib. at 30 miles per hour. A 
further comparison was made in the paper between the 
performance of the Baldwin compound locomotive No. 
60,000, described in ENGINEERING, vol. exxiv, page 824 
(1927), and a turbine locomotive of similar drawbar pull. 
It was claimed that, with the same steam conditions, 
the turbine locomotive would require 13 lb.‘ of steam 
per drawbar horse-power, as compared with 17-5 Ib., 
which was the best figure recorded with the Baldwin 
engine, and that by using higher steam temperatures, 
the consumption for the Ljungstrém locomotive could 
be reduced to 11-2 Ib. per horse-power-hour as mea- 
sured at the drawbar. 

In a joint paper on “The Operation of Turbo- 
Generators on a Total-Temperature Basis,” Messrs. P. 
Torchio, W. J. Foster and F. D. Newbury point out 
that the designer of a generator has to provide for the 
maximum continuous rating of the machine, the size 
and proportions of the magnetic and electric circuits 
being fixed by the kv.-a., voltage, power factor, and the 
total temperature rise. The ‘* name plate rating 
of the machine thus derived. In America, the 
ambient temperature is commonly taken as 40 deg. C., 
and, if a temperature rise of 50 deg. C. above this is 
permitted, a greater rise should, it is claimed, be 
permissible if the ambient temperature is 30 deg. c. 
as is the case at times of peak load in many American 
stations. On the other hand, it is sometimes necessary 
to use condensate for the air coolers, in which case the 
effective ambient temperature may be 50 deg. Hence 
it is suggested that the operator’s rating as opposed to 
the designer’s should be fixed on a total-temperature 
basis. The operator requires, in fact, to know the 
maximum load that can be safely taken over and above 
the name- plate rating. In this connection, the authors 
note that excessive loads are infrequent and have to be 
carried for only short periods of time. Moreover, most 
turbo-generators are, in normal working, operated at 
less than 0-8 of their name-plate rating, and time is 
required for the attainment of the full temperature rise 
due to any increase of output. According to curves 
given in the paper, if the final temperature rise from 
0 to 4 load be 22 deg., some 44 hours will be required 
to attain this, but half the total will be attained in 
40 minutes. Setting out from half load and increasing 
output by successive steps of one-quarter the rated 
capacity, the time required to reach the steady tempera- 
ture will, for each successive step, be about 24 hours, 
but in each case half value will be attained in 20 
minutes. Ifa maximum-temperature basis be adopted, 
the authors suggest that, if this be 100 deg. C. for the 
normal name-plate rating, it should not be more than, 
say, 90 deg. C. for a 20 per cent. overload or, say, 
80 deg. C. for a 30 per cent. overload. This suggestion 
is made in view of the fa¢t that experiments on large 
generators have shown that, at normal rating, the hottest 
spots may have a temperature 15 deg. C. higher than 
the mean, and this excess will be increased at overloads. 

Messrs. S. B. Donkin and R. W. Mountain, in a 
paper on * Some Limitations in the Design of Steam- 
Generating Plant for Modern Power Stations,” stated 
that expensive alloys were now available which had 
a limiting creep stress of 13 tons per square inch at 
930 deg. F. and were, nevertheless, ductile at normal 
temperatures. Ordinary steels had the same creep 
limit at 750 deg. F. Owing to creep, the factor of 
safety would be the same for a steam pressure of 
875 lb. per square inch and a temperature of 700 deg. F. 
as for a steam pressure of 350 Ib. per square inch and a 
total temperature of 900 deg. F., but the latter would 
give the higher thermal eff ciency. The authors held 
that, in future work, the latter temperature was likely 
to become the standard. As regards vacuum, the 
economic limit, with cooling water at 53 deg. F.,appeared 
to be 29 in., the weight of circulating water passed 
being 70 to 75 times that of the condensate. 

In a paper on the ** Economic Operation of Power 
Stations,” Mr. I. V. Robinson gave the results of an 
analysis of the load curves observed at a number of 
modern power stations. He showed that, on the 
average, the base load was 30 per cent. of the maximum 
peak load, and this was maintained for 4,380 hours per 
annum out of a possible total of 8,760 hours. On this 
base load was superimposed a first peak load, equal to 
some 25 per cent. to 30 per cent. of the maximum peak 
load. On top of this, then, came a second peak, 
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corresponding to 40 per cent. of the total demand, but 
which was maintained for not more than 10 per cent. 
of the whole year. Indeed, the upper half of it was 
only maintained for ,;', of the year. If the total 
cost of the generating plant and machinery (exclusive 
of buildings) was 12/. per kilowatt installed, the 
annual fixed charges would average 36s. per kilo- 
watt, but if the kilowatts installed for the peak load 
were only in use for 60 hours per annum, the capital 
charges on these would be 7- 2d. per unit they generated. 
The author therefore concluded that it was specially 
important that all plant installed for taking the peaks 
should be cheap in initial costs, and that its efficiency 
was not of muchimportance. The installation of Diesel 
engines to take the peak was therefore, he considered, 
a mistake, since the capital cost of such plant was very 
high. He questioned whether the total installation 
costs of steam accumulators and accessories might not 
also be too great to render them suitable for taking 
these large but transient peaks, but believed that, in 
certain cases, hydraulic storage might serve econo- 
mically the end sought, and pointed out that with the 
establishment of the grid, there would be less restric- 
tion than hitherto on possible sites for hydro-electric 
plants of this kind. On the whole, however, the 
author considered that the best results would be 
obtained by installing at the main stations steam turbine 
sets with a 100 per cent. overload capacity, instead of 
the 25 per cent. now usual. With modern boilers and 
methods of firing, the steam output could be rapidly 
increased as additional load came on, a boiler overload 
capacity fully equal to the normal! rating being now 
attainable. 

Mr. O. Wiberg pres»nted a paper on “* High Pressures 
and Temperatures for Steam Prime Movers,” in which 
he stated that, owing to the higher efficiencies obtain- 
able, super-pressure installations need not cost more 
per kilowatt to install than the normal type. High 
pressures, per 8°, occasioned no difficulties, but since 
these were economic only if the initial temperature 
were also high, difficulties arose from creep which, in 
the case of ordinary steels, might cause trouble if 
temperatures were much in excess of 300 deg. C. In 
order to determine the suitability of other materials for 
high temperatures, he had conducted tests on seven 
different steels and alloys, viz.: (1) Carbon steel 
(0-15 per cent. C.), normalised at 920 deg. C.; (2) carbon 
steel (0-50 per cent. C.), normalised at 830 deg. C. ; 
(3) Martinsitic chromium steel (0-35 C., 13-5 per cent. 
Cr, hardened at 925 deg. C., and oil tempered at 610 deg. 
C.; (4) Austenitic chromium steel (Krupp V 24); 


(5) Austenitic chromium steel (Firth’s Crown steel) ; | 


(6) Heat resistive alloy (15 per cent. Cr., 61 per cent. 
Ni., 7 per cent. Mo., 15 per cent. Fe., 2 per cent. 
Mn) (Heraeus B7M); (7) Heat resistive alloy (15 per 
cent. Cr., 61 per cent. Ni., 7 per cent. Mo., 15 per 
cent. Fe., 2 per cent. Mn) (Heraeus B). The tests 
included fatigue tests, both under alternating and 
pulsating loads. In some cases, the alternating fatigue 
limit increased as the temperature rose from 300 deg. 
to 400 deg. C., 
creep limit was less than the alternating fatigue limit. 
At the higher temperature, the fatigue limit in the 
alternating tests was higher than in the pulsating test. 
From the results obtained, the author concluded that, 
in the case of the No. 1 carbon steel, the highest pressure 
permissible in a 2-in. superheater pipe, 0-15 in. thick, 
would be 50 atm. at 400 deg., and 25 atm. at 450 deg. C. 
With the No. 7 alloy, a pressure of 78 atm. could be 
allowed at 400 deg. C., the corresponding figures for 


500 deg. and 600 deg. C. being 55 atm. and 42 atm,, | 


respectively. 

Hence, as the pressure was reduced the temperature 
might be increased. Owing to the low creep limit of 
carbon steel, there was a definite pressure at which 
the plant thermal efficiency (coal bunker to switchboard) 
would be a maximum. With the alloy steels this was 
not the case, and the thermal efficiency continued to 
increase as the pressure was reduced. The wetness 
of the steam at exhaust should not exceed 12 per cent. 
as a maximum, in order to avoid excessive blade 
erosion unless re-superheating were adopted. 
condition made it necessary, in the case of steels No. 1 
and No. 3, to work at pressures below those giving 
the maximum thermal efficiency. Using three-stage 
feeding heating, a vacuum of 29 in. and one re-super- 


and with Martensitic materials, the | 
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Up till 1917, however, the largest steam-turbine unit 
constructed in Japan for land service was rated at 
1,500 kw., but since then sets developing as much as 
30,000 kw. had been constructed. The marine turbine 
was more rapidly developed, a licence being secured 
from Messrs. Parsons in 1904, and a number of turbine- 
driven ships were constructed during the years 1908 
to 1911. The Curtis turbine was adopted by the 
Japanese Navy in 1909, when the cruiser Ibuki was 
built, being the first large naval vessel to be turbine- 
driven. Geared turbines were introduced in 1913, the 
gears being cut in Japan. In the earlier days, the 
designs were imported, but of late years many improve- 
ments had been made in Japan, remarkable results 
being obtained with the machinery for the latest 
Japanese cruisers. Double-reduction gears had been 
very successful, the plan followed being to allow free 
axial movement to both the first and second pinions. 
Much attention had been paid to blading materials and 
at present stainless steels of Japanese make were used 
almost exclusively, both for land and marine turbines. 
The Suyehiro dynamic balancing machine was installed 
at the Mitsubishi works in 1924, and with it the 
amplitude of the undamped vibration of rotors was 
kept down to 0-0002 in., and the amount of out-of- 
balance to 0-715-inch-ounces per 1,000 Ib. of rotor 
weight. 

The principle adopted was to mount two unbalanced 
discs on the end of the rotor, provision being made so 
that these could be rotated relatively to each other 
and to the rotor, whilst the latter was running. Accord- 
ing to the relative position of these discs, the out-of- 
balance of the rotor was either increased or diminished. 
Optical means were provided for observing the corres- 
ponding positions, and for recording the amplitude of 
the vibrations which was magnified 60-fold. In another 
type of balancing machine, also in use and due to 
Mr. I. Kuno, the magnification could be 500-fold. 
A machine of this type, capable of taking rotors of 
60 tons weight, was in use in the turbine shop of the 
Mitsubishi Nagasaki works. 

In a paper on ‘‘ Special Features of the Ljungstrém 
Turbo-Generator.” Mr. Tota Komaru stated that, in 
1918, the first Ljungstrém turbo-generator was made in 
Japan at the Mitsubishi works. Since that date, 50 sets 
of this type, having an aggregate capacity of 250,000 
kv.-a., had been constructed by the author’s firm. The 
Ljungstrém turbine was remarkable for the small 
floor space occupied, and, in order to retain and em- 
phasise this feature, the author had adopted the plan 
of locating the air cooler between the generator and 
the condenser. This arrangement had been found 
satisfactory, even when the cooling water available had 
a temperature of 36 deg. C. He had also introduced 
a provision for tripping the emergency governor, not 
only in case of over-speed, but also should a short 
develop between stator coils. 

In a paper on ‘ Surface-Condensing and Feed- 
Heating Plants,’ Mr. R. W. Allen, C.B.E., traced the 
development of the surface condenser from the original 
marine pattern to the latest type. With the original 
type, there was a drop of pressure of from 0-15 in. to 
0-25 in. of mercury between the top and bottom of 
the condenser, and the temperature of the condensate 
was 10 deg. to 15 deg. F. below that of the exhaust 
steam. The oxygen content in the condensate ranged 
from 0-25 c.c. and 0-35 ¢.c. per litre. By making 
steam lanes through the tube bank, both the pressure 
drop and the oxygen content were reduced, but there 
was still room for improvement. To this end, the 
condenser shell was made eccentric to the tube plate, 
so that steam was admitted all round the tubes. With 
this arrangement, there was no appreciable pressure 
drop and the oxygen content of the condensate fell to 
about 0-15 c.c. per litre. In the next development. 
a heat interchanger was fitted in the balance pipe of a 
pair of twin condensers. The condensate was pumped 
through this interchanger and was thus raised to the 
temperature of the exhaust steam. In further develop- 


| ments, this regenerative principle was applied to single 
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heating of the steam, the author’s curves indicated that, | 


with the alloy steels, overall plant thermal efficiencies 
of 33 per cent. to 35 per cent. might be realisable, 
although the temperatures would exceed the limits 
now thought practicable. These estimates were based 
on a set of 50,000 kw. rating and on a boiler efficiency 
of 87 per cent. 

A paper on ** The Development of Steam Turbines 
in Japan” was read by Mr. Kozo Yokoyama, who 


condensers, one of which had been supplied to the 
new generating station at Tokyo, the condensate from 
which was delivered at the temperature of the exhaust 
steam, and the oxygen content was reduced to 0-02 c.c. 
per litre, whilst a high rate of heat transmission 
was simultaneously attained. There had, the author 
stated, been a corresponding development in the 
methods of dealing with the feed. With the original 
open-tank system, the oxygen content was from I ¢.c. to 
2 cc. per litre. With the introduction of elevated 
feed tanks, this figure was reduced to 0-3 c.c. per litre 


|. . . . . 
|in ordinary normal working, since, in effect, the tank 


stated that Japan ranked third amongst the nations | 


in the demand for electric power, the rated capacity of 
plant installed being 3,467,131 kw. in 1927. In the 
earlier days, hydro-electric stations were most in favour, 
but of late years steam-driven machinery had been 
more popular, owing to the lower capital cost involved, 


was then by-passed. When, however, the tank had 
to be drawn on, much oxygen entered the _ boiler. 
since the tank water contained from 3 c.c. to 4¢.c. pe! 
litre. To get rid of this, the plan had been adopted ot 
by-passing the tank water through the condenser by 
hand-operated valves, but the best results were obtained 
with a closed-feed system in which the ‘* make-up 

was passed through the condenser. The autho: 
pointed out that when centrifugal pumps were employed 
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for feed and extraction purposes, the gland should be | 
on the pressure side of the pump in order to prevent | 
in-leakage of air. 

A paper on “The Building of Vessels for High- 
Pressure and High-Temperature Service,” by Mr. T. | 
McLean Jasper, described experiments on large welded | 
vessels, such as are used for oil cracking and other | 
purposes in which the temperature may be 900 deg. F. | 
and the pressure 1,200 -Ib. per sq. in. or more. In| 
some cases, it is stated, vessels as much as 10 ft. | 
in diameter, 6} in. thick, and 67 ft. long have | 
been made, but the experiments described were made | 
on vessels approximately 40 ft. long and 72 in. in} 
diameter, with a wall thickness of 2 in. The heads 
were welded on, and both dished and elliptical heads | 
were tried. The latter had a major axis twice the 
minor axis, whilst the dished end had a three-centred 
profile, the larger radius being 72 in. and the smaller 
10in. The elliptical head proved the better of the two. 
In one case, the vessel had three 24-in. manways 
formed on one side, two being reinforced and one plain. 
The degree of reinforcement necessary had been deter- 
mined by preliminary experiments. The first failure 
occurred at the unstrengthened opening, when the 
stress was about 64 per cent. of that required to 
rupture the plain wall of the cylinder. The break was 
repaired and the test continued, final failure occurring 
at 82-5 per cent. of the strength of the main cylinder. 
The crack started in the dished end, at the junction of 
the two curves, and the cylinder then split along a 
generator, but not along the weld. ‘The author 
emphasises the importance of making such cylinders 
of uniform strength throughout and truly round, the 
maximum admissible error of form being not more 
than 0-5 per cent. The metal recommended is a steel 
with 0-25 per cent. of carbon, and repeated heatings 
at high temperatures should, it is stated, be avoided. 
When completed, the cylinder should be annealed. 
To this end, the company with which the author is 
associated uses an electric annealing furnace, 14 ft. 
high, 12 ft. wide, and 68 ft. long, the temperature in 
which is automatically controlled. 

In a paper entitled “‘ Die Bedeutung der Warmstreck- 
grenze fiir den Dampfkesselbau,”’ Professor F. Korber 
compared the ratio of the yield point to the ultimate 
strength of steel at various temperatures. The recog- 
nised practice in Germany has been to build boilers 
with a factor of safety of 4, reckoned on the ultimate 
strength of the steel at room temperature. This corre- 
sponds to a factor of about 2-3 on the yield point at 
room temperature, or of 2 at a temperature of 200 
deg. C. The author finds that, for all the steels tested, 
the ratio of the yield point to the ultimate strength 
plots down as a fairly smooth curve between the 
temperatures, of 20 deg. and 500 deg. C. He concludes 
that, in general, the ratio in question will be about 
10 per cent. less at 200 deg. C. than at 20 deg. C., and 
that, up to this temperature, there isno need to modify 
the customary practice. This may even be followed, 
with suitable precautions, up to temperatures of 300 
deg. C., although the factor of safety based on the 
yield point will be lowered. Assuming that the ratio 
of the yield point to the elastic limit can be taken 
from the author’s curves, it will, it is stated, be 
unnecessary to add tests at high temperatures to the 
usual acceptance tests of boiler steel. 


TURBO-COMPRESSORS AND PUMPS. 

Mr. R. Gilly, in a paper on “‘ Die Verwendung 
von Turbokompressoren in der Kaelteindustrie,” lays 
stress on the advantages of turbine compressors for 
refrigerating plant. Until lately, only compressors 
of the reciprocating type were used because the demand 
for large units was small. In the chemical industries, 
however, very large plants are now required, and, in 
these cases, the turbine compressor has the advantage 
of smaller cost, much greater flexibility and freedom 
from oil, which, depositing on the surfaces of the 
evaporator and condenser, checks the rate of heat 
transmission. The type, moreover, requires less 
attention when at work and cheaper foundations, 
whilst there is a complete freedom from shocks and 
oscillations in the piping and apparatus. One of the 
earliest and largest refrigerating plants of this type 
is an ammonia refrigerating plant supplied to Kassel 
by Messrs. Brown, Boveri and Company, of Baden. 
This has a rated capacity of from 6 to 8 million kilo- 
gramme calories per hour. There are three turbine 
compressors in series, which, at full load, deliver 
175 cub. m. of ammonia per minute. The builders 
have supplied a number of plants of the same type to 
other chemical works, and have now under construction 
an experimental plant in which the working agent 
will be ethyl chloride. Owing to the low adiabatic 
index of this fluid, it will be possible to reduce the 
amount of intercooling otherwise necessary. 

In a paper on “‘ Experimental Researches on Turbine 
Pumps,” Professor Masanao Yendo described researches 
undertaken with the object of separating out the losses 
in the impeller from those in the diffuser of a turbine 





pump. Various forms of impeller were tried with a 
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variety of diffusers. Some of the impellers had a single 
suction eye, whilst the others had two. Independent 
experiments made it possible to measure separately, 
the bearing friction, the disc friction, and the leakage 
losses. If the mean angle of discharge from the 
impeller is that corresponding to the guide-blade angle, 
then the pressure will be the same on each side of the 
guide-blade tip, and a measurement of these pressures 
formed part of the experimental programme. The 
difference between the theoretical and observed peri- 
pheral velocity at the impeller outlet was found to be, 
at all speeds and discharges, a nearly constant fraction 
of the theoretical value. Rounding the tips of the 
impeller vanes was found to diminish the loss. At low 
discharges, there was found to be a return flow along 
the back of the impeller vanes. The pressure, more- 
over, was found to be different at opposite sides of the 
impeller-vane tips, and the directions of the stream lines 
were also not identical, but, nevertheless, the flow 
through the diffusers was found to be fairly steady and 
uniform. Included in the paper are elaborate tables 
of the observations made, which have also been plotted 
as curves. 
Hypro-ELEectrIC INSTALLATIONS. 


“The ‘Utilisation of Hydraulic Power in Italy” 
formed the subject of a paper by Signor Angelo Ram- 
pazzi, who stated that, though badly off for coal and 
iron, Italy was well endowed with water-power resources, 
both in the Alps and in the Apennines. The Alps were 
lofty, and the glaciers and perpetual snows formed a 
natural reservoir, in which the winter precipitation 
was automatically stored up for summer use. In 
this region, therefore, water-power could be cheaply 
developed. The Appenines were lower, there were 
no glaciers, and the streams were torrential, whilst 
the summer droughts were prolonged. Hence, heavy 
works were necessary to develop the water-power 
resources of the Appenines. In 1880, some 150,000 
h.p. were generated in Italy by water-power, and this 
was utilised locally. When electric power transmission 
became practicable, progress was rapid, and, in the years 
between 1892 and 1895, power was thus transmitted 
from Tivoli to Rome, a distance of 26 km., and from 
Paderno to Milan, a distance of 32 km. In 1890, the 
hydro-electric plant installed in the kingdom had an 
aggregate rated capacity of 1,417,000 kw. At the end 
of 1927, hydro-electric plant of 3$ million kilowatts 
was either at work or in process of construction. 
About 9 per cent. of the power developed was utilised 
for lighting, and 7 per cent. for traction purpose, the 
remainder being used industrially. The development 
had necessitated works for the storage and distribu- 
tion of water which rivalled in importance any in other 
European countries. The total storage capacity was 
1,260 million cubic metres in 1927, and further works 
were in progress. These will include the construction 
of regulators for Lakes Maggiori and Como. Most of 
the dams built were of the gravity type, the highest 
being the Messe dam, on the Roia, which is 62-50 m. 
high. Towards the end of 1930, the Italian hydro- 
electric plants would be able to generate 14 milliards 
of kw.-hours per annum. Most of the work was being 
carried out by private enterprise, aided by subventions, 
under concessions granted for a term of 60 years, at 
the end of which the whole of the works would pass to 
the State. 

Mr. Sven Svenningson and Professor E. Brown stated, 
in a paper entitled “‘ Recent Advances in the Utilisa- 
tion of Low-Head Water Powers,” that each type of 
turbine was now used at heads which would have been 
considered impracticable ten or fifteen years ago. The 
upper limit for the Francis wheel had been raised from 
500 ft. or 600 ft. to 900 ft. or 1,000ft. The latter head 
would formerly have been considered suitable only for 
a Pelton wheel or impulse turbine. A Pelton wheel 
working under a head of 5,400 ft. had been installed at 
Fully, Switzerland. Experience showed that, generally 
speaking, heads of 60 ft. to 100 ft. could be developed 
more cheaply than either higher or low heads. For 
heads up to 60 ft. or 70 ft. the modified Francis wheel 
or the propeller type were most suitable. The machinery 
cost was commonly about 20 per cent. to 35 per cent. 
of the total. The specific speed of a turbine was given 


N,/P 
by the formula N, = N/ and represented at any 
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period the state of the art of water-wheel building. In 
1914, the plant at Cedars Rapids,'on the St. Lawrence, 
comprised units each developing 10,800 h.p. under a 
head of 30 ft. and at a speed of 56 r.p.m. The runner 
was 1823 in. in diameter at the throat and 141 in. high. 
The specific speed was 82. A modern propeller wheel 
of the same output would run at 150 r.p.m. and have a 
specific speed of 150. The upper limit to the power 
which could be developed in a single unit was fixed by 
mechanical considerations, and, for a 30-ft. head, was 
about 27,500 h.p. The runner diameter would be 
24 ft. At the Great Falls plant of the Manitoba Power 
Company, where the head is 56 ft., the wheels run at 
1,385 r.p.m. and each develop 28,000 h.p. The weight 





of the runners is 32 tons, and the height is only 53} in. 
as compared with 141 in. at the Cedars Rapids plant. 
A diagram given in the paper shows the outputs now 
considered feasible with different heads. High specific 
speeds implied that the water left the runner with a 
kinetic energy equal to one-quarter or more of the 
total head. This had to be converted into pressure 
head in the draught tube, and it was necessary, there- 
fore, to consider runner and draught tube as constitut- 
ing a single unit; the efficiency of the latter could 
frequently be improved by an admission of air to it, 
regulated by the gate opening. 

In a paper on “* Cavitation and Consequent Vibration 
in the Draught Tube of a Turbine,” Professor Otogoro 
Miyagi gave a mathematical analysis of the flow through 
a draught tube. He concluded that the higher the 
draught head and the smaller the gate opening, the 
greater was the tendency to the setting up of vibrations. 
The introduction of air made the pressure in the cavity 
rise, and thus increased the vibration frequency. 
Hence, the most simple and convenient way of stopping 
vibration was to admit such a mass of air that the 
frequency became so high that the damping factor 
became very large. The admission of this air would, 
however, reduce the draught head and diminish the 
efficiency of the turbine. 

A paper on ‘An Empirical Formula for the Dis- 
charge over Rectangular Weirs,” was contributed 
by Professor Iwao Oki, who noted that the general 
equation of discharge took the form 

Q=3C / 29: BH! : : : « &® 
where B was the length of the weir in feet, H the head 
in feet, and C a coefficient of discharge. The value of 
this coefficient depended on the end contractions, 
and to bring the formula into line with observation 
Francis had suggested the expression 

Q = 3-33 (B — 0-2 H)[(H +h)? — h®] 
where h denoted the head, in feet, due to the velocity 
of approach. 

A formula due to Barnes was 

re H!-49 Bell 
ida *4 (Bp 2H) 

In this latter expression, H represented the observed 
head plus ,',u?, where « was the mean velocity of 
approach. By a comparison of the results of many 
experiments, including some on models made at the 
Kyushu Imperial University, Professor Oki suggests, 
in his paper, the following expression for the coefficient 


C in equation (1). 
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for long weirs, and for short ones 
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and d denotes the height in feet 


Cc 0-624 (1 
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where mm is the ratio 5 
of the weir crest above the bottom. 


Dam CONSTRUCTION. 


In a paper entitled ‘“‘ Earthquake Construction of 
Masonry Dams,” Professor Nagaho Mononobe, of 
Tokyo University, described methods he had devised 
for securing the safety of dams in areas subject to 
earthquakes. For the gravity type, he advocates the 
use of vertical, cross or expansion joints, the distance 
between which should not be less than 2 KH, where 
H is the height of the dam above the foundation and 
K a coefficient which, for the case of reservoir full, 
ranges between 0-15 and 0-225. Since the great 
earthquake of September 1, 1923, practically all the 
gravity dams in Japan have, the author states, been 
built on this principle. The highest of these is the 
260-ft. dam of The Nippon Hydro-Electric Power 
Company, on the Sho River. The author has also 
worked out a method of constructing reinforced- 
concrete dams of high resistance to earthquake shocks, 
the wall of the dam being reinforced by horizontal 
concrete struts. A number of dams hafe already been 
constructed, in Japan, on this plan. 


Turro-Etectraic TRAIN Frerry.—The first of six 
electrically-propelled train ferries, the City of Saginaw 31, 
which are being built at Manitowoc. Wisconsin, for the 
Pere Marquette Railway, was recently launched on 
Lake Michigan. It is 381 ft. 6 in. long, with a beam of 
58 ft., and will be able to carry thirty 80-ton railway 
wagons at a speed of 18 to 20 knots. It will be equipped 
with two 7,200-h.p. turbo-alternators, which will be 
supplied with steam at a pressure of 390 lb. per square 
inch and a temperature of 400 deg. F., and will deliver 
alternating current at 2,300 volts to the two propeller 
motors. Power for auxiliary purposes will be obtained from 
the main sets through transformers and motor-generators. 
A 150-kw. auxiliary generator will be provided for use in 

ort. The electrical equipment is being manufactured by 
the General Electric Company. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
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ELECTRICAL APPARATUS. 

315,049. J. G. Statter, Westminster, London, 
and S. M. Marston, Westminster, London. Oil- 
Break Electric Switch Gear Arrangements. 
(2 Figs.) May 17, 1928.—This invention has reference 
to oil-break electric switch gear arrangements. In oil- 
break electric switch gear arrangements of the vertically 





























movable type, in accordance with the invention, the 
carrier 30 for the portion 42 supporting the oil tank 
55, and the oil immersed main switch 52 is suspended 
from the lower end of a vertically arranged screw 28, on 
the rotation of which it is raised or lowered, the connec- 
tion of the screw 28 with the carrier 30 being effected at 
the mid point of the latter. (Sealed.) 


MOTOR ROAD VEHICLES. 

314,255. Karriers Motors, Limited, Hudders- 
field, R. F. Clayton, Huddersfield, and J. W. 
Jemmison, Huddersfield. Refuse Collecting and 
Transporting Vehicles. (3 Figs.) August 3, 1928.— 
The invention relates to vehicles for collecting and trans- 
porting refuse, in which the refuse from collecting bins 






























































a. i Ny. 
1On 5) a 
(4 PSSA 


is received in a closed body or receptacle so that a mini- 
mum of dust shall be disseminated during the act of trans- 
fer and during the subsequent transporting of the collect- 
ingrefuse. ais the chassis of a motor vehicle, and ba body 


or container mounted thereon. A canvas cover c is pro- 
vided for the container. At one side of the vehicle 
there is mounted a casing d, having a delivery passage d! 
directed upwards and towards the rear and leading into 
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the body 6. Within this casing, and driven by suitable 
means, not shown, a rotor is mounted comprising a 
number of circumferentially spaced radial members e, 
carried on a disc f, and united at their outer ends by a ring 
g to constitute, with the casing d, a series of radial pockets. 
The outer side of the casing is formed with an opening 
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t over which there is fitted an inclined hopper or shoot 
j. Refuse introduced into the hollow interior of the 
impeller falls into the pockets, and, as the impeller 
rotates, is carried around and thrown through the passage 
di into the body. A plate k forming a continuation of 
the upper side of the delivery passage directs the refuse 
towards the rear of the body.—( Accepted July 3, 1929.) 


SHAFTING. 

295,429. J.C.Lawson, Royston. Variable Speed 
Gearing. (5 Figs.) May 11, 1927.—Variable speed 
gearing comprises two or more cam members 30, 31, 
Fig. 1, reciprocating along a driving-shaft 23 and 
connected by variable levers 42 to screw-and-nut 
devices 36, 37 which reciprocate with variable throw and 
drive a second shaft 28 at variable speed. The cams 
30, 31 are kept from rotating and are biassed towards 
the two ends of a rotary cam barrel 29 by springs 30). 
The speed is varied by moving the fulcra 45 of the 
levers 42 across the frame by actuating a pull rod 55. 
The screw one-way driving-devices are constructed as 
shown in Fig. 2. The shell 36 does not rotate. It 


Fig 
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carries rollers 36> so that, on the downward stroke, a 
nut 40 slips round loosely over the spirally-grooved 
shaft 28. On the upward stroke an outer ring 40¢ on 
the nut 40 is gripped by friction by the end of the 
shell 36 so that the nut during this stroke imparts 
rotary motion to the shaft 28. In Fig. 1 is shown this 
variable gear applied to control an element of an epicyclic 
train, which transmits the main drive. The driving- 
shaft is fast to the carrier of planets 13, which mesh 
with a gear 15 fast on driven shaft 16 and with the 
controlled gear 14. The gear 14 is geared to shaft 23 
by atrain 21. The driving shaft is geared to shaft 28 
by train 27.—(Sealed.) 


MISCELLANEOUS. 


311,948. A. White, Newcastle, Staffordshire, 
W. M. Wallace, Denny, J. Stewart, North Queens- 
ferry, and R. Stewart, Edinburgh, the legal repre- 
sentatives of John White, deceased, Edinburgh. 
Pulp Strainers. (1 Fig.) May 26, 1928.—The invention 
relates to pulp strainers of the drum type. The strainer 
includes a vat 1, in which is fitted a revolving strainer 
drum 2 and a refuse matter chamber 3, secured to the 
bottom of the vat and having an outlet 4. For con- 
trolling the outlet 4 there is provided a tubular valve 























chamber 5 in which a piston 6 can reciprocate. The re- 
quired movement is imparted to the piston 6 by a lever 7, 
connected by a flexible member 8 to the piston 6. The 
lever 7 is constituted as a cam-follower, co-operating with 
cams 9 on the revolving drum 2. As the drum 2 revolves, 
the cams 9 act on the lever, whereby vertical reciprocating 
motion is imparted to the piston 6. The extent of the rise 
or vertical motion of the — or plunger may be con- 
trolled by lengthening or shortening the flexible member, 
or by adjusting the throw or eccentricity of the cams. 
The piston 6 in its fall, passes completely through the 
valve orifice and thus clears any matter which may tend 
to obstruct the orifice.—(Sealed.) 


313,758. Heenan and Froude, Limited, Worcester, 
and A. E. W. James, Worcester. Refuse Destruc- 
tors. (2 Figs.) June 25, 1928.—The invention relates 
to the furnaces of refuse destructors of the type in which 
the grate of the furnaces is formed to slide horizontally 
or in an inclined direction to remove the clinker, the 
clinker falling on to a table arranged below the grate. 
The sliding grate A is moved by an hydraulic ram. 
A fixed horizontal or slightly-inclined dead plate C and 
a steeply inclined plate D are arranged to make joint 
with opposite sides of the grate when the latter is in its 
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normal working position, the plate D ensuring that the 
clinker is scraped off when the grate A is moved out of the 
furnace. A table E is arranged below and is connected 
with the grate A, so that as the grate A is moved out of 
the furnace the table is pulled in under the furnace to 
receive the clinker as it is scraped off the grate by the 
plate D. The table E slides over an undergrate F, on to 
which the clinker is deposited by the table E, when the 
grate A is returned to its normal working position and 
the table E moves from under the furnace. A depending 
plate G is employed to scrape the clinker off the table E. 
The front end e of the table E is formed to act as a 
pusher so that on the next movement of the grate A 
to discharge the clinker, the drawing in of the table will 
push the previously deposited clinker off the undergrate 





F into a chute H.—(Sealed.) 
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Petter | QO! and Petrol 
| ngines 
Sizes 1} to 260 B.H.P. 


PETTERS LIMITED, 


LONDON: 75B, Queen Victoria St., E.C.4. 
Works: YEOVIL, England. 3903 


GOVERNMENT OF NORTHERN IRELAND. 


NOTICE TO ENGINEERING ae DREDGING 
CONTRACTOR 


BANN DRAINAGE WO! WORKS, NORTHERN 
IRELAND. 


1216 


The Ministry of Finance Invites 


7 P 
[[enders for Extensive 

DEEPENING and WIDENING, through rock 
and other materials, of the LOWER BANN RIVER 
over its whole course of approximately 30 miles 
between Lough Neagh and the tidal portion of the 
River, near Coleraine, Co. Londonderry; and for 
CONCRETE CONSTRUCTION WORKS in con- 
nection with the Installation of Three Sets of Flood 
Gates of the Stoney Type, together with Auxiliary 
Works for navigation and fisheries. 

The Drawings, Conditions of Contract, Specification 
and Bills of Quantities will be on view at the Office 
of the Ministry’s Director of Works, 113, Royal 
Avenue, Belfast, from 20th December, 1929, 
20th February, 1930, and at H.M. Office of Works, 
Storey’s Gate, Westminster, London, S.W.1, from 
ist to 31st January, 1930, inclusive. 

“Instructions to Persons Tendering.” —The Form 
of Tender, the Conditions of Contract, the Specifi- 
cation and Bills of Quantities can be obtained on 
written application to the Secretary, Ministry of 
Finance, at 15, Donegall Square Weat, Belfast, on 
payment of a deposit of £50, which deposit will be 
returned only on receipt of a bona-fide Tender. No 
Tender will be considered unless the “ Instructions 
to Persons Tendering” are fully adhered to, and unless 
accompanied by the Bill of Quantities fully priced 
in ink, showing the rate for eachitem. Envelopes 
containing Tenders are to be addressed to the Sec- 
retary, Ministry of Finance, 15, Donegall Square 
West, Belfast, and marked ‘‘ Tender for the 
Drainage Scheme.” Tenders with Bills of Quantities 
will be received up to but not later than Three p.m. 
on the 20th day of February, 1930. 

Each Tender should be accompanied by a state- 
ment setting forth the contracts which have been 
undertaken by the Parties tendering for the past six 
years. The statement. should also give particulars 
of works similar to that specified which may have 
been carried outin the past by the Parties tendering, 
together with the names and addresses of the 
engineers under whose supervision the works have 
been performed. 

The Ministry is not bound to accept the lowest or 


any Tender. 
Rk. E. THORNLEY, 
Assistant Secretary. 
Ministry of Finance, 


elfast. 
11th day of December, 1929. 
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MARRYAT- ee 


Lifts 


MARRYAT & SCOTT, LTD., 5074 
57a & 40, HatToN GagpEN, LONDON, E.C.1. 


———_ 
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the Manchester Steam Users’ 


ASSOCIATION 

For the prevention of Steam Boiler Explosions and 
for the attainment of Economy in the application of 
Steam, 20, QUAY STRERT, DEANSGATE, MANCHESTER. 

Chief Engineer: Mr. TELFORD PETRIE, 

D.Sc., M.Inst.C.E., etc. 

Founded 1854 by SiR WILLIAM FAIBBAIRN. 
Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Compensation for Damages 
and Liabilities paid in case of Explosions. Engines 
and Boilers inspected during construction. 6105 


Preparation for Examinations 
. —Mr. A. J. ANIDO, B.Sc.; A.C.G.I., specialises 
in the personal preparation of Candidates for all the 
examinations held by the Institutions of Civil, 
Mechanical and Electrical Engineers. Evening and 
Correspondence work arranged.—60, Chancery Lane, 
W.C. Telephone: Holborn 5776. K 109 


M.I1.C.E., A.M.I.M.E., B.Sc. 


-&_+(Eng.), etc.—Full Postal Tuition. Individual 
attention. w Fees. Over 40 Graduate Tutors, 
mostly with First-Class hons.—OXFORD CORR. 
COLLBGE, 19, Northmoor Road, Oxford. 


[the Acid Test of Tutorial 
EFFICIENCY—RESULTS. 

Read these typical Promotion and Employment 
Results of T.1.G.B. Students :— 

“My salary has been increased 80 per cent.’’— 
J. E. M., Huddersfield. 

“T have secured a post through the medium of 
your Gazette, thanking you for assisting me to better 
my position.”—C. R. A., Reigate. 

**T was in a rut, with practically no ambition, and 
had been continually putting off taking the plunge 
into your course. ow my work has improved, 
consequently my earnings.”—E. E. F., Blackdown. 

“ My salary has been increased twice since taking 
your course.”"—J. McM., Dumfries. 

Convincing evidence that The T 1.G.B. can produce 
satisfactory results for YOU in the same substantial 
measure as it has done for other men is to be found 
in “‘The Eagineer’s Guide to Success,” containing 
the widest selection of Engineering Correspondence 
Courses in the world. 

Write TO-DAY for a FREE copy of this 112-page 
book, stating the branch, post, or exam. that 
interests you. 

The T.1.G.B. Guarantees Training until Successful. 
THE TECHNOLOGICAL INSTITUTE OF 
GREAT BRITAIN (ESTABLISHED 1917), 
78, TEMPLE BAR HOUSE, LONDON, E.C.4. 


. ? 

K ngineers, —Can t We Get 

4 Together? All we ask is the chance to prove 
that you can earn £300, £400, £500 per year and 
more. Other men are doing it, and you can do the 
same, 
organisation waiting to help you, whether you be 
novice or expert. If you wish for something more 
than a “ bread-and-butter"’ job you owe it to your- 
self to investigate our Service. Our handbook 
“ENGINEERING OPPORTUNITIES ” has pointed 
the way to better things to over 20,000 of your 
fellows. It contains details of A.M.I.Mech.E., 
A.M.I.C.E., A.M.I.E.E., A.M.I.A.E., A.M. I.Struct.E., 
C. & G., G.P.O., etc., Exams., and outlines Home- 
Study Courses in all branches of Electrical, Mechani- 
cal, Motor and Wireless Engineering. In a brilliant 
article Professor A. M. LOW shows clearly the 
chances you are missing. The Book and our Advice 
are quite free. We guarantee “NO PASS—NO 
FEE.” Don’t miss this opportunity—send a post- 
card—NOW (State Branch, Post or Exam.).— 
BRITISH INSTITUTE OF ENGINEERING TECH- 
NOLOGY, 23, Shakespeare House, 29, Oxford Street, 
London, W.1. E 281 


(\orrespondence (Jourses 
= J Fr Y 


PREPARATION 
FOR THE 


4\xaminations 
A OF THE 


INST. OF CIVIL ENGINEERS. 
INST. OF MECHANICAL ENGRS. 
INST. OF STRUCTURAL ENGRS. 
UNIVERSITY OF LONDON, &c. 
ARE PERSONALLY CONDUCTED BY 


Mr. Trevor W. Phillips, 


B.Sc., Honours, Engineering, London University, 
Assoc.M.Inst.C.E., A.M.I.Struct.E., M.R.S.I., 
F.R.S.A., Chartered Civil Engineer, &. 
For full particulars and advice, apply to:— 
36, DALE STREET, LIV OOL. 
LONDON OFFICE :—65, CHANCERY LANE, W.C.2 
5104 





We have an unrivalled and world-wide |, 


SOUTH INDIAN RAILWAY COMPANY, 
LIMITED. 


The Directors are prepared to receive 


[['enders for the Supply of :— 
- Madras Improvements— 
ELECTRIFICATION. 
1. CABLES and ACCESSORIES. 

Specifications and Forms of Tender will be avail- 
able at the Company’s Offices, 91, Petty France, 
Westminster, 8.W.1. 

Tenders addressed to the Chairman and Directors 
of the South Indian Railway Company, Limited, 
marked: —‘‘ Tender for Cables and Accessories,” 
with the name of the firm tendering, must be left 
with the undersigned not later than Twelve Noon on 
Friday, the 24th January, 1930. 

The Directors do not bind themselves to accept the 
lowest or any Tender. 

A charge, which will not be returned, will be made 
of £1 for each a of the Specification. 

Copies of the Drawings may be obtained at the 
Offices of the Company's Consulting Engineers, 
Messrs. ROBERT WHITE & PARTNERS, 3 Victoria 
Street, Westminster, S.W.1. 

A. MUIRHEAD, 
Managing Director, 

91, Petty France, 

Westminster, S.W.1. 


18th December, 1929. E 437 


CORPORATION OF GLASGOW. 
NEW ROAD—GLASGOW TO EDINBURGH. 
Section C-D (West)—Newhouse to Dewshill. 





Contract No. 3 West. 


EARTHWORKS, BOTTOMING, TEMPORARY 
SURFACING, KERB, DRAINAGE and FENCING. 





The Corporation are prepared to receive new 


r[\enders for the Widening and 


RECONSTRUCTION of 4 miles of the 
EXISTING ROAD between Newhouse and Dewshill, 
to form part of a New Road from Glasgow to 
Edinburgh. 

Plans may be seen on and after Monday, 23rd 
December, at the office of the Engineer, Mr. D. A. 
DONALD 271, Alexandra Parade, Glasgow, E.1, 
and Specitications, Schedules of Quantities and 
Forms of Tender may be obtained on and after said 
date at the Engineer’s Office by depositing £3 3s., 
which deposit will only be returned on receipt of a 
bona-fide Tender. Cheques to be made payable to 
the ‘* Corporation of Glasgow.” 

An Assistant Engineer will meet Contractors on 
the Railway Bridge at Newhouse, on Tuesday, 7th 
January, at Eleven a.m., to show them over the route. 

Scaled Tenders, endorsed ‘‘ TENDER, GLASGOW- 
EDINBURGH ROAD, CONTRACT No. 3 (West),” 
must be lodged with the subscriber not later than 
Tuesday, 14th January. 

The lowest or any offer may net be accepted. 

D. STENHOUSE, 
Town-Clerk. 
City Chambers, 


17th December, 1929. E 439 








APPOINTMENTS OPEN. 


HERIOT-WATT COLLEGE, EDINBURGH. 


"Whe Governors Require the 

: SERVICES of a HIGHLY QUALIFIED 

MECHANIC to act as Workshop Superintendent in 

the Mechanical Engineering Department, and to 

take charge of the Mechanical Engineering Work- 

shop. Full particulars and Application Forms may 

be obtained at the College. Applications must be 
lodged not later than January 11th. 

J. CAMERON SMAIL, 
Principal. 
E 429 


CITY OF SHEFFIELD WATER DEPARTMENT 
CONSTRUCTION OF BURBAGE RESERVOIR 
AND WORKS. 


ASSISTANT ENGINEERS. 


pplications are Invited for 
the APPOINTMENTS of FIRST and 
SECOND ASSISTANT ENGINEERS, in connection 
with the construction, by direct labour, of a large 
Storage Reservoir and works on the Burbage and 
Houndkirk Moors, situate 7 miles from Sheffield. 
Salaries, £400 and £300 per annum respectively, 
FIRST ASSISTANT.—Applicants must be quali- 
fled Engineers, and have had practical experience in 
the design and construction of impounding Reservoirs, 
with earth embankments, including the setting out 
of work and the control of workmen. 
SECOND ASSISTANT.—Applicants must be quali- 
fled Engi 8, and experienced in the preparation 





TENDERS. 


THE ASSAM-BENGAL RAILWAY COMPANY, 
LIMITED 
is prepared to receive 


[Tenders for :— 


500 STEEL TYRES for Carriages and Wagons. 

Specifications and Tender forms may be obtained 
at the Offices of the Company, Bishopsgate House, 
80, Bishopsgate, E.C.2. fee of £1 1s. is charged for 
each specification, which cannot, under any circum- 
stunces, be retarned. 

Drawings may be had at the cost of the tenderer, 
by application to MESsRS. HODGES, BENNETT & Co., 
LTD., 78, Queen Victoria Street, E.C.4. 

Tenders must be delivered at the Company’s 
Offices not later than Noon op Tuesday, 7th January, 
1930, 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

By Order of the Board, 


THOS, C, BRETT, 
18th December, 1929, Secretary. 
E 424 





of plans and specifications for works of reservoir 
construction. 

The persons appointed will be required to enter 
upon the duties at once, reside in the vicinity of 
the works, and devote the whole of their time to 
the service of the Corporation. 

Applications, stating age, qualifications and 
experience, accompanied by copies of recent testi- 
monials, and endorsed ‘‘ First’’ or ‘‘ Second Assistant 
Burbage Engineer,” to be sent to me not later than 
Monday, 13th January. Canvassing will > iia 

WILLIAM TERREY, 
General Manager, 
Waterworks Office, Sheffield. 
20th December, 1929. E 435 


{ ssistant Technical Manager 
- * REQUIRED with first-class experience con- 
densing, evaporating, deaerating and feed heating 
installations for land and marine use. To take full 
responsibility for design and control drawing office. 
Salary £500 to £650 per annum, according to quali- 
fications. State age, full particulars of experience, 
salary required and when at liberty. Replies will 
be treated in strictest confldence.—Address, E 428, 
Offices of ENGINEERING. 





ngineer, about 27-30, 
REQUIRED by large London Company trad- 

ing in Tropics, view train. in London Office, then in 
Tropics, then make headquarters London, with 
periodical visits Tropics to supervise maintenance 
and developments. Good technical man with varied 
all-round experience essential. Must be Mechanical 
Engineer. Knowledge structural design, building 
construction, civil, marine and electrical are recom- 
mendations. To be considered, replies must clearly 
state age, probable salary required home and abroad, 
full details technical qualifications and experience. 
Also give copies all references.—Address, ‘‘G.S.”’, c/o 
STREETS, 6, Gracechurch Street, London, oo. pe 





anted for Spain, Junior 
MECHANICAL ENGINEER, technical 
graduate, unmarried. Workshop experience and 
knowledge of Spanish desirable but not essential.— 
Write, giving age and full particulars of training and 
experience, to ‘‘ E.V.,"’ c/o STREETS, 6, Gracechurch 
Street, E.C.3. E 434 
A n Engineering Assistant is 
REQUIRED in the Research Department 
of a large English Engineering Firm. Candidates 
should be graduates in physics or engineering, and 
whilst some works experience is desirable, it is not 
considered essential. The work would be of a general 
character, but a knowledge of the fundamentals of 
heat transmission and fluid motion would be an 
advantage, and applicants should refer to their 
experience in these matters.—Full particulars of 
qualifications, training and experience, with copies 
of recent testimonials, should be addressed, E 392, 
Offices of ENGINEERING. 


* { 
\ \ Yadkin & Co., Green Lane 
Works, Leicester, REQUIRE DESIGNER, 
also JUNIOR DRAUGHTSMAN experienced in the 
design of woodworking machinery. State experience, 
age, and salary required. E 421 


( \hief or Leading Draughtsman 
/ REQUIRED with Steam Waggon or Heavy 
Petrol Lorry experience. Must be capable of taking 
full charge. Salary £350 per annum or upwards 
according to experience and ability.—Address, 
E 409, Offices of ENGINEERING. 


[ raughtsman, Fully Com- 
petent Man, REQUIRED used to designing 
and detailing Steam and Electric Jib-Cranes, ete.— 
Apply, with full particulars of experience and salary 
required, to H. J. COLES, Ltp., London Crane 
Works, Derby. E 363 


pz ehtsman Wanted, by 

makers of all kinds of hand-operated Lifting 
Tackle, including Jacks, Blocks, Winches, etc. Must 
have experience in similar work.—Address, stating 
age, experience, and salary required, E 419, Offices 
of ENGINEERING. 





( \apable Mechanical Draughts- 

MAN WANTED for Steel Works near Middles- 
brough. Full particulars of experience, qualifica- 
tions, age, and salary required.—Address, E 420, 
Offices of ENGINEERING. 


anted in the Provinces.— 
TWO QUALIFIED DRAUGHTSMEN 
REQUIRED Temporarily, for about three months, 
may become permanent if suitable; experienced in 
detailing of Elevators, Conveyors and Light Steel- 
work. State full particulars of experience, age and 
salary required.—Address, B 436, Offices of ENGIN- 
EERING, 


‘| ‘he Proprietors of the Ps ent 

No. 158220, for “‘ Improvements in Hi. Heat 
Level Evaporator Systems,’ are DESIK‘':§ of 
ENTERING into ARRANGEMENTS by . .y of 
li: ence and otherwise on reasonable terms .+ the 
purpose of exploiting the same and ensuri: 3 full 
development and practical working in this ; utry. 
All communications should be addressed in ~ first 
instance to Haseltine, Lake & Co., 28. South. .ptop 





Buildings, Chancery Lane, London, W.C.2. 417 





[the Owner of British Ps ent 

No. 285418, relating to “‘Improvemen:. in or 
relatingto Machines for Boring Earth,” isDES! .OUS 
of ENTERING into NEGOTIATIONS for th» »rant 
of licences th der on r ble term: —-For 
particulars address, A. S. CACHEMAIL 2, 


Norfolk Street, Strand, London, W.C. 
No. 174912, ‘‘Improvements in and relatii 
Fuel Substance.” 


the Owners of the a!. 
Patent are DESIROUS of ARRA) :ING 


by LICENCE or otherwise on reasonable ter: \s for 
the manufacture and Commercial develop:-t of 
the invention.—For particulars address in first 
instance to HERBERT HADDAN &CO., 3: « 32 
Bedford Street, Strand, London, W.C.2. 439 
V anted for Cash, Slot Mi! ing 

MACHINE, 3 ft. 6in. between uprights, 
3ft. under cutters, 15ft. table, must be woudern, 


good condition.—Address, E 418, Offices of yan. 
EERING. _ 


Required Immediately Over- 

head CRANE to lift 20 to 40 tons, span 
50/100 ft. State voltage—Address, E 438, Ottices 
of ENGINEERING. 


W eighbridge Wanted, com- 
plete and in good working order for 
standard gauge railway sidings and suitable for 
tank Wagons of 25 tons gross, with 9 feet wheel 
base.—Address, E 440, Offices of ENGINEERING. 


. - t q’ . 
ertical ‘'ubular Boiler 
(Cochran preferred) WANTED in good 
working condition. To evaporate 3,000 !bs. per 
hour easy steaming.—Address, E 441, Oilices of 
ENGINEERING. 








PUBLICATIONS. 


ELECTRICITY, WHAT IS IT? 


For Best Definition, see Page 9 of the 
Past & Future Development of Electricity 
By H. G. MASSINGHAM. 
Published by Hutchinsons, London. 

AT ALL BOOKSELLERS, 6d. 
Electricity is becoming part of our national 
life. All from 7 to 70 should own a copy of 
this little work. 


ENGINEERS BOOK SHOP 


Service to ENGINEERS and MANUFACTURERS; 
Technical Research, Books, Periodicals, P» pers, 
Translations, Photostats. 

We will unearth and supply the data in print for 
you. Write to E. HARDER about your engiuecring 
problems. 

5048 


159 East 44th Street. New York, N.Y. 





























SITUATIONS WANTED. 
Jiugineer, 32, B.o.T. Cert., ex- 


al perienced in construction, running and 
maintenance, turbines, recip. engines, boilers, refrig. 
machinery, etc. Exper. various systems liquid fuel, 
DESIRES PERMANENT POST. Home or abroad. 
Any reasonable offer considered.—Address, E 422, 
Offices of ENGINEERING. 











WANTED, &c. 


the Proprietors of the Patent 

No. 181535, for ‘‘ Improvements in or relating 
to Automatic Ticket Issuing Machines,’’ are 
DESIROUS of ENTERING into ARRANGEMENTS 
by way of licence and otherwise on reasonable terms 
for the purpose of exploiting the same and ensuring 
its full development and practical working in this 
country.—All communications should be addressed 
in the first instance to Haseltine, Lake & Co., 28, 
Southampton Buildings, Chancery Lane, London, 
W.C.2. E 425 


[the Owner of British Patent 
No. 2090338, for ‘‘ Improvements in Hobs and 
like Milling Cutters,’’ is DESIROUS of ENTERING 
into NEGOTIATIONS with one or more firms in 
Gt. Britain for the purpose of exploiting the above 
invention, either by sale of the patent rights or by 
the grant of a licence or licences to manufacture on 
royalty.—Enquiries should be addressed to Messrs. 
ABEL & IMRAY, 30, Southampton Buildings, 
London, W.C.2. E 415 


[ihe Proprietors of the Patent 

No. 151874, for ‘“‘ Improvements in or relating 
to Fuel Oil Heaters,”’ are DESIROUS of ENTERING 
into ARRANGEMENTS by way of licence and 
otherwise on reasonable terms for the purpose of 
exploiting the same and ensuring ite full develop- 
ment and practical working in this country.—All 
communications should be addressed in the first 
instance to Haseltine, Lake & Co., 28, Southampton 
Buildings, Chancery Lane, London, W.C.2. E 416 


AUCTION SALES. 


Wreatley es pree & Co. 


(ESTABLISHED 1850) 
SPECIALISE IN 


Valuations 
AND 
Sales by Auction 
OF 
Engineering Works and Pant. 
LoNDON; 46, WATLING STREET, E.C.4. 


MANCHESTER: 16, ALBERT SQUARE. 
NEWCASTLE-ON-TYNE: 26, COLLINGWOOD ~IRBET 


—— 











FOR SALE. 
Nailer jeal, Loco. Corn 
Bollers for Sale. WeriSitnen, s:., also 
Air Receivers and Feed Water Heaters.--pply 


GRANTHAM BOILER & CRANK Co., LTD., GB* THAM. 
HEAVY HIGH SPEED 
Roushing Lathe 

rge 


of most modern design and construction *- |af . 
output and economical turning of forgin 35 


inches height of centres, 26 feet 3 inches ween 


centres, is, owing to alteration in ci-! ers 
programme, : wee 
AVAILABLE FOR IMMEDIATE DISP/ i 
Lathe is fitted with two supports, also istoc. 
with Faceplate, and is arranged for direct ‘ectri¢ 
drive. Enquiries to BOX 868, 
c/o JOHN Hart & Co., 
6, Arundel - Ng 
Strand, E439 
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20, 
—— a a ae 9 
2 ent ‘he R &§S of Sale, Ammonia GOODALL CLAYTON&C° [TD 
; ti d I : . 
dat 7 paTENT LUBRICATOR pA orm ny ee “Output Third Edition. ; 
reat 2 = — ice pe Sa in foues 2 LE F DS 
: aporatin — . 
5 = LUBRICATES TENNENT, 1z., Welipark Brewery Glasgow. Et 
a ee Sa ; CONVEYING PLANTS, BUNKERS &¢ 
, ° 
be opton BEARINGS. dentin Offers Rack: pea bb 
— ~ PLANING MACHINE by Pollock and TH & LAWS OF 
F a rf ‘ McNab to plane 4 ft. 6 in. long by 24 in. broad by 


24 in. high. The strong standards support the cross 
slide, which has indexed swivelling tool-box, self- OMPRESSED LANT 
acting in all cuts. The table bas tee slots the full 


length, has quick return through gearing and works 


in vees 13} in. broad. In good condition. Price ye Air Compressors and complete 
£40.—Address, E 427, Offices of ENGINEERING. YE AT TR ANSFER Pneumatic Tool Plant for all 
_ a vd a . 


See also front page. Industries.—Let us quote you. 















































in, toa 
3 165, QUEEN VICTORIA STREET, 
“Ove saunas Geek annie LONDON, E.C.4. 5003 
ING ‘ 
or — INGERSOLL-RAND C0., LTD. 
_< he Proprietor of British}By H. MEDWAY MARTIN, 
asd PREPABED to SELL the PATENTS or to license 
33 cense 
; : British Manufacturers to work thereunder, ¥ They D RAWING PAPE R Ss, 
' H T — 
lt ‘ng Address, “BOULT. WADE AND TENNANT, 112, Wh.Sc., A.C.G.I. TRACING PAPERS 
nights, Hatton ‘Garden, London, E.C.1. E 430 
som and CLOTHS. 
— the Proprietors of British bey ag 
)ver- Patent N a PREPARED to SELL 
ts ea KUNi'S PATENT No. 207903. the PATENT, or to License British Manufacturer ae ee 
+ or n j 
» Oftees CANNOT LEAK. anti-triction bearings.—Address, BOULT, WADE BLUE PRINTS. / 

AND TENNANT, 112, Hatton Garden, London, zyr = TRACINGS £ R h Sketch 
com Needs no attention beyond filling. , — 
der for ° wn gto, 20 pp. . Pi Cover. 

8 Miele ko arrccoce ee wer Cover. |! DOUGLAS & WALLS Led. 
we Amount of oil admitted to bearings ? __ Drawing Material Specialist, 
oiler is definitely controlled. & CO., LTD. BOLTON. 14, Tithebarn St., LIVERPOOL. 














ion Equally efficient at any speed and |] STEAM TURBINES Price 2/- net. 


sie ith il. : , 
; es for Industrial drives. 
Write for Descriptive Leaflet and |v — 
full particulars ial one 

















VALVES 


To 
IT ? ROTHERHAM & SONS LTD. REDUCING, SURPLUS, SAFETY, Lonpon : 
, EMERGENCY. SHOP, &c. 




















S e e “ ” 

‘icity COVENTRY. DAVID AULD & SONS, Limited, Offices of “ENGINEERING,” 35 & 36, Bedford Street, 
Puone : Grams : WHITEVALE FouspRy, GLASGOW. 5290 Strand, W.C. 2. 
4134, Rotherham, Coventry, See displayed Advertisement, page 79, Dec. 6. 

tional 

py of 
26 to 500 R.P.M. 


PORTABLE 





5315 


P and 20 speeds between. 














ese c STEAM GAUGE DIALS 
an I R QO M PRESSORS INDICATING MACHINE DIALS, &c. 
cnt A JAMES COOKE & SON, LTD., 
ise = 8 & 9, WRENTHAM 8T., BIRMINGHAM. 
k. N.Y. = Specialists In Dials. Est. 1840. 
=e G d PM Phone: Mid. 1611. Grams: “ Horology,” Birmingham. 
eare 
“Reavell” Portable Compressor Plants are built NEW “THOMPSON” 


‘Co. | Electric Motors 


enable you to cut out countershafts and 
belts, to abolish those gears that are so 
difficult to fit nicely into the machines 
you make, and to couple your motor 
direc: to your low speed shaft. Made 
with motors of all types and voltages, 
but |, 4, and 2? HLP. only, because we are 
‘ant. smai) motor specialists, and stick to the 
thin;: we really understand. 


to work under the most arduous conditions with 

the minimum of attention and lowest possible fuel 

consumption and maintenance cost. 
Manufactured in FOUR STANDARD SIZES STOCK 

having capacities of 74, 118, 153 and 204 cubic 

feet per minute. 


Available for quick delivery. Ry 











a 


WO! VERY 


Write to Dept. “B” : - 
for Pamphlet No. 113a, MOST MODERN “DISH-END” TYPE 
































| fully illustrating and WITH CORRUGATED wae 
‘orn describing our standard 2-30 fe. x 9 ft. Bins. x 200 Ibe. W.E. Gh4I/8. 
er ; . sets ; 1—30 ft. x 9 ft. 3ins. x 180 lbs. W-P. 6862. 
poly wit Fee oe ee x ibe WP. OBL 
; —_ x 
HAM. TT ss . 6. eo «= + 5-4 
2—30 ft. x 8ft, 3ins. x 160 Ibs. W-P- 6871/2. 
‘ 2—30ft. x 8 ft. 3ins. x 120 lbs. W.P. 6930/1 
; 1—30 ft. x 8 ft. ins. x 180 lbs. W-P. 6574, 
3 1—28 ft. X 7 ft. 6 ins. X 160 lbs. W.P. 6785. 
ial All the above Boilers are built from 
pitt : “ Siemens Martin” Acid Steel. 
veen Portable Set of 204 cu. ft. per minute capacity. 06716 SUPERHEATER AND PIPEWORK 
ners’ 
ee INSTALLATIONS. 
a BE. itish All Through. ! td Repairs to all types of Boilers by first-class men 
tric O. 9 e ) 
Nor »:and Electrical Co., Ltd. 
G2. Dept. E.. 3, North Side Ranelagh Works, IPSWICH. (WOLVERHAMPTON) LTD., 4435 
E 433 Cl Oe She % : Telegrams: “ Reavell, Ipswich.” Telephone: 2124 and 2125. WOLVERH AMPTON, ENG. 
@ ham Common, London, S.W.4. 
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The Lightest of the Bronzes. 


Highly resistant to acid attack and to oxidation at red heat. 
Withstanding shock and prolonged fatigue stresses. 


When conducting comparative tests, Mr. W. M. CORSE 
“found that the ALUMINIUM BRONZE é resisted an 
° . ao 0 
Handboo availab é; 
A RONZE ! is d. 





stresses above its elastic limit for an average of 15 
million reversals in a White-Souther machine. .... I 


B. 
the Landgraf-Turner endurance testing machine the ALUMI mn io those 
ALUMINIUM BRONZES resisted 4,500 blows before without obligation", 
fracture *) rT —————— 


Kiuminium Bronze.  - 


THE BRITISH ALUMINIUM CO., LTD., Aluminium Producers, Adelaide House, London, E.C.4. 
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2. | STAINLESS STEEL and IRON, | (3% 
STAINLESS Made by the Inventor, at STA 
“NESS! BROWN BAYLEY’S STEEL WORKS LTD, “SHEFFIELD. ue 
= ’__ Trade Mark. 
TOOLROOM SERVICE 
ARNOTT & HARRISON (1928) LIMITED, ite hie Ke {tls Bre, pay 
an — a Js S & SECTI 
co wennpiicass "|S" CONVEYING ets | 
a od . Se ix ing i e Mo ree es TaN be als 5= 
esd ‘Specia Bupone Machines ig aod Breese STS 2 CHINE 33 oF ss ft “USASPEAD" STORES STOCK 
classes of Wood and Metal Patterns. 5502 TeMPLE® | a i333 * 7 Baron St Angel, N.1 F| 








ANDREW BARCLAY, SONS & C0O., LTD., cassie aaa 
KILMARNOC 








All types of 
LOCOMOTIVES 


IMMEDIATE DELIVERY OF 


STANDARD ENGINE 








TELEGRAMS :— 43) 


“ BARCLAYSON, KILMARNOCK.” 
London Agents: Joun Cawzry & Co.,, 
53, Victoria Street, S.W.1. 
Telephone: Victoria 1852. 














For gears in quantities, for ball bearing mounted 
worm reduction gears and for combined worm and 
spur gear reduction sets, we offer you a service 
that guarantees satisfaction. Sizer Gears are 
good ones . . made for long life and efficient 


duty all the time. We can cut your blanks or 
supply gears complete to your own requirements. 


_ ABOVE ALL— 
COMPARE OUR WORKMANSHIP. 


May we have your enquiries? sai 


RICHARD SIZER LTD., 


WILMINGTON, HULL. 

















Sry 





DEC. 27, 1929.] 


ENGINEERING. 











PAG 

Adamson, Daniel, & Co., Ld. 
Alexander, Herbert, & Co., 

Utd. Se re 
A’ley & MacLellan, Ltd. 30 
Alloy Welding Processes Ld. + 
Awsier, A. J., & Co, ae 
Aaderston FoundryCo,.. 8 
Arkinstall Bros., Ltd. .. 70 
Armstrong Mnfe.Co, .. 19 
Arnott & Harrison .. 4 
Ash, Jos., & Sons, Ltd. .. 19 
Ashworth, Son & Co., Ltd. 68 
Assoc, British Machine Tool 

Makers, Ltd. .. 46 


AT.G 65 
Auld, ‘David & Sons ‘Ltd, 3 
Bagnall, W.G., Ltd. .. 80 
Bailey, Sir W. i., & Co, Ld.57 
Barclay, Andrew, & Co.,Ld. 4 
Barronia Metals Ltd. .. 42 
Barry, Henry, & Cook, Ld. 84 
Beardmore, Wim., & Uo. Ld. 54 
Beobeo, A. .. 2. oe oe 
Bellamy, John, Ltd. a8 
Belliss @ Morcom, Ltd... 84 
Bennis, Ed., & Co., Ltd, 48 
. Bever, Dorling & Co.,Ld. 1 
B’hamBattery & Metal Co., 


Lt 
Booth, James, & Oo. “noisy, ” 
Lt 


Booth, Joseph, & Bros, la 30 
Rowser, 8. F. & Co ,I 
Braime, T. F. & J. 
Brecknell, Willis & Co,, La, 20 
Brett's Patent Lifter Co., 
i <x om «6 ob ce 
British Aluminium Co,, Ld, 4 
Brit. Electric Transformer 
Co., Ltd... .- oe o 32 
British Insulated Cables Ld.52 
British Rolling Mills Co., 





PAGE 
Brookhirst e iechanen: o. 
Broom & Wade, Ltd. 14 
Brotherhood, Peter, La. 1 & 45 
Brown, Arthur R., Ltd. 1 
Brown ‘Bayley’ 8 Steel Wks. 4 
eM D, & Sons, east ) 

td 


Brown, John, & Co., “ita. 82 
Brown, Lenox & Co, ‘London) 
Ltd 


ee 5 
Buck & Hickman, Ltda. |) 1 | 


Campbells & Hunter, Ltd. 1 

Carrier-Ross Eng'ng Co., 
LS SE Sree er Aare 

Celite ProductsCorporation 34 

Cellactite & British ees 

. in 

Cerettié Tanfani : 

Chadburn’s (Ship) Telestaph 
Co., Ltd. 

C.H.C, Engineering ‘Co. . 


Utd ae 
70 | 


Clayton, ‘son’ & Co. ke Lta os 
Cleveland anne & aes 
Co. 


Clifton & Baird, Ltd. 3. 7 
Ciifton & Waddell « 19 
Clyne Engineering Co., Ld. 8 
Coles, Henry J., 


Conveyor& Elevator Co. 
Cooke, James & Son, Ltd. 
Coventry Chain Co., 'Lta. 
Cracknell Eng’ng. Co. Ltd. 
Cradley Boiler Co, .. 
aa he Bros. (Manchester), 

70 


Crockatt. & Sons, Ltd. = 
Crosby Valve & Eng. Co., 


Ltd. . os os ae: 
Danks, H &T, (Netherton) 

eee se: 
Darlington Forge,Ld.(The) 49 
Davey, Paxman &Co,Ltd. 44 


Ltd. .. &8 | 
Consolidated Pneu. Tool Co. ie 


INDE = TO ADVERTISEMENTS. 


PA 
Donkin, Bryan & Co., Ld. 
Douglas Lawson & Co., Ld. 
Douglas & Walls, Ltd. 


GE 
8 
0 

3 


Dowson & Mason Gas Plant 
28 


CS eee 
Drum Engineering a 
Ltd. . 
Drummond Bros. ts Lia, 


| Drysdale & Co., 8 
Dunkerley, C. ©. . ca ia. 


East Ferry Road Engineer- 

ing Works Co.. Ltd. .. 
Engineers Book Shop .. 
ee Steel Corporation 


Entwisle & Gass. Ltd ee 
Escher, Wyss & Co., S.A. 
Everitt Allen & Sons, Ltd. 
Expanded Metal ee Ltd. 


| Fellows Bros., 


Ferguson Bros. (Pore Glas- 
gow) Ltd.. 

Ferguson, ie Lid. 

Ferodo Ltd... 


Foster Brothers, ‘bea, 
Foster, Joseph, & Sons Ltd. 
Fraser & Chalmers Eng. 
Yorks. . 
Fraser & Fraser, ‘Ltd. . 
Fraser, John & Son, Ltd. 
Friedenthals Ltd. . 


6 | Froriep, Masch. G.m. b.H. 


Fullerton, Hodgart and 


Gilkes,Gilbert & Gordon La. 


PAGE 
Gwynnes Pumps Ltd. .. 74 
Hadfields Ltd. . .. .. 44 
Hall, J.&E., Ltd... .. 27 
Hall, J. P., & Sons, Ltd, 10 
Ham, Baker &Co., Ltd... 7: 


| Hamworthy Eng. Co. Ltd. 
0 


Hannan & Buchanan 


2 | Hardy & Padmore, Ltd. 


16 


72 
1 
1 





88 | 
60 


56 
63 
82 


25 


lasgow R'way Eng. Oo.. Id. 1 


Goodacre, Wm., & Sons, Ld. 
Goodall Clayton & Co., Ld. 
Goodwin, Barsby & Co. .. 


15 
3 
ie. 


4 | Hardy Patent Pick pba: 
| Ltd. 


Harper ‘& Tunstall ; 
art, Thos., Ltd. 
Harvey Engineering Oo... 
Hasiam & Newton, Ltd. 
Hawthorn, R. & W., Leslie 
and Oo,, Ltd. 
Hayward-' ‘Tyler & Co., Lta. 
Heap, Joshua, & Co.,Ltd, 
Heckel & Co., Ltd. 


| Heenan & Froude, Eales 
| Hendry, James, Ltd, .. 


Herbert, Alfred, Lt.1. 
Hick nererenree & Co., 
Ltd. 


Hingley, B., & Sons, Ltd. 
Holding, John & Co., Ltd. 
Hollings & Guest, Ltd. 
Holman Bros. Ltd. 
Holroyd, John & Co., Ltd. 
Hosking Bros., Ltd. oe 
Howard, J.& F., Ltd. .. 
Howden, James, & Co., Ld. 
Howden-Ljungstrom Pre- 
heaters (Land.), Ltd. 
Howell & Co., Ltd 
Humphreys, 3. H. & Sons 
| Hunt, Herbert & Sons, Ld. 
| Hunt & Mitton, Ld ° 
Hunt, Thos,, & Sons . 
Hurst, Nelson & Co., Ld, 
Hydraulic Eng. Co... .. 
Igranic Electric Co, Ltd. 
Ingersoll Rand Co., Ltd... 
Jardine, John, Ltd. : 


<T+7D 


BRwebaeesalt aed 


an 


| Le Bas Tube Co., 


GE 
Kennicott Water Botteners 
ee 8&3 
Kent, “George, Lta we 0c 20 
Kenyon. A., & Co., Ltd... 68 
Kenyon Win., & Sons, Ltd. 11 
Kings Patent Agency .. 1 
Klaxon Ltée. . 
Lafarge Aluminous Gement 
Co., Ltd. 10 
Lancaster & Tonge, Lita!” 69 
Lang, John, & Sons, Ltd. 46 
Laurence, Scott & Electro- 
motors, Ltd. .. 24 
Lea Recorder Co., Ltd. e 19 
Leathers Co, (Aitrincham) 45 
Ltd. .. 76 
Leroy, F., &Co,, Ltd. .. 89 
Leys ‘Maileable Castings 


Co., 
Liverpool Refriceration Co, 6s 
Lobnitz & Co. Ltd 

Luke, H., Ltd. . 

Macfarlane Eng. ‘Co. La. 


| McLaren, J. & H., Ltd. 


MacLellan, P. & wW. Ltd. 
Macreadys Metal Co., Ltd, 4 
Manchester Furnaces Ltd. 84 
Manchester Steam Users 
Association .. t 3 
wy Wireless Te legraph 
Ou, 
Marryat & Scott, ‘Lta. 
Marsden, 8. & Son, Ltd.. 
Martin Industries Ltd. . 


| Massingham, H. @. 
| Mechans Ltd. .. .. 


Meldrums, 


Ltd.. 
| Merryweather & Sone. Ltd. 
| Metallic Valve Co., 


Metropolitan Vickers Elec- 
trical Co., Ltd, . 

Michell Bearings, Ltd. .. 69 

Mills, Exors. of James, Ld. 17 

Mills, Wm.,, Ltd... 0 

Mitchell Conveyor and 


PAGE |} 
Motor Gear & Eng’ng. ” 
Ltd. 


Muir, Wm., %& Co., Ltd.. ee 8] 

Musgrave & Co., Lti. 15 

National “3.4 Engine ‘er a. 18 

Newall. A. P.. & Co:, Li 68 

Niles esas een a -- 90 

Normand Electrica: Co.. 

Oakey, J., & Sons, Ltd... 

Ougree Soc, Anonyme 

Oxford Correspondencs3 
College 

Padley & V ‘enables, Ltd... 

Parkinson, J., & Son 

Parsons, C A., 200., Ltd. 

Paterson Eng. Co., Ua. oe 

Peabody, Ltd. .. 

Pearn, Frank; &Co., ‘Lta. 

Peckett & Sons, Ltd. 

Pedershaad Cementindus- 
trie, Ltd. . 

Penman = Co., Lta.:. 





Petters, L oe 
Phillips, en wW..: ee 
Pidgen Bros. 
Piggott, Thos., & ‘Co. ‘Ltd. 
Plenty-Still Oil Engines, 
7 re ee ee 
Pneumatic Conveyance and 
Extraction (1929), Ltd. 71 | 
Pohlig, J. Akt. by 
Pollard, Fred&. &Co, Ltd. 
Pollock,Macnab & Highgate bo 
Power Gas Corporation Ltd. 21 
Pratchitt Bros., Ltd. ou an 
oe Gas Ly _ 


Reavell & Co., Lta. . 
Reddaway, F., & Oo.. ° ‘Lta: ” 
Rees Roturbo M’tg. Co., Ld. 1 
Reid Gear Co. .. 84 
Rhodes, Joseph & Sons, Ld. 24 
Rice & Co, iLeeds!, Ltd. 86 
Richardsons, Westgarth ‘and 


PAGE 


| Rose, Downs & Thompson = 
8 | Ross, Chas., Ltd. ee 


a & Sons, 1 2 
eo ce oe 
Royles Limited *:. 1451 
ushton. Rdw.,8on & Kenyon 1 
Russell, G. .&00., Ltd. .. 1 
Schiess Defries, A.G. 37 
Schleicher, Carl, & Schull " 
Scottish Tube Co,,Ld. .. 
Scriven & Co, (Leeds) —_ i. 7 
+ & Co, 77 
Sihi Seif- Priming Pump Co. oi 
Simon, Henry, 7 
Simon, Richard & Sons, La 
Simon-Carves, L' 
Simons, Wm.. & Oo., Lta. 
Sizer, Richard, Ltd. we 
Sleeper & Hartley, Inc. .. 
Smedley Bros. Ltd. ee 
Smith & Grace, Ltd... 
Smith, 8., &Son, Ltd 20 
Smith, T., & Sons (odie) me 


Smooth- “on Mtg. “Co, ee 
Snow &Co., Ltd. . 
Somers, Walter, & Co., Ltd. 
Scuth Durham Steel and 
Tron Co., Ltd. oe 
Spencer- Bonecourt Ltd. .. 
Spencer, John, L 
a Cyl. 


te 

Steele & Cowlishaw . 

Steel Barrel Co., Ld., ‘The 
Steel Co, of Scotiand Lud. 
Steel Pipe Co.,Ltd... .. 
Stephenson. Robert, & Co. 
Stewarts & Lloyds, Ltd... 
Still, W. M., & Sons, Ltd. 
Stirling Boiler Co., Ltd. 
Stone, J., & Oo., Li 
Btothert & Pitt, Ltd. 


td... 
Lubricator 





| Watsons 
Ltd. 


PAGE 
Texas Oil Co., Lid. .. .. 36 
70 
8 
om 8 
Thompson, John ms 
pton), Ltd. 3&13 
Thornton, A. G., . 
Transporting aes & 


Tullis, John, & Son, Ltd, 
United States Metallic 
Packing Co., Ltd. 
Valor Co,, Ltd. . 
Vaughan Orane 0., Ltd. 
Veritys, L 
Vickers Boit2r Co. .Ltd. « es 
Vitkovice Mines Steel and 
Iron Works Corp. oe 
Wadkin &Co, eo ee 
Wagner Franz A.G. os 
Walker, James & Co., Ltd. 
Wallsend Slipway & Eng. 


eee es 
Wallwork, Henry, & Co., 
Waltham Chemical c on 
Ward, Tnos. W., Lt . 
Warner, Robt. aly 


Ltd. 
(Matatturis st ‘. 


Waygood- Otis, Ltd. eo 
Weir, G. & J., Ltd... .. 
Werf Conrad o 
Westinghouse Brake & 
Saxby Signal Co., Ltd. 
Wetzel & Schlofshauer .. 
Wheatley, Kirk, Price 
and Co, oe ce 
White, Rad., ‘& Sons... 
bed ante Co, Ltd... 
Wiggins, F., & Sons 
Wilson Boilermakers Lta. 


we ce as +e ae 
British Steam Specialties 5 

Ltd. 87 Jenkins, R., & Co., Ltd. 
Johnson, R., Clapham & 

Morris, Ltd. .. .. «. 
Johnson, W. F., & Co. 
Jones & Lanison’ Machine Co. 32 
Keetley, M. 6 
Keith, if & Blackman, Go. 


Grafton &Co. .. .. 
Grantham Boiler & Crank ‘0, 2 2 


| 
Davies & Metcalfe, Ltd... 5 4 
Graphite Products Ltd... 76 | 


Davy Brothers, Ltd. .. 
Dawson & Downie, Ltd. .. 
Delta Metal Co., Ltd... 
Demag, Akt. Ges, oe 
— McInnes & Ciyde, 


Transporter Co., Ltd.. 1 Co., Ltd. 15 e oe Wolf, R., 


Monel-Weir, Ltd. 79 Ritchie-Atlas Engineering ee 

Morton, Francis & Co., 1a. 11 Oo. .c cc ae ce wo 4 ta. 

Moss Gear +. 89 | Robinson, L.&Oo... .. 83 | Technological Institute ot bea is Copper" Works 

Motherwell ‘Bridge | and Robinson, Thos., & pena Great Brita Etd. .e ce co ce cc 
Engineering Co, Ltd... 69 Weeds ca ue bs . 81 | Terrells femea’ Varnish Co. sian 4 a “ 


British ‘Thomson- Houston 
Ltd. . 


—7 
i a 


British Trane Co. .. 
Broadbent, Thos. & Sons, La. 
Brooke Tool Mfg. Co., Ltd. 
Brookes & Adams, Ltd... 








Green & Boulding, Ltd. .. 25 
22 
2 








Grieve, John, & Co. .. 84 26 


** ENGINEERING ’® CLASSIFIED DIRECTORY OF CURRENT ADVERTISEMENTS. 
The NEW EDITION is now in course of Preparation and will be ready early in the New Year. It contains the Telegraphic Addresses, Codes and Telephone Numbers of our 
Advertisers, also Trade Names of Articles Advertised, and Glossaries for the use of Foreign Buyers in French, Italian, Spanish, and German. 


A copy of the current edition will be sent gratis on application to the Publisher. 
we THE NEXT COLOURED ADVERTISEMENTS WILL APPEAR IN OUR ISSUE OF JAN. 10, 1930. 














ALL ORDINARY TYPES. 
SPECIALITIES. 


HOT WATER. Deal with Feed Water at all temperatures 
up to 140° F., and Steam pressures up to 
200 Ib. 


EXHAUST STEAM. Work 
Save 15% Coal, 


DAVIES & METCALFE, Lid., 


Injector Works, ROMILEY, Nr. Shisichadteis 


Telegrams—“ EXHAUST,” ROMILEY. Telephone—2219 STOCKPORT. 





with Exhaust Steam; 
12% Water. 
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Contractors to the Admiralties of :— 


Brazil 
Argentine 
Norway 
Australia 
Holland 
France 
Greece 


-_ Britain 
TUBES Japan 
° Turk 
in Copper, Brass, ements 
° e Chile 
Aluminium-Bronze, 
Cupro - Nickel 


(80/20, 70/30, 60/40, etc.) 
and other alloys— 


Aluminium, etc. 

IN ALL SIZES—FOR ALL PURPOSES. 
Condenser Tubes in all mixtures—from stock. 
Copper Tubes up to 24 in. diameter. 


ENGLAND, 
Telephones; 20031. Rie. vams ; ‘‘ Tubes, Leeds.”” 
LONDON OFFICE: 5 ‘ee Broad Street, E.C.2. 


Contractors to the cr pone all Government Departments, 


SSS = 
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GONVEYOR- ELEVATOR C° 


ee: BULL BRIDGE WORK Telephone 
“Conveyer, Accrington, Lacie aahiine. a 


Accrington.” 













CONTRACTORS TO H.M. GOVERNMENT. 


SPIRAL CONVEYORS, BUCKET ELEVATORS, Etc. 












Wagner Expansion Joints. 


Indispensable to all piping installations. 
Prevent pipe fractures and leakage. About 


10,000 in use all over Europe. Made in 


any size, shape and material required. 














sath ait 


Consult us on your compensation problems. 


FRANZ WAGNER A.G., Crimmitschau i/Sa. 


Write for catalogue to Sole British Agent; 
O. N. BECK, 11, Queen Victoria St., London, E.C.4 


















Up to the Largest 
Dimensions and Capabilities. 





Grand Prize at London Exhibition, 1909. 
Gold Medal, Japan-British Exhibition, 1911. 


Bow and Stern Well Centre and Side Ladder Bucket, Barge 
Loading and Hopper-Dredgers, Suction Dredgers, Cutter 
Dredgers, Trailing Dredgers, Reclamation Dredgers, Grab 
Dredgers, Hydraulic and Mechanical Agitators, Discharge 
Pipes and Pontoons, Hopper Barges, Sewage Steamers, 
Caissons, Tugs, Ferries, Paddle and Screw Steamers, Delivered 
complete or Shipped in Sections. 

















TWIN-SCREW BUCKET HOPPER DREDGER, “DAVID DAVIES.” Spare Gear and Renewals Supplied. 


FERGUSON BROTHERS (Port Glasgow), LTD. 


SHIPBUILDERS AND ENCINEERS. 
On War Office and Admiralty Lists. NEWARK WORKS, PORT GLASGOW. Tele. Address: DREDGER, PORT GLASGOW- 


TWIST DRILL SHARPENERS 





FOR PARTICULARS, 
HERBERT HUNT & SONS, OLD TRAFFORD, MANCHESTER. 
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" SIMONS” SUCTION CUTTER HOPPER DREDGERS. 


Constructors of Inventors and First Constructors of 


BARGE-LOADING, RECLAMATION, and “3 - 
““SIMONS’? SUCTION CUTTER HOPPER , = ‘HOPPER ’’ and “STERNWELL 


DREDGERS, HOPPER and BARGE-LOADING aS 
BUCKET DREDGERS. ace ae eS DREDGERS. 














Trailing Suction | gi - Soot ® mt) Hopper Dredgers. 














MARINE DREDGING PLANT a eee ELEVATING 3, DECK, FERRY STEAMERS. 


ee @ Dredgers. 
of all descriptions and up GOLD and TIN ae oe DREDGERS. 
to thc Highest Capacity. &c., &c. Od 3138 


Proprietors of ALFRED WATKINS’  ..c: rawrence"' coustructedforBritistadmiraty, Builders of DIPPER and DRAG LINE 
BRITISH PATENT for ROTARY SPUDS. DREDGERS OF LATEST TYPE: 313s 


WM. SIMONS @ CO.,Ltd., RENFREW, (cee 


Codes—A BO, Sth Hdition ; Scotts, 10th Edition ; Bentleys. 


STAINLESS STEEL SSS 


AND MONEL METAL 
CASTINGS. 


DESCALED, MACHINED, POLISHED. 


MARTIN INDUSTRIES Ltd., 
GREEN LANE, a 
—S> BLACKHEATH, STAFFS. 7 
_ TELEPHONE: BLACKHEATH 1124 


ENTWISLE & GASS, LD., F. WIGGINS & SONS. 


Engineers, BOLTON. Telephone: Royal 8 Royal 8029. 


F L PUMPS. 
si CNR Co PRES: RS FOR INSULATION, SIGHT-HOLES&c. 































COMPRESSO! 

















caxnens 10 TON 5, Largest Stock in th rid, 0d.9834 
NG oe cage Se Ad t rt last and 
(sicmeleia verctisemer duane bo} ¢ 
’ EACHING DYEING & we a 102, 103 & 104, Minories, LONDON. ont eae 





























PADLEY CU ENAB ABLES = 


DOMINION STEEL CTOOL WORKS: SHEFFIELD 
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oarure IS 60°/, SAVED WORTH WHILE? ||| WATE 
ENGINEERS. 0 ° (; 
HOSKING BROS., LTD. vedlleg BY THE 
Love Lane, Sumner Street, Southwark. Why DON’T You Use | 
"Phone : Hop 2725. 4866 aged 83, Kingsway, LONDON. (SH 
~ - || A PIPE FRAME cine enemeenne co, | — 
C ace sn waren cootens, consnema | _% 
s N 
DAYS OF TIGHT BELTS For ALL Templated Pipes ? PLANTS, VACUUM — one Hes. 
This tool has been well tried out and supersedes wooden templates for = Fn waamae r TEL 
enables belts to run slack without slip. cmneionel sare a antes shipyards, engineering works, coppersmiths, 94 Marker Sr., Manchester. 
Tuomas & + Beemer, Lrp., 37, Tapernacte Sr., E.C. LIGHT, RIGID & ACCURATE 
a = aN EEE. > 
saves 60% of labour costs on templated pipes, gives more accurate 
™"ROSBY work. Pipes can be finished from if with holes bored in flanges ready | DAWSON# DOWNIE, 
wd SPECIALIT IES for erection. Pipe Frame is re-usable. Makers— 5458 - _ 
. 3151 
Seertermmrebrra ||| 1. FERGUSON, Ltd., 82, Bath St., GLASGOW. ||| _. PUMPS: 
CSBr VALVES EWCIMNEERING Co Ltd SEE ILLUSTRATED ADVT. PAGE 14, Dec. 20. 
ti-4.. #9 @€y SrReet, LONDON,W : 
on 224 AU NUOUUNOOUNOAUUGOOUVOCUVESOCOOOOOOUNOOCOOUUNOOUOGODUOOOUOOOOUOOQGQNOQOUNOQUOOOUOOOOUGQOUUGOGOOOQUO0QQ000U000000L2: GEARS. 
Y Complete 


ALL TYPES CUT. 


MOTOR GEAR & ENG. CO., LTD. 
CHADWELL HEATH, ESSEX. 


Galvanizing Plant Don’t Repack 











, THOMPSON, BROS. (BILSTON) oT Eis saa, 
e Works:-Bradley, Bilston SO O ften " __ 2400. CHADWELL HEATH, 








A.W. P. 


ELECTRIC ARC WELDING. 


The average packing does not stand up under 
high pressure super-heated steam, because it 
contains materials that are soon destroyed 
by the high temperatures. 








HENRY WALLWORK & CO., Ltd., MANCHESTER. 


if you — a NEW GAUGE or ONE 
REPAIRED, apply to 


HANNAN & BUCHANAN, 


Engineering Instrument 
Makers, 
75, Robertson Lane, 
GLASGOW, C.2. 


\ Pressure, Compound, 
f Vacuum, and Hydraulics 
GAUGES. 


PLANTS, Portable or Stationary 
ELECTRODES for Mild Steel, 
Cast Iron, High Tensile Steel, 
Copper, Brass and _ Bronze. 





TRADE MARK 


"PALMETTO" 


is designed especially to withstand the 
destroying tendencies of high temperatures. 





ALLOY WELDING PROCESSES, LIMITED 
Perry Lane Works, Forest Road, London, E.17. 
Tel. Nos.: Walthamstow 2366-7-8. 

Write for BuHetin No. 31 A. 5850 





na 





Its materials are entirely heat resisting, and Pn, aN 


Indicators and Counters. 





a its perfect single-strand lubrication keeps it ma 
js = ™ Tachometers. GLASGC 
soft and pliable in service. Betore being Repaired. ‘Thermometers. 5S) 












ncvneelltrrarcces 


Let us send you working samples 


to test. No charge. Marne 


PUMPS [x 
FOR ALL PURPOSES. 


99, Queen Victoria Street, CYPr 
LONDON, E.C.4. _ 53 


~—_——— 


ANDERSTON FOUNDRY 


WNWARD-TVLep | 





PALMETTOG 





5 oa ie maaan CRNA TDN AO TNNTN RRNA oa 


W. F. JOHNSON & CO., Agents, 14-16, Farringdon Rd., London, E.C, 


GREENE, TWEED & CO., Sole Manufacturers. 100, CHEAPSIDE ST. GLASGOW. 


SUUEVUUUTUANDONEUOUEDOOEEOOUEOERYECEESOGUOEEOEETU ETE ELTUOTUAEEOOEEUOETON EEE OOGUUOEOOEEOOEEEUCETOOOEO OEE UEOTO OO Er: And at MIDDLESBRO’. 


BOLTS oe ie 
, STATIONARY STEAM EN ? 


DRY VACUUM PUMPS, 


STUDS, | A etre AHN 
NUTS. « m BUY rE aan 
BEST 


and GENERAL ENGINEERS. 
BRIGHT WORK 
BOLTS, NUTS, 


Telegraphic Address ‘ AFCO GLasGow.” 
A 
SPECIALITY. { 
NF SCREWS, STUDS 
S. MARSDEN & SON, Lid. REPETITION WORK OF ALL DESCRIPTIONS 


MANCHESTER. en BEEBEE, 
Telegrams— Telephone— S TD. 


LILYBANK works, GLASGOW. 
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CHADBURN’S 


(SHIF} TELEGRAPH CO., LTD. 


Patentees and 
Original Manufacturers 
of Ships’ Telegraphs. * 











TELEGRAPHS ror STEAMERS 


OF ALL TYPES 





PATENT SPEED AND 
DIRECTION TELLTALES 


ror TURBINES. 


GLASGOW. — 112/114, Broomielaw,. 
NEWCASTLE-ON-TYNE.—18, The Side. 
BELFAST.—39, Donegal Quay. 


LONDON.—Wellington House, Buckingham 
Gate, S.W.1. 


= DOCKS.— 93, Victoria Dock Road, 


HULL.—38, Charlotte Street. 


LIVERPOOL.—47, CASTLE Street, and 11, 
Waterloo Road. 





HEAD OFFICE, 
CYPRUS RD., BOOTLE, 
LANCS. 





fabroib 


Silent inions 





















Unaffe cted 
by heat 


Unlike other non-metallic gear materials 
Fabroil is not affected by heat. It will 
not shrink, swell or distort when used 
in hot situations or exposed to tropical 
climates. 


Oil, water, steam, sea air, etc., have no 
effect on this material, which will retain 
its shock-absorbing qualities under all 
conditions. 


Machine cut Fabroil pinions can be supplied in 
two forms either shrouded or non-shrouded, 
the latter type being known as Fabroil A. For 
those manufacturers who prefer to cut their own 


gears, either shrouded blanks or Fabroil A board 


can be supplied. 





For full particulars please write 
for Descriptive List 2531. 


os 


The 


British Thomson-Houston 


Company, Limited. 
ELECTRICAL ENGINEERS AND MANUFACTURERS. 2697 


Head Office :—Rugby. London Office :—“‘ Crown House,” Aldwych. 











Works:—Rugby, Birmingham, Willesden, Coventry and Chesterfield. 


Cc. 


DUNKERLEY 


and CoO.,, Ltd. 


Iron & Steel 


from 


WAREHOUSE STOCK. 


STEEL JOISTS, 
a" x 7 to SS «x 19 
STEEL CHANNELS, 
15" x 4" to 23" x 1 3/16", 
STEEL ANGLES, 
8 x 3" to §” x §". 
STEEL TEES, 
or «Omer x 
STEEL FLATS, 
1 «xs Fw Hh a OP 
STEEL ROUNDS, 
83" to 2” dia. 
STEEL SQUARES, 
5" to }" dia. 
STEEL PLATES, 
3/16" to }” to 8’ long. 
In all Standard Sections, cold 
straightened, lengths to 42 


A LARGE AND VARIED STOCK OF 


CROWN IRON, 
BEST, BEST SCRAP and 


BEST TURNING IRON, 
HOOPS, SHEETS, CONVEX, 


&c., &c, 
STEEL BRIDGE RAILS, 
BRIGHT STEEL, &e. 








=". 


IRON and STEEL 


HOOPS FOR BALING, 


Plain & Painted, a Speciality 


COMPOUND GIRDERS, 
STANCHIONS, ROOFWORK 


id 
CONSTRUCTIONAL STEEL 


Riveted up on the Premises from 
Stock Material. 


rie 
ATA” 
PATENT CONVEYOR TANK 


for handling Metal Scrap, Coal, &c, 


ENQUIRIES SOLICITED. 
Section Book on application. 





Telegrams: Telephone: 
“ AJAX, MANCHESTER,” 6490-5 (six iines) 


STORE STREET 











lron and Steel Warehouses, 
MANCHESTER. 
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MACHINERY [FLEXIBLE METAL HOSE 


; ; > a FLEXIBLE HOLLOW CONDUIT 
Vital points of “Control PRODUCING [SPEEDOMETER SHAFT CASING 


Quotations made promptly 




















upon receipt of Specification 
of Requirements. 








British Representative :— 


FREDK. A. PERRY 


63, Queen Victoria Street 
London, E.C.4 





s WORCESTER 
*) MASS., U.S.A. 
a — 

















ALUMINIUM CASTINGS of the 
highest standard— 
WILLIAM depend for their production on CONTROL. at every 


stage. In alloying, melting, pouring, moulding an 
final inspection our efforts are directed towards securing 


6 this essential control. 
L The above illustration shews a corner of our Laboratory, 


whose work is directed towards ensuring first-class 
material, and to maintaining the lead in metallurgical 


LTD development 


Investigate the advantages of Aluminium Castings for 
your own needs. Our experience is at your disposal. 


ATLAS ALUMINIUM WORKS—GROVE STREET—BIRMINGHAM. 


Aluminium Founders since 1892. 






Ciment Fondu is obtainable from Builders’ 
Merchants or direct from the Manufacturers # 


Lafarge Aluminous Cement Co., Ltd., 
296-302, High Holborn, London, W.C.1. 


if lolborn . ‘Grams: Cimenfondu, Holb., London. 
na” - _ > vamwest. hurrock, Essex. S.D.14-289 


ef, HALL & SONS, Ltd 
J.P. _ Lid. 
HALL FEED PUMPS 
are to be found in most of 
the Leading Power Supply 
fo, 



































undertakings In this Country 





y sale running at high speeds. 


DOUGLAS, LAWSON C° L? 


TELEPHONE TELEGRAMS 
eo00 BIRSTALL, LEEDS. S52 
S598 & S99 ¢ e BIRSTALL, 





TANDEM COMPOUND 
and 
Single Cylinder Direct 
Acting Pumps 









Turbine Driven Centri- 





fugal Type 
BOSSES OF PULLEYS ARE MADE 
FROM A SPECIAL MIXTURE OF Oil Pumps 
SEMI STEEL GIVING GREAT 
TOUGHNESS AND FREEDOM ae 
FROM FLAWS, etc., etc. 


ARMS & RIMS OF HIGH QUALITY 
MILD STEEL, 





RS ae we 
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PETERBOROUGH. 
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IMPORTANT ANNOUNCEMENT 
USERS OF TWIST DRILLS 


Engineers everywhere acknowledge the high quality 
invariably associated with tools by MORSE. We hope 
that the following up-to-date informaticn will be 
interesting and helpful to customers. 


NEW MORSE LINES IN STOCK. 
Left Hand Drills 


Now available in Jobbers’ Fractional and Wire Sizes 
in Carbon Steel only. 


Special Drills for Bakelite 


These new-type drills with their excellent cutting and 
swarf-clearing properties have a distinct advantage over 
ordinary High Speed Drills for systematic production 
of Bakelite and similar materials. 


High Speed Wire Drills 
These in the past have not been stocked smaller than 
No. 60. Now we supply them down to No. 70. 


Three Groove Structural Reamers 


Carried in three sizes only: } in., #{ in. and 4 in. 


Diemakers’ Reamers 
Stocked in both High Speed and Carbon Steel. 


We shall be pleased to quote for your requirements. 
A copy of the MORSE CATALOGUE will be sent on request. 





























THE 


“WHIRLEY” DATE PRESS. 


A HAND SCREW PRESS SPECIALLY DESIGNED FOR 
PACKING DATES AND OTHER FRUIT INTO BOXES. 





Health 
Department == 
Certificates 
are noW granted WE ARE EXHIBITING AT 
to Packers 
using the BRITISH 
INDUSTRIES 


““ WHIRLEY ” 
DATE PRESSES. 


PS 


A Light 
but Strong 
Machine 
suitable for 
Native Use. 


Will pack fiat 
for Shipment. } 


USE MODERN METHODS AND MAKE MORE MONEY. 


MACHINE-PACKING NOW RAPIDLY SUPERSEDING THE 
OLD-FASHIONED SYSTEM. 


FA IR 


LA BIRMINGHAM 


% 














“DOBBIE-MSINNES” 


ENGINE 


INDICATORS 


for 
ALL ENGINES AND SPEEDS. 


ILLUSTRATION of the 
NEW ‘DOBBIE-McINNES”’ 


DIESEL 


ENGINE INDICATOR 
— MARK V—— 


WITH FRICTIONLESS DRUM 


DUPLEX PRESSURE SPRINGS 
WHICH ARE EASILY CHANGED 


INTERCHANGEABLE CYLINDERS 
IMPROVED PISTON 
and 


QUICK ACTING 
HEAT RESISTING 
3-WAY VALVE 


The “Farnboro’’ Electric Indicator pogeice mciINNES & CLYDE LTD. 
for AIRCRAFT ENGINES. 57, BOTHWELL STREET, GLASGOW. 








Also Makers of 
The “ Hopkinson” Optical Indicator 




















VALALALALAVAVAVAVAVAVA 


x MANUFACTURERS OF 
: STEEL FRAMED BUILDINGS.| PLANTATION BUILDINGS. 


STEEL BRIDGES. TRADERS STORES. 
GIRDERS, PIERS. JETTIES, CAISSONS. 


| LIVERPOOL | 


























VALAUAVAYALALALALALALAVALALAVAVALAVAVALAP A 














AVAV APA 





















GET IN TOUCH WITH THE SOLE MAKERS:— 


HOLLINGS & GUEST, L™. 


Thimble Mill Lane, Birmingham. 


Telegrams : “ Plungers, Birmingham.” Telephone: East 490. 
Sole Agent for Scotland: D. LANDALE FREW, 45, Hope Street, GLASGOW. 
London Representative: H.C. AMOS, M.I.Mech.E , 22, Martin Lane, Cannon Street, 
LONDON N, E.C.4. 5247 
Northern Counties Rep.: W. ALLSUP, M. I. Mech. E., 10, Park Square, LEEDS. 




















TECHNICAL ff 
BOOKLET B 
ROPES ano 
ROPE DRIVING ” 









Why not make a habit of consulting our 
Technical Dept. when you want information? 


494, WUKEN YON & SONS | by as ety 


CHAPEL FIELD WORKS. nyon, 
DUKINFIELD, Near MANCHESTER. Repyene 
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“HALLGIDE” 


CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 

MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, and other constructive purposes, 

CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, Rudders, &c. 

RAILS, BILLETS, FORGINGS. 

AXLES of highest quality, to meet the requirements of 
Home and Colonial Railways. 

TYRES.—Locomotive Carriage and Wagon, to all 
requirements. 

SPECIAL STEEL ofall kinds for constructive purposes. 


THE ; 


STEEL COMPANYorSCOTLAND 






57, RENFIELD STREET, ~ LIMITED, 
GLASGOW. 8316 
TELEGRAPH 
ADDRESS 
“STEEL” & ascow 














PURE 
FEED is a necessity 

WATER high pressure jobs. 
The Crockatt Simplex Patent 


Electric Salinometer 


shows the smallest trace of Salt 
and indicates at once any condenser NN 
soa leakage or evaporator priming. 
Adopted by British and Foreign Navies, leading 
Steamship Companies and Power Stations. 


W. CROCKATT & SONS, Ltd., 


65, DARNLEY STREET, GLASGOW. 
2-3, Eldon Street, LONDON, E.C.2. 













You read it 
as you would 
@ Steam Gauge 























Permit us to 
Quote 


It will be 
to your 
Advantage 


Return Tube 
Dryback 
Steam Boiler r; 






=e Lancashire Steam Boiler 


Boilers of all Sizes. 
Pressures and 
for all Services 


PENMAN « 


and Company Limited 
CALEDONIAN IRON WORKS 


GLASGOW 
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VALOR OIL CABINET ADVANTAGES No. 8. 














i} 











For the Repair Shop, 









































the Millwright’s, the “g 
Factory — just the — everywhere as the ideal con- be 
type of lathesrequired tainer for storing all kinds of oil for po 
for all general work— | aay use, the “‘ VALOR” OIL CABINET the 
ready for any job s “at home”’ everywhere, and at all times. to 
from a large casting Iti is never too tired to deliver your oil clean sta 
to a tiny screw. and pure to the last drop, without waste or pn 
Strong, accurate and anit leakage. For special thick Engine Oils a WE 
easily handled, ‘ larger pump can be supplied at a little extra are 
designed scientifically | | diiips::\2 charge. Edible oils can also be safely stored bu 
to minimise wear. "i the Valor way by the fitting of a tinned P 
As supplied to H.M. di brass Pump. Sig 
— ng 9 , a Write for prices and Folder 6/V10. a 

ict wocceoeent Oe | ae q 4 Be | tHE VALOR COMPANY, LTD. 
; mil BIRMINGHAM: - Valor Works, Bromford, Erdington. 3 
: —— il HA LONDON: " 120, Victoria Street, 8.W.I. Se 
From 3$ in. to 7 in. centres. All forms of drive. Complete equipment and i | a 

attachments. hand and power drilling machines, etc. Write for lists. a Hi Buy British Goods, 
) SS TONIDIS” See ag ] 7 
vy nts BRC gpl \ val HH Hu i |! VY, VA OR 9490 6 
| BRO Os Mit I MI At) D), Zp eF >I MM Mill Fae. 
ML TTEKKS : Per 50 eal OIL CABINETS 
ENGLE WORKS, GUILDFORD. 5044 ry, wibdiewsy ces f —————— 
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PIPEWORK 


OF ALL DESCRIPTIONS, INCLUDING :— 


STEAM, FEED, EXHAUST & WATER CIRCU-~ 
LATING MAINS OF LARGEST SIZES. 


ea T 
' 


























WROUGHT STEEL, CAST IRON, CAST STEEL, 
STEAM FEED WATER, OIL and AIR MAINS. 
Patent Sectional and Standard Superheaters. 

SEND US YOUR ENQUIRIES. 5340 

















AS A 


NE of the many uses 
of the Klaxon Indus- 
trial Signal is as a 

‘¢Start Work ’’ and ‘*‘ Stop 
Work ’’ notifier, Connect- 
ed in circuit to the clock, 
it automatically signals at 
the set time—punctually 
to a second. Everybody 
Starts ‘‘on time.’’ There 
are are no wasted mo- 
ments. " 
Wherever warning signals 
are wanted—for fire or 
burglar alarm, for danger 
signalling, for code-call- 
ing—use Klaxon Industrial 
Signals. For distinctive 
tone; for dependability ! 
for safety’s sake. 


FREE BOOKLET 


This booklet deals with the many uses 
of the Klaxon in Industry. Send to 
day for your FREE copy. 


KLAXON 


INDUSTRIAL SIGNALS 


“ONLY THE KLAXON IS GOOD ENOUGH.” 


,_. .KLAXON_ LIMITED. 

36, Blandford St., Lonaon, W.1. 

Service Stations at above address 

and at our Works, Warwick Road, 
Greet, Birmingham 
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ELLESMERE PORT 


(MANCHESTER SHIP CANAL) 


10 ELECTRIC HORIZONTAL LUFFING 
DOCKSIDE CRANES 


2% TONS AT 40 FEET RADIUS, OR 
2 TONS AT 45 FEET. 
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* For Openwork Flooring, 


'EXPAM ET Gangways, Platforms, 


(REG) 


EXPANDED METAL, etc. 





Metropolitan Electric Supply Co., Ltd., Generating Station, Willesden. 
“ EXPaAMET” OPENWORK GANGWAYS. 





“‘Expamet ” Expanded Steel is particularly serviceable for openwork flooring, 

gangways and the like, and is cheaper than chequer plates ; it affords a grip 

to the feet, allows of the free passage of air, etc., and does not obstruct the 

sight ; it has been adopted by Shipbuilders, Electricity and Gas Works, 
Stationary Engine Makers and others. 


WRITE FOR ILLUSTRATED LITERATURE. 
THE EXPANDED METAL CO., LTD., 


Patentees and Manufacturers of Expanded Metal. 
Burwood House, Caxton Street, London, S.W.1. 


Works: West Hartlepool. Established over 35 years, 
6913 
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POHLIG AERIAL 
ROPEWAYS 
LOADING PLANTS 


55 YEARS’ EXPERIENCE. 
MORE THAN 6,000 PLANTS SUPPLIED. 


J. POHLIG AKTIENGESELLSCHAFT 


COLOGNE (Germany). 

















‘BROOMWADE 





Renowned throughout the 
world for high efficiency and 
absolute reliability, 
‘“‘Broomwade”’ Air Com- 
pressors are designed and 
built to give TROUBLE- 
FREE SERVICE. 





There is a ‘‘ Broomwade” 
Compressor to exactly suit 
every duty — fixed or portable — any type of 
drive. 


** Broomwade ’’—British made. 


“ Broomwade”’ 
Air Compres- 
sors are made 
in fixed and 
portable types 
to suit all 


duties. 





years’ specialised experience is at your service. 


Information and advice readily given — over 25 ] 





BROOM & WADE LTD., HIGH WYCOMBE. 

















Representatives for Representatives for 
AUSTRALASIA: INDIA: 
Messrs. KNOX SCHLAPP Messrs. JESSOP & Co., LTD., 








AND Co., Stone House, 
Collins House, AOLROY Bishopsgate, 
360, Collins Street, D LONDON, 
MELBOURNE, Australia. — E.C.2. 





WE ARE NOW PRODUCING OVER 


200 


WORM WHEEL CASTINGS 


PER DAY 


USE ‘‘HOLFOS” BRONZE TO 

GIVE LONG LIFE TO YOUR 

GEARS, BEARINGS, BUSHES, 
etc., etc. 


JOHN HOLROYD & C°L”™ 
MILNROW, ENGLAND. mn 


Makers of “Machine Tools to increase Production.” 
Worm Gear Specialists. Non-Ferrous Metal Founders. 
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EAST 1221-2-8-4, 






(Registered 














SIR ALAN COBHAM and 
FLIGHT ROUND AFRICA. 


Copy of telegram as received by us : 


The completion of the Sir Charles Wakefield 
twenty-three thousand mile flight round 
Africa on the Short Rolls Royce All-metal 
Flying Boat is a further proof of the 
wonderful possibilities of your Duralumin 
for despite the six months exposure and 
twenty-three thousand miles covered 
Duralumin of the Short Rolls Royce Flying 
Boat is in perfect eondition and craft is 
airworthy for another similar flight. 


ALAN COBHAM. 


4987 
All enquiries to : 


JAMES BOOTH 
& CO, (1915) Lt 


Argyle Street, Necheils, 
BIRMINGHAM. 


Telegrams: Boars. BIRMINGHAM? 
‘ables: 
LIEBERS SLETTER CODE. BENTLEY'S CODE aac ste eErTiEK;. 






Telephone : 











MORISON’S EVAPORATORS 


FOR ALL CLASSES OF VESSELS. 











OCCUPY LESS SPACE, 
SAVE WEIGHT. 
EFFICIENT. 
RELIABLE. 
HANDY. 


SOLE MANUFACTURERS :— 4539 


RICHARDSONS, WESTGARTH & CO., Ltd., 
MipDLesBRo’. HARTLEPOOL. SUNDERLAND. 
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eB fe we fficient 


® e 
« ShopHeating 
ti | 
MUSGRAVE STOVES 
are built for economy. 
Economy in fuel, economy 
in attention, and economy 
through efficiency. 
They will keep your Shop 
warm all over at a trifling 
cost, preventing loss of 
time and low output on 
the part of workmen. 
Musgrave stoves have a 
50 years’ reputation for 
long and efficient service, 
with low fuel costs. 


Write for Catalo:ue S/3, 





BEAT Met ETin oes, ‘iene rma 
MANCHESTER, CITY 1.38. branch for _ personal 
HIRMUNGHAM, NORTHERN 1971. interview and advice. 
GLASGOW, CENTRAL 4029. J 
&C2 
= 
Lt 
ENGINEERS» BELFAST 





<a LONDON: CARDIFF-MANCHESTER |™ 
GLASGOW-BIRMINGHAM 














| 


| GRABS 


AND 


TIMBER 
GRAPPLES. 





THEIR 
GREAT STRENGTH IS 
CONSISTENT 
WITH THEIR ABILITY 
TO DIG. 


eereee 


Wm. GOODACRE & Sons, Ltd, 
RUSSELL ROAD, CUSTOM HOUSE, 
LONDON, E.16. 


Phone: ALBERT DOCK 1741-2-3-4. 
‘Grams: **GOODACRE," LONDON. 
Codes: A.B.C. 5th Edn. and Bentleys. 532 
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pNT METERS 


BOILER FEED 
& CONDENSATE 


For satisfactory service and accuracy 
there is no measuring device comparable 
to the Kent ‘1924’ Type Venturi Meter 
for Boiler Feed, Condensate, Make-up, etc. 
This fact has been proved over and over 
again by actual tests. 


Important features of the Meter are: 
“Closed Circuit” operation, avoiding 
aeration of the Feed. 
No moving parts in the way of the discharge. 
' Ample operating power, with low overall 
loss of pressure. 
Measures hot or cold water and steady or 
pulsating discharges with equal facility. 
Diagrammatic record is provided as well 
as a total counter record. 











These meters are used in the Principal 
Power Stations the world over, keeping 
a ceaseless watch over plant efficiency. 
May we send you full particulars ? 


- Ask for Publication No.:700/E. 


? 









































We shall be glad to discuss with engineers any 

problems in fluid metering, without obligation. 

We supply standard commercial meters for the 

following :— 

Water (including Boiler Feed, Condensate, etc.). 
Sewage, Brine, Oil. 

Steam, Air (Compressed and Low Pressure), Gas. 


Catalogues will be gladly sent upon request. 


ee GEORGE KENT LTO 


BISCOT ROAD WORKS 
LUTON BEDFORDSHIRE « 





5079 








IRON CASTINGS 
CNG) 


HEAVY CASTINGS 


BLACKBURN FOUNDRY . - Up to 50 Tons. 


REPETITION CASTINGS 


PRESTON FOUNDRY - - Up to 30 Cwts. 


PIPE CASTINGS 


(SHARPE & COMPANY) 
Flanged Pipes & Specials. 








LANCASTER FOUNDRY - 





GOOD QUALITY—SATISFACTORY PRICE, 


Metal to Chemical Specifications. 


fOSTE 


AND SONS 


SOHO FOUNDRY. PRESTON 
SUCCESSORS TO 


YATES-THOM™ ~ 


LACKBURN 


*Phone and Telegrams: 
BLACKBURN 4224, 
YATES, BLACKBURN. 


*Phones and Telegrams 
PRESTON 19 and 9%. 
FOSTER, PRESTON. 






































Drop Forgings 
\ Smith Work 





FORGED STEEL 
RINGS & BLANKS. 


sieo Crane Chains, Slings, Ete. 
im NethertonIron. 


N.HINGLEY & SONS LTD. 
Netherton lron Works,DU DLEY. 




















I 
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Keep these handy—and you are always ready 
to make tight joints, emergency repairs, etc. 


WITH these two grades of Smooth-On (Nos. | and 3), you are 
properly prepared to make tight new, and stop leaks in old, 
joints, patch cracks and breaks in pressure parts—and finish the job 
with least effort and time loss. 
[f you are not thoroughly familiar with Smooth-On, send for a free copy 
of the 136-page’ Smooth-On Handbook which tells where to use 
each grade, how to han for best results and what to expect from the 
= finished job, based upon data from 
several hundred typical applications. 


You can get Smooth-On Nos. 1 & 3 
in | and 5-lb. tins at any dealers. 






Distributed by : 
WALTER P. NOTCUTT, LTD., 
8, White Street, Moorfields, London, E.C., 


and carried in stock by leading dealers and 
supply houses. 










< TWENTIETH 
£O01TION 


Made by Smooth-On Mfg. Co., 
Jersey City, N.J., U.S.A. 























ee 
METAL RECTIFIERS 


ARE DOING THEIR BIT 


in smoothing the difficulties caused by the 
change over from direct to alternating current. 

















Typical equipment, using Westinghouse Metal Rectifiers, for 
an an automatic telephone switchboard, 
w System Private Telephone Co., Ltd. 


There are sets of various types with outputs to suit most 
cases where a D.C. supply is required from A.C. mains. 


4952 
By courtesy of The N 


Send for Pamphlet 0.P. 11d. 


The Westinghouse Brake & Saxby Signal Co. Ltd., 
82, York Road, King’s Cross, London, N.1. 


— 











A NEW 
MACHINE ELEMENT 
The Grooved Pin 


with a thousand and 
one different uses 














Just drill 


a hole— 





No Reaming 


—no broken reamers. 


No Tapping 


—no broken taps. 


IRECT economies of labour and 
tools are effected by the adop- 
tion of the grooved pin to 

replace dowels, set-screws, stop pins, 
taper pins, etc., in all classes of engin- 
eering work. Just a plain drilled hole 
—a pin driven in—and the result is a 
rigid, vibration proof fixing with a 
multitude of applications. 














—then drive 
home a 


Grooved Pin. 





Grooved pins can be removed and 
used again with absolute safety. 


We illustrate alongside a few applica- 
tions, but many others will be apparent 
to the engineer. 


Write for leaflet which gives 
full particulars of 8 types ina 
full range of standard sizes. 

















G.P.1.—Used in place of 
Taper Pin for motion Y, 
gear, etc. 








— Ie 


G.P. 6 and G.P. 7.—Used as 
Tension Spring Holders. 


MILLS 


Patent 


GROOVED PINS 


EXORS. OF JAMES MILLS LTD., BREDBURY, STOCKPORT 
iG 











G.P. 5.—Used as Con- 
necting Pin for Rod 
earing. 
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vanvey|) NATIONAL 


EngineeringCo., HEAVY ale L ENGINES 


LATE LTD., 
200 B.H.P. Natienai 


Vertical Heavy Oil 
Engine at Messrs. 
Walker, Sons & Co 
Lid., Colombo Irox 
Works, Colombo, 
Ceylon. 





1 





MCONIE, HARVEY « CO., L10 
Scotland Street Engine Works, 


Head Office: 224, West Street, 
GLASGOW. 


In the background are 
five 70 H.P. Nationaj 
Horizontal Type 
Engines. 


ESTABLISHED OVER 70 YEARS 








a einnamuneie STEADY RUNNING UNDER VARIABLE LOAD CONDITIONS 


SUGAR Messrs. Walker, Sons & Co. Ltd., write as follows, &é 
MACHI NERY Running costs and com- under date 27th March, 1929 :— VW 


parisons with other forms 








HEAVY of power ave dealt with ‘* The engine has now been running nearly two years and we are 

: ie ; pleased to say that it is working very well under hard working 
CANE CRUSHING PLANTS. fully in our Muttonat A = 
Economy ” booklet, which — 

is yours for the asking. ‘‘ During certain periods every day our load is above its capacity, 

Ex ARV EY ’sS and we have to start up gas engines in parallel to assist the 


oil engine. For this reason we find it practically impossible to 


give accurate details of fuel consumption in relation to load, 
ll | é- é but can assure you that the engine is economical on both fuel 
and lubricating oils. The governing is remarkably steady 


considering the very variable load conditions.’’ 


Evaporator National Engines totalling millions of horse-power are 


in satisfactory operation in all parts of the world. 
Now in use in all Sugar Growing Countries. 


AND BVERY REQUISITE YOR THE NATIONAL GAS ENGINE CO. LTD. 


Sugar Plantations. ASHTON-UNDER-LYNE. 


COMPLETE CANE 

AND BEET SUGAR 

FACTORIES AND 
REFINERIES 





London Office - - - ~ 117, Queen Victoria Street, E.C.4. 


CONDENSER 
SUPPLIED. TU is ES 


abenal: _ are installed in both of the Atihentiic 


HIGH-CLASS 
ENGINES Record Breakers 


OF THE HEAVIEST TYPES, 


wom eon ZE. Super-Nickel Tubes are the best 


LANCASHIRE BOILERS. 


7049 














ZE Cooler Pipes are fitted in the winner of the ‘‘ Schneider Trophy.” 


TANKS & WROUGHT IRON for difficult conditions. 
OF EVERY is ssn 4665 Sole Makers: 
Telegraphic Address: “‘ Maconie, Glasgow.” ALLEN EVERITT & SONS, LTD eg 
Cable Codes used: ABC, Al, Lichors, Western SMETHWICK, BIRMINGHAM, a 





Union, Engineering and New Business, whose services are at your disposal. 











oa 


ha 


pe 


99 


hy. 


5381 























Boiler and _ engine 
form one unit, but 
are independent of 


each other. 





MASCHINENFABRIK BUCKAU R. WOLF A.G., MAGDEBURG. 


London Office: THE LOCOMOBILE ENGINEERING CO. LTD. 5258 _ 
68, Victoria Street, Westminster, London, S.W.1. 














WI 


f fh 
Vs YY 
hy yt 
ULE 
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Locomobiles At 

“ak a 














A SELF-PRIMING CENTRIFUGAL PUMP, 
Se ee en tees ae with 
the CERTAINTY of Positive Dispiace: Types. 

NO FOOT-VALVE REQUIRED (LIST H) 


THE SIH] SELF-PRIMING PUMP CO. 


Standish Road, Fallowfield, MANCHESTER 


LEA 
WATER 
RECORDERS, 


For all purposes where 


ACCURACY & DURABILITY 


are required, 

















Write for latest particularsto :— 
THE LEA RECORDER CO., LTD., 
28, Deansgate, Manchester. 5186 


beg ae 


GENUINE 8:3) 


ARMSTRONG 


PIPE TOOLS AND VISES. 
THE ARMSTRONG MFG. CO., 


BRIDGEPORT 
CONN. = = = = © U.S.A, 
The General Export Offices are located at 
27, Cleveland Place, New York, N.Y., U.S.A. 




















(PICKERING TYPE), and with 
“SMITHS ” PATENT KNOCK-OFF CEAR. 
Simple. Efficient. 

-\— Jockey Pulley abandoned. 


Operatesshould Governorstop 
from any cause. 









ole Licensees and Makers; 


DL Pollock, Macnab & Highgate 
4 SHETTELSTON 

GLASaow . 

Makers to War Office and Admiralty. 








With the 


“CLIFDELL” 


COLD SAWING 
MACHINE 








Actual Cutting Times: 


24” by 7%” Joist, 2 mins. 
18” by 6” 1? ,, 
12” by 6” 1} ,, 
6” dia. M.S. Bar 2 _,, 
90lb. ButB HEAD Rat 1} mins. 








CLIFTON & WADDELL 
JOHNSTONE, SCOTLAND. 


Write 
for further particulars. 








CRACKNELL 


STEAM TRAPS 


PERFECT DRAINAGE— 
ALL THE TIME 


Works on any pressure without adjustment. 
Highest capacity for a given size. 
ifts condense, 
Send for Trap on Approval te 


THE CRACKNELL ENGINEERING Co., Ltd. 
30, Hythe Road, N.W. 10. 











5282 














THE 


CLEVELAND 
BRIDGE ano 
ENGINEERING CO., Lr. 


Specialists in the Design, Manufacture, 
and Erection of Bridges, Girders, 
Roofs, Warehouses, and all classes of 
Iron and Steel Constructional Work 


tHeap Orrice AND Works— 


DARLING TOM. 
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BRECKNELL, WILLIS:-& COMPANY, LTD. 


LATE. BRECKNELL, MUNRO & ROGERS, LTD) 


They are the "ge amma x ENGINEERS AND CONTRACTORS, 
good sharp ine . oY J ACOB STREET, BRISTOL. 


which do not 


break! WG; 4 Telephone No. : 9344. Telegrams? Brecknell, Phone, Bristol. 
DIDGEN BROS gepetors 


IMPORTANT NOTICE. 
Better Value Than Ever in 


SMITH’S 


WORLD - RENOWNED 
ENGLISH WATCHES. 
PRE-WAR ADVANTAGES. 

One Standard of Quality, “THE BEST’’ 
ENGLISH 3 nee 














ACCURATELY ADJUSTED 








Fully- Jewelled Perfection of 
3-Plate a ~ Timekeeping 
ALL "POSSIBLE OS iN IMPROVEMENTS 





NOTE THE NEW PRICES. 


THE 
is toasters = 82 || “BIW.” HIGH-SPEED CUTTING OFF MACHINE 


9ct. Full or Half- Hunting Cases... .. £21 00 
Sct. Crystal Cases ... .. £17150 


She or Ha ican 2 E780 MADE IN TWO SIZES SUITABLE FOR BARS UP TO 6 in. AND 10 in. DIA. 





ACCURACY OF CUT ASSURED. 
CAN BE SUPPLIED FROM STOCK. 


“* Guide to the Purchase of a Watch,’’ 
1929 Edition of our Catalogue Free on 
eee. 


S. SMITH & SON, (1929) Lm 


Established 1851. 




















HOLDERS OF 4 ROYAL WARRANTS. Manchester Office: 94, MARKET STREET. 
WATCH & CHRONOMETER MAKERS TO THE 
ADMIRALTY & INDIAN GOVT. Telephone No.: 6192 Central. Telegrams: Bremuners, Manc. 
6, GRAND BUILDINGS, 
TRAFALGAR SQUARE, W.C. | + 8348 





1986 








UPw aRDs oF 
Telegraphic Address: BRAKE, MANCHESTER. 200.000 
3 


GRESHAM’S PATENT 


INJECTORS 


OF ALL CLASSES NOW IN USE 
GRESHAM & CRAVEN, LTD., 


HEAD OFFICE AND WORKS: 


Cee LANE, eerie MANCHESTER. 
LONDON OFFICE - - - - . - = = 40, WOOD STREET, WESTMINSTER, S.W.1. 


GLASGOW OFFICE: Wm. LESTER & SONS, 11, WEST REGENT STREET. NEWCASTLE-ON-TYNE OFFICE: FRED CRIPWELL, 18, BIGG MARKET. 
BELFAST OFFICE: R. PATTERSON & SONS, 13 & 15, BRIDGE STREET. 


OVERSEAS AGENTS: 


FRANCE, BELGIUM, SPAIN AND PORTUGAL: Walter Strapp, 15, Rue de Madrid, Paris. HOLLAND: Th. H. M. De Grijs, 311, Rijswijkscheweg, The Hague. ITALY: Giovanni Checchetti, 

Piazza Sicilia, 1, Milan. AUSTRALIA: Adams & Co., 521-523, Collins St., oy eae INDIA: Heatly & Gresham, Ltd., 204, Hornby Rd., Bombay ; 9, Popham’s Broadway, Madras ; 6, Waterloo St., 

Calcutta; 9, ‘:gerton Rd., Lahore. SOUTH AMERICA: Evans, Thornton & Co., Calle Defensa, Buenos Ayres. POLAND, ROUMANIA, ‘AND THE NEW STATES: British Engineers 

end Traders Syndicate, Ltd., Australia House, Strand, London, W.C.2. SOUTH “ERICA: Jenkins & Co., 12-14, Greenmarket Square, Cape Town; 352, Smith Street, Durban; Ginsberg 
Chambers, Johannesburg. 


Telephone: CENTRAL No. 613. 





TA 


{| 





WoL 
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SOCIETE ANONYME D’OUGREE~MARIHAYE, 
LIEGE, BELGIUM. 


SHEET PILING Sag 
= rare 66 OUGREE 9 REDUCED COSTS, 


FOR INDUSTRIAL HEATING PURPC LE 
OMDB LY OOM Parint all 








| 
i 


| CLEAN CONDITIONS, 
ee New Patented || | INCREASED OUTPUT. 


SECTION S ' THE POWER-GAS CORPORATION, 

(Serial No. 1.) ystem LIMITED, 

: : PARKFIELD WORKS, 
STOCKTON-ON-TEES. 5081 


















































|Weight per foot) weignt per | Iperfootot | 1/V per foot | Coefficient use 
No. D L L/2 c | rm Ui ang A P width oP eiath | uN 
inches inch inch inch Ibs. Ibs. inch4 inch3 | — - dipatt ica 
1 17°322 5°905 2-952 02952 | 54°56 1890 27°93 9°46 0°5511 
2 15°748 7874 3°957 0+3937 63°16 24-06 63°82 16°24 0°7440 66 IT PAYS TO BUY THE BEST’ 
; 15°748 9°842 4-921 0°4724 82:24 31°38 124°51 25°31 0°8894 
4 15-748 11°811 5905 0°6299 99°71 38°07 222-46 37°69 1:0904 
5 15°748 13-779 6°889 0°8267 128°88 49°11 379°40 55°09 12351 
6 15°748 15°748 7-874 0°9842 14917 56°83 57425 72:96 1°4135 











Its simple section makes it an exceptionally 
economical pattern. 

The rational distribution of the metal with 
respect to the neutral axis gives an improved 
strength per weight unit. 

The joint renders the two sections continuous, 
and offers a high resistance against transverse 
shearing stress. 

The friction of the faces in contact in the clutch 
is at least equal to the shearing strength. 

The clutch forms an absolutely reliable guide for 
the pile. 





Lancashire Boiler, 30 ft. x 9 ft. 0 in. 


: . . WORKING 
bie =. ™ of the interlock makes it absolutely 2605, PRESSURE BO 
Angles and connections are easily effected. Si caseisieaiadinaatindanm tiateiditaatidiitie 
The strength of the connection avoids the 2 30ft. x 9ft. Oin. — 160 Ibs. Lancashire. 

30ft. x 8ft.Gin. — 160lbs. ,, 





disadvantages of the knee joint. 


te es Poi ein : 1 30ft. x 8ft.Oin. — 1800s. ,, 
Earth cannot enter the jaws of the interlock, Rebuilding of Bridge, “Pont des Arches,” in Lieg . (Belgium). 1 30ft. x 7ft. Gin. — 160bbs. ,, 
as Ougree Sheet Piles are driven with the male General view of the dam made of Sheet Pilings, 1 24ft. x 6ft. Gin. — 125 ibs. =, 
end free. “Ougree ”’ Nos. 3 and 4, on the right bank of the river. = = : : = : _ om jp ~ asians 


During driving, the piles remain vertical. 
Other sizes and pressures in progress. 5062 


Piles are easily and rapidly driven and extracted. 
Superheaters ready for immediate delivery. 


Sole Selling Agent :— 


Smee Te COMMERCIALE DE BELGIQUE, OUGREE. DANIEL ADAMSON & CO., LTD., 
Cable Address: “‘ SOCOBELGE, OUGREE.”’ DUKINFIELD. 


THE “FROUDE” PATENT HYDRAULIC DYNAMOMETER 


POOOOOOSOS DOO OO OHO OO ODODOOOOOS 
a 
4 











LAAAAAAAAAAAAAAAAADADADAAADAAAD 4 


FOR TESTING 
the B.H.P. of 
AUTOMOBILE, 
AERO, OIL, GAS, 
DIESEL, AND 


USERS : 
British Admiralty. 
British Air Ministry. 
British War Office 
French Air Ministry. 
French War Office. 
Japanese Royal Naval Yard. 


SOOOOOOCOOD 


‘‘Froude Brakes make no mistakes.” 


SSP ASAI Tr 

















° S 

e . 

@ e 

3 ; 
3 3 
3 3 3 
et 4 + 
@ 4 2 
@ e e 
> 4 iz > 
3 : 3 
oe > . J 
$ STEAM ENGINES, 3 United States Navy Board. . 
3 TURBINES, 3 3 Armstrong Siddeley. Austin. 3 
: ELECTRIC 2 ¢ Bristol Aeroplane Daimler. 3 
* 4 e ° a a 
3 $ Fiat. Isotta Fraschini. $ 
3 MOTORS, ETC. $ ; Napier. Nicola Romeo. i 
3 INEXPENSIVE, 3 * Rolls Royce. Sunbeam. $ 
: CONVENIENT > + 3 John Brown. Busch-Sulzer. 3 
‘ ¢ Kincaid. 3 
;SCIENTIFI-3 ; Doxford. on Pie ; 
3 2 $ McIntosh & Seymour. Savoia. 3 
3 CALLY $ 3 Schneider. Franco Tosi. $ 
: . 7 © 
: ACCURATE. : Please send for free copy of new : Etc., Etc. 3 
ERIN Fe eee and revised Catalogue No. 80/1. Secceceecooeoooosooooooooooooes 

4941 


Heenan & Froude Ltd. Worcester England 


D 
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DYNAMOS & MOTORS 


A 75 K.W. VERTICAL TYPE 
MOTOR GENERATOR 


The “G & B." range of Electrica! Machinery includes Motors and 

Generators for every purpose. D.C. from 1 to H.P. A.C, (2 and 3 

phase) from 5 to 500 H.P. Traction Motors, Coal Cutters and Flameproof 
Motors for a work. 


High speed motors tor fans and pumps. Electric Trucks, 
Train Lighting Dynamos. 





Suggestions and every assistance offered Home 
and Foreign enquirers. Get in touch with us 
at once—let us send you free particulars. 


Write to-day for Catalogue No. E. 4242. 


GREENWOOD <BATLEY LE: 


ALBION WORKS - LEEDS 


—COVENTRY— 


Chains for Industrial Transmissions. 

















3 
WE ARE EXHIBITING AT 
Se ES TLEISING AY 


BRITISH 


INDUSTRIES 
FAIR 


8 BIRMINGHAM 





x 


oe “earn 





' i mt Coventry 
Februaryl7" M028 Chain Coupling. 



































COVENTRY CHAIN DRIVES. ROLLER CHAIN DRIVES FROM STOCK. 
The modern engineer cannot afford to overlook the advantages and Standard Roller Chain Drives to transmit 1-75 H.P. can be 
Se economies made possible by installing Coventry Chain Drives. supplied from STOCK. Our List No. 1110 gives the complete... 
Chains are quiet in action, positive in use, econcmical in floor space. range. Copy on request. 


UOUEEAHOEAUEGORGAUEOGHONOOOONEOUNOGUCOOEGOUOEOUOOOUOOUNOOUOOONESUSONUONUOGOUOOOUNOUOOOUOOUONQNEONUNOGUGOUNONUNGOONON0NO0000N000% 


IN co. L *HUTUUnUuuunuudedvgqgnzuucunesnqnnuiitite 


5078 


TT 








BRANCHES. LONDON, BIRMINGHAM, MANCHESTER, GLASGOW. NEWCASTLE. NOTTINGHAM, BELFAST. DUBLIN. 
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A= IIWUWDOODOOODODOODRDoOoOooooo HERBER OOOOOOOSOoe,, 


UNIQUE eu 
SERVICE 























IOCOOOODOWOCIL 


























WE help all users of Coventry Dieheads to 


obtain satisfactory results. 









IMMEDIATE DELIVERY. All sizes of Coventry die- 
heads and dies for standard threads are kept in stock. Dies 
for special threads are stocked by arrangement. 


EXPERIMENTAL WORK. We are always willing to cut sample 


threads in any customer's material. 


SPECIALISTS are always available to advise on the application and main- 
tenance of dieheads and dies. 


THE BOOK OF THE COVENTRY DIEHEAD printed in English, French, German, 


Spanish and Italian, post free on request. 


gaia PATENT SELF-OPENING DIEHEADS ARE MADE IN THE FOLLOWING 


JIN DDO ODDO RORoCooRmooooOoooner 





For Standard Threads—} in. to 44 in. For Fine Threads—2} in. and 34 in. 


The } in., 5/16 in., } in., 3 in., | in., 1} in. and 1} in. sizes are hardened and ground throughout. 


Ooooooooooooooooo ALFRED HERBERT LTD. COVENTRY & IOooooooooooont 





Ltt JOO OOOOOCOODODOOO DODO REDO opoOnRoOnAnoOoOoOoOoOoNM 
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a > YARROW 
ATT Ei 600 lbs. 
PRESSURE 
BOILERS 


One of the Yarrow Patent High 
ae Pressure Boiler Installations 


supphed to 


Messrs. IMPERIAL CHEMICAL INDUSTRIES 
LIMITED 


Working pressure 600 lbs. per sq. 
inch. Steam Temperature 780° F. 


YARROW—GLASGOW 






AIRHEATER 








AIR INLET TOF 


MaBeenwed BamER 


SOOT ~» 
HOPPER 


i HOT AIR TO 
STOKER 











4752 
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ASSURED SECURITY— 


where conditions demand the best. 


Built to meet the most exacting needs 
of industry, these machines are marked 
by excellence of design and finish. 








Every detail of construction—insulation, 
windings, commutator bearings—is the 
outcome of considerable thought to 
produce the highest class of machine. 








For 
Direct and Alternating Current 


Motors ¢ Generators 


Specify 


\Jrence-scgTT 
10 cecttomoost 


NORWICH and MANCHESTER 






























Escher Wyss & Co., S.A. Zurich (switzeriand) 






















Storage Pumps. 


Water Turbines—Zoelly Steam Turbines—Compressors—Boilers. 
Refrigerating Plant. Paper-Making Machinery. 









LONDON OFFICE: 20, Grosvenor Gardens, London, S.W.1. 
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The 

Generating 
Station. 

From a painting 
by T. J. Bond. 


To POWER STATION ENGINEERS 


s a Power Station Engineer you are concerned with such questions as D.C. versus A.C. Auxiliaries. 
The latest developments in controlling 2-speed and 3-speed squirrel-cage motors, and other methods 
of providing speed variation on A.C., have a considerable bearing on this question. 


You are probably interested also in Pulverised Fuel equipment; here, again, recent developments in 
motor control gear have the closest possible bearing on efficient conbustion. Power Factor Correction 
is another problem which can be simplified by modern control gear. 


For copies of our Booklet 278A, and other publications, fill in your name below and post this page to :— 


BROOKHIRST 
SWITCHGEAR . 


Name 
Addre:s 





CHESTER Firm 





























WATER TURBINES 
and GOVERNORS 


for any power or height of fall. 


Gilbert Gilkes & Gordon Ltd., 
KENDAL, ENGLAND. 
London Office: Windsor House, Kingsway, W.C.2. 

















5514 





BUFFALO INJECTOR. 


STEAM 






METALLIC PACKING. 


| Cold water and long lifts. i) 
i 
i 






Illustrated 7 
Catalogue with /7@} 
prices and full / 
particulars on / 


"GREEN & BOULDING, Ltd., 


estes 604, DALSTON LANE, LONDON. E.8. iis 





ENGINEERING. [DEc. 27, 1929. _ 


Sreith: Blackman 


Al . oe eT i. 
ABCACKMAN ” Heat- 
ing and Ventilating Plant 
can be relied on to do the 
work for which it is 
representative from our 
THERMOVENTILATORS consideration. 


| designed for the lowest 
nearest Branch to discuss 
as warming and ventilating Workshops, Factories, etc. 





















i power consumption. With- 
Aiea H EA I E R 4 
your heating and ventilating 


out placing you under any 
problems on the site and 
obtain particulars to enab!- 
us to submit scheme and 


obligation, we will send a 
estimate for your 


Telephones : Central 7091 to 7097. © JAMES KEITH & BLACKMAN Co. Ltd., Head Office : 27, Farringdon Avenue, London, E.C.4. __ Telegrams : “‘ James Keith, Phone, London.” 














ROYCE 


ELECTRIC CRANES 
Unquestionably the best. 


@) 
Read what satisfied users say :— 











(a) “We are giving you the order for this Crane in preference to 
other offers we have, on the reputation you have obtained with 
the Cranes you previously supplied.” 
(b) “We are placing this order with you because we_ are 
satisfied with the ten Overhead Cranes you recently built to 
our order.” 
(c) “In 1913 you supplied us with a 6-ton Travelling Crane; this 
has given satisfaction and we should like your price for a further 
Crane.” | 
Pat. apy 
Y 5174 
London Office : ROYCE LTD ‘9 Glasgow Office: 
10, Princes Street, Trafford Park, 133, Mount Annan Drive, 
Westminster, S.W.1. Manchester. Cathcart. 
The originals of the above testimonials can be seen by prospective buyers if desired. 
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| AIR 
# CONDITIONING 


HESE two totally enclosed vertical 

high-speed ammonia compressors 
are installed at the premises of Messrs. 
Bourne & Hollingsworth, Ltd., London, 
for air conditioning and for cooling a 
fur store and a cold store. It was of 
the greatest importance that they 
should give rise to no perceptible noise 
or vibration. Special precautions 


were taken on this account, and the 
4 &E HALI result is highly satisfactory. 
a 
ea, LIMITED _™ 


LONDON, E.C.1.: 121/123 CHARTERHOUSE STREET 
(Showroom). 
; BRISTOL: 127 VicToRIA STREET (Showroom). 


ENGINEERS 


LIVERPOOL: 81 DALE STREET. 
LONDON SERVICE DEPOT: 1 & 2 SILEX STREET, 
1 


8.8.1. 
MANCHESTER: 9 LOWER MOSLEY STREET (Showroom). 
BIRMINGHAM; 112 EDMUND STREET (Showroom). 


DARTFORD, KENT, ENGLAND. BELFAST: QUERES BoaD. ee 


London Office: 


10, ST. SWITHIN’S LANE, E.C.4, 


Telephones :—MANSION HOUSE 73.6 (3 lines). DARTFORD 201. 


§ 








Pat. applied for. 





Foolproof — Requires no Skill — Grinds Accurately 
in less time — Cuts out Filing and Hand Finishing. 
No Clamping Necessary. 


This Table Surface Grinder enables flat surfaces to be ground by hand, without 
skill and in perfect safety. 

Every moving part, with the exception of the actual grinding face of the cup 
wheel, is entirely enclosed. 

Many jobs now being laboriously filed or ground on the ordinary wheel by hand, 
may be surfaced more accurately, and in less time. A flat surface is obtained by 
passing the work across the table; rectangular work may be up to the standard 
guide bar for faces at 90°. Special guide bars for any angle can be supplied. A 
special guard collects the grinding dust, which may be connected to an existing 
dust-main or an auxiliary fan if desired. 

The machine is made for either A.C. or D.C. supply, and in two sizes, with 
14in. and 20 in. diameter grinding wheel. 


AND THE SMALL SHOPS CAN AFFORD ONE. 





Full particulars and prices gladly sent on request :— 


SNOW Z Co.Lrp. 





SHEFFIELD. 
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“ Broadbent” 


Patent Automatic 


CENTRIFUGAL 
CLUTCHES. 


Renowned for Reliability. 






CENTRIFUGAL 








CLUTCH COUPLING ; 





“ Broadbent ” Centrifugal Clutch Pulleys. 


ENSURE EASY STARTING 
OF 


ELECTRIC MOTORS 
AGAINST FULL LOAD. 


Adaptable for Belt. Rope, Chain or Gear Drives or for Shaft Coupling. 
Write for New 7th Edition Catalogue. 


Thomas Broadbent & Sons Ltd., 


158) ied beta. HUDDERSFIELD. or A “Broadbent” Centrifugal Clutch Coupling. 





























The 
BEARDMORE | 
One-Gallon @ 


PRIVATE 
USERS’ 
PETROL 
PUMP. 





























Furnaces of all Types fired by Gas, Oil, Coal, &c. 
Gas Cleaning Plant , 


Gas Coolers, Gas Valves 
Drum Dryers, Kilns 
Steel Chimneys, &c. 


Oi 


Tanks of all sizes. We invite 





Alma Works, Levenshuime, Manchester. 





1 & Petrol Storage Equipments 


your enquiries 


OWSONs MASO 


GAS PLANT CO.LTD. 














AW 


My 





| Sm 
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pan T NS J A We have recently 
53 - E installed Drum 
AUTOMATIC Plants in :— 
1 INDIA. 
MODERN DRUM MAKING PLANT 9 CCRRUGATING Mexico, 
MACHINE ROUMANIA. 
We specialise in machinery for the high-speed production of This machine corrugates th en 
steel drums of all types. Our plants include a large number Entire Bopy of a°drum in SPAIN. 
of PATENTED MACHINES, which revolutionize former meth- One OPERATION, eS 
ods, and we are shipping them to all parts of the World! The Corrugations can be varied, 
Rhodes *’ Patent Automatic Flanging and Double S eee. ae aera ane ae FRANCE. 
“ odes ’’ Patent Automatic Flanging an ouble Seaming Machine. rection) fe 
Flanges drum body and Double Seams both ends to body simultaneously (or separ- The ppt . ie ee 


ately if desired), and Drum is automatically centred and handling reduced to a mini- 


mum. The output is about 1000 drums a day. Perrect SEAMS ARE GUARANTEED. drums a day. 


We submit estimates for complete equipment for manufacturing drums, When enquiring, 
kindly send ple or di i d sketch and the approximate daily output required. 


JOSEPH RHODEN TNONN 


GROVE IRON WORKS - WAKEFIELD -ENG. 


Telephone : Wakefield 2756. London a a a 
Telegrams: ‘ Rhodes,” Wakefield. Norfo a. a Hill, val 


Codes: ABC (5th & 6th), Al and Bentleys. 





Teleph : Mansion House, 7746/7. 

















Uf AFTER W 


(one operetion) 














Repeat orders prove our words. 


The proof of a pudding is in the eating—and users of Bowser Xacto Meters are asking for 
more. If you have not yet read what we have to tell you about these remarkable liquid 
meters we shall be glad to send you a copy of folder P.S. 262 without any obligation. 

























Saves Waste 
Checks Purchases 
Controls Consumption 


protects Profits 
comet Ne a. 
tg T is difficult to overestimate the importance and cone 
3 of reliable accuracy which the Xacto undoubtedly * ii pefors,, 
! Purchases of liquids can be checked more closely than Sail pardly 
and the meter ‘being an officially approved legal measucme heer for che™ 
be disputed.” Already there are instances where meters have pa Sy 
. selves in this way ina very short while. ble Ths 1 
Control of liquid consumption now beconres close and valuable: fue 
important in many ways which affect costing manufacturing | by means - 
oil consumption. by furnaces: may be checked and regula' ee 
Xactos. Even in the manufacture of such low priced © ‘ foe 
bottles this accurate check has proved profitable. carclessnet 
Hidden waste--whether caused by material defects or hamarr chee 
be prevented: > « : sig ga 
In fact us sutely.as profits depend in any way upon the cost of é 
so surely .they’can be protected by Xacto Meters. Bay Yor 
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im. | ‘* SENTINEL ”’ 


— mo 








a) 


! » { te ; ‘ bs AY H sii 
: 13) ‘ d 
\ : 3 ee AL E 
= BALL BEARINGS 
FITTED IN ALL as 
» JOURNALS WITH | ee : = 
= Bate, =, FOR 
= AND Olt LEVEL / ‘ 
INDICATORS og 
EN NEL ; >EN NEL 


POWER PLANTS 


For Circulating Water and Exhaust 

Steam, are supplied with hand, 

motor or hydraulic operation with 
remote control. 


Valves up to largest bore made 
supplied to Super Power Stations in 
this country and abroad. 





Specify “ SENTINEL.” 
Prices and full particulars supplied free. 





GROUP OF 60” DIAM. MOTOR OPERATED CIRCULATING WATER VALVES. “ Sentinel" Traps—Ask for New Catalogue W6. 


ALLEY & MACLELLAN, LTD. 


SENTINEL VALVE WORKS, WORCESTER. © 


Telegrams: ‘‘ Alley, Phone, Worcester.’’ 


Telephone : Worcester 15. 


Eoeeenautaienanataetaenammnet 





MEE LULAUESAUANAANAAUANATNUOAAAAONONAUOOANOONONOOOOOHONOOVONUONONUONONODOUOCUONONHOUN0N0NH0N000000000000 00000000 000000000000 














BOOTH CRA 


JOSEPH BOOTH é BROS.,LTD, 
UNION CRANE WORKS, 
RODLEY, LEEDS. 

/ 


The illustration shews a type 

of Electric Crane supplied for 

tA use on Dry Docks. This type 
of Crane is capable of dealing 

with any heavy lifts required 


for repair work and is fitted 
with a long jib which allows 
loads to be handled on the 
other side of the Dock. 


5137 
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FORGED. STEEL COLUMNS. 


HAARLEM, 


HOLLAND. 


TELEGRAMS 
WERFCONRAD, HAARL 
DGORAFT, AVE., LONDON. 
ronnieb ABG 5th Ha. 
and MOREING & NEAL. 


TEL.—OITY, 0257. 


Agents: MARINE WORKS, Ltd. FRIARS HOUSE, 39-41, NEW BROAD STREET, + onpon, E.C. 2. 


OF THE LATEST AND MOST IMPROVED TYPES, 
OF ALL DESCRIPTIONS, AND UP TO THE 
LARGEST DIMENSIONS AND CAPABILITIES. 
SD 


BARGES ano FLATS Buitt in SmOTIONS FOR RE-EREOTION ABROAD 


BUCKET HOPPER FLOATING CRANES, 
AND 


BARGE - LOADING a Se ae ue COAL BUNKERING 
DREDCERS. Ms eke hi | VESSELS. 
SUCTION PUMP a ae : HOPPER BARCES 

DREDCERS. ee. Nes we : i Og eet | of any capacity. 
COMBINED BUCKET Pee oe : ig z een ; i SPARE PARTS 
AND : i : d RENEWALS 

PUMP DREDGERS. | “HES ff a a n supplied. 


svete gt ae 
eet ie RECOVERING 





for DREDGING 
CLAY, &c. 


One of several Suction Hopper Dredgers built for the Argentine Government. 


A Speciality. 


eae 


5150 


DESIGNS, QUOTATIONS, AND ALL DETAILED INFORMATION, BOTH AS TO DREDGING PLANT AND 
DREDGING GENERALLY, AND UPON ALL QUESTIONS AFFECTING THE RECOVERY OF GOLD, PLATINUM AND 


TIN, ON APPLICATION. 
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ProceEssinc Work 


in the chucking department is altogether easier 
when 


J & L HARTNESS 
FLAT TURRET LATHES 


are employed. There is no list of special tools, 
because the machine can handle the work with 
ordinary lathe-type tools. The J & L simplified 
tool system is due to the 


CROSS SLIDING HEADSTOCK- 
FLAT TURRET COMBINATION 


The absence of an intervening compound cross 
slide permits the turret to operate ‘“‘ close-up ”’ 
to the chuck, thereby eliminating long tool 
holders, overhanging tools, pilots, steadies and 
all special equipment. The machines are kept 
going by simply drawing standard tools from 
the stores as required. This is why the J & L 
machine can pass rapidly from one job to another 
without preliminary planning and waiting for 
special equipment. 


JONES & LAMSON MACHINE CO. 


19, Water Lane, LONDON, £.C.4. 
























































1900000 k KYA, ane mes 
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_ DEC. 27, 1929.] ENGINEERING. 33 








‘““BLEICHERT’’ Dumping Ropeways 
are designed to remove and deposit 
slag, ashes, pit rubbish and other 
waste materials at some convenient 
point. 


The “ BLEICHERT ”’ Creeper System 
forms a conical dump of maximum 
capacity on the minimum of ground 
area, the creeper moving up at the 
natural angle of repose of the 
material and discharging at its head. 











The plant illustrated carries hourly 
46 tons of coal pit rubbish. 


TRANSPORTING MACHINERY 
& ENGINEERING CO., LTD. 


76, VICTORIA STREET, 
WESTMINSTER, LONDON, S.W.1. 
5154 














FOR HIGHEST EFFICIENCY 


The Brooke Service of expert 
designers and skilled toolmakers 
is ready to assist you in promo- 
ting rapid and economical 
production. From a single jig to 
a complete tooling equipment— 
your interests receive our 
concentrated attention. Many 
of the most important firms are 
continually using our service. 
11010) mIN@ m@lU Viet May we add YOU to our list of 

gratified clients? You can be 
sure of prompt delivery. 


JIGS - FIXTURES: ETC ff > And our prices are right! 
Send Your Onquiries lo MY cal 

1) Ol) (al (OlO) i’ exe ORRID) 

WARWICK ROAD, GREET 
BIRMINGHAM 



































y 








Quality and Ser- 
vice under this 
Mark. 





BROOKE TOOLS — EVERY TIME 


High Speed Twist Drills, Adjustable Reamers, 
Milling Cutters, Gauges, Gear Hobs, Metal 
Slitting Saws, &c., in all sizes and styles. 


Large stocks ready for instant delivery. 
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0 0000 AH) 


: Always true to size and shape 


SHLAA | 


SILOCEL 


INSULATING BRICKS 


N addition to their very high insulating efficiency and 
durability, SILOCEL Bricks are always true to size and 
shape, with smooth surfaces and clean-cut edges. 
Such finish and accuracy enable them to be laid up 
rapidly and to give a structure that is practically mono- 
lithic. Furthermore, they do not deteriorate in use. 








HNNNUULII 





SILOCEL Bricks are made to standard fire-brick dimen- 
sions and are packed in strong fibre cartons, which 
ensure their delivery in perfect condition. Every carton 
is plainly marked for identification of the type, size and 
quantity of bricks contained. 


Further particulars of SILOCEL Bricks and of their 
application to any specific industry will gladly be 
furnished. 


SILOCEL Bricks cost less per unit Write for Service Bulletin E-107. 
of insulating value than any other 


So CELITE PRODUCTS CORPORATION 





of their insulating efficiency will WINDSOR HOUSE .- - VICTORIA STREET 
be supplied on request. WESTMINSTER, LONDON 
HIIVUWUNUUVLULWUULIUIDLULULULLUUOUOLVLVUVUOUOLUVLVVRUOLUOUOLUUUUULVUVULULIUULVURUOUOTUUSUOLUUVHVUOELOSUUUUULUOUUUUUUUUOPCUUU ETE 








Only Experience 
can design Hoist Control for Unfailing Performance. 


Hoists are like people—each has its own 
“individuality.” No two hoists have the same 
combination of slope, speed, load and cycle. If 
your hoist is to function without trouble every 
one of these individual characteristics must be 
provided for in the design of its motor control. 






© 





Trial and error adaptation of ready-made design won’t do. Your hoist 
control must be custom-built to fit—right from the start. And to 
insure that every factor will be co-ordinated into control which is 
absolutely reliable, the designers must possess wide experience, 
thorough engineering skill and grasp of underlying principles. 


e. "8 
Co” GGT 


O81 ix) 2423 
E . 


ov 

eo 4 7 * ¢ =, om re 

Sasa wibaih ia 
jo - wy - ag > ag | 


Leading plants bring their hoist control problems repeatedly to Igranic 
Engineers. They know that their skill and experience can be relied 
upon to foresee every requirement of the control they need. Let 
Igranic Engineers help to solve your hoist control problems, too. 


Write toy Dept. C. 102. 


Birmingham 


Leeds 
Bristol 

Newcastle 
Cardiff 

Manchester 
Glasgow 





147, Queen Victoria St., LONDON. 
Works: BEDFORD. 











my 
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WEIR ELECTRIC-DRIVEN 
RECIPROCATING 


wll 




















Wherever you have electricity 
available and want pumping 
done, use Weir Electric-Driven 
Reciprocating Pumps. 


For oil or water service duties 
in Mills, Refineries, General In- 
dustrial Establishments, Power 
Plants and Vessels. 


Designed and built by pumping 
specialists with the most up-to- 
date manufacturing facilities. 


Our latest booklet, ‘‘ Reducing the Running 
Costs of your Plant,’’ sent on application. 


SMALL WEIGHT & SPACE 
CATHCART CLASCGCOW 






G:J WEIR L° 
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REG. T. M. 





TEXACO 
URSA OILS 


Super-Refined Clear 
Golden for Diesel 


Engine Lubrication 


No Hard Carbon 
Deposit 








Dagenham, Essex. and Trafford Park, Lancs. 
Stocks at LONDON, LIVERPOOL, MANCHESTER, BRISTOL, HULL, NEWCASTLE-ON-TYNE, GLASGOW, CARDIFF. 


Ocean Terminals: 
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Super Express Lathes. 
(Model YDE.) 
Specially designed for using the new super high-speed cutting metals to the limit. 
450 feet per minute Cutting Speed when machining Mild Steel. Astonishing 
reductions can be made in the cost of turning tailshafts, piston rods, armature 
shafts and similar heavy lathe work. 
POI red™ 5519 
1 Sole Agents :: :: ALFRED HERBERT LIMITED - :: :: COVENTRY. 
| ‘ : a 
chiess-Defries A-G. Dusseldor 
e @ 
“i a i Gk 3 bei. 2k ‘abet B cat 
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| To-date arrangements for 
transhipping bulk goods are 


DEMAG- 
Loading Bridges 
with Tipping Crab 


made by us in various types. 








They distinguish themselves by their 

high output capacities and many-sided he 

applicability for wharf and store-yard ie : ’ <4 a : << vey 
service, not hitherto attained by any . ' i ; s Ny w= 
kind of plant. With tipping crabs it \ 1 nom S ~ C4neesi 


is possible to carry out all kinds of i 
transhipping work and to empty ; Hy i) ie 
trucks into vessels as well as on the : i 3 j i q 


yard. The trucks can be taken from 


the different tracks, so that the coal : , eo : 
can be mixed without any difficulty 4 H i 
whatever. a i. : 


DEMAG Aktiengesellschaft, 


DUISBURG, ‘ 
1) ay 


British Agents: 
MAURICE WARLOW & CO., 
12, Victor!a Street, LONDON, S.W.1. 


Te : Telephones : 
Morwarlow,  Lendon. Vieteria 2612/3, 





eo 


DUISBURG 





DEC. 27, 1929.] 


ENGINEERING. 


39 














a 








The New and Better way 
of Heating Factories 














Heat Diffusing Unit No. 2 
Two Outlets 





Cheapest to buy 
Cheapest to run 
Cheapest to own 


The Carrier-York Unit circulates uniform temperature 
throughout the factory and keeps the warm air where it 
should be—at floor level — maintaining a gentle and 
invigorating air movement throughout the whole of the 
working zone. 


The Carrier-York Unit is complete with simple auto- 
matic temperature control preventing overheating and 
effecting considerable economy in _ steam. Power 
absorbed—negligible. 


The Carrier-York Unit cannot waterlog, it warms the 
shop to the required temperature within half an hour 
of starting up. 


One No. 4 Carrier-York Unit will serve an area of 
200 x 100 feet. 


Immediate delivery of the Unit can be made and its 
installation does not in any way interfere with work 
in the factory. 


Write for illustrated booklet No. 22. 





(arriey-Ross fngineering (Ompany [td 





Victory House, Regent Street, London. 





5453 














Frederic Press, A.S. 
































THOS. FIRTH & SONS, LTD. 


FOR EACH | 











| maw | 

















TOOL STEEL 
PURPOSE 








, | NORFOLK WorKS, SHEFFIELD. | 
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BARRONIA 
RESISTS 
CORROSION 
and EROSION 
by Salt Water, 
Sea, Air, Petrol, 
Acid, Oil, etc. 


<I 














HI 
YIELD POINT 
almost 
adistinguishable 
trom the Breaking 
Point. 











EXCEPTIONAL y Ee 
TENSILE Kl 
STRENGTH 
Up to 42 tons 
per SQ. in 
(Drawn Rod) 


36.86 tons \= / 

a oor F. V@em Nae 
MINIMUM EX 
FATIGUE E 


FAILURE 
Re-Crystalisation 
imperceptible. 
BARRONIA 
CAN THUS BE 
USED WHERE 
STEEL IS NOT 


pecity SAFE 















BARRON IA THE HERCULES o-METALS 






) Vital, challenging 
=) ‘, FACTS about 
< » BARRONIA, 


Metal/ 


A greater measure of economy 
and safety has been introduced by 
‘BARRONIA’ Metal. It is of great 
strength, highly ductile, easily worked 
and astonishingly RESISTANT to 
corrosive re-agents. Already over 
1,000,000 feet of ‘BARRONIA’ 
Condenser-tubing have been fitted 


Write for your copy of the BARRONIA 
BOOK, Barronia Metals ttd. 
Parson’s Green Lane, London, S. W. 












DUCTILE 
Easily worked 


a 














and eliminates 
all risk of — tee 
“ii Condenser Tubes, 
acture, Super heated 
Steam work, 
Pumps, Fuel lili, 
Etc. Ete. 
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ENGLISH STEEL CORPORATION 


Incorporating the Stee] & Allied Businesses formerly carried on by 
¥ICKERS-ARMSTRONGS LIMITED, AT SHEFFIELD & OPENSHAW. CAMMELL, LAIRD & CO.,LIMITED, AT SHEFFIELD & PENISTONE. 




















THE “LORD NELSON” 


OF THE SOUTHERN RAILWAY. 


THE English Steel Corporation supplied the built- 

up Axle Forgings for this Locomotive, also the 
straight Axle Forgings and the built-up Axle Forg- 
ings for ten locomotives of the “Lord Nelson” class. 
“Vibrac” Steel is used for the Connecting and 
Coupling Rods and also for the Valve Gear of these 
Locomotives, effecting a saving in weight of 35 per 
cent. with increased strength. 


VICKERS WORKS, 
SHEFFIELD, 
(ENGLAND) 


London Office : 
VICKERS HOUSE, BROADWAY, 


LULL 


Y y y J, Y ly 


WM 
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Manufacturers of Forgings of all kinds 
for Aircraft, Automobile and General 
Engineering Works. 


Alloy and Carbon Steel in Bar or Billet, 
Bright Drawn Steel. 


Weldless Steel Rings and Cylinders, 
Circular Blanks for Gears, Stampers’ 
Die Blocks. 


High Speed and Crucible Cast Steel for 
Engineers’ Taps, Dies, Punches, etc. 


Best Cast Steel Files, Saws, Twist 
Drills, Hammers, Hack Saws, etc. 


JOHN HOLDING & CO, LTD., 


Union Forge & Steel Works, - 
ter. SHEFFIELD. ee. oe | 


London Agents: Whitbrows Limited, 89, Upper Thames Street, London, E.C.4. Telephone: City 0779. 


ey 


=i 

















SEE OUR DISPLAYED ADVERTISEMENT ON PAGES 40 & 41, 4932 THOS. FIRTH & SONS LTD., SHEFFIELD 








‘On looking over our generating costs for factory, and thoughta "good deal of the 
the year ending last March, I find thatthe saving is due to increased output, there is 
cost of fuel per unit is *2705d. against no doubt that some of it is due to the 
‘345d. of the previous year. This is satis- performance of your engine.’’ 


That is what the ELECTRICAL ENGINEER at ASHFORD 


& writes concerning the Paxman Oil Engine. 
& If you are interested in the ec ical producti 
of Power and Light, write us for publication D952. 


Davey, Paxman & Co., Ltd. 


Established 1865. 
(Associated Firm of AGRICULTURAL & GENERAL ENGINEERS, LTD.) 
33-36, Aldwych House, Aldwych, London, W.C.2. 
Telephone : Holborn 4956-7 Works: Colchester. 


PUTATTMLULLLLLLLLLLLLLLALLLCGLLLLUCULELUCOORLUCGGALLLCOGHIDLOCONIOCOTOTIONHTIUOVONITOVOTTOTNNTOTUNNTITIUNTITIUTTTI Lees 
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HADFIELD’S 
HADFIELD’S PORTRAIT GALLERY wwhbliMig 


OF 


ENGINEERS AND METALLURGISTS. TRADE, wank 


Popp 


HEAT RESISTING STEELS 


Maintain their strength and do not scale or oxidize 
appreciably at temperatures up to 1000° C. They 
are excellent steels for all engineering uses, including 
furnace components, involving high temperatures 
and oxidizing conditions in the presence of 
sulphurous gases. 








RECUPERATOR 





Possesses marked superiority over ordinary steels in the following respects : 


GREAT RESISTANCE TO SCALING BY HEAT. _ SPECIAL OF 
MWllidlidg 


RESISTANCE TO SULPHUROUS ATMOSPHERES. GREATLY ; , 
IMPROVED STRENGTH AT HIGH TEMPERATURES.  HADFIELD’S™™°5,, ERA xmssHEAT-RESISTING STEEL, 














PROFESSOR B. HOPKINSON, F.R.S. RESISTANCE TO CORROSION BY A WIDE RANGE OF aay | 
1874—1918 CORRODING AGENCIES. MAY BE PRODUCED AS CASTINGS, : 
FORGINGS, ROLLED BARS, SHEETS AND WIRE. For Preheating Producer Gas by means 
cas anit of Waste gases from Oil-Fired Furnaces. | | 
ngineer an etallurgist. 5 
Investigated the Magnetic Apply for Catalogue No. 295. These Gases enter the Recuperator at 1200-1250°C. | | 
and Electrical Properties 
of Steel. 
No. 55 PORTRAIT. a AD F | F | D ‘ag 1 td East Hecla & Hecla Works, 4re# of Works over 200 acres. | 
a SHEFFIELD, ENGLAND. Buildings cover 61 acres. | Te 





We are exhibiting at the British Industries Fair, Birmingham, February 17th to 28th, Stand No. 14H/3. No. 802 | 





















————— 
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THE BRITISH SPECIALISTS. (ONADMIRALTY WAR DEPT. ANDCOLONIAL LISTS) 


HYDRAULIC LEATHERS | 


LEATHERS COMPANY LIMITED ALTRINCHAM. 











| 


"ST 


SOMETHING NEW 


is always interesting—especially so when a firm which 
has been in the business for 50 years produces it. 


THE BROTHERHOOD TYPE AS. SINGLE- 
STAGE DOUBLE - ACTING COMPRESSOR 


(kere illustrated) 





works at pressures up to 120 lbs. per square inch, absorbing no more power (often less) than a two- 


stage compressor of equal capacity, and using an amount of lubricating oil that is trifling. 
Standardised for outputs cf 100 to 2,000 cubic 


fezt per minute, with one to four cylinders. 


Write for specification 4.S.E., and an estimate for a compressor of the size you may want, to: 


PETER BROTHERHOOD LTD. 
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Associated with Agricultural and General Engineers, Ltd. 
Head Office & Works: 


PETERBOROUGH - ENGLAND 


BRANCHES :—LONDON, MANCHESTER, LEEDS AND GLASGOW. 
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I' WELDINGS 





LARGE Mild Steel Stator Case 


mattis FOR C. A. PARSONS & CO., LTD., 
ATON WORKS, Newcastle-on-Tyne. 


THE STEEL BARREL C° 
Uxbridge, MIDDLESEX. | 


Telegrams: Barrels, 
Uxbridge. 


We Specialise in the design and 
manufacture of 
welded mild steel parts for 
machinery. 
Any Design 
Any SERVICE 
Any Weight. 


These Weldings save from 50% 
to 75% in weight as compared 
with Caniag. 


No Pattern Making — Less 


Machining Costs. 
Lower Handling Charges. 





Make use of our experience. 





- 


Uxbridge 251. 
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PLAIN HORIZONTAL 
UNIVERSAL 
TOOLROOM ’. MILLERS 
MANUFACTURING 
SURFACE 


“ ADAPTA” 


for all kinds of 
Milling Work. 






















Saves Set-Up Times 
THE VERTICAL SPINDLE IS “3 
ALWAYS THERE WHEN RE- 
QUIRED AND ONLY NEEDS TO 
BE SET IN CORRECT POSITION 
FOR THE JOB, 


- PARKINSON & SON, ‘SHIPLEY. 


saxesmentntiomsaaatteiie aati bamaaianernetmaabiaaaaceaaidct ee ee 


CENTRING MACHINES 


For Accurate Work 
Correct Centres 
are Necessary. 


We Make Centring 
Machines to take Bars 
up to 4in., 6in. and 8in. 

diameter. 





Jee 





vcs eerie 





Send for full Particulars. 





Centring Machine for Bars from 


1 inch to 6 inches diameter. 
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The VITKOVICE MINES, STEEL- 
AND IRON- WORKS CORPORATION 


MORAVSKA=OSTRAVA CZECHOSLOVAKIA 


6 HIGH PRESSURE STEAM i 




















REPRESENTATIVES FOR GREAT BRITAIN AND DOMINIONS: 


CONTINENTAL STEEL TRADING CO., LTD., 


64, VICTORIA STREET, WESTMINSTER, LONDON, S.W.1. 
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Higher ines Efficiency 
Smokeless Combustion 


and Low Cost of Upkeep 


HE new “Bennis” Coking Stoker with Natural 
Draught Furnace, as recently installed at several Beet a 
Sugar Factories, Paper Mills, Laundries, Hospitals, Hotels, 
etc., represents the greatest achievement yet in the 
evolution of a stoker that will entirely meet the needs of 
industries where smokeless combustion is an all-important SMOKELESS 
consideration, to be achieved without loss of efficiency. COMBUSTION 
AND HIGH 
Write to-day for catalogues and all particulars. EFFICIENCY 


THE BENNIS PATENT 
COKING STOKER 


ED. BENNIS & C° I? 
LITTLE HULTON 
BOLTON LONICIOBEA ate 


Telephone:- 0627, Victori WESTMINSTER 
Telegrams: BENNIS' Phone, London’ LONDON. SW.1 
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STEEL: IRON 
FORGINGS - 


STEEL BRONZE 


~GUNMETAL 
~ CASTINGS~- 


- Telegrams: iii 
FORGE DARLINGTON. phone: 
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THE WALLSEND SLIPWAY 
ENGINEERING COMPANY, TD. 


Builders of 
_Marine Reciprocating, Turbine and Wallsend-Sulzer 
Internal Combustion Engines. 

















BOILERMAKERS, SHIPREPAIRERS AND OIL BURNING SPECIALISTS. 








View of the Works, shewing 


S.S. “CITY OF GLASGOW ” for Reconditioning of Turbines. 

S.S. “CITY OF DELHI” for Bauer-Wach Turbine Installation. 
SS. “ MATAKANA ” for Recondition‘ng of Turbines. 

S.S. “BRITISH DIPLOMAT” for Repairs. 


S.S. “PORT ADELAIDE" for Reconditioning of Turbines. = 








HEAD OFFICE @ — - WALLSEND-ON-TYNE 


London Office - . : - - - - 30, Great St. Helen’s, E.C.3. 
Liverpool Office  - - . . - - . - Cunard Building. 
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CALORIFIERS 


(With Automatic Steam Control) 


FoR HOT WATER SUPPLIES ror 


SHIPS, INDUSTRIAL BUILDINGS, HOSPITALS, 
PIT-HEAD BATHS, &c., &c. 





STORAGE PATTERN 
WITH CASINGS OF COPPER, MILD STEEL, OR CAST IRON. 


BATH WATER BLENDER 


FOR SPRAY BATHS IN INSTITUTIONS, 


TELEGRAMS 
“ELYOR” IRLAM * 








WATER HEATER = 
FOR ISOLATED BATHS Engineers and Specialists. 


AND LAVATORY BASINS 




















FIG. I 
FOR HEATING MAINS 
OR USE IN CONNECTION 
WITH STORAGE 
CYLINDERS 


WE ARE EXHIBITING AT 


BRITISH 
INDUSTRIES 

















FOR ACCURATELY MAINTAINING A FIXED TEMPERATURE 


&e. 


4348 
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AN AUTOMATIC SPOT WELDER 


BRITISH 


Prescot 


For Repetition work of heavy gauge. 


Duration of welding operations and 
soundness of resultant weld are 
independent of skill of operator. 


Output up to 600 welds per hour. 
Driven through electro-magnetic clutch 


with push button control. 
Max. Power required 60 k.W. 


No. of Heating Speeds 8. 


Will weld up to °75” added thickness 
continuously and up to 1” occasionally. 


een CABLES LTD. 


Lancashire 





London Office 


- - NG SURREY HOUSE, EMBANKMENT, W.C.2. 


5336 
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“A Belt for every Drive!” 
































(* ) 
4 
\ 

Right Angle Drive—Eleva tion ip 
hie | 
: Right Angie Drive—Pian 

U 

Quarter Twist io. o Right— Four Pulley Quarter Quarter gf donee 1 — Left— 


Elevation Turn — Elevation 


Belts made specially cut to curve 
to suit Quarter Twist Drives. 


All Tullis Leather Belting 


Guaranteed 987 Stretchless and 
Straight Running under normal load. 


Send us your problems. 


John [ullis Son |t td es 
Telegrams : VALISTS. Bridgeton 1205, 


“Tullis, Glasgow.” ST. ANN’S WORKS, TULLIS ST., esl 7 & 8 (Pt. 
GLASGOW, S.E. nch Exchange). 
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RECIPROCATING MARINE ENGINE 


fSBEARDMORE 
CAPROTTI 
» GEAR 


Special Features of Reciprocating 
Marine Engine fitted with Beardmore- 
Caprotti Valve Gear: 








1, Due to the reduction of steam leakage 

and wire-drawing the THERMAL 
EFFICIENCY is INCREASED and 
MAINTAINED over a wide range of 
powers. In certain cases a FUEL SAVING 
of 20% may be achieved. 


7 @ THE POPPET VALVES operated by 
PEARDMORE-CAPROTTI ROTARY 
PRECISION GEAR eliminate the 
FRICTIONAL LOSSES which are inherent 
in slide valves and link motion. The valves 
are of the balanced double-beat type and 
remain steam-tight at all temperatures. 


3, The REDUCTION in steam _ con- 

sumption enables SMALLER boilers 
and condensers to be installed for corres- 
ponding powers. 





SAVING in fuel of 10% is guaranteed. 


THERMAL AND MECHANICAL 
EFFICIENCIES increased. 


ENABLES high pressure and _ highly 
superheated steam to be successfully 
utilised. 





REDUCTION in weight and_ space 


occupied. 2, % 











All Enquiries should be sent to— 4419 


WM. BEARDMORE & Co., Ltd., 


DALMUIR, DUMBARTONSHIRE. 














_- 
—-- 


mm 
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PARSONS 


TURBO-ALTERNATORS 
for RAILWAY ELECTRIFICATION 


y » 
(" : 
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The above illustration shows one of the latest 18,750 k.w. 
PARSONS TANDEM TURBO-ALTERNATORS 


installed in The Lots Road Power Station 
— which supplies electric power to — 


LONDON’S [JNDERGROUN]) RAILWAY 


CA.PARSONS 


& COMPANY LID 
HEATON WORKS, NEWCASTLE-on-TYNE. 
London Office: 56, Victoria Street, Westminster, S.W.1. 


NUNN UIA 
MN UU 
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MECHANS LIMITED, 


Scotstoun Ironworks, Glasgow. 


LONDON OFFICE: 
10, Princes Street, Westminster, S.W.1. 








Head Gears 


cee ore 


Bunkers 


Steel Chimneys 














Blast Furnace Plant 
Riveted Steel Pipes 





Steel Tanks 





Elevators & Conveyors 


Gas Producers 





Steel Buildings 





Steel Structural Work sai? 








Riveted, Welded & Pressed Stee] Plate Work of every Description for Mines, Gasworks, Oilworks, etc. 








No. 5. Forging & Flanging. Ne. 9. Elevators & Conveyors. 


Ask for Sectional Catalogue —Ne. 2. Structural & Mining Plant. No. 4 Steel Pipes. 


























Makers of all kinds of 


Hydraulic Plant 


and 


Steam and Motor - Driven 


Air & Gas Compressors 




















Motor Driven, Horizontal, Three Throw, Single 
Acting, Hydraulic Pump with single acting Jack 
Pump, driven off main shaft. 110 galls. per min. to 
750 lbs. per sq. inch pressure. 62 R.P.M. Made for 
Port and Harbour of Greenock. 





Vertical, Two Crank, Two Stage, 


|. [ed 
Air Compressors. 600 cubic ft. Fallertan Hadgarts Barcla ° [ 
RPM 360. Made for London "tdi eee , 
and North Eastern Railway Co. , 
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BEYS TESTERS 


Used by the BRITISH and most 

TECHNICAL SCHOOLS, RAILWAYS, 

FOR METALS, CHAINS, ROPES, WIRE, CANVAS, CLOTH, YARN, CEMENT, PIPES, CONDENSER 
TUBES, OILS, PRESSURE AND VACUUM GAUGES. 


FOREIGN GOVERNMENTS, 
IRON 


CONTRACTORS, 


the 
and STEEL WORKS, 


leading UNIVERSITIES, 
&c., 








CAST-IRON 


i \ 








CAST-IRON BAR TESTER. 


Tests Bars of Cast Iron, 
Bronze, &c. ee ; 

Fig. 5041.—DEADWEIGHT 

PRESSURE GAUGE TESTER. 
To 200 and 300 Ibs. 








Fig. 5171.—BAILEY’S NEW PATTERN 
DEADWEIGHT GAUGE TESTER. 
For Pressures to 1000, 2000 and 
6000 Ibs. 





PRESSURE 
AND 
VACUUM 
GAUGES. 









METALS 





: HYDRAULIC IRON AND 
STEEL TESTER. 
DEADWEIGHT PRESSURE AND 





~ CEMENT 





STER-HYDRAULIC TEST PRESS. 
For testing cement blocks, extracting oils, &c. 
Made in five sizes to 12, 60, 150, 300 and 500 tons. 








Fig. 5120.—BAILEY’S 


“THURSTON” RECORDING 
OIL TESTER. 

For testing oils, greases 
bearing metals, &c. 
Used by the Admiralty and by 
the Princi Railway Cos. and 
Shipping Cos. of the World. 


VACUUM GAUGE TESTERS. 


In various sizes for pressures to 
300, 500, 2000, 10,000 Ibs. and 
45,000 lbs. per square in. 


CEMENT 


To 10, 25, and 50 tons. 












Fig. 5063.—-CEMENT TESTER. 
With new design Shot Filler. To 1000 Ibs. 
To BRITISH STANDARDS. 


PRICE INCLUDING TWO MOULDS AND 
WEIGHING MACHINE 224. 








FOR 





“PRINCESS OF THULE” 
HYDRAULIC TEST PUMP. 


BOILER TEST PUMPS. 
Fig. 5007.—To 300 Ibs. £11. 
Fig. 5008.—To 500 Ibs. £16 10s. 


For Marine Bollers, &c. 


For Pressures to 200, 500 
and 1000 lbs. 


Hand Pumps to any Pressure 


= ————— 





Telegrams : BEACON, MANCHESTER. 


CHAIN, ROPE & BLOCK 
TESTERS. 





a _ Fig. 5138 TO 30, 50, 60 & 100 TONS. 


sin Ww. H. Barney « Co.. LTD. 
ALBION WORKS, SALFORD, MANCHESTER. 





+ Frat = 

The LONGRIDGE BOILER 
TEST PUMP. Packsin small 
leather case; weighs only 


19 Ibs 
Designed by the late Michael 


Longridge, Esq., M.I.C.E. 
Tests to 500lbs. PRICE £12. 





WIRE TESTERS 
CLOTH TESTERS 








Telephone : CENTRAL 2728 & 2729. 
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Aes a CHALEEN PRESSES 


, ILLUSTRATION SHOWS PRESS 790 


= Pressing Steel Components for Motor Vehicles. 








IN GREAT VARIETY ARE USED IN. 
THE MASS PRODUCTION OF 
MANUFACTURED ARTICLES. 
TOGGLE DRAWING, SINGLE CRANK, 
DOUBLE CRANK,NOTCHING 
FOR ELECTRICAL TRADES, 
ROLLER FEED, 
TURNTABLE FEED, 
; HOPPER FEED, 















COINING, 
CARTRIDGE. 





® 


= TAYLOR & CHALLEN, L"’ 


ENGINEERS & MAKERS, 


Derwent Foundry, Works & Showrooms, 


CONSTITUTION HILL, BIRMINGHAM. 














. Telegram Telephone 
i DERWENT, CIRMINGHAM. CENTRAL 0376 (A.B.C. + ae 5th Edition). 
Lonpon Orrice :- ST, STEPHEN’S HOUSE, VICTORIA EMBANKMENT, S.W.1. Tevcecrams: “TAYCHAL, PARL,’’ LONDON, TecerHone: VICTORIA 3513, 


























WALKER’S 

















ENTIRELY 


Your Security against 
Loss of Power 


“GOLDEN WALKERITE” is a Com- 
pressed Asbestos Sheet Jointing—the 
most popular and reliable in the market 
_It is a Jointing of proved efficiency for 
Superheat, Hydraulic, Acid, Gas, etc, 
etc. Used by the world’s largest power 
BRITISH users including Railway, Steamship, and 

Motor Companies, introducing economy 
and maki - for productive efficiency. 
we ed in sheets of any size and thick- 
nes pie a speciality, size and shape 
absolutely n ein ctl 





Made by 
The PACKING and por aie ng sample gladly sent on 
JOINTING SPECIALISTS 


JAMES WALKER « COMPANY. LIMITED. 


WN 





“LION” WORKS, WOKING, surrey. 
Telephone: WOKING 1040, Telegrams: “LIONCELLE” 





LONDON OFFICE: 96 LEADENHALL STREET, EC3. i 








iim |T BA 


| 


| 


sh __i iil 
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Specialists in Gas.Waler & Bao 


Constructional Engineering eel 


Contracts open... tenders by the dozen... 
but only a few are chosen. Amongst the 





TX | 














chosen the name of Piggott is frequently to | <) IX 

the fore. In fact, a Piggott quotation is recog- Woe 

nised as a standard by which to judge com- | INN ai VI 
NYY NY NV / \WV 

















peting estimates. 
Throughout the world examples of Piggott’s 


manufactures stand supreme . . . Gasholders, 
Purifiers, Tanks, Pipes .. steelwork of every 
description. 


GAS .WATER,, 2 


Thomas Piggott e223: 


Horseley House, 85 Lionel St. Birmingham ENGINEERS 


London Office: 11, Victoria Street, S.W.1. 3327 
ASSOCIATED COMPANIES: THE HORSELEY BRIDGE AND ENGINEERING CO., LTD., and GUEST, KEEN & PIGGOTTS, Ltd. 
WORKS : BIRMINGHAM, TIPTON, CARDIFF. GREENLY’S 5327 














Petrol Locos for 


Uphill Work 


EDUCING transport costs, largely increasing annual profits, 

R adding to all-round efficiency. These advantages have 

been gained by others by the use of Howard Locos—and 

can be gained by you. They are now used by the War Office, 

Anglo-Persian Oil Co., The Associated British Portland Cement 

Manufacturers, The Municipality of Singapore and many other 
prominent concerns. 


Some interesting information has been gathered—photographs 
of typical installations—cost details—savings made, etc. This 
has been included in a booklet of which we will gladly send you 
acopy. It will show you how you can cut costs and increase 
efficiency on your own work. It will show why others in your 
industry consider efficient transport of vital importance. The 
attached coupon will bring you the booklet by return of post 
without your being placed under any obligation to us. 





Gentlemen, 











James & Fredk. Howard, Ltd. 
Britannia Iron Works, Bedford. _ ee 





sce “ee fed, mt Booklet L16 on Se 
J in Was i ) D ; yo) c ficient ransport. It is lerst 
DY, IN VA ; y D} K BED) a ORD this places me under no obligation to you. $ 
: (£7 2% 
Name g 
Associated with Agricultural and General Engineers, Ltd., 4 Addees x 
& 
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Steel-STRONG, 2rmanently WEATHER PROOF 











() Im 4a. 
QeTITE A 
asphalte felt, 
onto (2) Bitumen coated 
corrugated steel sheet. 


roof, non-drip inside 
layer. 


contracts specify CELLACTITE. 
For time has proved that 
CELLACTITE abolishes upkeep costs. 
The steel core of CELLACTITE corru- 
gated sheets makes breakage impos- 


Fi cont year more and more roofing 





sible, and the tough bonded coating 


LINCOLN HOUSE, 


Tetaphenes Holbore $2912 


Specify CELL ACT OTE 


CELLACTITE & BRITISH URALITE LTD. 


~ the NEW ROOFING ECONOMY 


of asbestos felt protects the steel 
from all corrosive influences. Thus 
CELLACTITE provides a permanent 
roof needing no paint, no repairs— 
a roof that will withstand the worst 
corrosive conditions indefinitely. 






296-302 HIGH HOLBORN, LONDON, W.C.1 
“Cal 


Telegram Hactite Helb- London = 









/ 2 Brikisn busy’ 
A 


4 
MOHAN, Kir 


TAS/Cel 











RHEYDT (GERMANY) 


OUR SPECIALITIES COMPRISE: 




















GROUP I.—High Speed Lathes, Planing Machines, Vertical Boring and Turning Mills. 
Horizontal Boring and Milling Machines, Siotting Machines, Facing Lathes, Roll Turning 
Lathes, Tube Working Machines, Car Wheel Lathes, Machines for Rail Working. 

QROUP I! —Shears, Saws, Presses, Roller Straightening Machines, Straightening Presses, 
Straightening and Bending Machines, Hydraulic Plants, Water Gas Welding Plants. 


os AS 


HEAVY HIGH SPEED LATHE. 


Height of centres 1,700 mm., distance between centres 15,000 mm., 


with 4 tool rests. 


Driving power up to 26560 HP. 


Sole Representatives for the British Isles: 


COLUMETA EXPORT CO. (B. CLASEN), Moorfields House, Tenter Street, LONDO 








‘Fe 
sj 
Reh 


| HEAVY DUTY 
BORING 
and 
TURNING 
MILL. 


Diameter of face plate 
4,500 mm. 


Turning diameter 6,000 mm, 














Tn 





! 
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Picture shews 
Metrovick Experimental Steel Furnace 
and 
Sectional Drawing through typical 
Induction Furnace. 


Among the advantages offered by Electric Induction Furnaces are The Metrovick Furnaces melt steel and ferrous alloys at 500 cycle 
accurate composition, freedom from gaseous contamination, frequency, consequently the speed of the motor generator set 
homogeneity, low operating costs, reduction in metal losses, ease of is low. Similar equipment is supplied for melting non-ferrous 
handling, short melting time, and accurate temperature control. metal. 


valve operated, are also Ajax-Northrop patents 


ick 
supplied. —— YIC ers — Send for Leaflet 704/1-1. 
CO., LTD. 


ARNE MRS ' 
i Te APFORD PARK -- MANCHESTER 


Genkins f 


WE SUPPLY EVERY 
KIND OF TANK 


in any shape or any size from a few lbs. 
up to 20 tons. 

Tanks, Pans, Casings, Chemical Works 
Plant, Artificial Silk Tanks and Cylinders. 
Whatever your requirements let us quote 

ou. 

Thee 73 years’ experience is at your service. 
FIRTH’S STAYBRITE ACIDPROOF TANKS & PANS. 


Prices on application. 


Small ‘“‘ Metrovick”’ Re- j ROPOLI “* Metrovick"* Furnaces, 
search Equipments of a — = a re- 

ity. search work, incorporate 
few pounds capacity, V. & siumel are, Soeniecete 


4932 
































Mild Steel Welded Air Receiver. 
4 ft. 6in. diameter by 6 ft. long. 
hin. plate throughout. 

Dished and flanged ends. 

Weight 1 ton 7 cwt. lgr. 10 lds. 
Tested 300 lbs. per square inch 
hydraulic. 












Recent extensions to our premises and plant 
now enable us to supply 480 Tons of Welded 
Work per month. 


vert Jenkins ¢{@) (iii 


ESTP 1856 ROTHERHAM 


London Office: 354, Abbey House, Victoria Street, S.W.1. Telephone : Victoria 6783. 





















Telegrams: 
“Jenkins, Rotherham.”’ 
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SPECIFY McLAREN-BENZ 


LIGHT WEIGHT HIGH SPEED 


DIESEL 


OIL ENGINES 


FOR 


LOCOMOTIVES, RAILCARS, CRANES, 
EXCAVATORS, COMPRESSOR SETS, 
PUMPING PLANT, WATERCRAFT, 


CONSUMPTION FROM °38 TO LIGHTING & POWER SETS, Etc., Etc. 


48 LBS. PER B.H.P. HOUR 
ACCORDING 
TO SIZE. 





McLAREN’S WONDERFUL 


DIESEL PLOUGHING TACKLE 


, A TT é =e # iS THE WORLD’S CHEAPEST METHOD OF 
SIMPLE, ROBUST AND DURABLE. LAND CULTIVATION. ee 
Agents required in several districts—correspondence invited. 























Banceel J. & H. McLAREN, LTD.—-LEEDS, “=: 


~ 














\ome reasons 


THE CROSSLEY-PREM ER OIL ENGINE 
gies dependable service 


En removable without breaking A user in Italy writes :— 








joint, Main bearings visible and in ‘* The engine has often been overloaded above its maximum 
easy reach. Back of water jacket closed by door which rated power, and the results were far beyond our expectation. 
exposes whole of interior of combustion chamber for It is very reliable.’’ 
cleaning. Easy access to big ends. Valve springs can be changed 


whilst running. Simplicity—Single feed to each piston and single 
> cam operating admission and exhaust 


2 Efficient Piston Oil is fed on upper side of piston valves on each cylinder. Owing to the ease with which 





Lubrication — 24 éravitates to the under side, piston can be removed the cylinder head and liner are 
— where it acts as a lubricant made in one piece, eliminating cylinder head joint, which is 

under ideal conditions. A special compartment pre- undesirable from point of view of maintenance and heat stresses. 
vents oil from cylinders contaminating main lubricating system. 


Ideal Water Cold water enters the bottom 





Circulation— where heat flow is greatest, and, in 
rising, increases in temperature to 


top where heat transmission is less, thus tending to 
equalise temperatures throughout casting. 

Reliability—Continuous day and night running is 
common, and 400 H.P. engines in im- 
portant station in South America have recently com- 
pleted a 6-months continuous run without stopping. 


THE PREMIER GAS ENGINE CoO., LIMITED, 
SANDIACRE, NOTTINGHAM. 


London Office : 139-141, Queen Victoria Street, E.C.4. 

















20. 


| 








| 


DO wer O 
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FOR MOULDED 
PRODUCT 


TANGYE HYDRAULIC MACHINERY 


INCLUDES: 
HYDRAULIC PRESSES. SPECIALLY DESIGNED FOR 
THE MOULDING TRADES. 
BALING PRESSES FOR ALL PURPOSES. 
TESTING MACHINES. 
WHEEL PRESSES. 
PRESSURE PUMPS. 


ACCUMULATORS, ETC. 
















beet il 


i ' idm 00 it 

















Photograph of TANGYE 

120-Ton Hydraulic Press, 

specially made for pressing 
Bakelite. 











See Our Stand at British Industries Fair, Birmingham 
Feb. 17th to 28th, 1930. 


TANGYES Lf: BIRMINGHAM 




















Extraordinary Example of 


Smooth Running and Absence cisieeise aaa 
of Vibration MADE IN MANY SIZES—7 to 300 B.H.P. 


The claims advanced for absence of 
vibration and the wonderfully smooth running 
of Gardner Heavy Oil Engines are amply 
confirmed in the illustration, which is a 
reproduction of an untouched photo, taken 
in artificial light, whilst the engine was 


running (20 minutes exposure). 


For Electric Lighting, for the delicate 


process of spinning and weaving, or for 








any industry where smooth running is of 


45 B.H.P. Gardner Heavy Oil Engine installed in a 


the highest importance, this type of Cardboard Box Making Factory. 
engine is unsurpassable. L. GARDNER & SONS, LTD., PATRICROFT, Manchester. 
London Office - ~ - 115, Queen Victoria Street, E.C.4. 

















64 [SUPPLEMENT page XX] ENGINEERING. [DEc. 27, 1929. 


Little Giant Portable Electric Grinders. 














MADE IN SUPPLIED 
sini DIRECT 
SIZES TO 
CURRENT 
TAKE OR 
RESPECTIVELY ALTERNATING 
5 in., 6 in. or g in. CURRENT 
GRINDING j OY ee iil TWO OR THREE 
WHEEL. PHASE. 
With : 
WORKS; Little Giant BR ortab 











FRASERBURGH, SCOTLAND. ALL OVER THE WORLD. 














Electric Grinders BRANCHES 
i 








DESIGNED TO DO THE MAXIMUM WORK FOR THEIR WEIGHT AND SIZE. 


HESE Machines are especially adapted for use in foundries, machine shops, and for general engineering processes. 
They save many hours a day usually spent upon hand chipping and filing, they also greatly improve the appearance of the 
work. Send us your grinding problems. 

Special Features :— 


EASE OF MANIPULATION—BALL BEARINGS—AIR COOLED. 


THE CONSOLIDATED PNEUMATIC TOOL CO., LTD. 


Tel. Address: *‘ Caulking, Piccy, London.”’ EGYPTIAN HOUSE, 170, PICCADILLY, LONDON, W.1. Tel. No.: Gerrard 9215 (4 lines.) 

















FROM A NEW RANGE OF SWITCHGEAR 


These Direct Current Motor Starting Panels are taken from our new 
range of ‘‘Aston’’ Switch and Control Gear. They are of the highest 
quality workmanship and are the development of many years’ 
wer manufacturing experience. 
i) ie The Panels are made for the control of Constant and Variable Speed 
Motors. The equipment for the constant speed Panel, Figure 1, 
7 ? consists of a Drum-type Starter, Double Pole Contactor, and Isolating 
3 Switch ; the whole mounted on Sindanyo Panel, enclosed in a sub- 
‘de stantial metal housing. 
* For the Variable Speed Panel an interlocked Field Regulator is added, 
Fia. 1. . : ” 
f am t ; 


as shown in illustration, Figure 2. 


: i So that you may be conversant with the latest Switchgear 
: developments—send us a card for Catalogues and Prices. 


# 


= VERITYS 


sales Headquarters and Export Department: T 
31, KING STREET, COVENT GARDEN, LONDON, W.C.2. Ll. i rR, 4 a D 
Branches at : 


LONDON, ™ SUMINGHAM, BRISTOL, GLASGOW, LEEDS, ASTO fe & B 1 R M i fy ( HA M 


NEWCASTLE - ON - TYNE, 
NOTTINGHAM, SWANSEA, DUBLIN. Telephone: East 0805. Telegrams : ‘Verity, Birmingham.” 











BCM/BHH 
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GUEST-LENOX PATENT PRESSED STEEL SECTIONAL TANKS 


As Supplied to 
H.M.War Office, 
Admiralty, 
H.M™ Office of 
Works, G.P.0., 
Ang o - Persian 
Ou Co:, Ltd., 
Etc. 

GE: EF & 


When Ordering 
Tanks for Shipment, 
Reduce 
the Cost of Freight 
by 
specifying our make. 
ooao 


Light. Cheap. 
Bolted Joints. 
Easily Erected. 
Noskilled labour required. 
Joints made with plastic 
compound capable of 
resisting the action of 
Raw Ammonia, Oil, 
Alkali, Brine and Sugar 
Liquid. 
Efficient and Strong. 
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The above tank is fitted with special round corner pieces to facilitate cleaning, and measures 61 ft. by 61 ft. ‘by 12 ft. 6 in. deep. 


Stiee. BROWN, LENOX & CO. (LONDON), LTD., POPLAR, E. 


Makers : 
pon, Mien ‘sie ‘ hae Line: MILLWALL,” 4975 
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—CASTIN GS—DIE CASTINGS— 
FORGINGS—STAMPINGS 


IN NON-FERROUS METALS 


For Motor, Aero, Marine, Railway and General Engineering Purposes. 

















BEARING METALS OF ALL CLASSES. CHILLED BRONZE STICK (Solid or Cored). 


9 whe : E For Economical and Rapid production o 
Auto “C” Whitemetal for Internal Combustion Engines. BUSHES, BEAR INGS, PTC. f 


STONE’S GEAR WHEEL BRONZE. = BUSHES AND BEARINGS for all types of Engines. 





REDUCTION GEARS— any ratio you require. PUMPS FOR OILS AND VISCOUS FLUIDS. 
SPECIALISTS IN NON-FERROUS METALS FOR OVER A CENTURY. 























Deptford 


“SOUTH DURHAM” STEEL PIPES. 


“po S.E. 14. por -_ 

















65 In. to 78 In. Bore Flanged Specials assembied for Test. 


SOUTH DURHAM STEEL & IRON Co., Ltd. WEST HARTLEPOOL. 


4903 
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The Best—and British Throughout 


Heap’s 
Patent Screwing Machines 
with Tangential Dies 





are the last word in Screwing Machines. They are designed from beginning to 
end as high-class Machine Tools, and embody features not found in any other 
make of Screwing Machine. 

The Die Head is of our own Patented design. 

All parts which are liable to wear are of Hardened Steel. The end thrust of the 
Dies is taken on the four-throw Cam, and when the Die Head is closed it is as 
rigid as a solid Die. This enables us to guarantee the Head to screw perfectly 
parallel and uniform threads. 

Responsible representatives of firms interested are invited to visit our Works to 
inspect the Machines in construction and completed, and test them in actual use. 





Joshua Heap & Co., Ltd., Ashton-under-Lyne, England. 

















Better, che aper 
Patterns ‘ 


After 30 years’ experience in 
the manufacture of Pattern 
Milling Machines, we have no 
hesitation in saying that this 
Wadkin Model W.H. will 
reduce pattern-making costs 














from 70%, to 90%. 
It will cost you nothing to learn all about 
this machine i ing scope of 


its 
working. Ask us to send one of our wood- 
working experts to discuss its possibilities 
with you meanwhile. 


Write for 64-page Pattern 
Miller Catalogue No. E.177. 


&Co. 


Leicester 


London Office and Showrooms, 
165, Queen Victoria St., E.C.4. 


““ The Pattern-maker’s 
profit maker.” 
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KENYON’S 


PATENT 


, OIL FILTER 
AND 


WATER 
SEPARATOR 


Over 1000 ordered by H.M. 
Government. 
ENGINEERS’ 
STORES, TOOLS. 
Send your enquiries, 


ALEXANDER KENYON & CO., LTD. 
Victoria Bridge, MANCHESTER, 4770 





STRONG BOLTS 








‘Newall Hitensile 


Heat - Treated Steel 

Bolts are ‘*‘ Twice as 

Strong’’asOrdinary 
Bright Bolts. 


A. P. NEWALL & CO. 


LIMITED, 
POSSIL PARK, GLASGOW, N. 


EFRIGERAT® 














GERATING 
ICE MAGHINER Y 


INSULATION OF 
_CQLD SPACES. " 








2, 





| Liverpoot Rerriceration 


N (Associated with H.J. WEST & Co.Ltd.) Co.Ltd. | 
£ COLONIAL HOUSE, LIVERPOOL. F 
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Pah SIMON - " 
SIM ONS 


MULTIPLE-DRUM_ BOILERS 
AND PATENT WATER-WALL 


ih | ifm 


COMBUSTION CHAMBERS 
ARE UNSURPASSED FOR EFFICIENCY 
AND RELIABILITY AT HIGH RATING 


Here are the facts: 


At Princes Generating Station, Birmingham, over 16% COs is 
regularly maintained on four SIMON-CARVES 150,000 lbs. per i 
hour BOILERS, with Simon-Carves patent Water-Wall Com- th it 
One of these Boilers has run to date for 8 
' months without being laid-off for a single hour, steaming 


bustion Chanhess. 


lrequently at 190,000 Ibs. per hour. 


SIMON - CARVES, 


20, MOUNT STREET, 


























LTD.. 


MANCHESTER. 
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London Office: rT 


x, 


MAKERS OF ANY TYPE ‘OF WEIGHING APPARATUS. 
ASHWORTH, SON & Co., Ltd., Midland Iron Works, DEWSBURY, England. 


WEIGHBRIDGES 


EXCLUSIVE FEATURES: 


Longer Service. 


the elimination of all 
to knife edges and bearings—the vital parts. 


Patent Oil Bath Knife Edge System for 


rust and corrosion 


Increased Efficiency. 
Guaranteed Interchangeable Components. 


Considerably Reduced Maintenance Charges. 


ILLUSTRATED PARTICULARS ON REQUEST. 


11, QUEEN VICTORIA STREET, E.C.4. 





re) | 
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P QUEEN MARY \ 


RESERVOIR 


Pumping Engines manufac- 
tured by Worthington- 
Simpson will fill the new 
6,750,000,000 gallonreservoir 
at Littleton, for supplying 
London with additional 
water. The _ illustration 
shows one of the four pump- 
ing sets, the combined 
capacity of which will be 
from 250to343 million gallons 
per 24 hours against a vary 
ing head of 30 feet to 46 feet. 











That Extra 
Service || WORTHINGTON 


that little more than you expect—are you getting 














it from your plant, can you count on getting it in PUMPS 

an emergency ? COMPRESSORS 

Worthington Products invariably give a little better CONDENSING 

service than their purchasers expect. For over PLANT - 

eighty years engineers all over the world have put FEED WATER 

implicit faith in Worthington Products, and to-day 

their thorough dependability for all services has won HEATERS 

universal recognition, OIL ENGINES 

May Worthington help you to solve your problems ? FOR 

The experience of the Worthington staff of consulting LAND AND MARINE 

engineers is at your service, without obligation, for SERVICE 

any question of installation or alteration of plant. h 
TELEPHONES SSS 1 lee a CABLES AND 

a 7, UW ih A ULLoAd = | SBLEce A 
WESTCENT W.8.33 


(5 Lines) LONDON.” 
WORTHINGTON-SIMPSON LTD., QUEEN’S HOUSE, KINGSWAY, LONDON, W.C.2. 










. “The 
LANCASTER” 
STEAM TRAP 


39 Years’ Test 








Letter from customer. 


Please quote us per 
return # three new 
values for steam traps 
supplied June, 1890 ; also 
repair old one, and put 
same in thorough work- 
ing order. 








Our reply. 


On examining the trap 
supplied 89 years ago, 
we find it in good order, 
except that the value and 
seat have worn slightly. 
Our charge for the repair 
will be 5/- and for the 
three new valves 8/- each. 


LANCASTER 
AND 
TONGE LTD. 


PENDLETON, MANCHESTER. 
Telephone : Pendleton 794, Telegrams: “Pistons” M/C. 

















«+ 4785 
































LO BNITZ: cexzecw’ SCOTLAND 
or 
PATENT BUCKET 
ROCKCUTTERS DREDGERS, 
CUTTER TRAILING 
SUCTION SUCTION 
DREDGERS. DREDGERS. 
DIPPER 
PATENT 
DREDGERS. uoseen 
en ae 
& PLATINUM 
DREDGERS. 
PATENT ROCK 
MARINE DREDGERS. 
SLIPWAYS. 
4682 
Codes : 
Cable Address : A.B.C.5th & 6th Editions 
LOBMITZ, RENFREW, , It for th s tia G t. BENTLEY'S 
SCOTLAND. Recent OEE On te an, Oe te N jo. 668, built for the Staging Depth: 18 meters. WESTERN UNION. 
Floating pipeline with terminal pontoon, 24 in. cone 





MICHELL BEARINGS, LD., 


BNGINEBRS and MANUFACTURERS of 
Michell Thrust & Journal Bearings. 


Registered Office and Works: 4963 
South Benwell, Newcastle-on-Tyne. 


CLEANING WASTE 


MANUFACTURER 


KEETLEY, 
Poplar St., Nottingham. 























The Motherwell Bridg Bridge a a Engineering Co., Lid. 


Bridges, Reofs Piers, A. ‘Dock Gates, 
Hydraulie Pressed Flooring, etc. 


“Seve” MOTHERWELL, N.B. “°c: 


-endon Office : 82, Victoria S$t., London, $.W.1 
Grams: ‘‘Mobeieolim,Sewest,Lendon.” Tel. : 4168 Vieteria. 
See illustrated advt. last and next week. 4454 


The MACFARLANE ENGINEERING 


Co., LTD 








Netherlee Road, Cathcart. 


DYNAMOS aa MOTORS 











See Advertisement page 99, Dec. 13. 
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SHEET METAL 
WORKING MACHINERY 
R. $. THACKER & Co., Ltd., 


107, NEWINGTON CAUSEWAY, 
Telephone- Hor 5419. LONDON, S.E.1. 


SCRIVEN 
MACH INE "TooLs 


SCRIVEN & Ce (LEEDS) L’? 
m York Street Ironworks Leeds _ 


THE 
PLENTY-STILL 
OIL ENGINES L"™. 


NEWBURY 5367 
HEAVY OIL ENGINES 5 to 900 B.H.P. 























L26 


Ma anenes™? e 
IRON PLATE WORK, 
TANKS, &c. 
GALVANIZING 


Send your enquiries to: 4884 


ARKINSTALL Bros., Ltd. 


COVENTRY STREET, BIRMINGHAM, Eng. 


CRAVEN BROS. 


(MANCHESTER) LTD. 
REDDISH,  STOCKPORT. 4s: 


MACHINE TOOLS & CRANES 


Advertisement, page 50, Dec. 20. 















JOHN SPENCER, L° 


WEDNESBURY. 
TRON & STHEBPIL 4606 


TUBES 


POLES, STEAM ‘mains, TUBULAR PILES, &c 


GENERAL ENGINEERING 


MACHINES MADE TO 
SPECIFICATION _ for 
all Trades. 





Choose an Air Motor 
trom the 


A.S.B. 


range 


4H.P. 


Readily 
Portable 


The finest 
emergency 
motor 


The set 
that is safe 







FROM this range you can select the Air Motor most 

economical for your requirements. In all cases 
where air is available these Air Motors can replace 
electric motors with advantage for starting internal com- 
bustion engines, driving haulages, winches, centrifugal 
pumps, ventilating fans, etc. 


Where the risk of fire has to be guarded against, the 
Hele Shaw Beacham Air Motor is essential. It 
produces no sparks—it entails no fire risk. 


No amount of rough handling by unskilled labour will 
injure the motor; it can be reversed instantly at any 
speed. It will work in any position—even submerged. 


The H.S.B. Air Motor is economical to run and, owing 
to the unique valve design, air consumption does not 
increase with usage. In relation to weight and size its 
output is exceptional. 


Write for full particulars. 





CAMBORNE 


London Office 





- ENGLAND 
Broad Street House, E.C.2 





a sts 








PRESS TOOLS. GAUGES. 


MACHINING FOR THE 
TRADE. 


EXPERIMENTAL WORK. 
THE 


C.H.C. ENGINEERING G9. Lt0. 


RIVERSIDE WORKS, 

126, WALLIS ROAD, 

HACKNEY WICK, E.9. 5401 
Telephone: Tel 


East 3141, Engin ~<—_ Hackwick, are 
Bentleys" Be Gane 2 





~ SE AME 


rELet 


2 ce SHEETS WIRE &c. 
~ LOCO TUBES, CONDENSER TUBES, PLATES, FERRULES, & € 


RAMS: BATTERY, SELLY OAK MECEPHONE: 151 (3 LINES)-SELLY. O 














il Clayton 
Clayton 


Sona Gla 
Leeds 


Telegrams GAS LEEDS” 
London Office 





hisses WELDED & RIVETTED STEEL MAINS a 


SAAT 


“in I 





wy == 


FOR OIL,WATER &c. 


STRUCTURAL 

STEEL WORK 
OF EVERY 

DESCRIPTION: 


- Gasholders & 
Gasworks Plant 
Boilers &c. 
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THE 




















VERTICAL 
CENTRIFUGAL. 


MULTI-STAGE TURBINE FOR HIGH LIFTS. 


N & C? [? cea 





per Pump 


CENTRIFUGAL & TURBINE TYPE 





LOW LIFT CENTRIFUGAL. 


BOOSTER PLANTS A SPECIALITY 








"Stic 


“* PUMPS,”’ Manchester. 


ANCH Eee. 1141 East (Manchester) 











i 








=r Tamed A hI «| ARS 


ROBERT STEPHENSON & CO., 


LOCOMOTIVE BUILDERS, DARLINGTON, LTD. 
London Office :—25, Victoria St., Westminster, 


LOCOMOTIVES (‘sina eesness” 
Telegram -Rocke t, Darlington. = tiscope, London. 
Dar on 


at. ‘el, —2 a; 50 V te ae ria. 
Code: s—A B C 5th Edition, at drat Standards, 
Engineering Telegraph. ' 1130 





AMSLER 
TESTING MACHINES 


Send for catalogues to British Agents :— 


T. ©. HOWDEN & CO., 27 


5 & 7, Fleet Street, Birmingham. 


4 PRATCHITT BROS., Ltd. 


Engineers. Gasiiete: 


THE STEEL PIPE CO. 


LIMITED. 


KIRKCALDY, N.B. 


See our large Advertisement, monthly. 5496 



































CLIFTON « BAIRD, L’- 


Metal Sawing Machine Specialists, 


EMPRESS WORKS, 4623 











JOHNSTONE, SCOTLAND. 











WELL OR 
BOREHOLE. 








initiated, 








AVOID THE ANIMOSITY OF YOUR NEIGHBOURS 


BY SPECIFYING 


THE ‘ PNEUCONEX” 


WHICH IS BEING 


GRIT CATCHER 


ADOPTED BY MANY MODERN SELECTED STATIONS 


ENSURING 


A GRITLESS STACK EMISSION EVEN WHEN SOOT BLOWING 


UNIMPAIRED EFFICIENCY FROM MINIMUM TO PEAK. 


Write for Booklet “ B’ 


PNEUMATIC CONVEYANCE & EXTRACTION (1929) Ltd. 


BROADWAY, 


Telephone: VICTORIA 6845 (5 LINES). 


WESTMINSTER. 


Telegrams: ‘‘ PNEUCONEX,’’ PHONE, LONDON. 








HUMPHREYS 


PATENT 


MAGNETIC 
CHUCKS 





We make different 
types to suit 
different require- 
ments. 


DEMAGNETIZERS 


We shall be pleased 
to send you our 
complete cata- 
logue on request. 
WRITE NOW, our 
30 years’ experi- 
ence is at your 





service. 
J. H. HUMPHREYS & SONS, 
OLDHAM. 


Telegrams : “ HUMPHREYS, OLDHAM ” 
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Modern handling and crushing equip- 
ment, carefully designed for individual 
requirements, effects considerable 
reductions in handling costs, increases 
efficiency and saves time. 


Illustrations show parts of a_ belt 
conveyor handling and_ crushing 
equipment at a Cumberland Iron 
Ore Mine. 


A typical Fraser & Chalmers-Robins Installation. 
FRASER &. CHALMERS ENGINEERING WORKS 


Taorne Tors \ ES 
ERITH, ule KENT. 


LONDON OFFICE: MAGNET HOUSE, KINGSWAY, W.C.2. 














PLANT 


< al 

















HAM, BAKER’S 
SLUICE VALVES 


for Water, Sewage and Oil. 





HEAVY PATTERNS 


for high pressure mains. 


MEDIUM PATTERNS 


for low pressure mains. 


HAM, BAKER & Co. Liza. 


LANGLEY GREEN, Near BIRMINGHAM. 


London Office: 70, VICTORIA STREET, WESTMINSTER, S.W.1. 4981 


























LANCASHIRE 
BOILERS 


CORNISH BOILERS j 
VERTICAL BOILERS 


“BLAKE” VERTICAL 
MULTITUBULAR 
BOILERS 
FOR FURNACE WASTE HEAT 


BOILER REPAIRS 
STEEL VESSELS, TANKS, RECEIVERS, RIVETTED PIPES, Ete 


WELDED GOODS INCLUDING GEAR CASES, GUARDS, PIPES, Etc 
“FIRTH STAYBRITE” VESSELS AND TANKS 











ae SS Se 





FORGING PRESSES. ROLLING MILLS. STEELWORKS MACHINERY. 
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HOISTING 
CRABS 


CAST IRON or MILD STEEL SIDES. 


ALSO MAKERS 
HYDRAULIC JACKS, PULLEY BLOCKS, 
RAILBENDERS, ETC. 





WRITE FOR LIST No. 28, 


TELEGRAMS : TELEPHONE : 
“OLDENS, EDGBASTON 
BIRMINGHAM.” 2301. 


RYLAND STREET WORKS, 
BIRMINGHAM. 


45146 

















F Type Valves have 
earned a reputation in 
the engineering world 


for good workmanship 
and reliability. 


They are fitted with 
stainless steel spindles 




















DIE-PRESSINGS 


(SOLID) 


IN BRASS. 





ADVANTAGES— 
Smoothness, Uniformity, Reliability, Machines Freely. 


BROOKES & ADAMS, Ltd., 





BARR STREET, MAY WE 
HOCKLEY, BIRMINGHAM, ADVISE OR 
ENGLAND. QUOTE YOU? 
Tel.—Northern 1213. Tel. Add.—*' Teleba °° 3556 


and NICKLOY valves 
and seats—two import- 
ant features that ensure 
reliable service under 
the severest working 
conditions. 





The illustrations show two popular 
types of the F type Renewable Seated 
Wheel Valve. 


We manufacture F Type Valves in 
types and sizes for every engineering 
purpose — write us now for full 
particulars and prices. 


HUNTsMITTON 


BIRMINGHAM 
Telegramss Mitton BirmincHam 


OOZELLS St? NORTH 
Telephones Mintann 393-4 


Combining Fletcher Bros. (late of Ashtorunder-Lyne). 


London? 

Mr. F. Greenall, 291, Underhill Road, East Dulwich, London, S.E.22. 
Manchester 

Mr. A. R. J. Tweedale, Brookside, _ West Timperley, nr. Altrincham, 


eshire. 





oe SNORE cco" cee RRA 
Scotland: 
GE Messrs. Dickson & Co., 147, West Regent Street, Glasgow. 


Re: sins 


BCM/BHH Ee: (= § “CGS See eCT 
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IF YOU TAP HOLES— 
Use the “ETTCO”’ Tapping 


Attachment—as Sensitive as your Finger-tips ! 


HE “Ettco” Tapping 
Attachment will enable 

you to tap better, faster, and 
with complete immunity from 
tap breakages. So highly sen- 
sitive is the “‘ Ettco ” that the 
“feel” of the tap is brought 
right to the finger-tips; the 
drive—going and coming—is 
through a pair of leather-lined 
floating cone clutches; if the 





NOTE. The speci 
POT ant Cook 


forming part of the = tap hits bottom, seizes, or if 
tcl. It ewe 2 the operator stops the pressure 


visible grip on the 
square. Sure—can- 
not loosen. 


on the drilling machine lever, 
. chuck halts at once. No fric- 
i tion to adjust ! 





PRICES 
(Including Chuck and No. 1,2 or 3 Morse 
Taper nk). 


: No. 1, up to 3/16” in steel, 3” in cast iron £7 5 10 : 
No. 2, up to 5/16” in steel, $” in cast iron £10 8 4 i 
: No. 3, up to $” in steel, §” in cast iron.. £16 13 4 : 
; Less 20% : 


We will gladly send an“ Ettco” 
Attachment on 7 days’ Free 
Trial. You may return it after- 
wards—if you can’ spare it. 





5210 


Sole Agents for the British Isles : 


FREDK. POLLARD & COMPANY, LTD. 
“Corona” Machine Tool Works, LEICESTER. 


*PHone : 27534-5. S 


| 
| 




















Manufacturers of 


SMALL EXPERIMENTAL 
PLANT | 


































rT] 
typical | typical 
® examples examples = 
. of our 1 of our . 
| 
Metal Spinning Metal Spinning ” 
* Sheet Metal Sheet Metal ® 
s Work Work , 
Brass 4 Brass 
a Repetition | : -_ Repetition g 
Work z Work 
7 ® 
td 
, W. M. STILL & SONS, L“, 
24-31 - Charles Street - Hatton Garden - LONDON -: E‘C'l 
See @ eB wee eeeweeweeeekeEOekeOe te le 














BEARING w mpp 


THE VITAL NEED FOR 


PERFECT LUBRICATION 
YOU NATURALLY 
THINK OF 


“ STAUFFERS 
LUBRICANT ” 


Reg. Trade Mark. 


a 


The New “ Tell-Tale,” 
made almost entirely 
from steel or G,M. 
Pressings. 


This Celebrated Machine Grease 

when applied by means of our equally 

well-known London Made Stauffer 
LUBRICATORS 


makes an Ideal Combination. 


TRIER BROS., L™ 


36, VICTORIA STREET, 
——— 















5114 














GWYNNES PUMPS 


FOR ALL SERVICES 











DRAINAGE 
IRRIGATION 

DOCKS 

MINES 

SEWAGE 

FIRE 

SALVAGE 

SUCTION DREDGING 
CIRCULATING 


GWYNNES PUMPS LTD 


HAMMERSMITH HAMMERSMITH WORKS 


LONDON & LINCOLN 


LINCOLN 18. 
Gwynnes, Lincoln. 


Telephone: 
Telegrams: 


Telephone: RIVERSIDE 1910. 
Telegrams: Gwynne, London. 
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° 


Firm, ~ 
F OUN DATION S 






IG contracts for excavations 
, make rapid progress when the 
; plant is fitted with dependable 
brake linings. The powerful grip of 
Ferodo Linings enables operations to 
be carried out safely and at top speed. 
Ferodo Brake Linings withstand the 
» .heaviest strains and give the longest 
service. 


The same efficient braking service is 
assured on your motor transport if the 
brakes are filted with Ferodo Linings. 












































REGISTERED 


BRAKE LININGS ... 





Depots and Agents: LONDON, BIRMINGHAM. 
BRIGHTON, LEEDS, LIVERPOOL, BRISTOL, CARDIFF. NEWCASTLE. 


MANCHESTER, 
ON-TYNE, CARLISLE, BURSLEM, GLASGOW, ABERDEEN, BELFAST. S| 


PEROCD®CO LIMITED CHAPEL -EN-LE -FRITM+uSTOCKPORT 


8 present day keen competition, es- 
4 


@ BRETT'S PATENT LIPTER Calm. 






AUTOMATIC 


BOARD | 
DROPHAMMERS 
FOR RAPID PRODUCTION 


No drop . forger,:having to face 


pecially in certain lines, can afford to 
ignore the claims of these hammers. 
Firmly established in the U.S.A., the 
BILLINGS & SPENCER hammer 
is the best of its class. Under licence, 
we are now building the latest 
models in all sizes. 


Automatic in motion, no-‘driver nec- 
essary, stampings are? produced 
direct from the bar by multiple _im- 
pressions. Continuous and rapid 
production assured. 


MADE BY 


SHILL WORK 


COVENTRY, ENGLAND. 


6001 















































WOVEN 
QR WIRE 


FOR ALL 


PURPOSES 
In Monel Metal, Steel, 


Bronze, Brass, Copper, 
Aluminium, etc. 


From 2 in. space to 200 
mesh to the lineal inch. 


ILLUSTRATED LIST, E.W. 100 
ON REQUEST. 


RD. JOHNSON, CLAPHAM & MORRIS, 


NEWTON HEATH, 
MANCHESTER. 
London: 23, Leadenhall Street, E.C.3. 


























” 


: ———-- Makers of ————_ 
Lancashire, Cornish, Water-tube, Economic, Multitubular, 
Etc., Types of 


BOILERS 








ECONOMIC BOILERS 
are used where the space available is smail; consequently, high-class design is 
essential. Our specifications will show you the differences. 





We make the Self-Contained Types or the Brick-Set Types. 





NETHERTON, DUDLEY, WORCS. 


LONDON OFFICE : 329, High Holborn, W.C.1. 
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High Pressure 


Pipework. 
In allations 





This group of 4” and 3” mild steel 
Flanged Galvanised pipes is illustra- 

tive of the pipework manufactured at 

our Millwall works. Nothing is too 
difficult for us, and no matter what 

H.P, Steam pipework you require, on 
we can make it. Write to: 


LE BAS TUBE CO., LTD., 


Dock House, Billiter Street, London, E.C.3. 


Works: CycLops IRON WORKS, MILLWALL, E.14. 
GLASGOW : 9, Howard Street. MANCHESTER: 16, Deansgate. 
BELFAST: 45, Rosemary Street. E.L.H. 














For reliable 
REFRIGERATION 


specify Haslam plant 


to ensure complete freedom from breakdown. Haslam 
Plant has an unequalled reputation for economical 
performance of a most consistent type—it is made in 
all sizes for both marine and land work and can be 
supplied on either the Ammonia or CO) systems. 


In addition we can undertake every description of 
Brass and Copper Work and General Loam and Sand 
Castings up to 15 Tons. Full particulars will be gladly 
sent upon application. 





FOUNDRY AND 
ENGINEERING co (1927) US 


Now HASLAM & NEWTON < 
Head Office and Works—DERBY. 


Telephone: 778 and 779 Derby. Telegrams: “Zero,” Derby. 
London Office: Imperial Buildings, 56, Kingsway, W.C.2. 














Instal SIMON 
MACHINERY 


FOR HANDLING COAL 


ASH 
OXIDES 
ORES 
GRAI RK 


SIMILAR 
MATERIALS 


“Simon ”’ Coal Conveyor at L.C.C. Power Station, Greenwich, 


HENRY SIMON LTD. 


ENGINEERS - - MANCHESTER. 


Please address enquiries 
CONVEYING DEPT., CHEADLE HEATH, STOCKPORT. 














453 


































Pure Flake E ae, ied dee 
Graphite Studs FOLIAC PURE FLAKE GRAPHITE is well known 
for as the ideal lut ricant for bearings working under great 
Bearings on pressure or subject to heat. These studs ensure a 
Stove constant feed, and the film of graphite formed on the 
Enamelling friction surfaces remains inert to the action of steam, 
Plant acid, gas, water, alkali, hot or cold oil, grease, heat 
Automatic or cold. 
Stokers 
Cok 491 
Conveyors 
Gas Retorts 
Kilns, ete 





218 ~220, |: 
Queen's Koad, : 
Latlersea, 





London, SWS, =2 
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——1,000 WARNER’S=—— 
TREBLE RAM PUMPS 


SUPPLIED TO 160 COLLIERIES. 























x | 
ARNER'S 1 
ae | “STEAM-DRIVEN 
“ Always CIRCULATING 
Reliable ** CENTRIFUGAL 
PUMPS 
SIMPLEX AND 
DUPLEX VERTICAL 
STEAM PUMPS STEAM 
ENGINES 


FILTERS AND . 
EVAPORATORS 


FEED HEATERS 














“Warner” Intensifier Pump with Automatic Cut-outs at 
100 lbs. and 1,200 lbs. pressure. 


During the last 15 years, upwards of 1,000 Warner’s 
Ram Pumps have been supplied to some 160 Col- 
lieries in this country alone—apart from Water 
Companies, Export Orders, etc. For over half a 
century they have been used in Collieries, and many 
repeat orders are received each year. 


HENRY WATSON & SONS 


AND 
ROBERT WARNER (PUMPS) LTD 
monn gr iStSbtionpon nea | wornplitt SicSition ree ower oN 















































’Phone: Central 7560. *Phone ; Newcastle Central 8291/2. 
*Grams ; Hydrological, Ave, London. "Grams; Hydrological, Newcastle-on-Tyne. a n 


d 
roduction. 


— efficiency of your productive machinery 
is definitely governed by the power 
transmitter employed. Any_ inefficiency 

in the latter readily asserts itself on the former, 

not only retarding output, but in consequence 
adding to manufacturing costs. 


“CAMEL HAIR” 


(Registered Trade Mark) 

















=a) 


PUTT 
mis UT 





| VALvE|| 
Parent asrueo’ te } 
feeb 
Z—— 





| 


= BELTING 


SELLERS 


Locomotive Drifting Valve Sole Makers : 


A safe, quick-opening, hand-operated locomotive valve to 


admit steam to the cylinder when throttle is closed while , 
drifting. It may be installed inside or outside of the cab, and Ce) 
cannot be jarred open. If the valve is momentarily raised by 4 && I~ ¥ 


excess compression in cylinder when drifting, it closes when 
the pressure is relieved. 


The valve can be ground or replaced without removal from PENDLETON, MANCHESTER 


Pipes. It is manufactured in 1”, 1%”, 1% and 2” sizes. 








the most effective and economical power trans- 
mitter in the world, ensures perfect power 
transmission, it speeds up the wheels of your 
machinery to the highest possible production peak. 





2534 


BUSH HOUSE, ALDWYCH, LONDON, W.C.2 


Wm. Sellers & Co., Incorporated +1 
Injector Dept. Philadelphia, U. S. A. 
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SMITH'S SCREW BOSS PULLEYS 


‘BUSH OPEN 















bud aiestet SELF-FIXING. NO KEYS OR KEYWAYS. 
ec Pie. TENS OF THOUSANDS IN USE. 
SETS = 5 : 
; “THE PULLEY”? Stine incterengeae. fa 
ne ae SMITH & GRACE 


SCREW ‘BOSS PULLEY CO., LIMITED, 


35, Queen Victoria Street, E.C. 4, ENGINEERS, Sxetec= |, 


LONDON. Telephone: No. 19 THRAPSTON. THRAPSTON. atid ra 


Telephone... ... 9531 City. Telegrams: “GRACE, THRAPSTON,” 


PECKETT’S 
LOCOMOTIVES 


or a. SIZES AND GAUGES 




































PARTICULARS ON APPLICATION. 


F TT K L 1 me 
E. C K E & S 0 S TD., Telegraphic Address; “PECKETT, BRISTOL.” 
BRISTOL London Representatives: FERGUSON & PALMER, 9, Victoria St., Westminster, $.W.1. 


























HOWELL & COL? books SHEFF |ELD 











PRESSURE 
BLOWERS 


These machines are largely 
used in connection with Gas 
Furnaces or any work requiring 
@ constant pressure. 


EXHAUSTERS 


FOR INDUSTRIAL PURPOSES 
OF ALL KINDS. 


HIGH EFFICIENCY. 
SIMPLICITY of CONSTRUCTION 
SMALL POWER TO DRIVE. 








MEMBERS OF 
BRITISH FURNACES L? 
4 MAXERS OF 

GAS FURNACES 


POR ALL 
INDUSTRIAL 
Made in all sizes. 
(Any other method of drive can be arranged to suit circumstances.) 4920 


THE BRYAN DONKIN COMPANY, LTD., cxuusrunrzrurv. 
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IN 
-| MONEL 
METAL. 











Cwls. Ors. tbs 


S242 








Ul 


Monel Metal is being increasingly adopted as the material for all 
vital parts subject to corrosion and erosion, and also the effects 
of superheated steam. 


5 The Cast Flap valves illustrated above are at present in use for 


closing the sea end off sewers running of waste chemical solutions 
from dye manufacturing plant, the valves being submerged in sea 


water at high tide. 


'IMONEEWEIR LimneD. 


-|CATHCART - = = GLASGOW 


a 


9 
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**R.0.B."" Pattern ** DRUM®’ Pump 


-. fee a ie ‘DRUM’ PUMPS 


This is the pump that is used by the Beet Sugar 
factories throughout the country. 

Hundreds in use in caustic plants, by-product plants, 
process work and general pumping. 


ADVANTAGES. Easy working and high 
Continuous and uninterrupted efficiency. 

flow in one direction. No slip on passing return piston. 
No Valves. Equaily efficient at low speed. 
Slight frictional resistance. Works in either direction. 


THE “DRUM” ENGINEERING 


COMPANY LTD., 
28, Humboldt Street, BRADFORD, YORKS. 5x 


PP PI™ [eal 




















THE BRADFORD 


STEAM TRAP 


, T _ J A.—Piston Operated Discharge. 
Biate in Swe SIG: B.—Weight Operated Discharge. 


Simple and Positive Action. Instantaneous Opening and Closing. No Wire Drawing. 
Discharge Full Open or Dead Closed. Thousands in Work. Fitted on Approval. 


THE UNITED STATES METALLIC PACKING CO0., LTD., 


Telegrams SOHO WORKS, BRADFORD. Pa my oN 


“Metallic, Bradford.” 
Branch Offices :—London, Liverpool, Bolton, Glasgow, Swansea, Newcastle, Sheffield, Cardiff, Portsmouth, 
&c., &c. 







Piston 
Operated 





























CERETTI & TANFANI C0, 


Limited. 
53, Victoria Street, Westminster, London, S.W.1. 


sx. ROPEWAYS: 


Monocable—Bicable—Tricable—For the Trans- 

port of Material and Passengers, Cableways, 

Cranes, Funicular Railways, Telpherage Plants, 
Telphers—Elevators. 


2500 MILES OF PLANTS BUILT UP TO DATE. 














iW. G4. BAGNALE, LTv- 
: fey 4 STAFFORD, ENGLAND. 


London Office: 32, Victoria Street. Telephone: No. 1882 Victoria. 








i 
a 


| BUILDERS OF 

! LOCOMOTIVES weighing from 3 to 
50 tons, for any gauge, of highest-class 
workmanship and material, at com: 
petitive prices. 

MAKERS OF 
Tipping Trucks, Sugar Cane Wagons, 
Turntables, Switches, &c. 











Speciality: NARROW-GAUGE LOCOMOTIVES. 








Code Used: A BC. Od 651 Telegrams: Bagnall, Stafford. 








Pri 


Of 





~— ie 


d= 
5 


I! 
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A REPRINT FROM ‘“ ENGINEERING” oF:— 
THE QUADRUPLE SCREW CUNARD LINER 


“AQUITANIA,” 


Built and Engined by 
Messrs. JOHN BROWN & CO., LTD. 
Sheffield and Clydebank. 


>> 


In Imperial Quarto, 92 pp., with 
13 Two-page Engravings and 320 
Illustrations, many of them 
large scale working 
drawings. 


+ 
Price 5/- net, bound in cloth (post free in the United 
Kingdom 5/5, or abroad, 6/-). 


Ag 


LONDON: 
Offices of ‘‘ ENGINEERING,”’ 35 & 36, Bedford St. 


Strand, W.C.2. 








— 








Licensee for Great Britain, Ireland, and British Dominions: 
THE HARBOUR IMPROVEMENT & MECHANICAL ENG. C0., LTD. 
Stone House, Bishopsgate, London, E.C.2. 


Sole Auth. Representative for the La Plata States: JUAN P. BREDIUS, 
Cangallo 328 — Buenos Aires. 














Planing & Moulding Machine 


Motorised, Type NL/E 


Belt driven, Type NL 


Fig. IV.—With Five Rotary Cutterheads and Fixed Planing Knives. 


Special Features : 


10-in. diameter feed rolls, the main feed shaft 
being driven by enclosed steel roller chains. 


Removable front top bearing and cutterblock. 


Heavy horizontal slide side-spindle mounting, 


Thomas Robinson & 


the spindles having a rise and fall adjustment. 
Patent improved sectional pressures over bottom 
cutterblock and fixed knives. 
readily accessible. 


Easy to adjust and 


Son, Ltd., Rochdale 
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The turning shown was cut 
from 28/32 Ton steel under 
everyday production con- 
ditions at 24 ft. per min. with 
depth of cut of 14 in. and 


WHENEVER it happens that an 
extra tough piece of material 
requires to be machined—material 
where hard-spots abound and where 
the usual lathe tools will not stand the 
racket—put a tool of Brown’s Atlas 
Extra High Speed Steel on to do the 
job. The work will be done cleanly, 
quickly and with little or no attention 
to the tool. 


feed of 4in. This chip 
weighed 2 Ibs. 7 ozs. 


Further particulars will 
be given upon request. 
May we help you ? 


For the ordinary run of work, too, the 
use of Atlas Extra can make all the 
difference between loss and _ profit. 


ATLAS 
EXTRA 


HIGH SPEED STEEL 
JOHN BROWN & COMPANY LTD SHEFFIELD 


Smedley Brothers L” 


REVOI.VING or 
STATIONARY PANS. 
PERFORATED or ¢ 
SOLID BOTTOMS 

Over or Underdriven 


jad Mixers 


AND 


Edge Runner Grinding Mills 


ih of all kinds for all purposes 
to drive by Belt or 
combined with 
Steam, Oil 
or 
Petrol Engine 











BELPER, 


DERBYSHIRE, 
ENGLAND. 















or 
Electric Motor. 








JOHN OAKEY & SONS, LTD., 


GENUINE EMERY, EMERY WHEELS, 
EMERY CLOTH, For all Purposes. 


GLASS & FLINT PAPERS 


BLACKLEAD, ETC. ss0e 
WELLINGTON MILLS, WESTMINSTER BRIDGE RD., LONDON. 8.E.1 


SUGDEN’S PATENT STANDARD 
AND SECTIONAL SUPERHEATERS 


For all Types of Boilers. 








WROUGHT STEEL THROUGHOUT. 
THOUSANDS IN USE. 





Main advantages: 


SIMPLICITY OF DESIGN 
and 


2. READY ACCESSIBILITY to all parts. 


Write for Illustrated Circular. 


 T. SUGDEN, Lt. 

180, FLEET STREET, 
LONDON, E.C. 

Telegrams: TUBULARITY, FLEET, LONDON. 
Telephone: Holborn 4231. 


STANDARD SUPERHEATER 772 
as supplied to Lancashire Boiler. Representatives in all principal towns. 











Adams’ and Grandison’s Sight Feed. 


LUBRICATORS. 
KEROSENE INJECTORS 


for Steam Turbines. 


STEAM KETTLES. 


The Steam Cylinder Lubricator Co. Ld. 
24, Lr. Moss Lane, Chester Rd. :: MANCHESTER. 























SU UUUUNAVOUOUNOQONOUONOGUUOAAOOUEOUOQOGOOOGSOGEEOUAOOOOOUGOOONEUUOGOREUUOOGAOOOAAOOOEUEAILCE 


& LIFTING TACKLE 
CRANES forEngine Houses, Works 


Foundries, etc. 











UUQQOQAQUUUUUUOGNAGOOOONOQOUOUUOOOEOOOEAOUT LAE 





TIT ININTM MN = 





ELECTRIC : STEAM : HAND _ 852 


SEND US YOUR ENQUIRIES 


RICHARD C. GIBBINS & CO. 
BERKLEY STREET 
BIRMINGHAM 


‘Make Light of Heavy Jobs” 
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MERRYWEATHER 


LIGHT PORTABLE 
WATER TUBE 


BOILERS 


Made in many sizes from 2 to 200 H.P. 
For Coal, Wood, Oil, Gas or other Fuel. 
For Up-Country, Mining, Marine, Industrial 
and other purposes generally. 








Copy of the new catalogue No. 384 J, containing full particulars and 
50 illustrations will be forwarded post free, on application to 


MERRYWEATHER & SONS, LTD. 


Incorporating Shand Mason & Co. 4922 


GREENWICH, LONDON, S.E.10. 
































TUVAUCONUEEDOOUANUEDOSOQEOUUNOUOOENEUDOEOONLONUOAORUAGUEROEOOOOOOOATGONEOOONT OUORONOACRDODOEDODOOOEA ERDEOREOOLI ETERS 


BRYMILL 


Three Popular Steels of this Well-known Brand : 


C.H.2. Free-Cutting Case-Hardening. 
C.H.10. Case-Hardening. 
B.R.M.2. Deep-Stamping. 





All under Striet Laboratory Control. ** 


BRITISH ROLLING MILLS LTD., 


BRYMILL STEEL WORKS, TIPTON. 


UNEOUGUOOEEOOOOREUUOUEOMEOOEEOEEOEUOGEOEEOEEAEEELEUGEAEEUeaueeeeeeacaeaUA 
OMBINED AIR PUMPS &JET CONDENSERS } 


BENNS PATENT 
SINGLE OR DOUBLE ACTING. ROPE,BELT OR MOTOR DRIVEN. 




















SU 


ROGLER - HOERBIGER 


PATENT 


RING PLATE VALVES 


ee 
FOR AIR AND GAS 
COMPRESSORS, ETC. 





661, ROYAL LIVER BUILDING, 
STDANUEVONVOUOEVONEONVAVOON OC QONOEOUUONOUNOOUDONOUOOUU? Fie LIVERPOOL. 


TTS 


SUUUUDUULUDUNETUONYACEUOOUEUDOSUCOOEOUOROEIO LUM 


Fo) 


THE 4418 
METALLIC VALVE CO., LTD. 





r 





Mill Gearing 
in all its 
Branches. 


Steam Engines 
Indicated and 
— upon. 


> i Fa oe Os tt Oh, 


Steam Cylinders 

and Air Pumps 

Bored out in 
their places. 








5252 


























L LANESIDE FOUNDRY, HASLINGDEN. 

















WHEN ORDERING .... 
BE SURE YOU SPECIFY 


JUBILEE WORM DRIVE CLIPS. 


4 EASY TO FIT AND NEVER LEAK. 


THE BEST POSSIBLE. 


For Air, Oil, Water Hose 
Joints, Radiator Joints 
and Leather Covers on 
Universal Joints. __.,., 











29, LONDON CHAMBERS, 
GILLINGHAM, KENT. 


MANUFACTURERS : 


L. ROBINSON & CO. 





Have a Free Sample Clip 
to Test. 














STOCKED BY FACTORS AND MERCHANTS, 














Totally Enclosed CO, REFRIGERATING 
MACHINERY. 


SILENCE and 
CLEANLINESS, 
and of course 
AUTOMATIC 
REGULATION. 














KENNIGOTT 


FILTERS »° SOFTENERS 


FOR PUBLIC WATER SUPPLIES 
and ; 
INDUSTRIAL PURPOSES. 


FULL PARTICULARS FROM 


KENNICOTT WATER SOFTENER CO., LID, 
HEAD OFFICE AND WORKS, WOLVERHAMPTON. 
































Automatic Weighers 


of guaranteed accuracy. 


DRYING 
MACHINERY 


automatic & continuous. 


OUR SPECIALITIES 
FOR 40 YEARS. 


RICHARD SIMON & SONS, 
LIMITED 


Phoenix Works, 
NOTTINGHAM, 


Telegrams : 
“ Balance, Nottingham.” 








_ SIMON, NOTTINGHAM. 
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BagRv HENRY COOK tn 


Gearing, Pulleys. 
See page 64, Dec. 20. 


West North Street ABERDEEN. 








BRIQUETTE MACHINERY 


FOR 


Coal, Coke, Ores, etc. 
Write: Herbert Alexander & Co., Ltd., 


Charmouth Street, Leeds. 280 


M.F.M. FURNACES 


GAS, OIL, COAL or COKE FIRED. 


The MANCHESTER FURNACES Ltd. 
Aston New Road, MANCHESTER. 


Machine Gut Gear Wheels 
THE REID GEAR CO. 


403 
LINWOOD, sear PAISLEY. 























FOSTER BROTHERS, Limited, 
TUBES & FITTINGS, 


Main Steam Pipe Installations.o:o«e 
WaLDNESEBEUoRyT. 


HAMWORTHY 


PUMPS and AIR COMPRESSORS 


THE HAMWORTHY ENGINEERING CO., Ltd, 
Works :—Pooiz, DORSET. 
76, Victoria Street, LONDON. 
Branches { 118, Queen Street, GLASGOW, 


BELLISS & MORCOM 
BIRMINGHAM, Limited. 


Steam Engines, Turbines, Compressors, 
Condensing Plants, Oil Enzines, 
Pmeumatic Hose Couplings. 5040 


JOHN GRIEVE & CO., 


MOTHERWELL, 
CRANE MAKERS. 


See last and next week’s advertisement. 4914 


























OS 
WHIT ECROSS 
SPECIAL COATED ELECTRODES 
FOR ARC WELDING 
nee & Qualities for all purposes 
THE WHITECROSS WARRINGTON 
COMPANY LIMITED ENGLAND 


PEABODY LIMITED, 


161, VICTORIA STREET, LONDON, S.W.1., 

are associated with the 

PEABODY ENGINEERING CORPORATION 
NEW YORE, 





and have the cones advantage of their 
wide experience. Peabody Equipment for British Use 


Made in England. 5053 
BURNERS FOR COAL, OIL & GAS. 


” OL E N C 0 ¥: A. stl 


“WALTHAM” Liquid Flux 
(SOLDERING PREPARATION) 
SAMPLES AND PRICES ON APPLICATION. 
WALTHAM CHEMICAL CO., 
Waltham Abbey, Essex. 

Phone: Waltham Cross 140. 
Grams ‘‘ Chemical,” Waltham Abbey, 5486 





CENTRIFUGAL 


Se y a Rp Ty 
LAST WEEK'S (ISSUE) 

ORYSDALE & COLT Yoxer. 

GLASGOW. w. 













Aerial Ropeways. 
Rope & Chain driven Haulages 
Belt Conveyors 

- Shunting Plants 
~ Loading & Storage Plants etc. : 





Many thousand ‘“‘Heckel” Plants are working throughout 
the world to the complete satisfaction of their owners. Him —— 


“Heckel” Chain driven Haulage for 600t/h 


HECKEL CO.LTD. saarericken. representatives W.F.DENNIS «CO. 70,queex vicroru staeet LONDON E.C. 4 
OER ee IE iis a 











-VICKERS 
BOILERS 


AT PORTISHEAD 


The illustration shows the Boiler House at the 
Portishead Electric Power Station belonging to 
the Bristol Corporation. The installation 
consists of SIX Vickers Header type Boilers, 
each evaporating 80,000 Ibs. of water per hour 
under normal conditions, with an overload 
capacity of 100,000 Ibs. per hour. Each boiler 
is fired by means of an Illinois Chain Grate 


Stoker 24 feet wide. 


VICKERS BOILER 


Co., LTD., 


Broadway Buildings, Broadway, London, S.W.1. 
*Grams ; Arcturus, Sowest, London. *Phone : Victoria 6845 (4 lines): 
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LJUNGSTROM / 


AIR PREHEATERS 


FULL PARTICULARS WILL BE SENT ON REQUEST TO 
HOWDEN-LJUNGSTROM PREHEATERS (LAND) LIMITED. CAXTON HOUSE, WESTMINSTER, LONDON, S.W.1. 




















WEIGHBRIDGES & PLATFORM 
MACHINES UP TO ANY 
CAPACITY. 

WE BUILD 


EST, 1865, 
WEIGHING MACHINES 














‘ 






CHARLES ROSS LTD., SHEFFIELD. 


LONDON OFFICE: 7, CARTERET STREET, BROADWAY, WESTMINSTER, S.W. 1. 


9 






























‘BLACK HEART”™ 
MALLEABLE ~~ “ 


LEY'S MALLEABLE CASTINGS COMPANY, LIMITED, DERBY. 


See also full page Advt. in this 
Journal dated Nov. 15. 























STEEL-SHAW 
ALL METAL LUBRICATED 
I FLEXIBLE COUPLING 






Nicholson Patent No. 256237. 
Floating metal keys remaining noise- The Steel-Shaw  Fiexible 
less due to the oil film and to the fact Coupling is simple in principle, 






that centrifugal force keeps them thrown 
out into the dove-tailed slots. ; 
Coupling partly filled with oil. Note Power efficiently and noiselessly. 
oil passages through coupling and key, It is self-contained and dust- 

thus ensuring an oil film on moving parts. proof, and requires no adjusting 

so Totally encased to secure smart oF attention, except an occasional 


appearance and clean running. oiling. 
We should be pleased to send you illustrated folder on application. 





strong and durable, and transmits 





STEELE & COWLISHAW Cooper St Hanley Stoke-on-Trent. 
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LONDON OFFICE 
FINSBURY PAVEMENT | 
HOUSE E.C.2. 











TELEGRAMS. mq 
PRESS LEEDS. 


TELEPHONE. 26305. 
























ESTABLISHED 1875 


Rivetted and Welded Tanks. 


CRADLEY BOIL Ep, 


CRADLEY BOILER CO., LTD., 
Cradley Heath, Staffs. 


Manufacturers of High Class Vertical and 
Horizontal Boilers, Feed Water Heaters, 
Calorifiers, Autoclaves, Superheaters, 


LARGE STOCK OF VERTICAL BOILERS. 


"Phone : Cradley Heath 403. "Grams : “ Boiler™ Cradley Heath. 

















=| 




















SIMPLICITY « STRENGTH 








TWO FEATURES OF 


THE “QUALITY” BEARING 


GET IT, 
AND— 


BENEFIT 
BY IT. 





iT iS OBTAINABLE FROM STOCK AT— 


JOHN JARDINE LTD. 





4 or 3 STRANDS. 


——— 


LAMBETH COTTON DRIVING ROPES 










~ SSS SSS 
SSS ANS 


Sess 


THE ROPE WHICH MEETS EVERY REQUIREMENT OF POWER TRANSMISSION. 
THOMAS HART, L™. si 


(ROPE DRIVING SPECIALISTS), 
Lambeth Rope Works, 
BLACKBURN, ENGLAND. 





‘B’ Dept., DEERING ST., NOTTINGHAM. 














1 PINT CAPACITY 
30/- per doz. 


WHY PAY MORE ? 


















T. F. & J. A. BRAIME, LTD. 


HUNSLET zs LEEDS 
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* THORNTON 











Largest Manufac- 
turers of High Grade 
Drawing Instruments 
in the British Empire. 


Also Manufacturers 
of Surveying Instru- 
ments, Slide Rules, & 
Drawing Materials. 





Many Awards for 
excellence in Quality 
and Design. 








Catalogues, Series 
A17, Post Free. 


A G. TH ORNTON, Ltd., : . man Gitte. 
PARAGON WORKS, KING STREET WEST, 
MANCHESTER. 

















‘LUBRICATORS “a wae a 


ALL TYPES OF LUBRICATORS, 
COMPRISING MECHANICAL 
FORCE-FEED, DISPLACEMENT €—> 
AND GRAVITY TYPE, SIGHT, 
AND DROP LUBRICATORS. 


S= Suitable for Steam and Gas Engines, 
Air Compressors, etc. 


Prompt deliveries of Brass and Iron 
4 Stauffer Lubricators, Tallow Cups, Oil 
=i Syphons and Grease Lubricators, in 
=e all sizes. 


BRITISH STEAM SPECIALTIES LTD. 
BEDFORD sT., LEICESTER. 





HEATING COSTS REDUCED 


Lower Initial and Maintenance Costs 


with positively 


GREATER phair 














ie FESR TS 





The problem of sea large open areas in public The installation cost_of the TRANE System of 
buildings, factories, warehouses, hotels, theatres, | Unit Heating is considerably less than equivalent 
churches, etc., is effectively solved with the E cast iron radiation, and one TRANE Unit does 
system of UNIT heating. The TRANE System is the work of from 5 to 15 ordinary radjators in 
entirely different from anything hitherto available, and __ only a quarter of the time. 

costs less to install and maintain, loreover, it takes RANE Unit Heaters produce a uniform com- 
less time to fix, requires less piping, and does not _fortable heat, controllable at will and capable of 
occupy valuable floor space. being deflected in any required direction. 


UNIT HEATERS 


Write or ’phone for fuller particulars to :— 


BRITISH TRANE a) 26, Rosebery Ave., London, E.C.1 
: Clerkenwell 6864 


























“ENGINEERING” 
DIRECTORY. 





FIRST ISSUED 1885. 





NEW EDITION IS NOW IN THE PRESS 
AND WILL BE READY EARLY IN THE 
NEW YEAR. 


Compiled entirely from the advertisement columns of *‘ ENGINEERING,” 
and is sent gratuitously to the principal employers and shippers of 
machinery at home and abroad. 


It contains the Registered Telegraphic Address, Key 
to same Telegraphic Codes and Telephone Nos. of 
our Advertisers, also Trade Names of Articles Advertised. 





Also a Glossary of the [Equivalents in French, Spanish, 
Italian and German for the use of our Foreign Friends. 





Supplied gratis on application to the Publisher. 


“ENGINEERING,”’ 


35—36, Bedford Street, Strand, London, W.C. 2. 


Oe SO OOO Copies of this Directory are distributed 
gratuitously every year throughout the World. 




















HOW DEN 
HOT DRAUGHT SYSTEM 


with all the latest Patented Improvements 


For Increased Efficiency 
when burning 


COAL, OIL 


or 


PULVERISED FUEL 


8,000 Installations Fitted 
aggregating over 27,000,000 I.HP. 











JAMES HOWDEN & Co., Ltd., 
Head Offices and Works: 
Scotland Street, Glasgow. 
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EXPANSION BOLTS 








“DIAMOND” & ‘KEYSTONE.’ 


Illustrated Lists and Particulars on application to the 
SOLE AGENTS— 
5804 


x. LORE, Lr». 


12 & 14, Brazennose Street, Manchester, Eng. 








“DELTA” BRAND 


BRONZE, YELLOW METAL, BRASS, RED METAL, NAVAL BRASS, COPPER, &C. 


THE DELTA METAL C0., LTD., sasr crtEnwicu, LONDON, s.x1° 


And at BIRMINGHAM. 








Spread all over the world 


are our high-class 














PROPELLERS 


EITHER SOLID OR 
WITH LOOSE BLADES, 


Any Size made at the 
Shortest Notice. 


HIGHEST 
EFFICIENCY. 


LOWEST “* 
CONSUMPTION. 


FRIEDENTHALS Lticcnvt'Wonxs, PRESTON. 
WM UO I Ee 


MACHINE TOOLS. 


PUNCHER SLOTTING MACHINES 
For Cranks, Buckles, &c. 


GEAR GENERATORS 


For Tramway Gears, &c. 


GEAR HOBBING MACHINES 
For Turbine Gears. 


LOCOMOTIVE MACHINE TOOLS. 2178 
WM. MUIR & C2. LT®- MANCHESTER. 


















































RWHITE & SONS. 


Engineers 


WIDNES 


LANCS. 


Drawing & Detail-Drawing Papers 
Oiled & natural Tracing Papers 


Sectional Papers in rolls, sheets and pads 
bearing m/m & English scales 


Logarithmic-Papers, Recorder Charts 


Samples sent on application 


Carl Schleicher & Schall 
DUREN, Germany 


4990 





EXTRUDED BARS 








HELIOS 
HIGH-PRESSURE 
CENTRAL 

LUBRICATION 




































HELIOS-APPARATE 
Weteet & ealophauer- wn 


BERLIN W10° BENDLER STR1 : 








CHAN ES 
& STEAM AND ELECTRIC. 


With or without 
Lifting Magnets, 
Navvies, Grabs, etc. 








Po go No. 
1266 DERBY. 
DERBY.” 








AERIAL BOF rots 


HENRY COLES, rca Derby 





=| |. 


P 
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<2 J)lustrated descriptive Price List free on application. 
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LEROY’S COMPOSITION 


FOR COATING BOILERS, STEAM PIPES, &c. 


Prevents the radiation of heat, saves fuel, and increases‘the power of Steam. 
It is reckoned the cost of the covering is saved in about six months. 
i ALSO — 
| Asbestos Composition, Asbestos Mattresses, Asbestos Rope, 
|| Silicate Cotton, Plastic and Sectional Magnesia Coverings. 


i TD 20, be ial Rd., London, 
[F. LEROY & CO., L? > cre cea teen. se tet 


| 
| 
| 
} 
| 
|: 
| 
| 
| 
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1G 
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2. 
t, EC. 
: Starles Street. 








CONTRACTORS TO H.M. GOVERNMENT. 
CYCLOPS WORKS 


BEDFORD. 


‘IMI 


GRAFTON & CO. 


pplicati 


Telegrams— 
Grafton, Bedford, 










| er : 


¥E 5 







i €j : =f ve = | i | a rf , : 
¢ Bi ; = _— a = a 
ie wee ae Toe 7. 
a | \i Gea Gp ame Ca 
? Tie : er = pies ae oe spake Winer aaa a aia: <u 
SILVER MEDAL, Invent 


ions Exhibition, London, 1885. GOLD MEDAL, Paris, 1900 
GRAND PRIX and GOLD MEDAL, Franco-British Exhibition, London, 1908, 


Iilustrated descriptive Price List free on a 














ALWAYS READY 
FOR USE 


The “JUTLANDIA” Mixer is a built up 

mixer, not a mass production machine. 

The Cube does not contain any pongs, 

therefore no labour in cleaning, and it 

will mix anything which has to be 

mixed from heavy concrete to lime 
Mortar. 


PEDERSHAAB CEMENTINDUSTRY Ltp. 
MACHINE WORKS DENMARK 








BRONDERSLEV 


















Makers of ESTABLISHED 1814. 
SAND and SUPERIOR 
GRAVEL ie CAST IRON 
WASHERS Kf) CASTINGS 
PUMPS for ae UP TO 
OILS and TAR 2 TONS EACH 


&C., &C. 













HARDY AND 


PADMORE 
Limited 


Engineers 
and 
lronfounders 


5384 oH 


























Part of a large number of 

Moss Gear Planetary Speed 

Transformers supplied com- 

plete on bedplates with motors 

and special bevel reduction 
boxes by the 


MOSS GEAR C® L?: 


TYBURN, BIRMINGHAM. 


Canadian Agents: A.W. CALLARD & CO. LTD. 
60, St. Antoine Street, Montreal. 

















GRAND PRIX, Buenos Aires Exhibition, 1910, 4900 


OD 
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SMITHS CRANE 


THOMAS SMITH & SONS (RODLEY) LTD. RODLEY, LEEDS. ESTABLISHED 100 Y 














Experience Counts 


At our Niles Works we have recently completed a 40’ Boring 
& Turning Mill for the Allis-Chalmers Mfg. Co. which we 
believe is the heaviest machine of this type yet constructed. 

Few machine tool manufacturers have the knowledge, 






experience and factory capacity to construct successfully 
these large machines. All over the world, builders of heavy 






machinery —arsenals, shipyards, and others— know the name 
NILES as a symbol of quality and the best in engineering. 






: ral Office: 111 Broadway, New York, U. S. A. 
Niles-Bement-Pond Co. enim Of: 23\Visoda'3t, 3:W. 0 

s for Pratt & Whi Great Bri 
Pratt & Whitney Co. * Bu alas Ltd., 2-6 Whitechapel Rd., London, E. 1. 
MACHINE TOOLS HAMMERS CRANES SMALL TOOLS GAGES 




















WATSONS exes LIMITED. ‘strc 


E LECTR i Cc - U m4 | AC E Ss. ar ne Beeson — ro —, init 




























BOILER COMPANY LT: 








See also full page 
Advertisement in _ this 


oe Journal dated Dec. 13. 
















“SINGLE & DOUBLE-CHAIN Rose, DowNS& THOMPSON, LTD, PR ge aN ae 
Old Foundry, HULL. COAL, COKE, 
GRABS ESTABLISHED 1777. SAND, GRAVEL, etc., etc. 


“HARDY” 
AIR COMPRESSORS. 


We make a speciality of small 


HIGH GRADE AIR COMPRESSORS, 


THE HARDY PATENT PICK CO., LTD, 
SHEFFIELD, ENGLAND. 
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